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sessioN J1 
diV. i/V resUlts froM swArM ANd preCediNG MAG NetiC sAtellite MissioNs

J1-1  the esA dAtA ACCess ANd dAtA QUAlity strAteGy for swArM
ottavianelli, Giuseppe; Coco, i.; di lodovico, i.; Martini, A.;  et al.
ESA/ESRIN; SERCO SPA; ESA/ESTEC
Giuseppe.Ottavianelli@esa.int

Swarm is a three-satellite ESA Earth Explorer mission with the key objectives of mapping the geomagnetic field 
with unprecedented accuracy and studying the electrodynamics of the Earth’s ionosphere. The mission will enter 
its Exploitation phase following the three-month commissioning period after launch. This presentation describes : 
the data access and distribution set-up; the calibration strategies during the Exploitation phase; and the set up for 
the product quality assurance strategy including the Expert Support Laboratories and Quality Working Groups, the 
Swarm Validation Teams, the ESA tools and procedures for data quality control.

J1-2 swArM: UpdAte oN the MissioN stAtUs, pre-lAUNCh iNstrUMeNt perforMANCe tests 
ANd ANAlysis
floberghagen, rune; haagmans, roger; Menard, yvon; bock, ralf; Mecozzi, riccardo; bouridah, 
Abderrazak; ottavianelli, Giuseppe; plank, Gernot; piñeiro, Juan; bergaglio, bruno
ESRIN; ESTEC; ESTEC; ESTEC; ESTEC; ESTEC; ESRIN; ESTEC; ESOC ; ESTEC
Giuseppe.Ottavianelli@esa.int

Swarm is the next Earth Explorer mission in ESA’s Living Planet Programme scheduled for launch in the last 
quarter of 2013. This presentation will focus on the Mission status and the activities related to the preparation for 
launch. The objective of the Swarm mission is to provide the best ever survey of the geomagnetic field and its tempo-
ral evolution. The mission shall deliver data that aim to provide new insights into the Earth system by improving our 
understanding of the Earth’s interior and near-Earth electro-magnetic environment including space weather. Swarm 
consists of a constellation of three identical satellites. Initially all satellites are released from a single launcher and 
satellite manoeuvring during the commissioning phase of the mission results in the specified constellation at the 
beginning of the operational phase. This consists of a side-by-side flying pair of satellites at an initial altitude of 
about 460 km and thereafter slowly decaying. These are complemented by a  third satellite that starts in an orbit at 
530 km altitude that drifts away from the lower pair over time. High-precision and high-resolution measurements of 
the strength, direction and variation of the magnetic field, complemented by precise navigation, accelerometer and 
electric field measurements, will provide the observations that are required to separate and model various sources 
of the geomagnetic field (core, mantle, lithosphere) and near-Earth current systems (ionosphere, magnetosphere). 
In the last year, the commissioning activities have been further consolidated and a number of tests and performance 
analysis has been carried out on the Swarm payloads. Some examples are the support bracket holding the Absolute 
Scalar Magnetometer instrument and the Electric Field Instrument Languimir Probes. This paper presents the current 
status of these further preparation to launch and results from the platform and payload tests and any impact on the 
product performance.

J1-3 the swArM eleCtriC field iNstrUMeNts
Knudsen, david; on behalf of the swarm efi science team
University of Calgary
knudsen@ucalgary.ca

Swarm will combine precision electric and magnetic field measurements on multiple, three-axis-stabilized platforms 
in polar orbits.   Electric fields will be derived from detailed images of thermal ion distribution functions recorded by 
CCD-based Thermal Ion Imager sensors, aided by Langmuir probe measurements of spacecraft potential and electron 
density and temperature.   The combination of these measurements will provide an unprecedented view of energy ex-
change between the magnetosphere and ionosphere through Poynting flux, with a resolution approaching 1 microWatt 
per square meter.  Swarm will also provide a new view of processes that include ion upflow and outflow, non-equilib-
rium and non-Maxwellian plasma distributions, temperature anisotropies, regional and global plasma convection, and 
plasma instabilities and irregularities at all latitudes.  Combined with ground-based camera and radar arrays, Swarm is 
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especially well-suited to studies of ionospheric and auroral electrodynamics.  This talk will review the capabilities and 
scientific potential of Swarm's Electric Field Instruments in the context of the state of the art.

J1-4 swArM's AbsolUte sCAlAr MAGNetoMeter CAN do More
hulot, Gauthier; leger, Jean-Michel; fratter, isabelle; bertrand, françois; Chulliat, Arnaud; 
Crespo-Grau, raul; Jager, thomas; lalanne, xavier; Vigneron, pierre
IPGP; CEA-Leti; CNES; CEA-Leti; IPGP; IPGP; CEA-Leti; IPGP; IPGP
gh@ipgp.fr

Each of the three ESA Swarm satellites, hopefully to be launched by the end of the year, carries a vector field 
magnetometer (VFM) and an absolute scalar magnetometer (ASM), positioned on a boom away from the body of 
the satellite to minimize undesired magnetic perturbations, and distant enough from each other to avoid crosstalk 
between instruments. The VFM further shares an optical bench with a star imager (STR), to which it is thus rigidly 
attached. The rational behind this set-up is that the ASM will provide very accurate absolute field intensity measure-
ments, while the combination of the VFM with the STR will provide vector field measurements oriented in the ter-
restrial frame of reference. The ASM will also provide the values needed to calibrate and improve the accuracy of the 
three components of the field measured by the VFM. It is the output of this procedure (using the implemented base-
line Swarm level 1b algorithms, also correcting for known satellite perturbations) that will provide the very accurate 
level 1b data the Swarm mission is aiming at. The above procedure is entirely based on the baseline 1 Hz scalar ASM 
outputs. But the ASM instruments can do more. Following an agreement between ESA and CNES, each instrument 
will also be able to provide two additional, non-nominal, types of data: 250 Hz measurements provided by a ''burst 
mode'' to be operated during the commissioning phase, and 1 Hz absolute vector field measurements produced as a 
by-product by the ASM and synchronized with the nominal 1 Hz scalar measurements. The burst mode will be used 
to explore the spectral content of the field encountered by each satellite. It will also be used to identify the frequency 
bands within which three modulations must be operated to produce the experimental absolute vector field ASM data, 
which would then provide a second set of vector field measurements (in addition to that provided by the VFM) on 
board each satellite. In this talk, we will discuss the possibility offered by these two additional ASM modes, for both 
validation and science purposes.

J1-5 perspeCtiVes oN therMosphere sCieNCe UsiNG swArM: the GoCe-ChAMp-GrACe-
dMsp MiNi-CoNstellAtioN
forbes, J.M.; doornbos, eelco; Conde, Mark; bruinsma, s.l.; lu, Gang; ober, daniel
University of Colorado; Delft University of Technology; University of Alaska; Centre National d’Etudes Spatiales; 
National Center for Atmospheric Research; Air Force Research Laboratory
forbes@colorado.edu

The space weather of the ionosphere-thermosphere (IT) system (ca. 100-1000 km) affects satellite orbital pre-
dictions and operation of various navigation and communications systems, issues of increasing importance to our 
21st-century society.  The Swarm mission will provide key measurements that define energy inputs into the system, 
as well as the response of the system to these and other energy inputs. In this paper we provide examples of how 
measurements from 4 satellites (GOCE, CHAMP, GRACE and DMSP) in different orbital planes and at different 
altitudes can be synergistically used to address contemporary problems in thermosphere science: geomagnetic storm 
response including traveling atmospheric disturbances, ionosphere-thermosphere coupling, wave coupling with the 
lower atmosphere.  Ground-based observations are also key, and can be viewed collectively as the "fourth satellite" 
of Swarm.  We demonstrate here how ground-based observations can be used to validate satellite measurements, and 
provide data that greatly enrich the science.  We also discuss how first-principles global thermosphere-ionosphere-
electrodynamics models serve as the "glue" that places diverse satellite measurements into the global system context, 
especially when the data are assimilated into the models to guide their solutions.

J1-6 reAl-tiMe speCifiCAtioN of the eQUAtoriAl ioNospheriC zoNAl eleCtriC field.
Nair, Manoj; Alken, patrick; Maus, stefan
University of Colorado and National Oceanic and Atmospheric Administration
manoj.c.nair@noaa.gov

The equatorial zonal electric field is the primary driver of two important features of the equatorial ionosphere: 
(1) The Equatorial Ionization Anomaly (EIA), and (2) plasma density irregularities, also known as spread-F.  During 
propagation through the ionosphere, communication and navigation radio signals are attenuated, delayed and scat-
tered by these ionospheric features. Prediction of the zonal electric field is therefore a key to the real-time specification 
of the ionosphere. We divide the zonal electric field into a climatological contribution plus the prompt-penetration 
contribution caused by the solar wind effects.  We predict the prompt-penetration effects using a transfer-function 
model (derived from Jicamarca radar and CHAMP measurements) driven in real-time by the interplanetary electric 
field from the Advanced Composition Explorer (ACE) satellite. The zonal electric field is predicted about one hour 
in advance, covering all local times and longitudes. The benefit of this application to space weather forecasting is 
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twofold:  As the driver of the equatorial plasma fountain, the predicted zonal electric field is a leading indicator by 
2-3 hours of the EIA and the Total Electron Content (TEC) of the equatorial ionosphere. Secondly, rapid uplift of 
the ionosphere by strong eastward electric fields is known to induce spread-F. The current challenge is to validate 
the model in near real-time as continuous ground-based measurements of the zonal electric field are sparse along the 
dip-equator. We plan to use the day-side equatorial electric field (a Level-2 product) from the upcoming SWARM 
mission to validate and improve our prediction service. The real-time prediction is available as a Google could ap-
plication at http://www.geomag.us/models/PPEFM/RealtimeEF.html

J1-7 GlobAl 3-d MAppiNG of MANtle eleCtriCAl CoNdUCtiVity froM 
 spACe. reCeNt deVelopMeNts

Kuvshinov, Alexey; puethe, Christoph
Institute of Geophysics, ETH Zurich, Switzerland
kuvshinov@erdw.ethz.ch

We present our recent progress in the development of inversion schemes that aim to map the three-dimensional 
(3-D) mantle conductivity distribution using satellite magnetic data. Two approaches are discussed. One is based on 
an inversion of time spectra of spherical harmonic (SH) coefficients describing the induced part of the magnetic po-
tential. This approach has been elaborated during the development phase of the Swarm satellite mission. The second 
approach deals with an inversion of the responses (Q-matrices) that connect inducing and induced SH coefficients. 
Pros and cons of the proposed 3-D inverse solutions, along with outlook, are discussed.

J1-8 ACCoUNtiNG for exterNAl ANd iNterNAl field CoVAriANCes iN 3-d iNVersioNs of 
swArM dAtA iN terMs of MANtle CoNdUCtiVity
Velimsky, Jakub
Charles University in Prague
velimsky@karel.troja.mff.cuni.cz

One of the primary missions of the Swarm multisatellite mission is to determine the 3-D distribution of electri-
cal conductivity in the Earth's mantle. This contribution presents recent developments of an inversion method based 
on direct integration of magnetic fields in the time domain, and using the adjoint solution for fast evaluation of data 
sensitivities to model perturbations. In particular, the modified approach takes into account the covariance matrix of 
external and internal magnetic field coefficients recovered from (so far simulated) Swarm data. External field model 
is no longer fixed, but it is adjusted together with the recovery of the conductivity structure.

J1-9 bridGiNG the GAp betweeN ChAMp ANd swArM UsiNG oersted ANd GroUNd obserVA-
tory dAtA
finlay, Chris; olsen, Nils; luehr, hermann; sabaka, terrence J.; toeffner-Clausen lars
Division of Geomagnetism, National Space Institute, Technical University of Denmark; Division of Geomagnetism, 
National Space Institute, Technical University of Denmark; Helmholtz-Zentrum Potsdam, Deutsches; Geodynamics 
Branch, NASA GSFC; Division of Geomagnetism, National Space Institute, Technical University of Denmark.
cfinlay@space.dtu.dk

The gap between the end of the CHAMP satellite mission in 2010 and the start of the upcoming Swarm mission, 
anticipated to be later this year, presents a challenge in the construction of global models of the Earth's magnetic field.  
Here we shall describe how Oersted scalar data between 2010 and 2013, with its intermittent global coverage, together 
with vector field data from the network of ground magnetic observatories, can be combined with the satellite vector data 
from the preceding decade in order to produce a reliable model geomagnetic field spanning 1997 to mid-2013.    

We shall present the details of the latest update of the CHAOS-4 geomagnetic field model that extends to 2013.5.  
CHAOS-4 aims to  describe the Earth's magnetic field with high spatial resolution (terms up to  spherical degree n = 85 
for the crustal field) and high temporal resolution (allowing for investigations of sub-annual core field changes).  The 
latest update uses 14 years of data from the \\O rsted, CHAMP and SAC-C satellites, augmented with ground observa-
tory monthly mean values.  The maximum spherical harmonic degree of the static (crustal) field is  n = 100.  The core 
field time changes are expressed by spherical harmonic expansion coefficients up to n = 20, described by order 6 splines 
(with 6-month knot spacing) spanning the time interval from 1997.0 to 2013.5. The third time derivative of the squared 
magnetic field intensity is regularized at the core-mantle boundary. No spatial regularization is applied for the core field, 
but the high-degree crustal field is regularized for n > 85.  We co-estimate a model of the large-scale magnetospheric 
field (with expansions in the GSM and SM coordinate system up to degree n = 2 and parameterization of the time 
dependence using the decomposition of Dst-index into external (Est) and induced (Ist) parts) and perform an in-flight 
alignment of the vector data (co-estimation of the Euler describing the rotation between the coordinate systems of the 
vector magnetometer and of the star sensor providing attitude information). The high-degree part of the crustal field 
model is solely determined from low-altitude CHAMP satellite observations after 2009.  

We shall also discuss future prospects with regard to the Swarm mission, focusing on the expected benefits com-
pared to the currently available data, as well as the scientific opportunities.
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J1-10 GeoMAGNetiC field ModeliNG with dMsp
Alken, patrick; redmon, rob; rich, frederick; Maus, stefan
UCB; NOAA/NGDC; MIT; UCB
alken@colorado.edu

The Defense Meteorological Satellite Program (DMSP) launches and maintains a network of satellites to moni-
tor the meteorological, oceanographic, and solar-terrestrial physics environments. In the past decade, geomagnetic 
field modelers have focused much attention on magnetic measurements from missions such as CHAMP, Oersted 
and SAC-C. With the completion of the CHAMP mission in 2010, there have been limited satellite-based vector and 
scalar magnetic field measurements available for main field modeling. In this study, we investigate the feasibility 
of using the Special Sensor Magnetometer (SSM) instrument onboard DMSP for main field modeling. These vec-
tor field measurements are re-calibrated to remove large sources of error, including satellite-generated fields and 
systematic signals from onboard instrumentation. Euler angles are then computed to determine the orientation of the 
vector magnetometer with respect to a local coordinate system. Initial comparisons of the processed DMSP data with 
main field models from CHAMP give root mean square residuals of the order of 20 nT for both the total field and the 
vertical component. While these residuals are significantly larger than for CHAMP and Oersted measurements, the 
DMSP data may make a significant contribution toward filling the gap to the upcoming Swarm mission.

J1-11 MAGNetiC reMote seNsiNG of oCeAN flow VAriAbility
tyler, robert
University of Maryland / NASA-GSFC
robert.h.tyler@nasa.gov

It is known that ocean flow generates weak magnetic fields that are detected by land and satellite magnetic observa-
tories, and that this presents a potentially important opportunity to develop a new method of remote sensing of ocean/
climate variability. It could even be argued that at least in principle such a method could become a method of choice 
to measure large-scale flow and heat transports which are difficult to obtain using other methods. There are, however, 
fundamental challenges because the oceanic magnetic signals are weak and typically share space and time scales with 
other unresolved components. This is demonstrated by the fact that the most clear extractions of ocean-flow signals 
have so far involved cases where the expected ocean signal has a highly distinguishing statistical aspect (the highly 
stationary tidal and highly non-stationary tsunami signals that have been identified in magnetic observations are the 
strongest examples.)  Here a brief review of the status of this opportunity and challenge will be given, including the 
new opportunities opening with Swarm. Then some preliminary results from new work will be presented. In the new 
work, inferences for the interdecadal to secular variability in ocean tidal parameters are drawn from the modulations 
of tidal signals statistically extracted from global magnetic observatory data. These modulations of tidal parameters is 
of special interest in ocean/climate studies because it is expected that these modulations may reflect changes occurring 
in the internal structure and baroclinic dynamics within the ocean. These internal tidal processes are thought to play a 
key role in mixing and thereby the meridional overturning that transports heat poleward. While the work reported here 
is underway, preliminary results demonstrate statistically significant extractions of these modulations which appear in 
some cases to match similar modulations obtained independently from oceanographic data. 

J1-12 ModeliNG ANd iNterpretiNG the lithospheriC MAGNetiC field oN reGioNAl sCAles
thebault, erwan 
IPGP
ethebault@ipgp.fr

The last decade of geopotential field research has led to vast improvements in our understanding and description 
of the Earth’s magnetic field. It prompted international collaborations towards compiling, processing, modeling, 
and interpreting the wealth of high-quality satellite measurements. This success will continue with the forthcoming 
Swarm satellite mission of the European Space Agency. In parallel to this satellite adventure, huge efforts have been 
done by the scientific community to produce and publish high spatial resolution compilation of magnetic anomaly 
data depicting the crustal field on regional scales. This permitted the publication of the first global picture of the mag-
netic crustal field in the framework of the World Digital Magnetic Anomaly Map project. The available datasets and 
grids cover different ranges of altitudes. They sometimes have high horizontal densities depending on the considered 
geographical area and do not have the same spectral content. They can be represented globally in spherical harmon-
ics but high spatial resolution requires a homogeneous data distribution at the Earth’s scale and involves the esti-
mation of an enormous number of parameters. Regional modeling techniques have been proposed to address these 
drawbacks and to take advantage of the availability of high resolution regional datasets over a portion of the Earth.

I will first briefly review the available datasets, from ground, sea, aeromagnetic and satellite levels, which can 
be used to construct high-resolution models of the crustal field. This will allow me to discuss the incompleteness of 
these measurements, illustrate the so-called magnetic spectral gap, and show how Swarm is expected to bridge the 
gap between the near-surface and the satellite data. I will then present some regional modeling methods developed in 
the spherical coordinates and will emphasize their pros and cons depending on their field of application. I will focus 



9

IAGA Meeting 2013 

on the Revised Spherical Harmonic Analysis (R-SCHA) technique and will present its latest developments. These 
developments were fostered by the preparation to Swarm mission. The R-SCHA technique can now ingest vector, 
scalar, and gradient magnetic data. Its relationship to the spherical harmonics was clarified. This allowed the defini-
tion of a regional spatial power spectrum comparable to global power spectra expressed in spherical harmonics. I 
will illustrate with an example the advantages of these relationships for modeling and interpreting quantitatively the 
regional magnetic crustal field models derived in R-SCHA. Finally, I will discuss some general ideas that could be 
developed for directly relating the R-SCHA parameters to some properties of the magnetic sources.

J1-13 CAN we UNVeil the lArGe wAVeleNGths of the eArth's MAGNetiC CrUstAl thiCKNess ?
Vervelidou, fotini; thébault, erwan
IPGP; IPGP
vervelid@ipgp.fr

The Earth's lithosphere is considered to be magnetic only down to the Curie isotherm. Therefore, the Curie 
isotherm can, in principle, be estimated by conducting spectral analyses on the available magnetic data given an 
a priori magnetization distribution. Here, we define a spatial power spectrum using the Revised Spherical Cap 
Harmonic Analysis (R-SCHA) regional modeling technique. We briefly discuss its properties and its relationship 
with the Spherical Harmonic spatial power spectrum. This relationship allows us to adapt any theoretical expression 
of the lithospheric field power spectrum expressed in Spherical Harmonic degrees to the regional formulation. We 
compared previously published forms to the recent lithospheric field models derived from the CHAMP and airborne 
measurements. We finally developed a theoretical form for the power spectrum of the Earth's magnetic lithosphere 
that we think provides more consistent results. This expression depends on the mean magnetization, the mean crustal 
thickness and a power law value that describes the amount of spatial correlation of the sources. In this presentation, 
we make a combine use of the R-SCHA surface power spectrum and this theoretical form. We conduct a series of 
regional spectral analyses for the entire Earth. For each region, we estimate the R-SCHA surface power spectrum of 
the NGDC-720 Spherical Harmonic model (Maus, 2010). We then fit each of these observational spectra to the theo-
retical expression of the power spectrum of the Earth's lithosphere. By doing so, we estimate the large wavelengths 
of the magnetic crustal thickness on a global scale that are not accessible directly from the magnetic measurements 
due to the masking core field. We then discuss these results and compare them to global maps for the crustal thickness 
derived with other techniques and geophysical data.

J1-14 swArM ANd iCebAse: MAppiNG GeotherMAl heAt flUx UNder AN iCe sheet
purucker, M. and icebase team
SGT at Planetary Geodyn. Lab, GSFC/NASA
michael.e.purucker@nasa.gov

NASA will solicit suborbital missions as part of its Earth Venture program element this fall. These missions are 
designed as complete PI-led investigations to conduct innovative hypothesis or scientific question-driven approaches 
to pressing questions in Earth System science. We propose to carry out a suborbital magnetic survey of Greenland 
using NASA’s Global Hawk unmanned aerial vehicle to produce the first-ever map of the geothermal heat flux under 
an ice sheet.  Better constraints on geothermal heat flux will reduce the uncertainty in future sea level rise, in turn al-
lowing a more informed assessment of its impact on society. The geothermal heat flux depends on conditions such as 
mantle heat flux, and the tectonic history and heat production of the crust, all of which vary spatially. Underneath ice 
sheets, the geothermal heat flux influences the basal ice. Therefore heat flux is an important boundary condition in ice 
sheet modeling. Using magnetic data to constrain heat flux is possible because the magnetic properties of rocks are 
temperature dependent until they reach the Curie temperature. The technique has applications to understanding the 
response of Greenland ice sheet to climate forcing because the basal heat flux provides one of the boundary condi-
tions. The technique also helps to locate the oldest ice. The oldest ice in Greenland should be found in areas of very 
low heat flux, and the identification of those areas is provided by this technique.  Ice cores from the areas of oldest 
ice help to decipher past temperatures and CO2 contents. Our latest model of the geothermal heat flux under the 
Greenland ice sheet (http://websrv.cs.umt.edu/isis/index.php/Greenland_Basal_Heat_Flux) is  based on low- reso-
lution satellite observations collected by the CHAMP satellite between 2000 and 2010. Those observations will be 
enhanced by the upcoming Swarm gradient satellite mission, but the resolution will improve by less than a factor 
of two, from 400 km resolution to approximately 250 km resolution. A high altitude, suborbital magnetic survey of 
Greenland would provide a heat flux model with resolution comparable to the crustal thickness, and would provide 
details of the high heat flux region associated with the Iceland mantle plume in E /SE Greenland, and the low heat 
flux region in NW Greenland, adjacent to the Canadian Shield. Magnetic field measurements from 20 km altitude 
are strongly preferred over lower altitude observations because of their ability to sample the longest wavelengths, 
provide uniform calibration with sufficient sensitivity, and suppress local remanent magnetic field signatures. We 
validate our heat flux estimates by assessing the possible contributions from remanent magnetism and variable sus-
ceptibility, and from other lithospheric processes such as structure, volcanism and impact, from unmodeled external 
magnetic fields, and from the assumptions utilized in the heat flux model.
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J1-15 loNG dUrAtioN strAtospheriC bAllooN GrAdieNt GeoMAGNetiC bAllooN MissioNs
tsvetkov, yury; filippov, sergey; petrov, Valery; Nikolaev, Nikolay; sidorova, larisa
Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radiowave Propagation (IZMIRAN)
tsvetkov@izmiran.ru

We promote the idea to support forthcoming Swarm multi-satellite geomagnetic mission with the long duration 
balloon flights that will aim at simultaneous measurement of geomagnetic field at stratospheric altitudes (20-30 km).
We have proposed the method allowing experimental recovery of lithospheric field along balloon flight. The main 
idea of this method - use the balloon gradient magnetic surveys to find the areas where the magnetic anomalies are 
absent. Then it is possible to compare the balloon's (in situ) and model's data.  The difference will be the amendment 
for model data (correcting number).  But corrections are available only for places close to along balloon route. Daily 
mean spherical harmonious model (DMSHAM) derived from CHAMP data is used to demonstrate the proposed 
method. In addition, there are a few reasons to develop such balloon missions: 

-Balloon missions could provide more detailed information about lithospheric field compared with the satellite 
measurements;

-Balloon mission's data can be used not only for the validation of satellite models, but also for including these 
data for constructing of the field models;

-Measurements of geomagnetic field vertical gradients during balloon flights allows more accurate separation of 
lithospheric signal and signals from the external sources.

IZMIRAN has designed the balloon system which measures the total magnetic field at three altitudes with 
separations of 3 and 6 km. Twelve testing flights (1986-2010) at stratospheric altitudes have proven the reliability 
of the system. There are a few launching pads (Sweden, Norway, Russia, Antarctica and so on) where balloons 
with long duration of flight could start on a regular basis. IZMIRAN plans to launch a few flights of balloons with 
magnetic gradiometer onboard during Swarm mission (Our team is included in the list of principal investigators of 
Swarm mission). However, efforts of only IZMIRAN will be far insufficient for proper solution of aforementioned 
problems. In this context, we invite geomagnetic and balloon communities to think about: how people can use 
available experience of long duration balloon missions for geomagnetic research, in particular, for supporting Swarm 
mission?

J1-1p swArM l2ps eQUAtoriAl eleCtriC field iNVersioN ChAiN
Alken, patrick; Maus, stefan; Vigneron, pierre; sirol, olivier; hulot, Gauthier
UCB; UCB; IPGP; IPGP; IPGP
alken@colorado.edu

The day-time eastward equatorial electric field (EEF) in the ionospheric E-region plays a crucial role in equa-
torial ionospheric dynamics. It is responsible for driving the equatorial electrojet (EEJ) current system, equatorial 
vertical ion drifts, and the equatorial ionization anomaly (EIA). Due to its importance, there is much interest in ac-
curately measuring and modeling the EEF for both climatological and near real-time studies. The Swarm satellite 
mission offers a unique opportunity to estimate the equatorial electric field from measurements of the geomagnetic 
field. Due to the near-polar orbits of each satellite, the on-board magnetometers record a full profile in latitude of 
the ionospheric current signatures at satellite altitude. These latitudinal magnetic profiles are then modeled using a 
first principles approach with empirical climatological inputs specifying the state of the  ionosphere. Since the EEF 
is the primary driver of the low-latitude ionospheric current system, the observed magnetic measurements can  then 
be inverted for the EEF. 

This paper will detail the full algorithm for recovering the EEF from Swarm geomagnetic field measurements. 
The equatorial electric field estimates are an official Swarm level-2 product which will be produced inside the level-2 
processing system (L2PS) and made freely available after the commissioning phase.

J1-2p MAGNetospheriC Ulf wAVe stUdies iN the frAMe of swArM MissioN: 
 A wAVelet ANAlysis tool for MUltipoiNt obserVAtioNs of pUlsAtioN eVeNts

balasis, Georgios; daglis, ioannis A.; Georgiou, Marina; papadimitriou, Constantinos; haagmans, roger
Institute for Astronomy, Astrophysics, Space Applications and Remote Sensing, National Observatory of Athens; 
Section of Astrophysics, Astronomy and Mechanics, Department of Physics, University of Athens; European Space 
Research and Technology Centre, European Space Agency
gbalasis@noa.gr

We combine the advantages of multi-spacecraft and ground-based monitoring of the geospace environment in 
order to analyze and study magnetospheric ultra low frequency (ULF) waves. In line with this aim, we also develop 
and deliver relevant analysis tools based on wavelet transforms and tailored to the Swarm mission. In the preparation 
phase as well as the lifetime of the Swarm mission, the analysis of isolated ULF wave events - especially those 
detected in the Pc3 frequency range (20--100 mHz) that a topside ionosphere mission efficiently resolves - can help 
to elucidate the processes that play a crucial role in the generation of waves and their most defining propagation 
characteristics. Additionally, we offer a useful platform to monitor the wave evolution from the outer boundaries of 
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Earth's magnetosphere through the topside ionosphere down to the surface. Data from a single Low Earth Orbit (LEO) 
satellite (CHAMP), a multi-satellite LEO mission (ST5) and the ongoing multi-satellite magnetospheric mission 
(Cluster) along with a ground-based magnetic network (CARISMA) are used to study wave evolution in detail. 
A better understanding of the generation and propagation of waves will also allow to geophysically validate some 
of Swarm's data products, especially those related to the magnetic and electric fields in geospace. With a carefully 
selected case study focusing on the recovery phase of a moderate magnetic storm (9 April 2006 with a minimum 
Dst value of -82 nT) as a starting point, we clearly demonstrate the capabilities offered by our wavelet analysis tools 
and highlight the options opened to treat various categories of multipoint multi-instrument measurements (both 
spaceborne and ground-based) for signatures of ULF wave signals as well as the effects of various other sources.

J1-3p  swArM l2ps dediCAted ioNospheriC field iNVersioN ChAiN
Chulliat, Arnaud; Vigneron, pierre; thébault, erwan; sirol, olivier; hulot, Gauthier
Institut de Physique du Globe de Paris (IPGP)
chulliat@ipgp.fr

ESA’s Swarm mission, to be launched in July 2013, is an optimized constellation of three low-Earth orbiting 
satellites providing measurements of the geomagnetic field with unprecedented precision. Over the last two and a 
half years, a consortium of research institutions has teamed up with ESA to set up the Swarm L2 Processing System 
(L2PS), a distributed processing facility that will produce level-2 data products during the Swarm mission. As a 
member of the consortium, the IPGP developed the Dedicated Ionospheric Field Inversion chain (DIFI). The DIFI 
algorithm produces global, spherical harmonic and time varying models of the geomagnetic Sq field, i.e., the mag-
netic field generated by electrical currents flowing in the conducting layers of the ionosphere, on the dayside of the 
Earth. It takes into account seasonal effects as well as solar cycle variability. It separates the observed Sq field in two 
parts: the primary field originating in the ionosphere, and the secondary field induced in the electrical conducting 
mantle. The obtained models are valid both on the ground and at satellite altitude, and at all latitudes within +/-55°. 
The DIFI algorithm was thoroughly tested during the development phase of the L2PS, using synthetic Swarm data. 
A first model based upon real Swarm data will be delivered about 6 months after the end of the Swarm commission-
ing phase.

J1-4p iN orbit AliGNMeNt of the swArM AsM ANd VfM MAGNetoMeters
Crespo-Grau, raül; Vigneron, pierre; Chulliat, Arnaud; hulot, Gauthier
Institut de Physique du Globe de Paris (IPGP)
crespo@ipgp.fr

The SWARM Absolute Scalar Magnetometer (ASM) is an optically pumped Helium-4 magnetometer developed 
by CEA-LETI, with CNES support, which will provide absolute scalar measurements of the magnetic field with high 
accuracy and stability on the three satellites of the mission. In addition, and on an experimental basis, these ASM 
instruments will be able to operate as vector field magnetometers.

This vector mode will make it possible to carry on comparisons of ASM vector field measurements with that 
of the nominal VFM vector magnetometers on each satellite, to both check the consistency of the field measured 
and assess the stability of the boom on which both instruments lie. For this to be possible, however, one must first 
align both instruments with respect to each other. This alignment process consists in finding the most accurate way 
to geometrically link the VFM and ASM frames, when the same natural field is simultaneously measured in both 
frames while the satellite is orbiting. This geometrical link is described by the Euler Angles. Here, we will describe 
the method that can be used for recovering these Euler angles and present results based on simulations, investigating 
the time needed to recover these angles with relevant accuracy, and assess the possibility of detecting, and taking 
into account boom perturbations.

J1-5p stUdy oN MAGNetiC reCoNNeCtioN At eArth’s MAGNetopAUse UsiNG polAr sAtellite
ferreira ribeiro, bárbara Abigail; González, walter; Koga, daiki
Instituto Nacional de Pesquisas Espaciais (INPE)
barbara.abigail.87@gmail.com

In this work we analyzed some key parameters associated with magnetic econnection at the Earth’s magneto-
pause using data observed by the Polar satellite, i.e., econnection rate, direction of the modeled X-line, electric field 
parallel to the X-line, and reconnection outflow (Alfven) velocity for six selected reconnection events.

We find one event that we can´t define the region that satelite Polar crossed. As a result for the other five events 
the reconnection rate was between 0.089 and 0.153. The reconnection is anti-parallel for two events and component 
for tree vents. The electric field parallel to the X-line is between 0.953 mV/m and 34.837 mV/m and Alfvén velocity 
is > 300 km/s which agrees with Mozer e Hull (2010).
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J1-6p the swArM AbsolUte sCAlAr MAGNetoMeter
fratter, isabelle; leger, Jean-Michel; bertrand, françois; Jager, thomas; hulot, Gauthier; lalanne, xavier
CNES; CEA-LETI; CEA-LETI; CEA-LETI; IPGP; IPGP
isabelle.fratter@cnes.fr

The Swarm mission, conducted by the European Space Agency (ESA), will provide the best ever survey of the 
Earth’s magnetic field and its temporal evolution. This will be achieved by a constellation of three satellites to be 
launched by the end of 2013. 

The Absolute Scalar Magnetometer (ASM), proposed by CNES and CEA-LETI with the scientific support from 
IPGP, was selected by ESA in 2005 as the Swarm magnetic reference. Its performances are therefore crucial for the 
mission’s success. Thanks to a new dedicated design, the ASM will offer the best precision and absolute accuracy 
ever attained in space, with similar performances all along the orbit. This paper presents the new features, capabili-
ties and performances of this instrument as well as the last status. 

The ASM operating principle is based on the atomic spectroscopy of the helium 4 metastable state. It makes 
use of the Zeeman’s effect to transduce the magnetic field into a frequency, the signal being amplified by optical 
pumping. 

The ASM will thus deliver high resolution scalar measurements at 1 Hz for the in-flight calibration of the Swarm 
Vector Field Magnetometer (VFM) over the 4 year mission. It can also be operated at a much higher sampling rate 
(burst mode at 250 Hz). 

In addition, thanks to an innovative architecture, the ASM will be able to carry out continuous vector measure-
ments, hence delivering simultaneously both the magnitude and direction of the ambient magnetic field measured at 
the same point, which is a premiere on a single instrument. While the main advantage of this vector capability lies in 
the lack of offsets or drifts, its precision is by design significantly lower than the scalar’s. This capacity will be used 
in flight on an experimental basis, the nominal Swarm vector data being delivered by the VFM. 

Swarm will offer a unique opportunity to validate the ASM vector data in orbit by comparing them with the 
VFM’s, thus opening the way for a potential in-space cross calibration. This will be done during the Swarm commis-
sioning phase, in close partnership between CNES, CEA-LETI and IPGP.

J1-7p the role of GeoMAGNetiC obserVAtory dAtA dUriNG the swArM MissioN
ridley, Victoria; Macmillan, susan; hamilton, brian
British Geological Survey
smac@bgs.ac.uk

The scientific use of Swarm data and Swarm-derived products is greatly enhanced through combination with ob-
servatory data and indices. The strength of observatory data is that they are very stable over long periods of time with 
great care being taken with temperature control and correction, platform stability and magnetic cleanliness at each 
site. As part of the Swarm Level-2 data activities, plans are in place to distribute such ground-based data along with 
the Swarm data as auxiliary data products. We describe here the preparation of the data set of ground observatory 
hourly mean values, including procedures to check and select observatory data spanning the modern magnetic survey 
satellite era. Existing collaborations, such as INTERMAGNET and the World Data Centres for Geomagnetism, are 
proving invaluable for this. 

In addition, we discuss other possible combined uses of satellite and observatory data. Quasi-definitive 1-sec-
ond data are now available from a number of observatories worldwide. A preliminary study using Champ satellite 
data has shown that these observatory data could prove beneficial as a secondary tool for Swarm magnetic data 
validation; however, to avoid ionospheric and magnetospheric interference requires satellite-observatory cross-
ings to occur during quiet, local night time. Whether or not such passes will transpire during the period of Swarm 
Calibration/Validation is highly dependent on the initial timing of orbital insertion and how active the magnetic field 
is. Alternatively, we consider exploiting 1-minute data, collected from a much larger global network of observato-
ries. Removing an estimate of the main field from both the observatory and satellite observations during crossings 
could provide a baseline for detecting abnormalities and aid with Swarm measurement validation, whilst differences 
observed with solar zenith angle may constrain thermal fluctuations not otherwise accounted for. It is possible that 
early validation results with magnetic data from the Swarm mission will be presented if launch is successful in the 
preceding months.

J1-8p iNVestiGAtioN of iNteNse GeoMAGNetiC storMs ANd their solAr/iNterplANetAry 
CAUses dUriNG solAr CyCle 23
subhash Chandra Kaushik
Jiwaji University
subash.kaushik@gmail.com

The present study discuss intense geo-effective events  occurred during solar cycle 23 and analyzing their solar 
and /or interplanetary drivers. Shocks driven by energetic coronal mass ejections (CME’s) and other interplanetary 
(IP) transients are mainly responsible for initiating large and intense geomagnetic storms. Observational results 
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indicate that galactic cosmic rays (CR) coming from deep surface interact with these abnormal solar and IP condi-
tions and suffer modulation effects. The current solar cycle has provided a long list of these highly energetic events 
influencing the Earth’s geomagnetic field up to a great extent. We have selected an intense geo-effective event which 
depressed the Dst index more than -300nT, and studied it using the hourly values of IMF data obtained from the 
NSSD Center. Solar wind data obtained from various satellites as well as the super neutron monitor data obtained 
from Kiel, Oulu and Huancayo stations, well distributed over different latitudes has been used in the present study. 
It is found that AP and AE indices show rise before the forward turnings of IMF and both the Dst index and cosmic 
ray intensity show a classic decrease. The analysis further indicates the significant role of the magnitudes of Bz com-
ponent of IMF substantiating the earlier results. It is further inferred that the magnitude of these responses depends 
on BZ component of IMF being well correlated with solar maximum and minimum periods. Transient decrease in 
cosmic ray intensity with slow recovery is observed during the storm phase duration.

J1-9p swArM l2ps dediCAted lithospheriC field iNVersioN ChAiN
thebault, erwan; Vigneron, p.; Maus, s.; Chulliat, A.; hulot, G.
IPGP; IPGP; NGDC; IPGP;IPGP
ethebault@ipgp.fr

The forthcoming Swarm satellite mission is a constellation of three satellites dedicated to the study of the geo-
magnetic field. The orbital characteristic of the mission, which includes a pair of satellites flying side by side, has 
prompted new efforts in data processing and modeling. A consortium of several research institutions has been se-
lected by the European Space Agency (ESA) to provide a number of    Level-2 data products which will be made 
available to the scientific community. Within this framework,    specific tools have been tailor-made to better recover 
the lithospheric magnetic field contribution. These tools take advantage of gradient properties measured by the lower 
pair of Swarm satellites and rely on a regional modeling scheme designed to better detect signatures of small spatial 
scales. We report on a processing chain specifically designed for the Swarm mission. Using an End-to-End simula-
tion, we show that the tools developed are operational. The chain generates a model that meets the primary scientific 
objectives of the Swarm mission. We also discuss refinements that could also be implemented during the Swarm 
operational phase to further improve lithospheric field models and reach unprecedented spatial resolution.

sessioN J2 
diV. i/VMod GeoMAGNetiC seCUlAr VAriAtioN ANd rApid Core dyNAMiCs froM sAtellite 
ANd obserVAtory MeAsUreMeNts

J2-1 irreGUlArities ANd dyNAMiCs of the Core-MANtle boUNdAry
le Mouël, Jean-louis; Mandea, Mioara; Narteau, Clement
IPGP; CNES; IPGP
lemouel@ipgp.fr

The last decade has been a flourishing era for gravity and magnetic satellite data, with GRACE and CHAMP mis-
sions. Models of the gravity and magnetic fields have reached an unprecedented resolution and accuracy, allowing 
new insights in the core dynamics.

On the other hand, it has been argued that there may be a small roughness at the core-mantle boundary, invisible 
to the seismology. There is indeed a striking contrast between the mantle and the core, and this frontier is expected 
to be the site of physical-chemical interactions between core and mantle. The hot liquid core can corrode the overly-
ing mantle, preferentially dissolving the silicates and oxides along the grain boundaries and infiltrating upward into 
the mantle by capillarity. The core-mantle boundary does not move upward or downward as a whole, but acquires 
a roughness which has fractal properties. As a result gravimetric anomalies can be generated by this relief and be 
observable, thanks to the new data, at the Earth’s surface (a few hundreds nGal) for scales of the order of some 1000 
km. Such a relief also exerts a pressure distribution at the core-mantle boundary which is accompanied by a flow 
at the top of the core; this flow generates an additional secular variation of the geomagnetic field, which might be 
observable at the Earth’s surface.

J2-2 AN AtteMpt to bUild A MAGNetiC field Model UNder pUre toroidAl flow 
CoNstrAiNt
lesur, V.; wardinski, i.; whaler, K.
GeoForschungsZentrum Potsdam (GFZ), Helmholtz Centre Potsdam, GFZ German research centre for geosciences; 
University of Edinburgh, School of GeoSciences, Grant Institute
lesur@gfz-potsdam.de

A magnetic field model spanning the CHAMP satellite era will be presented where the magnetic field is co-esti-
mated together with a large-scale flow at the top of the liquid outer core. The technique has been proposed in Lesur 
et al. (2010) and applied to observatory data in Wardinski and Lesur (2012). We develop further this approach to 
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handle possible interactions between the small scales of the field and the flow that may generate large-scale secular 
variation. Additionally, in order to be able to impose a strong convergence of the flow spectra, we work with a ver-
sion of the induction equation filtered for large-scales of the field and the flow. Under the hypothesis of pure toroidal 
flow the model fails to fit the observed magnetic field at satellite altitude, even if there is no restriction imposed on 
the flow temporal variability. Preliminary results will be shown for magnetic field models co-estimated with general 
flow models where contributions from poloidal flows are minimized.

Lesur, V., Wardinski, I., Asari, S., Minchev, B., and Mandea, M. (2010). Modelling the Earth’s core magnetic 
field under flow constraints. Earth, Planets and Space, 62:503-516.

Wardinski, I. and Lesur, V. (2012). An extended version of the C3FM geomagnetic field model - application of a 
continuous frozen-flux constraint. Geophys. J. Int.,189:1409-1429.

J2-3 syMMetry properties ANd rApid ChANGes iN Core MotioNs oVer the obserVAtory erA
Gillet, Nicolas; Jault, dominique; finlay, Chris
ISTerre/CNRS; ISTerre/CNRS; DTU Copenhague
ngillet@ujf-grenoble.fr

We reconstruct the core flow evolution over the period 1840-2010 under the quasi-geostrophic constraint, from 
the stochastic magnetic field model COV-OBS and its full model error covariance matrix. We make use of a prior 
knowledge on the flow temporal power spectrum compatible with that of observed geomagnetic series. We employ 
an iterative scheme together with an ensemble approach to estimate the errors of representativeness that arise from 
the interaction of the core flow with the unresolved field at small length-scales. Allowing such errors to be time 
correlated, we manage to retrieve rapid flow changes, and in particular rapid torsional waves predicting correctly 
interannual length-of day variations from 1950 onward. Large length-scales flow features are naturally dominated 
by their equatorially symmetric component from about 1900 when the symmetry constraint is relaxed. Equipartition 
of the kinetic energy in both symmetries coincides with the poor prediction of decadal length-of-day changes in the 
XIXth century. We interpret this as an evidence for quasi-geostrophic rapid flow changes, and the consequence of a 
too loose data constraint during the oldest period.  

J2-4 do ACCelerAted Core flows prodUCe better MAGNetiC field Model foreCAsts?
whaler, Kathy; beggan, Ciaran
University of Edinburgh; BGS
kathy.whaler@ed.ac.uk

The IGRF-11 model released in 2010 includes a description of the geomagnetic field and a prediction of its an-
nual secular variation (SV) over the subsequent five years from up to 2015. While retrospective modelling of the 
field has greatly improved in the past decade with the availability of satellite magnetic field measurements, the ability 
to correctly predict SV has not. For example, the root-mean-square (RMS) difference between the prediction of the 
previous IGRF-10 model and the IGRF-11 model for 2010.0 was 119nT. 

We investigate how well core flow modelling can improve our forecast of SV compared to essentially linear ex-
trapolation currently used in IGRF modelling. Previously it has been shown that using a steady flow, derived from the 
inversion of SV data prior to the period of interest, can improve the prediction. After five years, the RMS difference 
between the forecast model using steady core flow modelling and the ‘true’ field was 85nT, illustrating that we can 
potentially improve on current prediction methods.

We now adapt our core flow prediction method to include an estimate of core flow acceleration in addition to a 
steady flow model. We show that jointly inverting for core flow and acceleration from SV and secular acceleration 
data produces a better prediction of the SV over five years than compared to using steady flow alone. We compare the 
RMS and spatial differences between retrospective models of the magnetic field for 2005.0-2010.0. We also investi-
gate how well the current IGRF model forecasts and how our method compares with observatory data up to 2013.5.

J2-5 JerKs AboUNd: obserVAtioNs of GeoMAGNetiC JerKs ANd iMpliCAtioNs for Core 
dyNAMiCs
brown, will; Mound, Jon; livermore, phil
University of Leeds
J.E.Mound@leeds.ac.uk

The geomagnetic field is generated by the constant evolution of the fluid outer core. The secular variation of the 
geomagnetic field describes the variation of the field at time scales on the order of months to decades and is attrib-
uted primarily to flows near the surface of the outer core. The secular variation, at any point on the Earth’s surface, 
is often characterised as a series of linear trends separated by abrupt turning points known as geomagnetic jerks. 
These rapid variations in the secular variation are linked to accelerations of flow in the outer core. Various genera-
tion mechanisms for these rapid changes have been suggested but none have conclusively explained the phenomena. 
Our recent study of geomagnetic jerks in observatory data over the period of 1957-2008 indicates that jerks are far 
more frequent an occurrence than previously suggested and perhaps part of the more rapid end of a spectrum of core 
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dynamics. Whilst jerks are seen to be common, relative peaks in the global number of jerk occurrences are seen in 
1968- 71, 1973-74, 1977-79, 1983-85, 1989-93, 1995-98 and 2002-03 with the suggestion of further poorly sampled 
events in the early 1960s and late 2000s. We do not find consistent patterns in the spatial distributions of occurrences 
suggesting complex origins or the superposition of several discrete individual events. We observe that jerk ampli-
tudes vary through time and their variations are potentially periodic in Europe and North America. This may have 
implications which help to constrain a source mechanism in the dynamics of the outer core. These signals may be 
related to the 6yr periods detected independently in the secular variation and length-of- day.

J2-6 GeoMAGNetiC seCUlAr ACCelerAtioN, JerKs ANd wAVes At the Core sUrfACe
Chulliat, Arnaud; Maus, stefan
Institut de Physique du Globe de Paris (IPGP); NOAA
chulliat@ipgp.fr

Subdecadal variations of the Earth’s core magnetic field are difficult to detect, due to their small amplitude with 
respect to slower core field variations. The signal in the subdecadal frequency band can be amplified by taking the 
second order time derivative of the core field, i.e., the secular acceleration. We use a new method to directly derive 
secular acceleration models from 2002 to 2009, by steps of 30 days, from CHAMP satellite data. This method does 
not rely on the use of splines for representing temporal variations. Analysis of the time variation of the secular ac-
celeration power spectra and maps at the core surface reveals the existence of two secular acceleration pulses, in 
2005 and 2009. These pulses are centered in the Atlantic hemisphere, at low-latitudes, and are anticorrelated in time. 
We discuss the physical interpretation of these two pulses in terms of magnetohydrodynamic waves within the core.

J2-7 ModelliNG ANd ANAlysis of soUtherN AfriCA’s GeoMAGNetiC field ANd seCUlAr 
VAriAtioN siNCe 2005
Kotzé, p.; Korte, M. 
SANSA Space Science, Hermanus, South Africa, GFZ German Research Centre for Geosciences, Potsdam, Germany
pkotze@sansa.org.za

Secular change is a comparatively local phenomenon that does not proceed in a regular and uniform pattern all over 
the Earth, giving rise to regions where the field changes more rapidly than elsewhere, like for instance southern Africa.

Geomagnetic field observations over southern Africa, including countries like South Africa, Namibia, and 
Botswana, have been conducted annually since 2005.For this purpose a total of 40 repeat stations were identified, 
separated by distances ranging between 300 and 400 km. Due to the rapid secular variation change over this region, 
it is necessary to conduct annual surveys at these repeat station positions. 

These measurements were processed to remove daily variations etc., and then modelled using various techniques 
like polynomial fitting and spherical cap harmonics to derive geomagnetic field models for southern Africa. In 
addition, mean monthly field components recorded at magnetic observatories such as Hermanus, Hartebeesthoek, 
Tsumeb and Keetmanshoop provide an excellent opportunity to investigate the temporal changes at these locations. 
These quiet time series have been analyzed to detect possible secular variation impulses, an abrupt jump in the sec-
ond time derivative of the magnetic field. 

J2-8 illUMiNAtiNG the eleCtriCAl CoNdUCtiVity of the lowerMost 
 MANtle froM below

Jault, dominique
ISTerre, Grenoble, France
Dominique.Jault@obs.ujf-grenoble.fr

The complexity of the lowermost mantle structure as it is emerging from seismological observations is fasci-
nating. There is growing evidence of compositional and thermal heterogeneities on a variety of length scales. In 
particular, past and present chemical reactions between the core and the mantle may be conducive to the presence of 
metallic oxides in the lowermost mantle.

The main tool to investigate how electrically conducting materials affect the transmission of the magnetic sig-
nal from the core has been the mantle filter theory of Backus (1983) and Benton and Whaler (1983). It amounts to 
calculate a perturbation solution with signal frequency as small parameter. According to this theory, the electrical 
conductivity of the rocks just above the core-mantle boundary has no influence on the transmission of the signal.

I will give examples showing that the theory cannot be extended to signals with period comparable to the zero-
frequency electromagnetic delay time of the mantle. Specifically, I will discuss how to couple transport by highly 
fluctuating core motions and induction in the solid mantle.
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J2-1p ModeliNG the GeoMAGNetiC seCUlAr VAriAtioN iN MexiCo bAsed oN MAGNetiC 
ChArts ANd sUrfACe sUrVeys
Aviles, thalia; hernández Quinteto, esteban; Cifuentes-Nava, Gerardo,
Instituto de Geofísica, UNAM
thaliapumita@comunidad.unam.mx

The first magnetic observations known in Mexico were made by Cavendish in La Paz, Cabo Corrientes, and 
Manzanillo in 1587. In the Gulf of Mexico the oldest magnetic measurement was made by Sir Arthur Dudley in 1625. 
Observations since 1830, were made in order to produce magnetic charts, with two main desired results: knowledge 
of the magnetic phenomena, and for navigation purposes. During 1906 and 1907 the first magnetic survey was car-
ried out by the Observatorio Astronómico de México (Astronomical Observatory of Mexico). This first attempt to 
obtain a rational magnetic chart was supported by the Carnegie Institution of Washington D.C. In 1948, Geophysics 
Institute started its operation, into National University of Mexico. The department of Geomagnetism was in charge 
of several magnetic surveys in 1950, 1951, 1952, 1960, 1965, 1970, 1975 besides scarce and isolated surveys in the 
eighties (Hernández-Quintero et al., 2009). An important effort made possible a national survey during 1990-1992.

By the other hand, the westward drift of the geomagnetic field has been interpreted to imply that the outer core 
is rotating more slowly than the mantle; resulting in an apparent westward drift of the core produced field. Other 
specific manifestations of secular variation are, for example, changes in local declination or inclination, in scales of 
100 years or so with changes of 30° or more (Backus et al., 1996).

Between 2009 and 2011 a series of field trips were carried out in order to acquire geomagnetic data over the area 
of México. A number of 36 repeat stations were visited and the data were reduced to 2010.0. 

According with such view we present an analysis of this information in order to observe the steady westward drift 
that is modeled by polynomial equation in time (Bloxham et al., 2002); nevertheless some quite sudden changes in 
the records due to diverse phenomena (such as a sudden change of more or less one year of duration) are generating 
several puzzles still under debate.

A model of Geomagnetic Secular Variation is proposed for the area of Mexico in order to improve the lack of 
detail description of global models such as IGRF and considering possible sources of local variation.

J2-2p bottoM-Up CoNtrol of GeoMAGNetiC seCUlAr VAriAtioN by the eArth’s iNNer Core
Aubert, Julien; finlay, Christopher C., fournier, Alexandre
Dynamique des Fluides Geologiques, Institut de Physique du Globe de Paris, Sorbonne Paris Cite, Universite Paris 
Diderot; Division of Geomagnetism, National Space Institute, Technical University of Denmark; Geomagnetisme, 
Institut de Physique du Globe de Paris, Sorbonne Paris Cite, Universite Paris Diderot.
cfinlay@space.dtu.dk

Changes in the Earth’s magnetic field occur most prominently at low latitudes in the Atlantic hemisphere(-90E 
to 90E), while the Pacific is comparatively quiet. This is a consequence of the geographical localisation of intense, 
westward drifting, equatorial magnetic flux patches at the core surface. Despite successes in explaining the morphol-
ogy of the geomagnetic field, numerical models of the geodynamo have so far failed to systematically account for 
this striking pattern of geomagnetic secular variation. Here we show that it can be reproduced provided two mecha-
nisms relying on the inner core are jointly considered. First, gravitational coupling aligns the inner core with the 
mantle, forcing the coupled outer core flow into a giant, westward, sheet-like gyre. The resulting shear concentrates 
azimuthal magnetic flux at low latitudes close to the core-mantle boundary, where it is expelled by core convection 
and subsequently transported westwards. Second, differential inner core growth, fastest below Indonesia, causes 
an asymmetric buoyancy release in the outer core which in turn distorts the gyre, forcing it to become eccentric in 
agreement with recent core flow inversions. This bottom-up heterogeneous driving of core convection dominates 
top-down driving from mantle thermal heterogeneities, and localises magnetic variations in a longitudinal sector cen-
tered beneath the Atlantic, where the eccentric gyre reaches the core surface. In order to match the observed pattern 
of geomagnetic secular variation, the solid material forming the inner core must currently be in a state of differential 
growth rather than growth and melting induced by full translation.

J2-3p AssessiNG the iMportANCe ANd expressioN of the 6-yeAr GeoMAGNetiC osCillAtioN
silva, luis; Jackson, luke; Mound; Jon
University of Glasgow; University of Leeds; University of Leeds
J.E.Mound@leeds.ac.uk

The first time derivative of residual Length-of-Day observations is known to contain a distinctive 5.9-year peri-
odic oscillation. This period is thought to result from the exchange of axial angular momentum between the Earth’s 
core and mantle. Changes in the axial core angular momentum result from cylindrical flow accelerations of the fluid 
inside the core. Provided that such cylindrical motions within the core have a corresponding acceleration in the zonal 
flow at the top of the core, then there will be a corresponding 5.9-year periodic  signal in the geomagnetic secular 
acceleration. We analyse the frequency content of the secular acceleration of the CHAOS-3 and CM4 geomagnetic 
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field models through both a traditional Fourier analysis and an Empirical Mode Decomposition. We identify the 
5.9-year periodic signal in the geomagnetic secular acceleration and characterise its spatial behaviour. The secular 
acceleration signal peaks predominantly at low latitudes and may be related to recent geomagnetic jerks.

J2-4p ModeliNG the totAl field GeoMAGNetiC seCUlAr VAriAtioN froM Cross-oVer MA-
riNe dAtA
pavón-Carrasco, f. Javier; torta, J. Miquel; Catalán, Manuel; talarn, Àngela; ishihara, takemi
Istituto Nazionale di Geofisica e Vulcanologia (INGV); Observatori de l’Ebre; Royal Spanish Naval Observatory; 
Observatori de l’Ebre; Institute of Geology and Geoinformation AIST
javier.pavon@ingv.it

In this work, we propose a regional model for the secular variation of the total geomagnetic field from 1960.0 
to 2000.0. The main goal of the study is the inclusion of cross-over marine data in the modeling approach cover-
ing areas lacking of observatory and repeat station data, i.e. the oceanic regions. The model, which is valid for the 
Northern Atlantic region during the temporal interval 1960-2000, was obtained using the spherical cap harmonic 
analysis in space and penalized cubic B-splines in time. The maximum spatial expansion is equivalent to degree 9 
ordinary spherical harmonic analysis. In order to improve the spatial and temporal distribution of the cross-over data, 
we also used annual mean intensity data from different geomagnetic observatories falling into the spherical cap. The 
model uncertainty is provided by using a bootstrap approach. Results show that the use of the cross-over marine data 
is crucial in producing a better model for the Northern Atlantic region. The proposed regional model improves, in 
terms of the root mean square error, the prediction given by the IGRF11 and CM4 global models, especially for the 
geomagnetic observatories considered. The model is available at http://earthref.org/ERDA/1728/.

J2-5p eMpiriCAl Mode deCoMpositioN: A tool to sepArAte iNterNAl ANd exterNAl CoM-
poNeNts of the eArth’s MAGNetiC field?
tozzi, roberta; de Michelis, paola; Consolini, Giuseppe
Istituto Nazionale di Geofisica e Vulcanologia (INGV); INGV; INAF-IAPS
roberta.tozzi@ingv.it

Magnetic field recorded at the Earth’s surface results from the overlap of contributions from various sources 
both internal and external to the planet. Different methods have been proposed to achieve the separation of these 
contributions. An example is the application of spherical harmonic expansion directly on worldwide magnetic data 
without a priori knowledge on the spatial structure of the magnetic field. Another example is the direct physical 
modeling of the sources based on the knowledge of the time-space structure of the magnetic field and of the currents 
that generate it.

Here we test Empirical Mode Decomposition (EMD) as method to straightforwardly separate internal and exter-
nal components of the geomagnetic field. The main feature of EMD is that it allows splitting a non-stationary signal 
into a series of monocomponents and a residual. With respect to spherical harmonic expansion this EMD-based 
procedure has the advantage to permit the separation of contributions also for a single observatory. With respect to 
methods based on magnetic modeling the procedure here proposed has the advantage to be easily implemented even 
on real time data. Indeed, separation based on physical modeling of the sources could suffer from the time limits 
imposed by the time extension and from the availability of updated releases of the model.

Separation of internal and external contribution is presented for data of a number of magnetic observatories. To 
test the validity of this procedure of internal/external separation, the different contributions are compared, for in-
stance, with those provided by CM4 magnetic model.

J2-6p ChiNese ANd MoNGoNliAN GeoMAGNetiC refereNCe field
Chen, bin; Gu, zuowen;
Institute of Geophysics, China Earthquake Administration
champion_chb@126.com

As a basic technological production describing geomagnetic spatial distribution, geomagnetic reference field 
should choose appropriate method to describe the geomagnetic field on standard epoch truly. Based on geomagnetic 
data on 851 sites in China in 2008&2009 and 119 sites in Mongolia in 2011&2012, we obtained the geomagnetic 
normal and abnormal spatial structure in China Mongolia using Spherical Cap Harmonic (SCH) method and Surfer 
Spline method. Furthermore, we get the crust magnetic field based these 2 method.

The mean separations between two adjacent sites are ~70 km in the east and middle and ~150 km in the west. We 
also used the geomagnetic data on 35 geomagnetic observatories, 34 in China, 1 in Mongolian, and those on observa-
tories in other countries. The data of the three geomagnetic components on all sites were reduced as the mean values 
of the geomagnetic field at 00:00~03:00 (Beijing time, Ulaanbaatar time) on January 1, 2010 after correction of the 
diurnal variations and correction of the secular variations. The reference data used in the correction of the diurnal 
variations are the minute mean values on the 35 observatories. The reference data used in the correction of the secular 
variations are the hourly mean values of the 35 observatories.
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Results show the errors of the geomagnetic filed by IGRF could be ~5´ for the declination D and the inclination 
I and ~100nT for the total intensity F in the main region. Because the geomagnetic survey data with new and better 
resolution were used in the calculation, the geomagnetic reference field for 2010.0 by the SCH method can better 
describe the space distribution of the geomagnetic field than the IGRF. 

J2-7p loNG terM VAriAtioNs of sQ ANd GeoMAGNetiC ACtiVity At ile-ife
Adepelumi, A.A.; Akindulureni. J.o.
Obafemi Awolowo University, Ile-Ife, Nigeria (OAUIFE)
adepelumi@gmail.com

The Earth’s magnetic field is a time varying field exhibiting both short and long term variations. Efforts are in 
progress to model and take it into account in the studies of the crustal and main fields. The 11-year sunspot cycle 
effects are currently in attention of modelers. The long-term variation of the geomagnetic activity, as described by 
the aa, IHV and IDV indices, and of the solar quiet daily variation, as described by the x, y, z, r indices, is analyzed 
in comparison with the solar activity as described by the sunspot number R. 

Geomagnetic data (1995 - 2007) dataset from the Intermag Geomagnetic observatory at Ile-Ife that is located 
at 7°30’ North and 4o30’ East has been used in this research to study the diurnal variation. Thus providing data for 
the correction of magnetic data that were acquired in the region. The average Sq variation at Ile-Ife was observed 
and used in developing the Sq shape after identifying th magnetic disturbed days. Correlation analysis was adopted 
to obtain the variation of Sq. Also, we observed that the amplitude of the Sq reaches the maximum or the minimum 
during the main phase of magnetic storms. It suggests the geomagnetic effect of the focus of Sq moving along lati-
tude. An average combination of the observed Sq values was used to identify the Sq shape over the investigated area.

From this study, we have observed that the variation depicted by 11-year running averages of the indices men-
tioned, defining a so-called centennial increase of geomagnetic activity in the 20th century and a so-called overall 
trend of the geomagnetic field evolution in the same time interval, debated in the literature, results from the superpo-
sition of Hale and Gleissberg cycles signatures in the corresponding time series. The two signals have a substantial 
contribution, amounting to 12-207% of the 11-year cycle.

sessioN J3
diV. i/V AssiMilAtioN of GeoMAGNetiC obserVAtioNs iN dyNAMiCAl 
Models of the eArth’s Core

J3-1 stoChAstiC ModeliNG of reGioNAl ArCheoMAGNetiC field
hellio, Gabrielle; bouligad, Claire; Gillet, Nicolas; Jault, dominique
ISTERRE
gabrielle.hellio@ujf-grenoble.fr

Modeling of the archeomagnetic field relies on indirect estimations of the ancient field recorded both in archeo-
logical artifacts and lake sediments. Models are generally built using a cubic spline expansion for time. Because 
archeomagnetic and sedimentary data are sparsely distributed in time and affected by large dating and measurement 
errors, models are generally regularized to alleviate the non-uniqueness problem. This regularization, which consists 
in penalizing the second time derivative of the magnetic field, leads to models that are generally too smooth and do 
not reproduce well the rapid variations observed in geomagnetic time-series. Moreover, such regularizations prevent 
correct estimation of uncertainties on model parameters, which is required information for core dynamic studies.

The aim of this study is to perform a stochastic inversion of archeomagnetic data in order to build an ensemble 
of regional models covering the past few millennia. The inverse problem is solved using a priori information on 
the Gauss coefficients. We rely on a time correlation function, which is compatible with present knowledge about 
the geomagnetic spectra and also with the discontinuities observed in the geomagnetic time series. Both means and 
covariance matrices are estimated using the BLUE (Best Linear Unbiased Estimator) method. Such a method allows 
us to avoid the use of spline functions and to account for dating errors in the inversion. The resulting ensemble of 
models may help to better characterize the evolution of the dipole amplitude before 1840 or to determine the degree 
of spherical harmonic expansion necessary to reproduce the relatively rapid changes in the archeomagnetic data.

J3-2 eNseMbles of low deGree ArCheoMAGNetiC field Models for the pAst three 
MilleNNiA
licht, Alexis; hulot, Gauthier; Gallet, yves; thebault, erwan
IPGP and IPHEP; IPGP; IPGP; IPGP
gh@ipgp.fr

We introduce the concept of ensemble of time-varying geomagnetic field models, consisting of a reference mod-
el, a mean model and a thousand individual models. We present a set of three such ensembles, built from archeo-
magnetic, volcanic and sedimentary data sets, that cover the past three millennia. These ensembles can be used to 
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both describe the field at any location from the core surface to the magnetosphere, and assess the way uncertainties 
due to the limited distribution and quality of the data affect any of its component or parameter, such as individual 
Gauss coefficients. They provide alternative - and, we argue, more complete - descriptions of the archeomagnetic 
field to those provided by previously published archeomagnetic field models, being better suited to existing and 
emerging needs, in particular those of geomagnetic data assimilation. We will briefly discuss the data sets we rely on 
(essentially the same as those used by other recent archeomagnetic field models), explain our modeling strategy and 
motivation for building low degree spherical harmonic degree ensembles of models, and provide practical illustra-
tions of what can be done with these three ensembles of models.

J3-3 bAyesiAN iNVersioN of the lArGe sCAle flow At the eArth’s Core MANtle 
boUNdAry.
baerenzung, Julien; holschneider, Matthias; lesur, Vincent
Universität Potsdam; Universität Potsdam; GFZ Potsdam
baeren@voila.fr

The electrically conducting fluid evolving within the outer core of the Earth allows to sustain its magnetic field. 
Although the flow itself cannot be directly observed, magnetic field measurements at the Earth’s surface may be used 
to obtain some information on it. In particular, the magnetic field can be downward continued to the core mantle 
boundary, a place where it is coupled to the velocity field of the flow through the radial induction equation. By invert-
ing this equation, the flow, in this thin layer of the core, can be determined. Nevertheless, to perform this operation 
two main issues have to be treated. First, the inverse problem is ill-posed, and then, only the large scale magnetic 
field is known. In our approach, to account for the small scales of the magnetic field, we statistically modeled them. 
Furthermore, to reduce their impact on the velocity field, we filtered the entire magnetic field with a low pass filter 
and derived the equation for the large remaining scales. We then used this equation in a Bayesian framework to 
evaluate the most probable velocity field at a given epoch as well as its uncertainties.

J3-4 VAriAtioNAl dAtA AssiMilAtioN: towArds iMAGiNG the iNterior strUCtUre of 
plANetAry Cores
Jackson, Andrew; li, Kuan; livermore, phillip
Institute of Geophysics, ETH Zurich; Institute of Geophysics, ETH Zurich; School of Earth & Environment, 
University of Leeds
ajackson@ethz.ch

How should we best treat the rich record of geomagnetic and archaeomagnetic data? To date, most efforts are di-
rected towards a parametric description of the data in time and space, with no reference to the internal fluid dynamics 
responsible for the changes in time (the secular variation). Beginning in 2007, the first efforts were made to couple 
the dynamics with the data analysis. Since then, various flavours of data assimilation have been developed, using 
either sequential or variational methods. For the pure prediction problem, relevant to meteorology, both methods are 
equally effective. But when the interest is in the interior structure of the planet, we find that the variational strand 
has its benefits.

In our work we seek to find a model of the magnetic field inside Earth’s core that evolves in a way compatible 
with the observations of the field taken purely on the boundary. We need versions of the Navier-Stokes equation and 
the induction equation, that together determine the entire evolution of the system.  To show how this can work under 
certain conditions, we will show the results of several end-to-end simulations in which exact boundary data are as-
similated into a dynamical model. The unknown is the magnetic field configuration at the initial time, but by dint of 
the known forward problem, the magnetic field is known everywhere over all times. We will show the problems one 
may encounter with ambiguities that may exist in the inverse problem, and how they might be circumvented.

J3-5 GeoMAGNetiC dAtA AssiMilAtioN with eMpiriCAlly Modeled error estiMAtes
tangborn, Andrew; Kuang, weijia; sun, zhibin
University of Maryland Baltimore County, Goddard Space Flight Center, Universities Space Research Association
tangborn@umbc.edu

Geomagnetic data assimilation is the optimal estimation of the state of the Earth’s core obtained by combining 
information from geomagnetic observations and the output of a numerical geodynamo model (the geomagnetic 
forecast). This requires estimates of both the forecast and observation error covariances. We have developed a data 
assimilation system in which the forecast error covariance can be modeled or estimated from an ensemble of geo-
dynamo model runs. The observation errors are also modeled to account for the historical improvements over the 
geomagnetic observations and field models, and the decreasing accuracy at higher spherical harmonic degrees. We 
test the assimilation system using observing system simulation experiments (OSSE’s), in which the observations are 
produced from a long model run.     



20

Scientific program

J3-6 deVelopMeNt of VAriAtioNAl dAtA AssiMilAtioN for the 
 Mosst GeodyNAMo Model

egbert, G.d.; erofeeva, s.yu.; Kuang, w.; tangborn, A.; dimitrova, l.
Oregon State University; Oregon State University; NASA/GSFC; NASA/GSFC; Oregon State University
egbert@coas.oregonstate.edu

 A number of research groups are currently developing methods for assimilation of data into numerical geody-
namo models, using approaches ranging from sequential schemes based on approximate covariances of various de-
grees of sophistication, to variational methods for models of varying degrees of physical completeness.   Variational 
methods require development of adjoint (and possible tangent linear) variants on the forward code. While this rep-
resents a challenging task for a fully self-consistent modern dynamo code, the variational approach may ultimately 
offer significant advantages.  For example, adjoint based approaches allow initial, boundary, and forcing terms to 
be explicitly adjusted (together or in isolation) to combine data from modern and historical eras into dynamically 
consistent maps of core state (flow and magnetic fields).   Adjoints may also be useful beyond data assimilation, 
e.g. to characterize fast-growing modes and study predictability, as is now commonly done in atmospheric sciences.   
Here we describe development of tangent linear and adjoint codes for the Modular Scalable Self-consistent Three-
dimensional(MoSST) geodynamo simulator.   Our approach is to develop the exact linearization and adjoint of the 
actual discrete functions represented by the computer code.   To do this we use a “divide-and-concur” approach: the 
code is represented abstractly as the sequential action of a series of linear and non-linear procedures on specified 
inputs.   Non-linear procedures are first linearized about a pre-computed input background state (derived by running 
the non-linear forward model), and a tangent linear time-step code is developed.  Adjoints for each linear (or linear-
ized) procedure are developed and tested separately, and then merged into adjoint procedures of increasing complex-
ity.  We will overview development of the adjoint, explore time limits of forward operator linearization, and discuss 
next steps towards use of the code for variational assimilation.

J3-7 AN eNseMble KAlMAN filter for the tiMe-depeNdeNt ANAlysis 
 of the GeoMAGNetiC field

fournier, Alexandre
Institut de Physique du Globe de Paris (IPGP)
fournier@ipgp.fr

The ensemble Kalman filter is a sequential data assimilation method suitable for large dimensional systems, in 
which the covariance needed for the analysis is approximated by a sample covariance based on an ensemble of model 
states evolving concurrently. 

This study deals with its application to the time-dependent analysis of the geomagnetic field over the past few 
millennia. It is based on the implementation of a slightly modified version of the parallel data assimilation framework 
of Nerger & Hiller (Computers & Geosciences, 2013) on top of a buoyancy-driven numerical dynamo model. 

I will first present the results of a series of closed-loop (twin) experiments used to validate this implementation. 
These tests show in particular that the ensemble size need be O(400) to ensure statistical convergence.

I will also present results obtained by assimilating geomagnetic observations in the form of parameterized time-
dependent models of the geomagnetic field spanning the past few millennia. I will show in particular how the re-
sponse of the system to the stream of observations can be used to detect biases in the model forecast, and how one 
should use this information to improve the geomagnetic semblance of the candidate dynamo model.

J3-8p diffUsiVe proCesses ANd eArth’s 
 MAGNetiC field ChANGes

wardinski, i.; wicht, J.;
GFZ Potsdam; MPS  Katlenburg-Lindau
ingo@gfz-potsdam.de

We developed a scheme of forecasting Earth’s magnetic field changes based on stochastic models, non-parametric 
regression and singular spectrum analysis of the observed past field changes. One strategy to forecast field changes 
assumes the secular variation to be entirely determined by the advection of the magnetic field at the core surface. 
As it could be expected, these forecasts become more uncertain towards longer forecast periods. The main reason 
for this is the disregard of magnetic diffusion. But also the interaction of unobservable small scale core field and all 
scale core flow unsettle the forecasting scheme. Therefore, numerical simulations of the geodynamo are analysed to 
quantify different diffusive processes and multi-scale interaction between core field and flow.
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sessioN J4 
diV. i/V strUCtUre, GeoMetries ANd properties of the CoNtiNeNtAl MANtle lithosphere 
ANd AstheNosphere CoN strAiNed by Geo- ANd eleCtroMAGNetisM

J4-1 wedGiNG strUCtUre At the eAsterN MArGiN of the tibetAN plAteAU reVeAled by 
MAGNetotellUriC dAtA
zhang, letian; Jin, sheng; wei, wenbo; ye, Gaofeng; dong, hao; xie, Chengliang
China University of Geosciences (Beijing)
jinsheng@cugb.edu.cn

Geoscientists have shown increasing interest in studies on the geology and tectonics of the eastern margin of the 
Tibetan Plateau since the Ms8.0 Wenchuan earthquake happened in 2008. Under the auspices of SinoProbe Project, 
a new ~800 km long MT profile across the eastern margin of the Tibetan Plateau and the whole Sichuan Basin was 
acquired for the study of the dynamics of Songpan-Ganze Block, Longmen Shan fault zone, Sichuan Basin, and East 
Sichuan decollement fold belt. Based on the results of dimensionality analysis, both 2D and 3D inversions were 
conducted on the dataset. 3D inversion model is used as a constraint to determine a better model from a pair of 2D 
inversion models, and interpretations were made on the basis of the selected 2D model. The lithospheric electrical 
structure along the profile could be divided into three major blocks: The Songpan-Ganze block with conductive 
mid-lower crust to upper mantle and resistive upper crust, the Sichuan Basin with conductive shallow sediments and 
relatively resistive basement, and the highly resistive part of the Yangtze craton to the east of the Huaying Shan fault. 
The tectonic pattern in the Longmen Shan range can be described as thin-skinned structure in the upper crust and 
wedging structure in the mid-lower crust and upper mantle. Electrical structure in the Sichuan Basin displays strong 
one-dimensional character with a conductive sedimentary layer lying above the resistive Yangtze basement. To the 
east of the Sichuan Basin, the Huaying Shan fault performs as a southeastward dipping conductor that cuts into the 
resistive basement of the Yangtze craton and marks the eastern boundary of the Sichuan Basin.

J4-2 petroloGiCAl-GeophysiCAl self-CoNsisteNt ModeliNG of the lithospheriC 
MANtle
Jones, Alan G.; Afonso, Juan Carlos; fullea, Javier; Vozar, Jan
Dublin Institute for Advanced Studies (DIAS); Macquarie; CSIC- UCM; DIAS
alan@cp.dias.ie

Modelling and inferring the continental lithosphere’s physical properties must be done within a self-consistent 
petrological-geophysical framework, not from one or two data types in isolation that may lead to internal inconsis-
tencies. The LitMod modelling framework models the lithosphere within the CFMAS oxide system, and derives sur-
face observables - topography, geoid, gravity, seismic parameters, MT responses, surface heat flow, etc. - in a manner 
that precludes varying geometries and oxide compositions arbitrarily to fit one data type. Examples will be shown 
from various regions of the application of LitMod. In one example, prior interpretation from seismic S Receiver 
Functions of a thinning Lithosphere-Asthenosphere Boundary from 85 km in southern Ireland to 55 km in northern 
Ireland is shown to require topographic uplift that is not observed, and hence that interpretation can be discounted. 
Magnetotelluric studies are particularly aided by the LitMod approach, as electrical conductivity is primarily a func-
tion of temperature and water content, and the temperature is controlled by seismic velocity.

J4-3 CrUstAl ANd Upper Most MANtle 3-d resistiVity strUCtUre of the AtlAs MoUN-
tAiNs of MoroCCo reVeAled by MAGNetotellUriC dAtA
Kiyan, duygu; Jones, Alan G.; fullea, Javier; ledo, Juanjo; siniscalchi, Agata; romano, Gerardo
Dublin Institute for Advanced Studies (DIAS), NUIG; DIAS; CSIC-UCM; UB; UBari; UBari
alan@cp.dias.ie

The overarching objective of the second phase of the PICASSO (Program to Investigate Convective Alboran 
Sea System Overturn) project and the concomitant TopoMed (Plate re-organization in the western Mediterranean: 
Lithospheric causes and topographic consequences an ESF EUROSCORES TOPO-EUROPE project) project, is to 
provide new electrical conductivity constraints on the crustal and lithospheric structures of the Atlas Mountains, and 
to test the hypotheses for explaining the observation of a missing mantle root inferred from surface heat flow, gravity 
and geoid anomalies, elevation and seismic data modelling (i.e. Zeyen et al., 2005; Teixell et al., 2005; Fullea et al., 
2010). We present the results from three-dimensional (3-D) MT inversion of two single MT profile data employing 
the parallel version of Modular system for Electromagnetic inversion (ModEM; Egbert & Kelbert, 2012) code. The 
distinct conductivity difference between Middle-High Atlas (conductive) and Anti Atlas (resistive) correlates with 
the South Atlas Front fault, the depth extent of which appears to be limited to the uppermost mantle (approximately 
55 km). In all inverse solutions, the crust and the upper mantle show resistive signature (750 ?m - 1,000 ?m) beneath 
the Anti Atlas which is the part of stable West African Craton. For the first time, the electrical resistivity distribution 
in the crust and in the upper mantle of Western High Atlas has been studied. Our 3-D model shows that conductive 
(1-20 ?m) western High Atlas is confined by two resistive basins (>1,000 ?m), Souss basin to the south and Houz 
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basin to the north. At the southern boundary of the western High Atlas, the conductor is located at the shallower depth 
and it is deepening to the north.

J4-4 iMpedANCe deCoMpositioN ANd GeoeleCtriC strUCtUre estiMAted froM MAG-
NetotellUriC dAtA reCorded froM GArhwAl hiMAlAyAN reGioN, UttArAKhANd, 
iNdiA
rohit, Miglani; shahrukh, M.; Meenu, Choudhary; israil, M.; pravin K. Gupta; sokolova, elena
Indian Institute of Technology Roorkee,India (IIT Roorkee); IIT Roorkee; IIT Roorkee; IIT Roorkee; IIT Roorkee; 
GEMRC, IPE
rohitmiglani1989@gmail.com

We have estimated geoelectrical strike and its variation with depth in the different Himalayan litho-tectonic 
domains from magnetotelluric (MT) data recorded along extended Roorkee-Gangotri profile. Subsequently, 2D geo-
electric model was obtained by 2D smooth inversion of different combination of TE and TM-modes responses. 
Twelve MT stations data spread over four litho-tectonic units of Garhwal Himalaya were selected for the detailed 
strike analysis using maximum phase split orientation (MPSO), Groom-Bailey (GB) and Bahr decomposition meth-
ods. These schemes have been implemented in a MATLAB code. Consistent values of average geoelectric strike 
variation with depths, derived using the Niblett-Bostick transform, for each Himalayan litho-tectonic unit along 
the profile was obtained. The zones represented by one dimension (1D) structure have been identified in the period 
range for which MPSO is small (< 5 degree). For this zone GB and Bahr strikes are unstable. The strike direction is 
also unstable for zones of strong 3D effects. For the zones which are approximated reasonably by 2D structure, all 
approaches generate a consistent geoelectric strike direction showing variations with period as well as with differ-
ent litho-tectonic units along the profile. Southern most zone of the profile is lying in Indo-Gangetic plain for which 
near surface is represented by 1D sedimentary structure. The deeper zone has an average geoelectric strike of N80W 
which is slightly rotated to the north (N75W) in deeper zone. Further north in the Sub Himalayan domain the average 
geoelectric strike is N66W. Higher Himalayan zone indicates strong 3D nature. After impedance decomposition, 2D 
smooth inversion has been done for TE and TM mode responses in different combinations and a final geoelectrical 
model has been presented. The electrical image of the shallow and deeper crustal structure shows major features 
of the Garhwal Himalayan tectonic configuration. Electrical image also show a low resistivity (< 10 ?m) zone near 
Main Central Thrust (MCT) which appears to be related with the intense micro-seismic activity in the region. 

J4-6 GeoeleCtriC striKe estiMAted UsiNG Mohr CirCle froM MAGNetotellUriC dAtA 
reCorded froM GArhwAl hiMAlAyAN reGioN, UttArAKhANd, iNdiA
sanjay A.s, pandit; M. israil; pravin K. Gupta; sokolova, elena 
Indian Institute of Technology Roorkee,India (IIT Roorkee); IIT Roorkee; IIT Roorkee; GEMRC, IPE
sanjaykpandit@gmail.com

We have estimated geoelectrical strike direction for magnetotelluric data recorded along extended Roorkee-
Gangotri profile in Garhwal Himalayan region, India. For this purpose, good quality 37 stations broad band MT 
responses have been used. Tensor decomposition theory based on Mohr circle is used to extract decomposition 
parameters: local and regional strike, twist, major and minor impedances for each site. To give geological meaning 
to the estimated parameters, the study area along the profile length is divided into four concentric litho-tectonic do-
mains which are separated by three north verging thrusts: Himalayan Frontal Thrust (HFT), Main Boundary Thrust 
(MBT) and Main Central Thrust (MCT). Looking from south to north these four concentric litho-tectonic zones are: 
Indo-Gangatic Plains (IG), Sub Himalaya (SH), Lesser Himalaya (LH) and Higher Himalaya (HH). MT stations 
were selected from each litho-tectonic unit for the estimation of decomposition parameters. It has been observed that 
the strike derived from imaginary component of impedance tensor is generally unstable, whereas the real component 
shows stable strike direction. Frequency and spatial variations have been observed in the strikes estimated from real 
components. Also, the strike is unstable in the frequency bands which either represent 1D geoelectric structure or 
for which response is noisy. In IG region, all local and regional strikes are unstable in high frequency band (1000- 1 
Hz), which stabilize to an average value of 10 degree NE in long period band (150-2048s) with maximum twist < 
6 degree. Complexity of geological structure increases toward the northern region and this is reflected in the higher 
value of twist 14 degree.  In Sub-Himalayan and Lesser Himalayan region, the strike shows slight rotation towards 
east with higher value of twist. Towards the northern end of the profile two geoelectric strikes directions (local and 
regional strike) observed are 48 degree and 2 degree. The detailed analyses of local and regional strike reflect the 
geological complexities in the region.
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J4-7 tidAl siGNAls iN oCeAN bottoM MAGNetiC MeAsUreMeNts of the NorthwesterN 
pACifiC: obserVAtioN VersUs prediCtioN
schnepf, Neesha r.; Nair, Manoj C.; Kuvshinov, Alexey; toh, hiroaki; Maus, stefan
Massachusetts Institute of Technology (MIT); NOAA/CIRES; ETH; University of Kyoto; NOAA/CIRES
nschnepf@mit.edu

Motional induction in the ocean by tides has long been observed by both land and satellite measurements of magnet-
ic fields. While these signals are weak (?10 nT) when compared to the main magnetic field, their persistent nature makes 
them important for consideration during geomagnetic field modeling. Previous studies have reported several discrepan-
cies between observations and numerical predictions of the tidal magnetic signals and those studies were inconclusive 
of the source of the error. We address this issue by 1) analyzing magnetometer data from ocean-bottom stations, where 
the low-noise and high-signal environment is most suitable for detecting the weak tidal magnetic signals, and 2) by 
numerically predicting the magnetic field with a spatial resolution that is 16 times higher than the previous studies. We 
use vector magnetic data from six ocean bottom electromagnetic (OBEM) stations located in the Northwestern Pacific 
Ocean (Toh et al., 2006; Baba et al., 2010). The OBEM tidal amplitudes were derived using an iteratively re-weighted 
least squares (IRLS) method and by limiting the analysis of M2 and N2 tidal modes to the nighttime (the O1 mode was 
not limited to the nighttime due to its period of 25.819 h). Using a 3-D electromagnetic induction solver (Kuvshinov et 
al., 2002) and the TPX07.2 tidal model, we predict the tidal magnetic signal in Earth models with nonuniform oceans 
and four 1-D mantle sections underneath taken from Kuvshinov & Olsen (2006), Shimizu et al. (2010), and Baba et al. 
(2010) to compare the effect of upper mantle conductivity. We also compare the results using a 1 × 1 degree global grid, 
and found that the higher resolution grids more closely matched the observed values in regions of rugged bathymetry. 
The models produced by Shimizu et al. (2010) and Kuvshinov & Olsen (2006) were respectively based on Pacific 
Ocean and global conductivity data, however, they both produced similar predicted values. As these two models both 
used similar conductivity for the upper 100km and then very different conductivity for the layers below that depth, 
this result suggests that for the periods considered here (M2 T = 12.421 h, N2 T = 12.658 h, and O1 T = 25.819 h) the 
conductivity of the upper 100 km is more important than the deeper conductivity.

J4-8 KolA sUper deep  drilliNG  ANd resUlts of the deep soUNdiNGs with powerfUl 
CoNtrolled soUrCes
zhamaletdinov, Abdoulkhay A. 
SPbF IZMIRAN; GI KSC RAS
abd_zham@mail.ru

The main aim of the Kola super deep drilling (SG-3 borehole) was to cross the Conrad boundary which has 
been predicted at the North-West of the Kola peninsula at the anomalously shallow depth of about 7 km according 
to DSS data. Four attempts had been undertaken to drill up to the depth of 15 km. But all of them have been ended 
without success because of “sharp worsening of drilling conditions” at the depth of about 12 km. There are several 
types of electromagnetic soundings was performed in vicinity of SG-3. It was the soundings with powerful con-
trolled sources: MHD generator Khibiny (40 MW power), VLF antenna ZEVS (about 5 MW), industrial power lines 
FENICS experiment and others. New model of the deep structure of Fennoscandian lithosphere has been developed 
according to these data. New estimation of the Earth’s crust thickness is about 10-15 km. The main electrical features 
of the crust is the sharp electrical heterogeneity, increased fragility (brittle zone), the presence of fluids (DD-layer) 
and widespread of electronically conductive sulfide-carbonaceous rocks (“SC-layer” by A.S. Semenov). Resistivity 
sharply increases, the substance of lithosphere is plasticized (dactile zone), porosity and content of free fluids are 
dramatically reduced deeper then 10-15 km. Electrical properties of the lithosphere at these depths are determined 
mainly by pressure, temperature, viscosity and increasing of mafic rocks with depth. According to this model Kola 
SG-3 has crossed the upper, brittle crust, and stopped on the top of pseudo-plastic crust, which can be attributed to 
the upper mantle. So, the Conrad boundary is the transition zone between the upper, brittle part of lithosphere (crust) 
and the lower, pseudo-plastic part (upper mantle). This boundary is identified from geoelectrics by the sharp increas-
ing of the electrical resistivity. In this case, the Conrad boundary can be defined as the boundary of changes in the 
physical state of rocks. I conclude that the Kola SG-3 completed its task and has reached the Conrad boundary at the 
depth of around 12 km. Kola SG-3 also can be attributed as the first discoverer of the intermediate fluid containing 
conductive layer of dilatancy-diffusion nature (DD-layer) at the depth range of 6.8-9 km.

J4-9 strUCtUre of the CeNtrAl ANd eAsterN AltyN tAGh fAUlt At the NortherN tibetAN 
plAteAU froM MAGNetotellUriC stUdies
zhang, letian; wei, wenbo; Unsworth, Martyn; Jin, sheng; ye, Gaofeng; Jones, Alan
China University of Geoscience; China University of Geosciences; University of Alberta; China University of 
Geosciences; China University of Geosciences; Dublin Institute for Advanced Studies
letianOI@163.com

The active sinistral strike-slip Altyn Tagh Fault (ATF) forms the northern margin of the Tibetan Plateau and plays 
a significant role in accommodating the convergence between the colliding Indian and Eurasian plates. To determine 
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the crustal structure of the ATF, magnetotelluric (MT) data were collected on two profiles that crossed the central and 
northeastern segments of the fault. Time series data processing used robust algorithms to give high quality responses 
in the period range 0.003 to 2000 s. Dimensionality analysis showed that a 2D approach is generally valid for the 
western profile and northern section of the eastern profile with geoelectric strike directions of N70°E and N60°E, 
respectively. 2D inversions of the MT data showed different resistivity structures on the western and eastern profiles. 
The western profile is characterized by a large-scale south-dipping conductor that extends from the surface to the 
Moho. The low resistivity was interpreted as a region with high fluid content formed by metamorphism in a thick-
ened, underthrust crust. Significantly, a major conductivity was not observed beneath the surface trace of the ATF. A 
similar feature was not observed in the eastern profile, and the fault only appears to be crustal in vertical extent. This 
difference suggests accommodation of strike slip motion by thrusting within the Qilian Block. 3D inversions were 
conducted on both profiles to further constrain the 2D models and investigate off-profile resistivity features. Locally 
distributed east-dipping conductors were observed in the 3D inversion model for eastern profile, which indicate the 
eastward thrust of the Qaidam Block beneath the Qilian Block. Localized deformations in the area adjacent to the 
eastern profile further indicate the lithospheric structure is varying not only vertically but also laterally. This observa-
tion does not support the existence of crustal flow beneath the northeastern segment of the Altyn Tagh Fault.

J4-9p the GeoMAGNetiC distUrbANCe field As A MeANs to iNfer iNforMAtioN oN UNder-
GroUNd eleCtriCAl strUCtUre. CAse stUdy - eUrope
dobrica, Venera; demetrescu, Crisan; Greculeasa, razvan; stefan, Cristiana
Institute of Geodynamics, Romanian Academy
venera@geodin.ro

The variable current systems that develop as a result of the magnetosphere interaction with the solar wind and 
the heliospheric magnetic field create the geomagnetic disturbance field which, in turn, induces a response of the 
Earth’s internal magnetic and conductive structures. The geomagnetic variations at storm timescales (minutes - days) 
provided by the network of European geomagnetic observatories have been used for inferring information on the 
electrical structure of the underground. Based on a magnetic induction model, that assumes the induced field as a 
linear combination of the components of the inducing field, applied to geomagnetic observatory data recorded dur-
ing several intense geomagnetic storms (Dst<-200 nT) in the solar cycle 23 (1996-2008), the induced response of 
the Earth’s interior by electromagnetic induction could be obtained. As the inducing external source, the magnetic 
field of the ring current at each observatory location was used, inferred from the Dst geomagnetic index (minute). 
The resistance and the inductance of conductive crustal and mantle structures are derived in terms of current loops 
surrounding the observation point. Their mapped lateral variation is discussed and a comparison with distributions 
resulted in case of other variable sources is shown.  

J4-10p iNflUeNCes of solAr CyCles oN eArthQUAKes
tavares, M.; Azevedo, A.
Indiana University, Indiana, USA, UNESP, SP, Brazil
mariliadtavares@gmail.com

This research inspects possible influence of solar cycles on earthquakes through of statistical analyses. We also 
discussed the mechanism that would drive the occurrence of increasing of earthquakes during solar maxima. The 
study was based on worldwide earthquakes events during approximately four hundred years (1600-2010). The in-
crease of earthquakes events followed the Maxima of Solar cycle, and also depends on the tectonic plate location. 
From 1600 until 1645 events increased during the Maxima in some of the tectonic plates as Pacific, Arabian and 
South America.The earthquakes analyzed during two grand solar minima, the Maunder (1645-1720) and the Dalton 
(1790-1820) showed a decrease in the number of earthquakes and the solar activity. It was observed during these 
minima a significant number of events at specific geological features. After the last minima (Dalton) the earthquakes 
pattern increased with solar maxima. The calculations showed that events increasing during solar maxima most 
in the Pacific, South America or Arabian until 1900. Since there were few records during these three centuries we 
needed additional analysis on modern data. We took the last four solar cycles events (1950-2010) and made similar 
calculations. The results agreed with the former calculations. It might be that the mechanism for the Sun-Earth con-
nection relies on the solar wind speed. In both records (1600-1900) and (1950-2010) the results showed a significant 
increase in earthquakes events in some of the tectonic plates linked to solar maxima. The Solar wind energy strik-
ing the Earth’s magnetosphere affects the entire environment because the pressure on the region increases and the 
magnetosphere shrinks sometimes four Earth’s radii. This sudden compression causes earthquakes in specific plates. 
During the times of solar minima the pressure from the solar wind on the earth decreases, then the magnetosphere 
expands and earthquakes happen in a different pattern according to the geological feature on Earth’s surface less 
frequently. Solar driven events include coronal mass ejections (CME) and coronal holes, which are at a maximum 
during the descending phase of solar activity. The tectonic are important because there is heterogeneity in the crust 
and the tectonic stress depends on each region. The geo-effectiveness of solar wind from a coronal hole only depends 
on the position of the hole relative to the Earth and for the CMEs an additional factor is their velocity. The influence 
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of these solar events could be detected from electromagnetic variations on the ground prior the earthquakes. The 
goal in this research was to show the solar events influenced the earthquakes and seismologic events following some 
special display and also how the Sun’s activity played to make earthquakes events increased. 

sessioN J5 
diV. i/ iii CoNtribUtioNs of eleCtroMAGNetiC ArrAy stUd ies to UNderstANdiNG solid 
eArth ANd MAGNetospheriC proCesses. iN MeMory of iAN GoUGh

J5-1 the proGress ANd preliMiNAry resUlts of CoNtiNeNtAl ChiNA MAGNetotellUriC 
obserVAtioN NetworK
wei, wenbo; ye, Gaofeng; Jin, sheng; dong, hao; zhang, letian
School of Geophysics and Information Technology, China University of Geosciences
gye.cugb@gmail.com

The project Experimental Study of the Continental Standard Grid of Electromagnetic Parameters (Sinoprobe-01) 
is the first project which belongs to SINOPROBE, whose execution period is from 2008 to 2012. The main purpose 
of this project is studying the observation method of MT array in continental China and preparing techniques for 
next stage.

We did experimental observation of MT Array in two way: for whole continental China, the 4 by 4 graphical 
degree MT Array was designed, and for North China and Tibetan plateau, the 1 by 1 graphical degree MT Array was 
designed.

Because the station spacing is huge and the regional structure of continental China is very complex, we designed 
a new multi-site, facet-element MT survey method after modeling. A standard grid node is placed on every integer 
Latitude and Longitude crossing point to establish a Standard Grid Network. The node consists of one central sta-
tion, 6 north-south auxiliary stations and 4 east-west auxiliary stations, which make a facet instead of a single station 
point. Both broad-band and long period observation were done for the central stations, but only broad-band observa-
tion was done for the auxiliary stations. With these 11 MT stations for each 4 by 4 degree node in whole continental 
China and each 1 by 1 degree node, discrete conductivity models for each standard grid node were obtained, finally 
3D lithospheric conductivity models will be established for continental China, North China, and Tibetan plateau after 
comparing and analyzing discrete conductivity models with regional structure.

Furthermore, with this observation scheme, the averaged station spacing of 1 by 1 degree MT Array is ~20km, 
rough 3D lithospheric models of North China and Tibetan plateau could be obtained using Bostick inversion with 
all stations.

All observation finished at the end of 2012, and 64 4 by 4 degree nodes, altogether 640 MT stations were obtained 
for whole continental China as well as 232 1 by 1 degree nodes, altogether 2469 MT stations for North China and 
Tibet plateau. The data quality is well as the ata processing work was also finished.

Rough 3D lithospheric models of both North China and Tibetan plateau were also obtained using Bostick inver-
sion with all broad-band stations. We also got real 3D model of North China by 3D inversion using all central stations 
in North China with period range from 0.01s to 10 000s. Further research work is still ongoing. 

J5-2 the soUtherN CApe CoNdUCtiVe belt ~ reVisited
weckmann, Ute; ritter, oliver
Helmholtz-Zentrum PotsdamDeutsches GeoForschungsZentrum GFZ
ute.weckmann@gfz-potsdam.de

Magnetometer array studies in 1971 and 1977 by Ian Gough, Johan de Beer and Jan van Zijl have led to the 
discovery of the Southern Cape Conductive Belt (SCCB) - a zone of electrically conductive material in the crust or 
upper mantle, elongated east–west in South Africa. Magnetograms and maps of Fourier transform amplitudes and 
phases of 77 stations deployed with a spacing of 50-150 km across entire southern South Africa show a large anoma-
ly in the vertical variation fields in the period range of 1000–15000 s. The spatial relation of the SCCB with the static 
Beattie Magnetic Anomaly (BMA), supported the interpretation that both anomalies have a common source in the 
lower crust. Several geological models were derived, explaining the up to 150 km wide SCCB as a paleao-oceanic 
sliver in the crust or alternatively as a major thrust zone. Due to the sparse station spacing, however, the extent and 
internal structure of the SCCB could not be resolved in detail.

Between 2004 and 2006 we collected magnetotelluric data at approximately 350 sites along a number of dense 
profiles within the Cape Fold and the Namaqua Natal Mobile Belts and across the southern edge of the Kaapvaal 
Craton. The data confirm the existence of confined zones of high conductivity within the crust, a common source for 
high conductivity and the much broader magnetic anomaly, however, can be ruled out. 

Our recent finding seem to contradict the existence of the regional SCCB, but by means of 2D and 3D modelling 
and inversion we can identify and resolve how local and regional high conductivity anomalies contribute to the entire 
Southern Cape Conductive Belt.  
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J5-3 eleCtriC phAse teNsors: reViVAl of tellUriC Method?
Kuvshinov, Alexey; pankratov, oleg; bakker, Jenneke
Institute of Geophysics, ETH Zurich; IZMIRAN; Institute of Geophysics, ETH Zurich
kuvshinov@erdw.ethz.ch

We introduce two new inter-site transfer functions which relate electric fields at survey sites with the electric (or 
magnetic fields) at a reference site. The idea of using only electric fields for EM studies is not new. The inter-site hor-
izontal electric tensor (HET) formed the basis of the telluric method, which was rather widely used in the middle of 
20-th century. That time the method was favored for its simplicity and low cost. However, the telluric method those 
years provided only qualitative information about subsurface structures. One of the reasons for this was that electric 
fields are unpredictably distorted by local galvanic effects which, by no means, could neither be taken into account 
in HET nor corrected for. In this abstract we propose to revive studies based on solely electric field measurements 
at survey sites by constructing two inter-site phase tensors which are almost free, or completely free from distortion 
effects. The first one (we call it as an electric phase tensor) is the HET phase tensor and is only distorted by galvanic 
effects (if existing) at a reference site. This effect can be readily accounted for during 3-D inversion by simultane-
ous determination of the conductivity distribution and (only) four additional parameters the real-valued elements of 
distortion matrix at a reference site. The second tensor (we call it as a quasi-electric phase tensor) is the inter-site MT 
phase tensor which is entirely free from galvanic effects. We compare the sensitivity of these new tensors with the 
sensitivity of the MT phase tensor and the (inter-site) horizontal magnetic tensor.

J5-4 feAtUres of the loNG-terM VAriAtioNs of the eArth’s iMpedANCe ANd its GrAdieNts
petrishchev, Maxim s.; semenov, Vladimir yu.
Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation of the Russian Academy of 
Sciences St.-Petersburg Filial (SPbF IZMIRAN); Institute of Geophysics, Polish Academy of Sciences
ms_petr@mail.ru

Approximately 30 of induction soundings were carried out analyzing data of 34 geomagnetic observatories for 
1960 ~ 2010 years situated principally along mid-latitudes of the Europe-Asia continents. The monitoring sound-
ings were made by the magnetovariation method for the long period variations: from 8 hours to 30 days. The deep 
sounding results were obtained for shorter and longer periods separately with periods of 8 –28 hours and 10 - 30 days 
separately using two different source fields: ionospheric and magnetospheric ones correspondingly. The obtained 
results have shown a valuable variability of averaged annual apparent resistivities and induction arrows for decadal 
time-scales, although the possible changes in the source signals through an uncorrelated parts of the observed field 
were mainly suppressed by robust, coherence-based statistical data processing.

he 11-year time variations of apparent resistivities are correlated between different regions and with the solar 
activity. However, the variations with longer periods - secular variations can be connected somewhere with the cu-
mulative seismicity (depths less than 40-50 km, in the crust). The sharply changing’s of induction arrows are sensi-
tive to the time of the geomagnetic jerk registration. The regional features of the phenomenon exist. They could be 
correlated with the regional tectonic plates and/or with their boundaries. The nature of other peculiarities is under 
consideration.        

J5-5 proCessiNG of eleCtroMAGNetiC ArrAys with MissiNG dAtA. soUrCe field strUC-
tUre ANd soUrCe free trANsfer fUNCtioNs
smirnov, Maxim yu.; egbert, Gary d.
Department of Physics, University of Oulu; CEOAS, Oregon State University
maxim.smirnov@oulu.fi

Electromagnetic arrays  play an important role in studying Earth's structure as well as bring valuable information 
in solar-terrestrial and magnetospheric physics. For instance, synoptic magnetotelluric (MT) arrays can reduce bias, 
improve signal-to-noise ratios, and provide better control over source effects and coherent noise contamination in 
estimates of EM transfer functions (TFs). Furthermore, within an array framework one is not limited to the classical 
uniform source magnetotelluric (MT) impedance and geomagnetic vertical field TFs, but can also include inter-
station horizontal magnetic TFs which can be used to map anomalous induced currents, as well as hybrid imped-
ance tensors between electric and magnetic fields from any pair of stations.  EM arrays make it possible to separate 
internal (anomalous fields due to induction within the Earth) and external (primary source filed associated with 
magnetospheric currents) components of the EM field, and can contribute to better understanding of magnetospheric 
phenomena, their morphology and evolution in time. 

To make practical processing of   electromagnetic (EM) array data we have developed a new algorithm for robust 
principal component analysis (PCA) , extending previously developed multivariate methods  to deal with miss-
ing data. Our new algorithm combines modern robust methods for covariance matrix estimation with a criss-cross 
regression scheme in which polarization parameters and spatial modes are alternately estimated with robust regres-
sion procedures. The latter scheme can be viewed as an expectation robust (ER) algorithm, of the sort that has been 
widely discussed in the statistical literature in the context of robust principal components analysis, but with a number 
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of adaptations to the physical specifics of EM array observations. 
We will present example applications of this scheme  to several recent  synoptic MT arrays from Scandinavia and 

North America, as well as geomagnetic observatories data.   In particular, we present results from application to a 
merged analysis of the semi-permanent IMAGE observatory array and a campaign-style  MT array (MaSca) to study 
source complexity and impacts on MT data at high latitudes.

J5-6 MUltiVAriAte ArrAy ANAlysis of 1 hz GeoMAGNetiC obserVAtory dAtA iN CoMbiNA-
tioN with loNG-period Mt dAtA
egbert, Gary d., smirnov, Maxim yu.
Oregon State University; University of Oulu
egbert@coas.oregonstate.edu

The US EarthScope project has collect long period magnetotelluric (MT) data in the continental US since 2006, 
both at a small number (seven) of widely spaced semi-permanent back-bone sites, and a much larger (>500 and 
growing) number of sites occupied (for ~ 3 weeks each) with a rolling array of roughly 20 systems.    Eight geo-
magnetic observatories have also been operational in this area, sampling at 1 hz, throughout the EarthScope occu-
pations.   Here we use programs developed for electromagnetic (EM) Principal Components analysis with missing 
data (MsDEMPCA; Smirnov and Egbert, 2012) for a unified multivariate analysis of these temporally overlapping 
arrays.   The analysis allows us to summarize dominant temporal and spatial patterns of external sources in the pe-
riod range 10-100,000 s over the continental US, to characterize noise in these data, and to study impacts of source 
spatial complexity on EM induction transfer functions.  We quantify impacts of violations of the uniform source 
MT approximation (which are detectable, but very minor except at the longest periods), and construct merged array 
response maps of anomalous internal current systems and EM fields corresponding to idealized simplified sources.  
Potential applications to maintaining a permanent optimal array remote reference system, and to improved mapping 
of geomagnetically induced currents (GIC) will be discussed.

J5-7 AN exAMiNAtioN of MeteoroloGiCAl ChArACteristiCs of storM-tiMe Ulf wAVes iN 
the iNNer MAGNetosphere
Chi, peter
UCLA
pchi@igpp.ucla.edu

During magnetic storms, the inner magnetosphere can undergo many types of ultra-low-frequency (ULF) oscil-
lations, some driven by external forces and others excited within the magnetosphere. These ULF waves are known 
to contribute to the acceleration, transport, and loss of electrons in the outer radiation belt. The known characteristics 
of ULF waves are mostly obtained through climatological studies that can be made by using the observations from 
a handful of ground-based magnetometers. These long-term characteristics, however, may not reflect the short-term 
evolution of storm-time ULF waves that can differ from one storm to another. Modern ground magnetometer arrays 
operated by multiple groups around the globe allow us to examine the meteorological features of storm-time ULF 
waves in different corners of the inner magnetosphere. In this study we use the combined observations by magne-
tometer arrays associated with the ULTIMA consortium during the March 2012 magnetic storm. We find that the Pc 
5 power can vary by more than 5 orders of magnitude between quiet times and storm times. In this storm event, the 
Pc 5 wave power at Dst maximum peaked at highest latitudes. In comparison, the Pc 5 wave power at Dst minimum 
was strongest at auroral and sub-auroral latitudes. Simultaneous, global magnetometer observations have confirmed 
that the enhancement in wave power can be highly variable in the inner magnetosphere.

J5-8 UsiNG GroUNd-bAsed ANd iN-sitU MAGNetoMeter ArrAys to diAGNose the epiCeNtre 
of sUbstorM oNset
rae, i. Jonathan; Murphy Kyle r.; Mann ian r.; watt, C.e.J.
MSSL/UCL; University of Alberta; University of Alberta; University of Reading
jonathan.rae@ucl.ac.uk

Ground-based magnetometer networks have made a remarkable contribution to recent advances in substorm 
physics.  ULF waves in the long-period Pi1/short-period Pi2 ULF period band have recently emerged as a robust 
and repeatable diagnostic for determining the epicentre of substorm onset in the ionosphere.  By combining ground 
magnetometer and auroral imaging arrays, it is possible to this epicentre, and demonstrate that whatever causes the 
magnetospheric substorm has both a magnetic and particle signature since wave and auroral growths are remarkably 
well correlated.  We then utilise a space-based array of magnetometers from THEMIS, Cluster and GOES and other 
platforms to probe the magnetospheric counterpart of the ground-based signatures through onset. We find that there 
is strong evidence of magnetospheric counterpart to the ULF wave activity, and that the substorm is initiated in a 
localised epicentre in space.  Using the combined ground and space-based magnetometer networks, we can diagnose 
the timing, location and dominant plasma physics linking onset arcs to their energy sources in the tail.
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J5-9 role of MAGNetosphere-ioNosphere CoUpliNG iN destAbilisAtioN of the eArth's 
MAGNetotAil
Mann, ian; Murphy, Kyle; rae, iain; Anderson, brian; waters, Colin; Milling, david; Korth, haje
The University of Alberta (TUA); TUA; TUA; The Johns Hopkins University Applied Physics Laboratory (TJHU-
APL); TUA; The University of Newcastle; TUA; TJHU-APL
imann@ualberta.ca

Recent combined ground-based and satellite observations of the magnetic (Pi1-2) and optical disturbances sur-
rounding auroral substorm onset have suggested a close correspondence between both their temporal evolution and 
frequency content. A challenge for determining whether there is a causal role for such near-Earth disturbances and/
or instabilities in triggering the onset process relates to the extension and magnetic mapping of the auroral onset re-
gion into the magnetotail. Wave propagation, as well as field-aligned current (FAC) structures, enable the timing and 
energy transport between the magnetotail and the ionosphere to be examined. Using data from the AMPERE experi-
ment on-board the Iridium satellite constellation, combined with optical and Pi1-2 magnetic waves observed from 
the ground, we present analysis of the FAC structure during substorm expansion phase onset. Our results show, at 
least for some substorms, a clear local decrease in FAC strength in a small region colocated with but observed several 
minutes prior to - the auroral onset in the ionosphere. Our results suggest that M-I coupling, and perhaps more likely 
de-coupling, may play a strong role in destabilising the magnetotail. In particular, our results indicate the potential 
importance of M-I coupling via FACs in triggering the destabilisation of the tail. Certainly our observations are very 
difficult to reconcile with auroral poleward boundary intensification (PBI) related onset hypotheses and paradigms. 
Our results may also provide a natural answer to the rarely asked question what determines the localised region in 
the ionosphere where auroral onset is first initiated? We present a series of examples of such FAC and M-I coupling 
onsets and examine their relationship to subsequent expansion phase magnetotail destabilisation. We further offer 
a strawman physical model for a plausible sequence of events creating MI coupling destabilisation of the Earth’s 
magnetotail and the triggering of the following sequence of substorm expansion phase dynamics.

J5-10 3-d eM iNVersioN of GroUNd bAsed GeoMAGNetiC sQ dAtA. CoNCept ANd first re-
sUlts UsiNG AUstrAliAN AwAGs ArrAy dAtA
Koch, stephan; Kuvshinov, Alexey
Institute of Geophysics, ETH, Zürich
stephan.koch@erdw.ethz.ch

We present a numerical solution to the problem of 3-D EM inversion of observatory geomagnetic Sq data with 
the aim to recover the electrical conductivity distribution at upper mantle depths. The solution works on a global or 
semi-global scale. It includes two main steps. The first step is the determination of the Sq source. It makes use of a 
3-D Earth model which consists of a surface shell of known laterally variable conductance and a global 1-D structure 
underneath. The source is parameterized by spherical harmonics (SH). The SH coefficients are obtained by iterative-
ly reweighted least-square fitting of the time spectra of Sq variations from mid-latitude geomagnetic observatories. 
The second step - the recovery of the 3-D conductivity model - is based on a quasi-Newton method with efficient 
calculation of the misfit gradient using the adjoint sources approach. The forward engine to calculate magnetic fields 
exploits an integral equation formulation. We apply the semi-global variant of the solution to the Australian AWAGS 
array data. This uniquely regular observation network, maintained in the years 1989-1990, consists of 58 stations. 
With this excellent coverage we are trying to obtain the distribution of the 3-D upper mantle conductivity beneath 
the Australian mainland.

J5-11 the three diMeNsioNAl CUrreNt systeM dUriNG sUbstorMs
hoffman, robert A.
NASA-GSFC
jesper.gjerloev@jhuapl.edu

We present results from a comprehensive statistical study of the ionospheric current system and it’s coupling to the 
magnetosphere during classical bulge type substorms. We identified 116 substorms and determined the global iono-
spheric current system before and during the substorm using the SuperMAG initiative and global auroral images ob-
tained by the Polar VIS Earth camera. The westward electrojet (WEJ) is centered around 65 / 72 deg magnetic latitude 
post-midnight / pre-midnight. Thus, we find a distinct latitudinal shift between the locations of the westward electrojet 
at these local times. The spatiotemporal behavior of the WEJ differs at these two local times. Attempting to explain this 
significant finding we propose two possible simple current systems. 1) The classical substorm current wedge, which 
is a single 3D current system. The distinct poleward kink and the different spatiotemporal behavior, however, present 
considerable complications for this solution. 2) A new 3D current sys- tem that consists of 2 wedge type systems: the 
classical substorm current wedge in the pre-midnight region and another current wedge in the post-midnight region. 
The latter maps to the inner magnetosphere. To support the empirical modeling we performed Biot and Savart integra-
tions to simulate the ground perturbations. We present results of the statistical study, show typical events, results from 
the simulations, and discuss the implications for our understanding of the 3D current system associated with substorms.
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J5-12 MAGNetoseisMoloGy: reMote seNsiNG the MAGNetosphere with MAGNetoMeter 
ArrAys
Menk, frederick
University of Newcastle, Australia
fred.menk@newcastle.edu.au

Earth’s magnetosphere forms a vast and dynamic plasma physics laboratory, home to space weather and satellite 
technology that is essential to modern society and commerce.  The outer boundary of the magnetosphere interfaces 
with the solar wind, while the ionosphere and atmosphere form the lower boundary.  The various magnetospheric 
regions and processes map to the ground along geomagnetic field lines, producing signatures on ground-based mag-
netometers.  Comparison of spectral power, phase and polarization between closely-spaced magnetometers permits 
identification during local daytime of the field line eigenfrequency and hence estimation of the plasma mass density 
near the equatorial crossing of the field line.   Magnetometer arrays thus permit remote sensing of spatial and tem-
poral variations in magnetospheric density, and when combined with ground-based VLF or in situ electron density 
measurements the plasma composition can be estimated.  This presentation presents examples illustrating the detec-
tion and monitoring of features such as the plasmapause, plasma plumes and biteouts, the magnetopause, effects of 
ionospheric mass loading at low latitudes, and estimation of plasma composition.

J5-13 A ModerN MAGNetoMeter ArrAy to MoNitor the eleCtriCAl CoNdUCtiVity strUC-
tUre of the soUth AMeriCAN sUbdUCtioN systeM iN NortherN Chile
ritter, oliver; brändlein, dirk; Araya, Jaime; weckmann, Ute
Helmholtz Centre Potsdam GFZ German Research Centre for Geosciences
oritter@gfz-potsdam.de

A permanent network of electromagnetic (EM) observatory stations is deployed in Northern Chile, covering 
an area of approximately 250 x 100 km2, to monitor the electrical conductivity structure associated with the deep 
hydraulic system of a subduction zone. Time-series of vertical magnetic transfer functions (VTF) examined over a 
period of four years reveal systematic seasonal variations with amplitudes changing by more than 100 % of their 
absolute values. These changes are caused by an ionospheric current system which is generated by the direct penetra-
tion of interplanetary electric fields to low geomagnetic latitudes. After removal of this source field effect, we evalu-
ate residual VTF time-series with periods longer than one year. We observe a significant variation of the VTFs in 
the southern part of the network at periods between 1500 and 4000 seconds. We also show time-series of impedance 
tensor data which is available since 2011 after we solved problems with electrodes in the extremely dry conditions of 
the Atacama Desert. 3-D inversion of magnetotelluric (MT) and VTF data from eight stations of the network results 
in an image of the deep electrical conductivity structure. A region of high conductivity matches spatially with the hy-
drated mantle wedge. To explain temporal variations in the VTFs similar to our observations requires modifications 
of the electrical conductivity structure in a region which coincides roughly with the plate interface directly down-dip 
of the M7.7 2007 Tocopilla earthquake. We speculate that the anomalous temporal variations of the VTFs may be 
caused by large scale fluid relocation in the aftermath of the seismic event.

J5-14 the eleCtriCAl resistiVity of CANAdA’s lithosphere: iAN GoUGh's lAstiNG leGA-
Cy to CANAdiAN GeosCieNCe
Jones, Alan G.; ledo, Juanjo; ferguson, ian J.; Craven, James A.; Unsworth, Martyn J.; Chouteau, Michel; 
spratt, Jessica e.
DIAS, Dublin, Ireland; UB; UM; GSC; UA, AB; EP, QC,; Wakefield, QC
alan@cp.dias.ie

Ian Gough was one of the driving forces behind the inception and initiation of the LITHORPROBE programme 
in the early-1980s. His vision - that EM studies could add a wealth of information both unique and also complemen-
tary to that of seismology - resulted in major MT efforts on almost all of the LITHOPROBE transects for twenty 
years that the next generation of scientists benefitted from hugely. Some twenty-six international journal papers have 
been published using LITHOPROBE MT data, with almost 400 citations to them and a h-index of 13.

Through the LITHOPROBE and other programmes, modern, high-quality magnetotelluric (MT) measurements 
probing deep into the lithosphere and underlying asthenosphere have been made at over 6,000 sites across Canada 
in all Provinces and Territories, with the sole exception of Nova Scotia. Some regions are well covered, particularly 
Alberta, southern British Columbia and western Ontario, whereas others remain poorly covered, such as Quebec and 
Nunavut. Prior publications from the individual studies have added significantly to the wealth of Canada’s geosci-
ence knowledge, and have demonstrated that MT can aid in understanding tectonic processes. However, to date no 
continent-scale maps of lithospheric electrical parameters have been constructed from the extensive MT database. 

Herein we present maps of various electrical parameters at crustal and upper mantle depths for the whole of 
Canada. From those maps we develop derivative information on petrophysical properties, including predictions of 
seismic velocity, temperature and water content.

These maps are Ian's legacy to Canadian geoscience.
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J5-10p world MAp of MAGNetiC obserVAtories: 2013
Chi, peter J. 
UCLA
pchi@igpp.ucla.edu

This poster presents the locations of all active magnetometer observatories in the world at the time of the 2013 
IAGA Assembly. Constructed and maintained by many organizations and projects across the globe, these magnetom-
eter stations collect magnetic field measurements that are invaluable to both geomagnetic and Heliophysics research. 
This world map of magnetometer observatories is created in part to facilitate collaborations in the IAGA ULF Waves 
Working Group and the Ultra Large Terrestrial International Magnetometer Array (ULTIMA). Corrections and sug-
gestions to this map can be directed to the author for future updates.

J5-11p the eNiGMA proJeCt: A GroUNd-bAsed MAGNetiC ArrAy for spACe reseArCh
daglis, i.A.; balasis, G.; Georgiou, M.; papadimitriou, C.; Melis, N.; Ganas, A.; Agiakatsikas, d.; saloustros, G. 
Institute for Astronomy, Astrophysics, Space Applications and Remote Sensing,  National Observatory of Athens; 
Institute of Geodynamics, National Observatory of Athens
gbalasis@noa.gr

National Observatory of Athens (NOA) currently operates ENIGMA (HellENIc GeoMagnetic Array), an array of 
3 ground-based magnetometer stations in the area of south-eastern Europe (central and southern Greece). The cur-
rent stations are latitudinally equi-spaced between 30° and 33° corrected geomagnetic latitude. In the near future two 
more stations will be installed in western Peloponnese and Crete. One of the primary research objectives assigned to 
ENIGMA is the study of geomagnetic field line resonances (FLRs).

Magnetic field measurements are essential for correlative satellite and ground-based studies of various magneto-
spheric phenomena. The ENIGMA data combined with the magnetometer measurements performed onboard ESA's 
Cluster mission provide the unique opportunity to study the following scientific objectives:

- Determine how Pi2s are produced by substorms.
- Determine how Pc3-4 magnetic pulsation energy enters the magnetosphere and propagates along magnetic field 

lines to low latitudes.

J5-12p MAGNetotellUriC eVideNCe of reGioNAl lithospheriC ModifiCAtioN iN the ordos 
bloCK, North ChiNA
dong, hao; wei, wenbo; ye, Gaofeng; Jin, sheng; Jones, Alan G. 
CUGB; CUGB; CUGB; CUGB; DIAS
donghao.cugb@gmail.com

The Ordos Block (OB), which is located in the western part of the North China Craton , is one of the oldest and 
most stable cratonic blocks in Asia. To study the lithospheric-scale structure of Ordos block, long period magneto-
telluric (MT) array data from project SINOPROBE were acquired and modeled using three-dimensional (3D) MT 
inversion. For the first time a high resolution 3D resistivity model of the lithosphere is acquired in the region. The 
lithosphere beneath the northern part of the OB and bounding Hetao Graben is revealed to be geo-electrically distinct 
from that beneath the middle and southern OB. Contrary to what would be expected for a stable cratonic block, com-
pelling evidence is presented of a large scale conductive complex in the lower crust and upper mantle beneath north 
Ordos and Hetao Graben. The abnormally conductive structure indicates the presence of aqueous fluids and/or inter-
connected sulphides, possibly resulting from an upwelling of mantle material beneath the region. Correlating well 
with results of seismic studies, the evidence from independent magnetotelluric data supports a regional modification 
and thinning of the lithosphere, which might contribute to the extension of Hetao Graben started in late Miocene to 
Pliocene, as well as the uplifting of the north the Ordos Block since Neogene.

J5-13p deep CoNdUCtiVe strUCtUre of the pACifiC Nw deriVed froM 3-d iNVersioN of 
UsArrAy MAGNetotellUriC dAtA
Meqbel, Naser; egbert, Gary d.; wannamaker, philip e.; Kelbert, Anna; schultz, Adam
Research Centre for Geosciences-Potsdam (GFZ); CEOAS-Oregon State University; Energy and Geoscience 
Institute, University of Utah; CEOAS-Oregon State University; CEOAS-Oregon State University
meqbel@gfz-potsdam.de

Long period (10-20,000s) magnetotelluric (MT) data are being acquired in large footprints across the continental 
USA on a quasi-regular grid (nominal ~70 km spacing) as a part of the USArray component of EarthScope. These 
data are highly sensitive to fluids, melts, and other orogenic indicators, and thus provide a valuable complement to 
other observational components of EarthScope. Here we present and interpret results from 3D inversion of MT data 
from 325 sites acquired in 2006-2011 to provide a regional scale view of electrical resistivity from the middle crust 
to nearly the transition zone, covering a rectangular area from NW Washington to NW Colorado. Extensive areas of 
low resistivity are imaged in the lower crust and uppermost mantle beneath the extensional Basin and Range, High 
Lava Plains, and Snake River Plain provinces, most plausibly explained by underplated, hybridized magmas, and 
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associated exsolved highly saline fluids. These pervasive low resistivity layers generally have a streaky appearance 
where lateral scale is similar to site spacing, and where the elongate zones of lowest resistivity tend to align with 
seismic fast-axes. This suggests that finer scale electrical anisotropy, most likely resulting from alignment of melt 
flow induced by slab roll-back , may be widespread in the uppermost mantle in this area. Thick sections of resistive 
lithosphere are found in the eastern and northeastern part of the domain, coinciding spatially with the Wyoming and 
Medicine Hat Cratons. Several deep conductive sutures bound these cratonic blocks; these most likely represent 
meta-sediments emplaced during ancient collisions. Oceanic lithosphere of the subducting Juan de Fuca and Gorda 
Plates beneath the Coast Ranges appears highly resistive. Other resistive zones in the northwestern part of the do-
main may represent relict oceanic lithosphere: the accreted Siletzia terrane beneath the Coast Ranges and Columbia 
Embayment, and a deep vertical resistive feature just to the east, spatially coincident with the seismically fast slab 
curtain beneath eastern Idaho interpreted by others as stranded Farallon lithosphere. Quasi-horizontal patches of low 
resistivity are common in the deep crust beneath the Cascade Volcanic Arc, typically extending into the near fore-arc 
region. These features likely represent fluids evolved from thermally induced breakdown of hydrate minerals in the 
down-going slab. In the backarc, low resistivities concentrate in plumes connecting into a deeper aesthenospheric 
layer to the east, consistent with subduction-driven upwelling of hot, probably hydrated (and possibly melting), 
aesthenospheric mantle. There is substantial heterogeneity along the arc, which may in part reflect flow control by 
more impenetrable upper mantle structure, relict from past subduction. East of the backarc, mantle resistivities are 
consistent with a thermal lithosphere only ~50-60 km thick in the active provinces of the west, increasing to around 
200-250 km under the cratonic stable areas. Beneath the active region, aesthenospheric resistivities are near 100 ?m 
above 150-200 km depth, consistent with laboratory results for dry olivine. Lower resistivities (15-20 ?m) at greater 
depth require moderate hydration (~350 ppm). Resistivities are lower (< 10 ?m) immediately beneath the stable 
cratons, suggesting either higher levels of hydration in these areas, especially east of the Rocky Mountain Front, or 
influence of poorly resolved structures outside our array.

J5-14p ioNospheriC trAVelliNG CoNVeCtioN VortiCes obserVed by the GreeNlANd 
MAGNetoMeter ChAiN
Kotsiaros, stavros; stolle, Claudia; friis-Christensen, eigil; Matzka, Jürgen
Denmark, DTU Space,
skotsiaros@space.dtu.dk

The Greenland magnetometer array continuously provides geomagnetic variometer data since the early eighties. 
With the polar cusp passing over it almost every day, the array is suitable to detect ionospheric traveling convection 
vortices (TCVs), which were first detected by Friis-Christensen  et al. [1988]. A climatological assessment of their 
occurrence properties using Greenland data in 1996 has been presented by Clauer and Petrov [2002]. In our ongoing 
study, a detection algorithm for TCVs in Greenland magnetic data is being developed and the first results of their cli-
matological assessment are discussed. Specifically, three years of magnetometer data, from 1986 to 1988, collected 
at seven stations at the West coast of Greenland are analysed and TCV events are identified and isolated. The events 
are classified with respect to their intensity, duration and time of occurrence and they are correlated with values of the 
interplanetary magnetic field (IMF), solar wind velocity and Kp index. The results indicate that TCVs occur usually 
around magnetic local noon with a typical duration of approximately 15 minutes. TCV detection is clearly facilitated 
during times of low geomagnetic background activity. 
REFERENCES
Clauer, C. R., and V. G. Petrov, A statistical investigation of traveling convection vortices observed by the west coast 
greenland magnetometer chain, J.-Geophys.-Res., 107 (A7), SIA 19-1-SIA 19-13, 2002.
Friis-Christensen, E., M. A. McHenry, C. R. Clauer, and S. Vennerstrøm, Ionospheric traveling convection vortices 
observed near the polar cleft: A triggered response to sudden changes in the solar wind, Geophys. Res. Lett., 15 (3), 
253-256, 1988.

J5-15p MAGNetiC dip poles At differeNt AltitUdes for the AUrorA ANd CUsp ModeliNG
zvereva, tatiana; starchenko, sergey
Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation  (IZMIRAN)
zvereva@izmiran.ru

Based on vector magnetic data from the CHAMP satellite, average daily spherical harmonic models of the main 
geomagnetic field to n = m = 10 have been constructed for the period from May 2001 to the end of 2009 at an inter-
val of 4 days. The geomagnetic dip poles (the points where magnetic field lines are vertical to a sphere centered in 
the Earth’s center) were modeled on different altitudes starting from the surface and up to 10 Mm for each half year 
average with Gaussian decomposition degree n from 1 till 10. Final result is that realistic magnetic field lines near 
those dip poles are sufficiently shifted and different in shape from the lines near the pure geomagnetic dipole that is 
with n=1 only. This affects the modeling of the magnetosphere formation near its cusp that was considered only with 
n=1 yet. We found that accounting only a few more (just up to n=2 4 depending on the required accuracy) Gaussian 
harmonics could greatly improve the active magnetosphere, aurora and cusp modeling.
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J5-16p soMe resUlts of MoNitoriNG the MAGNetiC field VAriAtioNs of eArth iN the 
ViCiNity of North CAUCAsUs (elbrUs VolCANo)
zaitsev, Alexandr; Kanonidi, Konstantin ; petrov, Valeriy; sobisevich, Alexey; sobisevich, leonid
Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation (IZMIRAN); Otto Schmidt 
Institute of Physics of the Earth (IPE)
vpetrov@izmiran.ru

In the paper we present the results of experimental observations of the Earth’s magnetic field and other geological 
and geophysical processes which reflect some geophysical disturbances, connected with seismic events in different 
regions of Earth. The set of instruments of the North Caucasus Geophysical Observatory of Otto Schmidt Institute of 
Physics of the Earth (IPE) include the magnetovariational stations of the Pushkov Institute of Terrestrial Magnetism, 
Ionosphere and Radio Wave Propagation (IZMIRAN)  recorded the multiscale disturbances of geophysical fields 
in the periods of preparation and development some seismic events.  The anomalous  quasi-harmonic magnetic 
disturbances have been distinguished which were observed during all the stages of catastrophic tsunami-producing 
earthquakes in the area of Indonesia, the core level earthquakes in North Caucasus and in some  other regions. We 
observed specific ultralow frequency waveforms preceding strong distant seismic events in the structure of electro-
magnetic signals.

The data base of experimental results collected during recent years allow us to propose  the general scheme of 
some induced geodynamical processes and about anomalous geomagnetic activity before the large seismic events in 
active seismic regions of Earth. We do not consider the short-time  forecast of  earthquakes right now, because even 
if we can distinguish in geomagnetic field some specific indications preceding the start of seismic event, its coordi-
nates, the scale and time are left uncertain so far.

The experience for development the ground-based network of magnetometers confirm its prospects as the monitoring 
system in the task study of geophysical phenomena in global and regional scale during periods of large seismic events.  

sessioN J6 
diV. ii/iCMA ANd CAwses-ii/sCostep loNG-terM ChANGes ANd treNds iN the Upper 
AtMosphere-ioNo sphere systeM

J6-1 proGress iN treNd stUdies iN the Upper AtMosphere ANd ioNosphere
lastovicka, Jan
Institute of Atmospheric Physics ASCR, 
jla@ufa.cas.cz

This talk will report progress reached in the last ~two years in the field of long-term trend investigations in the 
mesosphere, thermosphere and ionosphere. First information appeared about trends in electron temperature (positive 
trend), thermospheric neutral wind (complex pattern), and total electron content (non-negative trend). Some new 
information created partial apparent discrepancies, particularly in the case of ion temperature trends. The quanti-
tative discrepancy between observation-based and model-based trends in mesospheric temperatures and in polar 
mesospheric clouds has largely been removed. Some progress has been reached in trends in the ionospheric F2 
region. The role of ozone in upper atmospheric trends has better been specified. The first observations of trends in 
CO2 concentration in the lower thermosphere suggest a way how to reduce the observation-model difference in the 
thermosphere and ionosphere. In other important areas like wind and atmospheric wave activity trends the progress 
was rather little. The scenario of trends in the upper atmosphere and ionosphere is now more complete than it was 
two years ago but still some gaps and discrepancies occur for further investigations.

J6-2 loNG terM ChANGes of polAr Mesosphere sUMMer eChoes At 69°N
latteck, ralph; bremer, Jürgen
Leibniz Institute of Atmospheric Physics
latteck@iap-kborn.de

Polar mesosphere summer echoes (PMSE) are strong enhancements of received signal power at very high radar 
frequencies occurring at altitudes between about 80 and 95km at polar latitudes during summer. PMSE are caused 
by inhomogeneities in the electron density of the radar Bragg scale within the plasma of the cold summer mesopause 
region in the presence of negatively charged ice particles. Thus the occurrence of PMSE contains information about 
mesospheric temperature and water vapour content but also depends on the ionisation due to solar wave radiation 
and precipitating high energetic particles. Continuous and homogeneous observations of PMSE have been done on 
the North-Norwegian island Andøya (69.3°N, 16.0°E) from 1994 until 2008 using the ALOMAR SOUSY radar and 
the ALWIN radar at 53.5 MHz. In 2009 the Leibniz-Institute of Atmospheric Physics in Kühlungsborn, Germany 
(IAP) started the installation of the Middle Atmosphere Alomar Radar System (MAARSY) at the same location. The 
observation of mesospheric echoes could be continued in spring 2010 starting with an initial stage of expansion of 
MAARSY and is carried out with the completed installation of the radar since May 2011. Since both the ALWIN 
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radar and MAARSY are calibrated, the received echo strength of PMSE from 14 years of mesospheric observations 
(1999 - 2012) could be converted into absolute signal power. This data series could be extended to the years 1994 
until 1997 on the basis of SNR values derived during the years between 1994 and 2008. The PMSE occurrence rate 
is positively correlated with the solar Lyman ? radiation (however low significance level ?>70%) and the geomag-
netic Ap index (?>97%).  After elimination of the solar and geomagnetically induced parts the PMSE data show a 
significant positive trend during the time interval from 1994 until 2012 (?>99\\%).

J6-3 A preliMiNAry CoMpArisoN of the Upper AtMospheriC loNG-terM CooliNGs ob-
serVed by MUltiple iNCohereNt sCAtter rAdArs
zhang, shunrong; holt, John; strome, Anja
MIT Haystack Observatory; MIT Haystack Observatory; SRI International
shunrong@haystack.mit.edu

Ionospheric ion temperature is an excellent approximation to neutral temperature in the upper atmosphere, espe-
cially, for altitudes below 300km during quiet geomagnetic activity. We report an analysis of long-term trends in the 
ionospheric ion temperature above 3 incoherent scatter radar (ISR) sites. These three sites are Millstone Hill (1960s-
), a mid-/subauroral latitude site in America Sector, Sondrestrom (1990-), a high latitude site, and St Santin (1966-
1988), a mid-latitude site in European Sector. The midday ISR observations at Millstone Hill indicate a cooling trend 
at altitudes above 200 km and an apparent warming trend below 200 km, in addition to an accompanying decrease 
in electron density in the upper F region and an increase in the E and lower F region. These features agree with the 
trends derived over St. Santin. More recently, we examined the midday Sonderstrom data.  The long-term changes 
and their variations with height in ion temperature and electron density are found to be very similar to earlier results 
given by other sites. These ISR long-term observations provide a unique contribution to improving our understand-
ing of the global change in the ionosphere and thermosphere system.

J6-4 CliMAtoloGy of GlobAl eleCtroN CoNteNt deriVed froM GiM-teC MAps
Gulyaeva, t.l.; Arikan, f.; Veselovsky, i.s. 
IZMIRAN;Hacettepe University; SINP MSU, IKI RAS
veselov@dec1.sinp.msu.ru

The Global Electron Content, GEC, derivation is initiated by integrating up the Total Electron Content of each 
cell of Global Ionospheric Map, GIM-TEC, over the area [Afraimovich et al., 2006, 2008]. Algorithm of GEC calcu-
lation is improved in this study using the electron density varying with height through the total volume of a spherical 
layer in near-Earth space up to 20,200 km (GPS orbit). To this end 3-D electron density distribution is reconstructed 
from GIM-TEC with the International Reference Ionosphere model extended to the Plasmasphere, IRI-Plas, and 
Ne(h, phi, theta) profiles are integrated over the globe through the ionosphere and plasmasphere altitudes. The 
hourly, daily, monthly, annual and 12-monthly smoothed values of GEC are derived from JPL GIM-TEC maps for 
the period 1999-2012 representing the temporal changes of GEC for the different time scales. It is shown that GEC 
simulation with IRI-Plas model using ITU-R (CCIR) prediction of the F2 layer peak parameters closely resembles 
variation of GEC data with RMS error less than 5%. As a result, the 12-monthly smoothed GEC12 simulated by 
IRI-Plas is used for reconstruction of GEC12 for the past (1958-1998) and its prediction for 2013-2015. Properly 
calibrated GEC12 is investigated as the IRI-Plas driving parameter for the better representation of IRI-TEC through 
the ionosphere and plasmasphere along with IG12 and R12 indices used presently by IRI and IRI-Plas models for 
representation of the solar activity.

This study is supported by the joint grant of TUBITAK 112E568 and RFBR 13-02-91370-CT_a.

J6-5 proJeCtioNs of the respoNse of the Mesosphere ANd lower therMosphere to AN-
thropoGeNiC CliMAte ChANGe
Marsh, daniel r. 
National Center for Atmospheric Research (NCAR)
marsh@ucar.edu

This talk describes transient simulations from present day to the end of the 21st century using the Community 
Earth System Model version 1 that includes the Whole Atmosphere Community Climate Model (WACCM).  The 
simulations are conducted as part of phase 5 of the Coupled Model Intercomparison Project (CMIP5) and follow 
several Representative Concentration Pathway (RCP) scenarios.  They are perhaps unique among simulations for 
CMIP5 in that they include an atmospheric model that extends into the lower thermosphere and incorporate interac-
tive neutral and ion chemistry. The RCP scenarios cover a range of CO2 concentrations ranging from one that peaks 
at approximately 490 ppm before 2100 and then declines, to one that reaches over 1370 ppm by 2100.  All scenarios 
also include the eventual recovery of the stratospheric ozone layer.  They therefore provide a new opportunity to 
study the expected response of the composition and dynamics of the upper atmosphere to future anthropogenic cli-
mate change.
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J6-6 teMperAtUre treNds iN the 35-65 KM AltitUde rANGe froM rAyleiGh lidAr teMperA-
tUre MeAsUreMeNts froM 1993 to 2012 At são José dos CAMpos, brAzil (23°s, 46° w)
batista prado, paulo; Clemesha barclay, robert; simonich, dale
Instituto Nacional de Pesquisas Espaciais (INPE)
ppbatista@laser.inpe.br

A  lidar  tuned to sodium  resonance line at 589 nm has been operated  at  São  José  dos Campos, Brazil (23?S, 
46? W) since 1972. Beginning in 1993, the improved laser capability has enabled also the processing of the Rayleigh 
signal from which the temperatures from ~35 to ~65 km are retrieved in a nightly mean basis.  In order to remove 
tidal effects only profiles obtained from 18:30 LT to 23:30 LT were considered in this analysis.  We used these 
nightly profiles to determine the monthly temperature profiles from April 1993 to June 2012. The mean temperature 
characteristics for every year and for the whole period are obtained and do not differ too much from the previous 
climatology using shorter data series. A model including solar cycle, southern oscillation index, QBO, Annual and 
Semiannual  oscillations and Linear trends has been  fitted to the monthly temperatures every 3 km from 36 to 63 
km. Variable linear trends with altitudes are  determined with a maximum negative trends at 54-55 km attained 3.15 
K/decade. 

J6-7 NUMeriCAl ModelliNG of the eArth’s ozoNe lAyer eVolUtioN iN the 21st CeNtUry
zadorozhny, Alexander; dyominov, igor
Novosibirsk State University
zadorozh@phys.nsu.ru

A numerical 2-D zonally averaged interactive dynamical radiative-photochemical model of the ozonosphere 
including aerosol physics is used to examine the long-term changes of the Earth’s ozone layer in the 21st century 
caused by anthropogenic pollution of the atmosphere by the greenhouse gases CO2, CH4, N2O, by ozone-depleting 
chlorine and bromine compounds, and by H2O emitted from engines of supersonic aircrafts. The model takes into 
account also an increasing of the ocean surface temperature caused by greenhouse effect and accompanying increase 
of water vapour influx into the atmosphere from the ocean. The model allows calculating self-consistently diabatic 
circulation, temperature, gaseous composition of the troposphere and stratosphere at latitudes from the South to 
North Poles, as well as distribution of sulphate aerosol particles and polar stratospheric clouds of types I and II. The 
model time-dependent runs were made for the period from 1975 to 2100 using two scenarios depicting maximum 
and average expected increases of CO2, CH4 and N2O concentrations.

The model calculations showed that by the middle of 21st century the total ozone changes caused by the green-
house gases are predicted to be comparable in absolute value with those due to chlorine and bromine species. 
Abundance of the greenhouse gases in the atmosphere will be the main anthropogenic factor controlling the state of 
the ozone layer in the second half of the 21st century. For example, it is shown that in accordance with maximum 
scenario changes of annual average global total ozone in 2100 in comparison with 1980 are equal to approximately 
5,21% for anthropogenic growth all greenhouse gases, and to 1,69%, 3,38% and 7,31% for values of CO2, CH4 and 
N2O fixed at 2000 level accordingly.

Anthropogenic increasing of water vapour abundance in the atmosphere due to heating of the ocean surface 
caused by greenhouse effect as well as due to emission from engines of supersonic aircrafts is shown to give a sen-
sible contribution to the calculated ozone changes. This occurs due to additional cooling of the stratosphere, which 
leads to a weakness in efficiencies of all gas phase catalytic cycles of the ozone destruction. The processes, which 
determine the influence of the greenhouse gases on the Earth’s ozone layer evolution, have been studied in details. 
The contributions of different pollutions to the predicted ozone changes have been estimated.

J6-8 MeAN wiNds ANd GrAVity wAVes dUriNG sUMMer At MidlAtitUdes As Me
Jacobi, Christoph; ern, Manfred
University of Leipzig; Forschungszentrum Juelich
jacobi@uni-leipzig.de

SABER gravity wave (GW) momentum fluxes (MF) and temperature analyses are used together with mean 
winds and vertical wind shear from the Collm VHF meteor radar to analyse the variability of the mesosphere-lower 
thermosphere (MLT) mean circulation and the effect of GW in the course of the last solar cycle. The results are 
compared with long-term LF wind and GW proxy analyses from LF wind registrations. Generally, the mesospheric 
easterly wind jet is stronger during solar maximum than during solar minimum, which is accompanied by stronger 
GW MF then. At greater altitudes, this effect reverses, so that stronger westerlies and weaker GW MF are found 
during solar maximum. An exception is found during the extreme solar minimum 2008/2009, with stronger/weaker 
zonal winds above/below 90 km. This is caused by an upward shift of the height of maximum MF divergence from 
82 to 84 km altitude. At altitudes around 90 km this leads to a reversal of the correlation between GW amplitudes 
and zonal mean wind.
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J6-9 MUtUAl MesopAUse  ANd sUrfACe teMperAtUre VAriAtioNs   froM obserVAtioNs 
ANd Model siMUlAtioNs
Mokhov i.i.; semenov A.i.; Volodin e.M.
A.M. Obukhov Institute of Atmospheric Physics
mokhov@ifaran.ru

Temperature variations at the mesopause Tm from measurements during 1960-2012 at the Zvenigorod Scientific 
Station (56N, 37E) of the A.M. Obukhov Institute of Atmospheric Physics (ZSS IAP RAS) are analyzed in com-
parison with variations of temperature at the surface Ts (Mokhov and Semenov, 2013). These data were obtained by 
measurements of the hydroxyl rotational temperature at the ZSS since 1957. Also, long-term simulations with the 
INM-CM3.0 global climate model for 20th-21st centuries were analyzed. Interannual variations show strong general 
Tm decrease during last half a century from observations in winter (December-January-February) with a significant 
slowing of this cooling during last 3 decades. The most significant relationship of Tm and global surface air tempera-
ture Tgs was obtained for the total analyzed time interval (1960-2012). For shorter analyzed intervals such relation-
ship is less significant and there are essential differences for various decadal-scale intervals. The abrupt Tm decrease 
between 1976 and 1979 with a transition to new conditions since 1980s was noted for dependence of Tm variations 
at the ZSS on Tgs anomalies. Cross-wavelet analysis exhibits significant differences in local coherence between Tm 
and Tgs for interannual and decadal variations and for various time intervals. Results of similar analysis for long-
term model simulations with SRES-A2 anthropogenic scenario for the 21st century show statistically significant 
negative coherence of Tm and Tgs variations with periods larger than 3 decades. To display such a coherence from 
observations it is necessary to have twice longer data set for Tm. 

J6-10 oN UNderstANdiNG the shift iN teNeNCy of treNd iN MesopAUse reGioN 
teMperAtUre?
bei, Gufran
Indian Institute of Tropical Meteorology, Pune, India
beig@tropmet.res.in

Recent data sets on the temperature of MLT region, indicates an emergence of trends which are contrary to the 
earlier perceptions. This has again pushed the trend community back to the basic in understanding the mechanism in 
temperature variability. There used to be a growing number of experimental results centered on, or consistent with 
no trends near the mesopause which is no more valid in recent time. A tendency of continuation of cooling tempera-
ture trends from upper mesosphere till mesopause region is now clearly evident which was not the case earlier.The 
question whether the ozone recovery in the stratosphere has any effect in the such kind of shift in temperature trends 
of the mesospheric region or it is something else in not clear. The role of gravity wave in modulating the mesopause 
region temperature trends has also  been a challenging task.

sessioN J7 
diV. ii/iii low lAtitUde AtMosphere-ioNosphere CoUpliNG proCesses ANd respoNses to 
forCiNG froM lower AtMosphere ANd MAGNetosphere

J7-1 plAsMA bUbble MoNitoriNG by GNss bAsed teC MAppiNG ANd 6300 optiCAl iMAGer 
oVer brAzil
takahashi, h.; Costa, s.; paulino, i.; wrasse, C.M.; Nogueira p.; Nardin, C.M.d.; Gargarela, w. Jr.; otsuka, 
y.; shiokawa, K.; Medeiros, A.f.; buriti, r.
Instituto Nacional de Pesquisas Espaciais (INPE); GRRP-CGED-IBGE; DF-UFCG; STEL-Nagoya Univ.
hisao.takahashi@inpe.br

Total electron contents (TEC) in the equatorial and low latitude ionosphere over Brazil have been monitored by 
ground-based GNSS receiving network (RBMC/IBGE) since 2011. It was possible to monitor continuously spatial 
and temporal variations of TEC over Brazil with a spatial resolution of 100-300 km and by 10 minutes time inter-
val. Daytime equatorial ionization anomaly (EIA) and post sunset EIA could be monitored over the area of 4000 
km longitudinal extension in the South America. Plasma bubble activities after sunset could also be mapped in 2-D 
form. The depletions were extending along the magnetic field line by more than 2000 km, and drifting eastward. 
Simultaneous observation of the plasma bubbles by a 6300 optical imager also detected the depletions with higher 
spatial resolution. We present the dynamical movement of the plasma bubbles in a visual form and discuss the seed-
ing mechanism.
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J7-2 GrAVity wAVe seed pertUrbAtioN ANd prereVersAl VertiCAl drift iN eQUAto-
riAl spreAd f/plAsMA bUbble deVelopMeNt UNder solAr MAxiMUM ANd MiNiMUM 
CoNditioNs
Abdu, M.A.; Kherani e.A.; batista, i.s.; e.r. batista de paula; Mac dougall, J.; sobral, h.A. 
Instituto Nacional de Pesquisas Espaciais (INPE); INPE; INPE; INPE; Department of Electrical Engineering, The 
University if Western Ontario; INPE
maabdu@dae.inpe.br

The post sunset development of the equatorial spread F/plasma bubble irregularities is known to be driven primar-
ily by the evening (prereversal) enhancement in vertical drift/zonal electric field (PRE) and precursor seed perturba-
tions in electron density/polarization electric field at the steep density gradient of the bottomside F layer. In this work 
we address the issue of the complementary influences from the PRE and seed perturbation in the ESF development 
process, during solar activity maximum and minimum conditions.  The F layer heights at specific plasma frequencies 
as measured by Digisondes operated at equatorial and low latitude sites, including magnetic conjugate sites, in Brazil 
are analyzed to extract the characteristics of gravity wave oscillations in the F layer heights, of 0.5-1.5hrs periods, in 
the afternoon hours leading to possible post sunset ESF occurrence. The amplitude of these oscillations appears to 
undergo amplification just prior to the ESF onset in the ionograms of the solar maximum epoch. The importance of 
the seed perturbations relative to that of the PRE in the ESF instability initiation appears to vary significantly from 
the solar maximum to minimum epochs. While the solar cycle dependence of the PRE is fairly well known, that 
of the seed perturbation is poorly understood. The present analysis, complemented by simulation study of coupled 
Gravity wave-Interchange instability dynamics, is an attempt to understand better the importance of the instability 
seed perturbation relative to the PRE as the solar activity decreases from its maximum to minimum epochs.  

J7-3 NUMeriCAl stUdies of GrAVity wAVe seediNG of eQUAtoriAl plAsMA bUbbles
fritts, dave; huba, Joe; laughman, brian; lund, tom; Krall, Jonathan
GATS Inc.; NRL; NWRA
dave@gats-inc.com

We describe recent numerical studies employing a high-resolution model of gravity wave (GW) propagation and in-
stability in the neutral atmosphere and the SAMI3/ESF global ionosphere model addressing plasma dynamics responses 
to neutral forcing to explore GW seeding of equatorial plasma bubbles (EPBs). Inputs range from highly idealized GWs 
having only prescribed 2D linear structures to numerical simulations of superposed GWs exhibiting breaking, instabili-
ties, and 3D turbulence in the lower thermosphere and larger-scale GWs that readily penetrate to the bottomside F layer. 
Results suggest that EPBs are readily excited at the imposed forcing scales, and 3D neutral instabilities in the lower 
thermosphere can initiate 3D plasma instabilities accompanying the seeding process extending to much high altitudes.

J7-4 topside ioNosphere plAsMA bUbbles seeN As he+ deNsity depletioNs: estiMAtioNs 
ANd ModelliNG
sidorova, larisa; filippov, sergey
Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radiowave Propagation (IZMIRAN)
lsid@izmiran.ru

The question about an opportunity to detect the topside plasma bubbles of equatorial origin in their separate plas-
ma component (He+) is investigated. There are the indications [1, 2, 3, 4] that there is genetic connection between the 
He+ density depletions (subtroughs) and the equatorial plasma bubbles. For validation of this idea the characteristic 
times of the main photochemical and electro-dynamical processes, in which the plasma bubbles and their minor ion 
component (He+) are involved, have been calculated and compared. The conditions and factors, connected with solar 
activity, which are more favorable in the detection of the topside ionosphere plasma bubbles as He+ depletions, are 
under consideration. The numerical calculations, obtained in SAMIS3 model (3D model of equatorial spread F) and 
kindly presented by J. Huba (USA) [5], are used for this study. It was revealed that the plasma bubbles, reaching the 
ceiling heights, can exist within several days and that there is principal opportunity to observe them in the separate 
plasma component (He+).

J7-5 stUdy of ioNospherCi strUCtUres bAsed oN dUAl-bANd beACoN obserVAtioNs of teC
yamamoto, Mamoru; watthanasangmechai, Kornyanat; seemala, Gopi; tulasi ram sudarsanam
RISH, Kyoto University; EGRL, Indian Institute of Geomagnetism
yamamoto@rish.kyoto-u.ac.jp

There are several satellites in low-earth orbit (LEO) that transmit dual-band beacon of 150/400 MHz to the 
ground. By chasing phase differences between two signals along the satellite pass, we can measure total electron 
content (TEC) of the ionosphere. This is an old but still important technique to monitor spatial structure of the iono-
sphere. We have developed a simple digital receiver called GRBR (GNU Radio Beacon Receiver), and deployed the 
GRBR network in wide area. Now the network grew to total about 30 sites including about 15 sites in southeast Asia. 
Main research topic in the low-latitude area is Equatorial spread F (ESF). The ESF is intense ionospheric irregularity 
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that occurs around the geomagnetic equator, and can cause problems to satellite-ground communications and/or 
GPS navigations. By using the GRBR network with several polar-orbiting satellites and C/NOFS satellites in the 
very low-inclination orbit, we are studying ionospheric structures before and during ESF events along latitude and 
longitude, respectively. On the other hand, the GRBR network over Japan is used for tomography analysis. In the 
presentation we overview technical aspects of the GRBR and current status of the network together with scientific 
outcome from our efforts.

J7-6 tiMe-GCM tidAl siGNAls AloNG leo sAtellite orbits
haeusler, Kathrin; hagan, Maura e.; lu, Gang; forbes, Jeffrey M.
NCAR-HAO; NCAR-HAO; NCAR-HAO; University of Colorado
kathrin@ucar.edu

The Thermosphere-Ionosphere-Mesosphere-Electrodynamics General Circulation Model (TIME-GCM) is used 
to support tidal diagnostics for GOCE measurements. The GOCE satellite itself provides unique measurements of 
the neutral density and zonal wind near 270 km altitude, and complements measurements by the CHAMP satellite at 
about 300 km. However, the sun-synchronous orbit of GOCE allows measurements only in two local time sectors, 
which complicates tidal analysis. In this paper we present TIME-GCM results for the time periods mid-November to 
mid-December 2009 and May 2010 when GOCE and CHAMP were in a near co-planar orbit. The chosen time pe-
riods also denote geomagnetic quiet (2009) and geomagnetic disturbed (2010) conditions. Tidal and planetary wave 
forcing that represents prevailing atmospheric conditions was applied at the lower boundary of TIME-GCM.  The 
TIME-GCM outputs are sampled along the GOCE and CHAMP orbits, and analyzed for longitudinal dependences 
and in terms of ascending/descending orbit node differences to identify tidal signatures. The complete model outputs 
are used to unambiguously characterize the simulated atmospheric tides. Depending on data availability the TIME-
GCM results will be compared with the satellite data.

J7-7 role of ioNosphere-therMosphere CoUpliNG iN Upper 
 AtMosphere dAtA AssiMilAtioN

Matsuo, t.; lee, i.t.; Anderson, J.l. 
University of Colorado at Boulder, NOAA; NCAR, NCU; NCAR
tomoko.matsuo@colorado.edu

J7-8 GlobAl eMpiriCAl bACKGroUNd teC Model bAsed oN the Code dAtA
pancheva, dora; Mukhtarov, plamen; Andonov, borislav; pashov, lyubka
National Institute of Geophysics, Geodesy and Geography - BAS
dpancheva@geophys.bas.bg

A global background TEC model is built by using the CODE TEC data for full 13 years, January 1999- December 
2011. It describes the climatological behaviour of the ionosphere under both its primary external driver, i.e. the 
direct photo-ionization by incident solar radiation, and regular tidal forcing from the lower atmosphere. The model 
construction is based on the significantly different time scales of the solar cycle, seasonal and diurnal TEC vari-
abilities (at least an order of magnitude); this leads to modulations of shorter-period variabilities with periods of the 
longer ones. In this case the TEC spatial-temporal variability is presented as a multiplication of three separable func-
tions. The solar activity is described by both parameters: F10.7 and its linear rate of change KF while the seasonal 
variability is presented by sine functions including 4 subharmonics of the year. The diurnal variability of the TEC 
model is described by 2D (longitude-time) sine functions which include 4 subharmonics of the solar day with zonal 
wavenumbers up to 4. The model offers TEC maps which depend on geographic coordinates (5ox5o in latitude and 
longitude) and UT at given solar activity and day of the year. The presented background model fits to the CODE 
TEC input data with a zero systematic error and a RMS error of 3.387 TECU. It is able to reproduce the well-known 
ionospheric structures as Weddell Sea Anomaly and some longitudinal wave-like structures. 

J7-9 wAVe 4 siGNAtUre iN eQUAtoriAl sporAdiC e oCCUrreNCe rAtes ANd s
Jacobi, Christoph; Arras, Christina; wickert, Jens; pancheva, dora;  Mukhtarov, plamen; hoffmann, peter
University of  Leipzig; GFZ; GFZ ; NIGGG; NIGGG; PIK
jacobi@uni-leipzig.de

Sporadic E (Es) layer occurrence rates at equatorial latitudes have been obtained from the Signal-to-Noise Ratio 
(SNR) profiles of the GPS L1 signal during radio occultations (RO), measured by the U.S./Taiwan FORMOSAT-3/
COSMIC six-satellite constellation. Sudden changes in the vertical electron density gradients, which indicate the 
presence of a sporadic E layer, appear as strong fluctuations in the SNR above 85 km altitude. These disturbances are 
caused by signal divergence/convergence which leads to a decrease/increase of the signal intensity at the receiving 
GPS occultation antenna. The maximum SNR deviation from the mean profile is observed at the approximate alti-
tude of the Es layer. If arranged according to local time, at equatorial latitudes the Es occurrence rates show a strong 
zonal wavenumber 4 signature, which has been already observed in different both mesospheric and thermospheric 
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parameters and is known to be connected with an eastward propagating diurnal tide with zonal wavenumber 3 (DE3). 
Frequency-wavenumber analysis of the Es signals indeed reveals the dominance of the DE3 signature in Es, which 
is the most prominent signal second to the westward propagating wave 1 (DW1) signal connected with the diurnal 
cycle. Comparison with SABER temperature analyses of the DE3 shows excellent agreement with the DE3 analyses 
from GPS RO, indicating that the Es DE3 is probably caused by neutral middle atmosphere dynamics.

J7-10 iNitiAl resUlts of the spACe-borNe iMAGiNG obserVAtioN by iss-iMAp
saito, Akinori; yamazaki, Atsushi; sakanoi, takeshi; yoshikawa, ichiro; yamamoto, Mamoru; Abe, takumi; 
suzuki, Makato; otsuka, yuichi; fujiwara, hitoshi; taguchi, Makoto; Nakamura, takuji; ejiri, Mitsumu 
K.; Masayuki, Kikuchi; Kawano, hideaki; liu, huixin; sakanoi, Kazuyo; ishii, Mamoru; Kubota, Minoru; 
tsugawa, takuya; hoshinoo, Kazuaki
Kyoto University; JAXA/ISAS; Tohoku University; University of Tokyo; Kyoto University; JAXA/ISAS; JAXA/
ISAS; Nagoya University; Seikei University; Rikkyo University; NIPR; NIPR; NIPR; Kyusyu University; Kyusyu 
University; Komazawa University; NICT; NICT; NICT; ENRI
saitoua@kugi.kyoto-u.ac.jp

ISS-IMAP (Ionosphere, Mesosphere, upper Atmosphere, and Plasmasphere mapping) mission is a space-borne 
mission on the International Space Station (ISS) to elucidate the mesoscale structures in the ionosphere, the meso-
sphere, and the plasmasphere by imaging observations. ISS-IMAP is on the Exposed Facility of Japanese Experiment 
Module of the International Space Station (EF of ISS-JEM). Its observation was commenced in October 2012 after 
its initial check out. It consists of VISible-light and Infrared spectrum imager (VISI) and Extra UltraViolet Imager 
(EUVI). VISI observes the airglow in 730nm (OH, Alt. 85km), 762nm (O2, Alt 95km), and 630nm(O, Alt.250km) in 
the nadir direction. EUVI observes the resonant scattering of 30.4nm (He+) and 83.4nm (O+) in the limb direction. 
The objective of this mission is to clarify the energy transport process by the structures whose horizontal scale is 50-
500km in the Earth’s upper atmosphere, and the effect of the structures and disturbances on the space-borne systems. 
ISS-IMAP measures the following three parameters in the lower latitude region than 51 degrees in geographic: (1) 
distribution of the atmospheric gravity waves in the mesosphere and the lower thermosphere, (2) distribution of the 
ionized atmosphere in the ionospheric F-region, (3) distribution of O+ and He+ ions in the ionosphere and plasma-
sphere. Initial results of the ISS-IMAP mission will be introduced in the presentation.

J7-11 lArGe MesopAUse briGhtNess eVeNts, obserVAtioNs ANd AN explANAtioN
swenson, Gary; liu, Alan; taylor, Mike; pautet, dominique; Vargas, fabio
University of Illinois; ERAU; USU; USU; University of Illinois
swenson1@illinois.edu

Observations of a number of ‘bright night’ airglow events describe a large bright event preceded by an extended 
‘dark zone in OH airglow.  The period of the events are ~1-2 hours.   The direction and period are coincident with 
the presence of a medium scale gravity wave (GW).  The bright event sequence has the intrinsic phase speed as, and 
evolves within a single period of the GW.  The explanation is that an instability forces a large overturning, with the 
upwelling phase (cooling, and dimming the airglow), and the downwelling (heating and brightening the airglow). 
The energy responsible for the heating and cooling events is explained as a forced instability.  The instability ‘surfs’ 
on the medium scale wave, producing a trigger dynamic setting off the overturning event(s).  Data for a number of 
events will be shown from lidar and imager observations. 

J7-12 rAy-trACiNG for MediUM-sCAle GrAVity wAVes obserVed At 7.4º s
paulino, i.; takahashi, h.; Vadas, s.l.; wrasse, C.M.; buriti, r.A. 
UFCG; INPE; NWRA; INPE; UFCG
igopaulino@gmail.com

Data collected during the Spread F Experiment (SpreadFEx) from September to November 2009 have been used 
to study the vertical propagation of 26 medium-scale gravity waves. These waves were observed in airglow images 
over Sao Joao do Cariri (7.4ºS; 36.5ºW). Their trajectories in the atmosphere have been assessed by ray-tracing. 
A wind and temperature database from the surface up to 400 km altitude was necessary for the ray-tracing. The 
wind profiles were estimated using data from a meteor radar and a Fabry-Perot interferometer, and complemented 
by the HWM-93 and TIE-GCM models where experimental data were not available. The temperature profiles in-
cluded TIMED/SABER and FPI measurements, and NRLMSISE-00 and TIE-GCM models. The reverse path for 
the MSGWs reveals convective complexes as likely sources for two MSGWs. In another case, a cold front over the 
north of the state of Espirito Santo was at the tropospheric position for an MSGW. Ray-tracing for the thermosphere-
ionosphere (TI) region shows a linear relationship between: (1) gravity wave periods and travel times prior to dis-
sipation, (2) horizontal wavelengths and horizontal travel distances, and (3) horizontal phase speeds and heights 
prior to dissipation.  Gravity waves Doppler up-shifted, in the mesosphere and lower thermosphere region, reached 
higher altitudes in the TI. A gravity wave observed on 09 November 2009 reached ~200 km height with expressive 
amplitude which could affect the generation of F region plasma irregularities.
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J7-13 ChArACteristiCs of GreeN liNe ANd red liNe AirGlows obserVed by isUAl 
iNstrUMeNt
Nee, J.b.;  et al.

J7-14 VAriAbility of the GrAVity wAVe forCiNG froM troposphere to Mesosphere: by 
MoMeNtUM flUx estiMAtioN
eswaraiah, s.; Venkat ratnam, M., Krishna Murthy, b.V.; rao, s. Vijaya bhaskara
Department of Physics, Sri Venkateswara University; National Atmospheric Research Laboratory (NARL);  
CEEBROS, Chennai-600020, India.
eswar.mst@gmail.com

Using long-term data (1998 to 2008) collected from Mesosphere-Stratosphere-Troposphere (MST) radar and 
Rayleigh Lidar located at a tropical station, Gadanki (13.5oN, 79.2oE), India, variability of the gravity wave forcing 
from troposphere to mesosphere is investigated by estimating the momentum flux associated with the gravity waves 
of periods 20 min. to 2 h, for the first time. The emphasis is on seasonal variability of mean zonal and meridional 
momentum fluxes in mesosphere and troposphere and vertical flux of zonal momentum in the stratosphere. An effort 
is made to examine the variations in momentum flux for different cases, viz., during the occurrence of mesospheric 
temperature inversion and convection events. At tropospheric altitudes of 11-16 km large enhancement in flux is 
noticed during equinoxes. In the stratosphere the maximum values of flux (~2.8 m2/s2) are pragmatic in winter and 
spring at the altitude region 58-62 km. Interestingly, the vertical flux of zonal momentum estimated from lidar is in 
the range of those estimated from radar data in the overlap altitude region, though the estimates are from two dif-
ferent techniques. In the mesosphere, in summer large variations with altitude in zonal momentum flux are noticed 
with a magnitude ~0- 4 m2/s2. The meridional fluxes in the mesosphere are higher in equinoxes (~10-12 m2/s2). The 
two case studies showed that during mesospheric temperature inversion due to large wave breaking at mesosphere, 
momentum fluxes are raised up to ~7-10 m2/s2 and during deep convection, large variations in troposphere momen-
tum fluxes are noticed than in mesosphere and the variations in mesospheric momentum fluxes due to tropospheric 
convection are noticed at earlier times than overhead convection period in troposphere, the possible reasons are 
discussed. 

J7-15 GrAVity wAVes At Mid ANd low-lAtitUde ioNosphere
Chum, J.; baše J.; burešová d.; Cabrera M.A.; hruka, f.; latovika. J.; McKinnell, l.A.; indeláová, t; fier, J.
Institute of Atmospheric Physics, Prague, Czech Republic (IAP CZ);  IAP CZ;  IAP CZ; Universidad Nacional 
de Tucumán (UNT); Universidad Tecnológica Nacional Tucumán (UTNT); South African National Space Agency 
(SANSA); Rhodes University
jachu@ufa.cas.cz

Multi-point observations by Doppler sounding system make it possible to investigate propagation of Gravity 
Waves (GWs) in the ionosphere. The system operating at two different frequencies (~3.59 MHz and ~4.27 MHz) 
is located in the Central Europe, Czech Republic. Similar multi-point system operating at only one frequency was 
also installed in Western Cape in South Africa (f~3.59 MHz) and in Northern Argentina, in the vicinity of Tucuman  
(f~4.63 MHz). Simultaneous measurements of near-by ionosondes are used to estimate reflection heights of the 
transmitted frequencies. The largest fluctuations of Doppler shift (wave activity) are observed when the sounding 
radio waves reflect at altitudes from ~150 to ~250 km (sometimes up to 300 km), i.e. mainly in the F layer. 

A statistical study of propagation of small-scale GWs shows that the most frequently observed horizontal veloci-
ties of GWs ranged from ~100 to ~160 m/s. At mid-latitudes (Czech Republic and Western Cape in South Africa), 
the analyzed GWs propagated roughly against the neutral winds obtained from the HWM07 model, so the intrinsic 
velocities were about 30 to 70 m/s higher than the observed velocities. The propagation directions of GW showed 
seasonal and diurnal dependence. The analyzed waves propagated roughly poleward in the local summer, whereas 
approximately equatorward propagation dominated in the local winter. The estimated horizontal wavelengths of 
the analyzed waves are ~100-300 km. At low-latitudes, in the northern Argentina (Tucuman), in the vicinity of 
Andes, the seasonal (diurnal) dependence has not been observed; the observations however show clear preference 
for Northward or Southward direction of propagation. 

Different reflection heights of two different sounding frequencies used in the Czech Republic (~4.27 MHz system 
has been operating since the end of 2012) make it possible to analyze GW propagation in 3D. The preliminary results 
show that wave vectors have mostly downward oriented vertical components, indicating an upward flow of energy 
for GWs. The uncertainties in determining the values of vertical components of wave vectors are however usually 
large, often higher than their absolute values. The investigation and data analysis is continuing.
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J7-16 seAsoNAlly VAryiNG distUrbANCe dyNAMo effeCts oN the eQUAtoriAl eleCtro-
Jet: obserVAtioNs ANd tieGCM siMUlAtioNs
yamazaki, yosuke; richmond, Arthur d.; Maute, Astrid
National Center for Atmospheric Research, High Altitude Observatory
zaki0yy@gmail.com

We use long-term records of ground magnetometer data (1958-2008) at the Indian and Peruvian sectors to de-
termine the average response of the equatorial electrojet to geomagnetic storms (Dst<-100). At both longitudes, 
a decrease (?30%) in the daytime equatorial electrojet intensity from its quiet-day level is observed on the day of 
the minimum Dst and the following day, consistent with theory of the ionospheric disturbance dynamo [Blanc and 
Richmond, 1980]. It is found that the storm-time electrojet reduction is strongly seasonal dependent, indicating the 
importance of the seasonal variation in the storm-time ionospheric wind dynamo. We conduct simulations using 
NCAR’s Thermosphere-Ionopshere-Electrodynamic General Circulation Model (TIEGCM) to study the mechanism 
of the seasonal variation in the disturbance dynamo effect.

J7-17 A stUdy oN VAriAbility of low lAtitUde AMbieNt ioNizAtioN iN relAtioN to eQUA-
toriAl eleCtrodyNAMiCs
Chakraborty, s.K.; Chatterjee, s., patahn, b.M.
Raja Peary Mohan College (RPMC); RPMC; IIG
skchak2003@ yahoo.com

Ionospheric total electron content measured with GPS satellites from two locations:RPMC (22.66 0N, 88.8 0E) 
and KNC (24.1 0N, 88.8 0E) near equatorial ionization anomaly (EIA) crest of Indian longitude sector is investi-
gated in conjunction with magnetometer data to study the electrodynamical aspect of low latitude ambient ionization 
distribution. Magnetometer H field values may be considered as proxy index of equatorial electric field responsible 
for fountain effect. Data for the equinoctial months of high solar activity year (2011) under quiet geomagnetic (dst> 
-50 nT) and both for normal and counter electrojet(EEJ and CEJ respectively)conditions are considered. Various 
parameters like ascending/ descending slope, diurnal peak/ secondary peak, integrated values, half widths of ?Heq 
and EEJ are investigated in conjunction with the corresponding TEC values at two locations as well as latitudinal 
TEC obtained from IGS data. The rising slopes of equatorial ?Heqrather than EEJ exhibit better correspondence with 
VTEC near the EIA crest. The days with faster fall in ?Heq following diurnal peaks exhibit delayed or absence of 
diurnal peak in TEC. The integrated EEJ exhibit better correspondence with the instantaneous (nearly one and half 
an hour) TEC values at RPMC than at KNC. Post sunset secondary enhancement in TEC is found to significantly 
correlate with the afternoon enhancement in EEJ. A good correspondence between the two may fruitfully be utilized 
for development of TEC model.

Analysis of TEC and EEJ data on the days of CEJ events reflect prominent signatures of reversed fountain fol-
lowing CEJ peak at 750 E (the longitude of the magnetometer stations) compared to that at 900 E. A parameter, Cpd, 
obtained by multiplying the peak value with duration of CEJ field,significantly correlates(~ 0.7) with the latitudinal 
gradient in TEC at 750 E longitude implying perturbation of development of TEC dictated by the intensified CEJ. 
A somewhat lower correlation (< 0.5)at 900 E may signify longitudinal confinement of CEJ field. Also the devia-
tion in the ambient level on CEJ days is well correlated (~ 0.68) with Cpd. The results may be discussed in terms of 
perturbed fountain driven by CEJ field.

J7-18 ioNiziNG rAdiAtioN ANd ioN iNdUCed NUCleAtioN (iiN) As effeCtiVe driVers of the 
AtMosphere-ioNosphere CoUpliNG throUGh the GlobAl eleCtriC CirCUit
pulinets, sergey; ouzounov, dimitar; davidenko, dmitry
Space Research Institute, Russain Academy of Sciences (IKI RAS); Chapman University; FIAG
pulse1549@gmail.com

It was established recently that different sources of ionizing radiation (natural ground radioactivity, nuclear pow-
er plant disasters, and nuclear tests) produce local anomalies in the ionosphere. Their sizes can vary from few tens 
of kilometers (Fukushima NPP) up to almost global scale anomalies (large earthquakes with magnitude M>8). Two 
types of anomalies are recognized: sporadic spatial scintillations and steady structures over the source of ionization 
lasting from 4 to 12 hours. In low latitudes the conjugated structures are observed as well because of electromagnetic 
coupling along the geomagnetic field lines. Strong modification of Equatorial anomaly is observed both in latitu-
dinal and longitudinal directions. Stimulation of plasma bubbles was detected as well. The physical mechanism is 
developed using ionizing ionization as the source of ions, and ion induced nucleation process as the source of large, 
aerosol size ion particle creation. These particles drastically change the conductivity of boundary layer of atmo-
sphere what leads to change of ionosphere electric potential in relation to ground within the Global Electric Circuit. 
Variations of the ionosphere potential lead to modification of electron concentration within the affected area of the 
ionosphere. The strength of ionization process is controlled by monitoring of thermal effects which accompany the 
process of ion induced nucleation.
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J7-1p deteCtiNG liGhtNiNG distribUtioN ChANGes UsiNG sAtellite iMAGery
booysens, Aimée A.; Collier, Andrew b.; Viriri, serestina
University of KwaZulu-Natal
collierab@gmail.com

The distribution of lightning across the Earth’s surface varies both with location and time.  Seasonal changes in 
lightning activity recorded in Low Earth Orbit (LEO) satellite data have been studied by various authors, who used 
classical time series analysis techniques. We present an alternative analysis based on automated pattern recognition, 
which identifies the changing state of lightning distributions using computer vision techniques.  Due to the large 
quantity of data available, machine learning algorithms were the most efficient way of achieving our goals.  This 
model not only has significant application in the analysis of historical lightning data but also in the forecasting of 
future lightning distributions.

J7-2p solAr terMiNAtor GeNerAted wAVe pACKets ANd its lAtitUdiNAl feAtUres, ob-
tAiNed froM teC VAriAtioNs dAtA for 2008
edemskiy, ilya; Malkova, polina; yasyukevich, yury
Institute of Solar-Terrestrial Physics (ISTP SB RAS)
ilya@iszf.irk.ru

Earlier investigations of solar terminator ionospheric effects revealed that its motion generates middle-scale 
wave disturbances. These wave disturbances manifest themselves in total electron content (TEC) in a wave packet 
form. At least part of them has a magneto-hydrodynamic nature. We proposed a hypothesis that ST movement gener-
ates magneto-hydrodynamic waves. These waves propagate to another hemisphere and modulate electron density 
over the region. In this case, wave disturbances recording would start almost at the time of ST crossing the MC 
region. It this work, using South hemisphere sites data, we recorded wave disturbance distributions in ST local time 
system and made preliminary analysis of latitudinal features of them. An apparent behavior of the distributions does 
not agree well the generation mechanism suggested before. Distributions, calculated by using Brazilian data, show 
several clear peaks, but there is no pronounced connection with ST movement in MC region, especially for equatorial 
area. The work was supported by Russian Foundation for Basic Research (under grants Nos. 12-05-33032-a and 12-
05-31069-a) and by the Ministry of Education and Science of the Russian Federation (under agreement No. 8699).

J7-3p GeoMAGNetiC CoNJUGAte obserVAtioNs of A MidNiGht briGhtNess wAVe At low 
lAtitUdes
fukushima, daisuke; shiokawa, Kazuo; otsuka, yuichi; Kubota, Minoru; tsugawa, takuya; Nishioka, 
Michi; Nagatsuma, tsutomu
Solar-Terrestrial Environment Laboratory, Nagoya University (STEL); STEL; STEL; NICT; NICT; NICT; NICT
fukusima@stelab.nagoya-u.ac.jp

Plasma-neutral coupling in the ionosphere and the thermosphere plays a major role for dynamic variation of the 
equatorial ionosphere. We have been conducting observations of nighttime airglow images and thermospheric winds 
by using highly-sensitive all-sky airglow imagers and Fabry-Perot interferometers (FPIs) at Kototabang, Indonesia 
(0.2S; 100.3E; geomagnetic latitude (MLAT): 10.0S) and Chiang Mai, Thailand (18.8N; 98.9E; MLAT: 8.9N), which 
are geomagnetic conjugate stations. The combined observations of airglow images and thermospheric winds have 
carried out for the first time at geomagnetic conjugate stations. In this presentation, we report a large-scale wave 
event observed in the 630-nm airglow images at Kototabang on 7 February, 2011 from 1600 to 1730 UT (from 2300 
to 0030 LT). The wave has amplitudes of 20-30% and propagates south-southwestward (poleward) with a velocity of 
290 m/s only once at midnight. From these characteristics, this wave seems to be different from the equatorial me-
dium-scale traveling ionospheric disturbances (MSTIDs), which have more than two wave phase fronts. Meridional 
thermospheric neutral winds simultaneously observed by the FPI at Kototabang turned from northward (equator-
ward) to southward (poleward) just before the wave passage. This fact is consistent with the idea that the observed 
wave is a midnight brightness wave (MBW) generated from a midnight temperature maximum in the thermosphere, 
as reported by previous studies (e.g., Colerico and Mendillo, 2002). We found, however, that similar wave was not 
simultaneously observed in the airglow images at Chiang Mai at the geomagnetic conjugate point. Eastward and 
southward thermospheric neutral winds observed by the FPI at Kototabang were 50-70 m/s and 30-50 m/s, respec-
tively, when the MBW was observed. The bottomside heights of the F layer observed by ionosondes at a frequency of 
2 MHz decreased from 230 km to 190 km at Kototabang and increased from 260 km to 280 km at Chiang Mai when 
the MBW was observed. The decrease of the F-layer height at Kototabang is probably due to the poleward winds 
observed by the FPI. The increase of the F-layer height at Chiang Mai may be due to the ExB drift generated by the 
polarization electric field projected from Kototabang in the airglow enhanced region. In the presentation, we discuss 
the ionospheric variation and their hemispheric coupling during the MBW event by using these comprehensive data 
obtained at low-latitude conjugate stations.
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J7-4p iMpACt of tropospheriCAlly-GeNerAted tides oN the MeAN stAte 
 of the ioNosphere-therMosphere systeM

Jones Jr, McArthur; and forbes, Jeffrey M.; hagan, Maura e.; Maute, Astrid
Department of Aerospace Engineering Sciences, University of Colorado (DES-UC); DES-UC; High Altitude 
Observatory, National Center for Atmospheric Research (HAO-NCAR); HAO-NCAR
mcarthur.jonesjr@colorado.edu

It is now widely recognized that vertically-propagating tides exert significant variability on the iono-
sphere-thermosphere (IT) system.  In particular, the impact of tropospherically-generated non-migrating 
tides on longitudinal variability of the IT system has been a topic of intense research in recent years. However, 
relatively little is known about how dissipation of these upward propagating waves affect the zonal mean 
state of the IT system.  Herein we report on numerical experiments performed with the National Center for 
Atmospheric Research (NCAR) Thermosphere-Ionosphere-Electrodynamics General Circulation Model (TIE-
GCM) that explore this topic using observationally based tidal lower boundary conditions near 97 km from 
the Climatological Tidal Model of the Thermosphere (CTMT after Oberheide et al., [2011]) for average solar 
conditions over a climatological year (i.e., steady-state monthly runs).  A robust evaluation of the NCAR TIE-
GCM close to the model lower boundary was performed to assess the validity of our results, since the TIE-GCM 
lower boundary is close to the height regime where many of these upward propagating tides dissipate and 
exchange energy and momentum with the background IT.  Differences between simulations including and 
excluding CTMT tidal forcing reveal that tides of tropospheric origin are capable of altering the zonal mean 
zonal winds in the dynamo region by 25 m/s in the boreal winter months.  Additionally, differences in the 
height of the F2 layer peak range from -25 to 50 km in equatorial and mid-latitude regions due to tidal driven 
dynamo-wind action.  The eastward propagating diurnal tide with zonal wave number s = 3 (DE3) and migrat-
ing semidiurnal tide (SW2) are the two largest components of the tidal spectrum and appear to be the main 
drivers (also including the migrating diurnal tides (DW1) and stationary planetary wave with zonal wave 
number s = 1 (SPW1)) in the aforementioned zonal mean zonal wind differences.  To substantiate the results 
above, multiple TIE-GCM numerical experiments are performed with several different combinations of tides 
and stationary planetary waves at the model lower boundary.

J7-5p preliMiNAry MeAsUreMeNts of A sChUMANN resoNANCe stAtioN loCAted iN low 
lAtitUdes
Mendoza, blanca; sierra, pablo; Vázquez, samuel; Andrade, ernesto;  rodríguez, daniel
Instituto de Geofisica, Universidad Nacional Autonoma de Mexico and Instituto de Geofisica y Astronomia, AMA-
CITMA, Ministerio de Ciencia, Tecnología y Medio Ambiente, Cuba
blanca@geofisica.unam.mx

The electromagnetic spectrum region between 3 and 50 Hz , known as the ELF band, contains among many 
others the so-called Schumann Resonances (SR) (7.8 Hz and its harmonics).These resonances are generated by at-
mospheric electric discharges during storms and also respond to changes in solar activity. They propagate with little 
attenuation along the cavity formed between the Earth´s surface and the low ionosphere. At present there are several 
monitoring SR stations, mainly at high and middle  latitudes. However, at lower latitudes this phenomenon is less 
explored.  Here we present  preliminary results of the SR observations in a station located  in  Coeneo, Michoacan, 
Mexico (latitude 19° 48´19” N, longitude 101° 41´ 39” W). This station is the first of its kind in the region that in-
cludes Mexico, the Caribbean and Central America. The station has three inductive antennas, one for each magnetic 
field component. We were able to measure SR harmonics at ~7.58, 19.91 and 32.46 Hz.

J7-6p A NoNliNeAr tiMe depeNdeNt NeUtrAl wiNd Model Applied oVer tropiCAl reGioN 
dUriNG storM tiMe periods
Muella, Marcio t.A.h.; de siqueira, patricia M; fagundes, paulo r.; de paula, eurico r.
Universidade do Vale do Paraiba (UNIVAP); INPE; UNIVAP; INPE
mmuella@univap.br

Nighttime variations of the magnetic meridional component of the thermospheric  horizontal neutral winds have 
been estimated using a semi- empirical nonlinear  neutral wind model. For this study the magnetic meridional winds 
were inferred  over a low-latitude station during the two major events of geomagnetic storm  (moderate-to-intense) 
that occurred between August and September, 2002. During  the storms a chain of three digital ionosondes was 
operational in the tropical  region of Brazil: two equatorial stations, Manaus (2.9 S, 60.0 W, dip latitude 6.4 N) and 
Palmas (10.2 S, 48.2 W, dip latitude 5.7 S), and one low-latitude station, São José dos Campos (23.2 S, 45.9 W, dip 
latitude 17.6 S). In the wind estimations the ionospheric base height variations h’F (the minimum  virtual height of 
the F- region) and hpF2 (close to the actual height of the F2-peak) obtained at the three stations were used as data 
input in the neutral wind model based algorithm. The disturbed winds were compared with empirical horizontal wind 
model (HWM-90) outputs and with quiet night winds derived from the neutral wind model. The disturbed magnetic 
meridional winds are predominantly equatorward during the first night following the principal phase of the storm, 



43

IAGA Meeting 2013 

whereas during the recovery phase strong poleward winds are observed. This work is important to evaluate the be-
havior and response of the thermosphere-ionosphere system at equatorial and low-latitude regions during geomag-
netically disturbed conditions, which is one of the most relevant themes in the space weather studies.

J7-7p the effeCt of GeoMAGNetiC distUrbANCes oN the lower AtMosphere
lobycheva, i. yu. 
Institute of Solar-Terrestrial Physics, SB RAS
pvlsd@iszf.irk.ru

It is known that there are various key factors of the Earth’s climate change, and the terrestrial climate is continua-
tion of a space climate. For research of probable effect of magnetospheric disturbances on character of development 
of meteorological processes in the atmosphere, remarkable events have been selected, each of which had features: 1) 
the chain of 4 substorms, CDAW9C, May 3, 1986, (0000-1100) UT; 2) super magnetic storm, March 13-14, 1989; 
3) super storms, October 28-31, 2003;  4) event of stationary magnetospheric convection (SMC) on November, 24, 
1981; 5) sawtooth event on August, 10-11, 2000; 6) extra-storm on August, 23-24, 2005. 

The objective of this paper is to investigate effects of geomagnetic activity on meteorological processes and a possible 
effect of magnetospheric disturbances on the tropical cyclogenesis evolution character. The collected data on magnetic storms 
and tropical cyclones, which were observed in the North Atlantic, East Pacific, and West Pacific, are analyzed for understand-
ing of the mechanism of magnetospheric disturbances effects on complicated nonlinear system of atmospheric processes. 

Also, we discuss the problem of the effect of the solar wind electric field sharp increase via the global electric cir-
cuit during magnetospheric disturbances on the cloud layer formation. According to [Troshichev O. A., Janzhura A. 
Temperature alterations Antarctic ice sheet initiated by the disturbed solar wind // J. Atmos. Solar-Terr. Phys. 2004. 
V. 66. P. 1159-1172], the interplanetary electric field influence is realized through acceleration of the air masses, 
descending into the lower atmosphere from the troposphere, and formation of cloudiness above the Antarctic Ridge, 
where the descending air masses enter the surface layer. The cloudiness results in the sudden warming in the surface 
atmosphere, because the cloud layer efficiently backscatters the long wavelength radiation going from ice sheet, but 
does not affect the process of adiabatic warming of the descending air masses. Influence of the interplanetary electric 
field on cloudiness has been revealed for epochs of the solar activity minimum, when Forbush decreases effect is 
absent. The acceleration of the descending air masses is followed by a sharp increase of the atmospheric pressure in 
the near-pole region, which gives rise to the katabatic wind strengthening above the entire Antarctica. As a result, the 
circumpolar vortex around the periphery of the Antarctic continent decays and the surface easterlies, typical of the 
coast stations during the winter season, are replaced by southerlies. It is suggested (according to Troshichev et. al.) 
that the resulting invasion of the cold air masses into the Southern ocean leads to destruction the regular relationships 
between the sea level pressure fluctuations in the Southeast Pacific High and the North Australian Indonesian Low, 
since development the El-Nino event strongly follows anomalous atmospheric processes in the winter Antarctica.

J7-8p GlobAl MAps of the relAtioN betweeN ioNospheriC eleCtroN deNsity ANd teM-
perAtUre froM 8 yeArs of ChAMp obserVAtioNs
stolle, Claudia, park, Jaeheung
Technical University of Denmark, DTU Space; Helmholtz Center Potsdam GFZ German Reserach Center for Geosciences
cst@space.dtu.dk

Eight years of continuous observations of electron density and temperature on board the CHAMP satellite  have 
been used  to compile global maps of the relation between electron density and temperature covering all magnetic 
latitudes and local times at an altitude of around 350km. Using a quadratic fit we found that at dayside low latitudes 
electron temperature and density are anti-correlated below an electron density threshold of about 5 x 1011 m-3 and 
positive correlations are found above. The anti-correlation is because electron cooling is quadratic in Ne and electron 
heating is linear in Ne.  For high Ne, electrons, ions and neutrals have similar temperatures and all increase with 
increasing solar flux.  However, at mid-latitudes Te decreases with increasing density at all levels also above a level 
of 5 x 1011 m-3. We are  currently investigating this observations for explanations.  During night Te and Ne are posi-
tively correlated for all levels in Ne at low and mid latitudes. With the absence of sunlight electron heating does not 
occur and the electron gas is closely coupled to the ion and neutral gas. Significant anti correlation is again seen in the 
subauroral through region where particle precipitation from the inner magnetosphere heats the low density plasma.

J7-9p iMAGiNG of ioNosphere ANd plAsMAsphere CoUpliNG by eUVi oN iss
yoshikawa, ichiro; Murakami, Go; yoshioka, Kazuo; Uji, Kentaro
The University of Tokyo; ISAS
yoshikawa@eps.s.u-tokyo.ac.jp

The Extreme Ultraviolet Imagers (EUVIs) on International Space Station as payloads of the Exposed Facility 
of the Japanese Experiment Module (JEM-EF) was launched in 2012. EUVIs are parts of Ionosphere-Mesosphere-
Atmospheric Plasmasphere cameras (IMAP). We built two independent and identical telescopes on the Exposed 
Facility of the Japanese Experiment Module of ISS. One instrument aims the photon detection at He+ (30.4 nm) 
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emission from singly ionized helium. The other is at O+ (83.4 nm) emission. Both emissions lie in the spectral range 
of extreme ultraviolet (EUV). Optics consists of a multilayer coated mirror to increase the reflectivity at 30.4nm, a 
metallic thin filter, and microchannel plates to pick up photon events. We will show the initial result of EUVI during 
the first 3-month.

sessioN J8 
diV. ii/iii extreMe spACe weAther: solAr wiNd-MAGNe tosphere-ioNosphere Upper AtMo-
sphere CoUpliNG

J8-1 ModeliNG the respoNse of the therMosphere ANd ioNosphere to AN extreMe 
spACe weAther eVeNt
fuller-rowell, tim; fedrizzi, Mariangel; Codrescu, Mihail
CIRES University of Colorado; SWPC NOAA
tim.fuller-rowell@noaa.gov

The sequence of physical process in the thermosphere and ionosphere during a geomagnetic storm are thought to 
be well understood. The physics-based coupled models, however, have been designed and somewhat tuned to simu-
late the response to events that have been observed in the last two solar cycles, such as the Halloween storm in 2003. 
For an extreme solar storm, it is unclear if the response would be a natural linear extrapolation of the response to 
more modest event or if non-linear processes would begin to dominate. A numerical simulation has been performed 
with the CTIPe coupled thermosphere ionosphere model to quantify the likely response to a extreme space weather, 
more attune to the Carrington type of event in 1859. The solar wind drivers of the system have been estimated so 
the total energy injection into the upper atmosphere can be quantified. However, there is still significant uncertainty 
in quantifying some of the other driver-response relationships such as the magnitude and shielding time-scale of the 
penetration electric field, the possible feedback to the magnetosphere, and the amount of nitric oxide production. 
Within the limits of uncertainty of the drivers, the magnitude of the response will be quantified and possible non-
linear feedback will be elucidated.

J8-2 prediCtioN of GeoMAGNetiCAlly iNdUCed CUrreNts iN the UK hiGh-VoltAGe 
 NetworK dUriNG extreMe spACe weAther eVeNts

beggan, Ciaran; beamish, david; richards, Andrew; Kelly, Gemma; thomson, Alan
British Geological Survey (BGS); BGS; National Grid UK; BGS; BGS
ciar@bgs.ac.uk

Geomagnetically Induced Currents (GIC) can be damaging to high-voltage power transmission systems. GIC 
are driven by rapid changes in the strength of the magnetic field external to the Earth’s surface. Electric fields are 
produced in the ground by the interaction between this changing magnetic field and the local conductivity structure 
of the Earth.  Using a technique known as the thin-sheet approximation we can determine the electric field at the 
Earth’s surface, which in turn allows the calculation of GIC in the earthing connections of high-voltage transformers 
within a power grid. We describe two new developments in the modelling of GIC in the UK, though the results are 
applicable to GIC-related research in other regions.  Firstly, we have created an updated model of the UK surface 
conductivity by combining a spatial database of the UK geological properties (i.e. rock type) with an estimate of the 
conductivity for specific formations. Secondly, we have developed and implemented a sophisticated and up-to-date 
model for the 400 kV and 275 kV electrical networks across the whole of Great Britain and, in addition, the 132 kV 
network in Scotland.  We can thus deduce the expected GIC at each transformer node in the system based on the 
network topology from an input surface electric field. We apply these developments to study the theoretical response 
of the UK high-voltage power grid to modelled extreme 100- and 200-year space weather scenarios and to a scaled 
version of the October 2003 geomagnetic storm, approximating a 1-in-200 year event. 

J8-3 ioNospheriC ANd strAtospheriC eleCtriC field respoNses to AN extreMe solAr 
eNerGetiC pArtiC
bering, edgar A., iii; Kokorowski, Michael; sample, John G.; holzworth, robert h.; McCarthy, Michael p.; 
Millan, robyn M.; woodger, leslie; smith, david M.
Physics and ECE Departments, University of Houston; Jet Propulsion Laboratory, California Institute of Technology; 
Space Sciences Laboratory, University of California at Berkeley; Department of Earth and Space Science, University 
of Washington; Department of Earth and Space Science, University of Washington; Dartmouth College, Dept. of 
Physics and Astronomy; Dartmouth College, Dept. of Physics and Astronomy; University of California at Santa Cruz.
eabering@uh.edu

This paper will report on the global effects of one of the most extreme space weather events of the spacecraft era. 
On January 20th, 2005, a solar energetic particle (SEP) event caused the largest recorded ground level event since 
1956.Â  Serendipitously, a balloon-borne experiment intended to measure relativistic electron precipitation and its 
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effects was aloft over Antarctica (~32 km; near 70Âº S, 345Âº W geographic) throughout the duration of the SEP 
event, including the fast (~6 minute) onset.Â  The balloon instrumentation included an x-ray scintillation counter, 
dc electric field, and scalar electrical conductivity sensors.Â  Intense worldwide energetic proton precipitation and 
large increases in the energetic proton population of the outer radiation belts were observed by a global array of 
observatories and spacecraft. The observed conductivity increased by nearly a factor of 20 above ambient with the 
SEP event onset and returned to within a factor of two above normal levels within 17 hours. Decreases to near zero 
of both the vertical and horizontal electric field components were also observed in conjunction with the increase in 
particle flux at SEP onset. Combined with an atmospheric electric field mapping model, these data are consistent 
with a shorting out of the global electric circuit and point toward substantial ionospheric convection modifications. 
Results from a newly developed, globally applicable atmosphere-ionosphere conductivity model based on the 
SodankylÃ¤ Ion and Neutral Chemistry (SIC) model suggest that proton-induced ionization was directly responsible 
for the observed conductivity increase at the balloon.Â  This paper will summarize the current interpretation of the 
electric field observations. First, it is shown that the conductivity profile predicted by the model does not shield the 
balloon payload at 32 km from the ionospheric horizontal field. Thus, the data really do indicate a very low level of 
ionospheric convection over the balloon during the 6 hours following the SEP event. Second, we have tried to use 
the conductivity model and AMIE model outputs to interpret the changes in the vertical field as indicators of large 
scale convection changes. The results indicate that we have not yet understood all of the physics responsible for the 
observations.

 
J8-4 effeCts of solAr ANd MAGNetospheriC forCiNG oN the 
 ioNosphere ANd Upper AtMosphere

lu, Gang
National Center for Atmospheric Research
ganglu@ucar.edu

Earth’s ionosphere and upper atmosphere are subject to several geophysical forcings originating from the Sun.  
The interaction between the solar wind and the Earth’s magnetosphere results in a fraction of the solar wind energy 
and plasma being transmitted into the magnetosphere, and subsequently into the ionosphere and upper atmosphere 
in the forms of auroral precipitation and Joule frictional heating.  Solar energetic particles penetrate into the upper 
and middle atmosphere to cause significant ionization and chemical effects. Solar UV and EUV radiation is the main 
source of energy for heating, ionization, and photochemical reactions in the upper atmosphere and ionosphere.  This 
paper will highlight some salient features of the ionosphere and upper atmosphere in response to the various solar 
and magnetospheric forcings, and discuss their relative impacts on the upper atmosphere. Observational and numeri-
cal modeling results from a number of recent geomagnetic storms will be presented.

J8-5 frACtAl ANAlysis eVAlUAtioN of the iMpACt of iNteNse GeoMAGNetiC storMs oN 
the Mid lAtitUde ioNosphere
lópez-Montes, rebeca; pérez-enríquez, román; Araujo-pradere, eduardo; lópez Cruz-Abeyro, Jose 
Antonio
Centro de Geociencias, UNAM; Centro de Geociencias, UNAM; University of Colorado; Centro de Geociencias, UNAM
rebeca@geociencias.unam.mx

One of the main mechanisms causing disturbances in the ionosphere is the Prompt Penetration Electric Fields 
(PPEFs) into the magnetosphere during geomagnetic storms when CMEs arrive to the Earth’s environment. The 
purpose of this paper is to show results of the analysis we made of the impact of all major geomagnetic storms (Dst 
-200nT) at mid latitudes, which have occurred since 2000. The analysis consists in calculating the total electron con-
tent (TEC) of the ionosphere using data from several Mexican GPS stations. We then quantified the degree of impact 
in the ionosphere to these latitudes, through variations in amplitude, and by changes in the roughness of the time 
series of TEC. We found that when the ionosphere presents a perturbation due to geomagnetic storm, the roughness 
of the time series of TEC seems to increase.

J8-6 hiGhly Geo-effeCtiVe solAr trANsieNts ANd their AssoCiAted 
 spACe weAther ACtiVities

Kaushik, sonia; Gupta, dinesh Chand; Kaushik, subhash 
Jiwaji University
sonia_charu@rediffmail.com

The solar Cycle 23 has shown some peculiar features, i.e. slow and prolonged decline phase. It is when combined 
with the ascending phase of Cycle 24, it provides us a long phase during which the overall solar activity was very 
low.  During this interval the average sunspot number appeared on the solar disk were also very low and the solar 
wind streams mainly originating from the coronal holes. The study investigate the relationship between these solar 
transients and their influence on Earth’s geomagnetic field, as well as on the cosmic ray intensity. We have studied 
cosmic ray ground level enhancement (GLE) events occurred during the selected study period (cycle 23-24). The 
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disturbance storm time index Dst is taken as an indicator of geomagnetic activity by setting a value of Dstmin ? ?200 
nT as threshold. We have utilized the solar/ Interplanetary data obtained from the omniweb provided by various 
space missions. It is found that the GLE’s are well associated to X-class solar flares.

J8-7 the estiMAtioN of plAsMAspheriC behAVior dUriNG stroNG GeoMAGNet
Cherniak, iu; zakharenkova, i.; dzybanov,d.; Krankowski, A.; shagimuratov
WD IZMIRAN, IION NAS&MES of Ukraine, GRL UWM
tcherniak@ukr.net

The characteristics of the Earth upper atmosphere ionized part are responding on variations of solar and magnetic 
activity. Nowadays the measurements of Global Positioning System (GPS) are widely used by the scientific commu-
nity for the Earth’s atmosphere studies. The height of GPS/GLONASS orbits is about 20,200 km above the Earth’s 
surface, and so most part of the propagation path of a radio signal from a GPS satellite to ground-based GPS receiver 
is mainly within the plasmasphere. As the electron densities in the plasmasphere are several orders of magnitude 
less than in the ionosphere, the plasmasphere is often ignored at analysis and estimation of GPS TEC data, however 
the plasmaspheric contribution to the GPS TEC can become significant under certain conditions, including during 
geomagnetic disturbances. The contribution of the plasmaspheric electron content (PEC) to the GPS TEC can be 
estimated from the simultaneous measurements of GPS TEC and ionospheric electron content (IEC). Estimates of 
IEC can be retrieved as a result of integration of ionospheric electron density profiles (EDP). For this aim one can use 
EDPs derived from ground-based radiophisical measurements ionosondes and incoherent scatter radars. One of the 
major advantage of IS radars is the ability to provide electron density profiles of both bottom-side and topside parts 
of the ionosphere with rather high temporal resolution during their measurement campaigns. 

   In the given paper it was considered strong geomagnetic storm occurred on November 7 - 10, 2004. The main 
phase of the storm began on November 7, 2004, Dst index reached the value of -383 nT on November 8, after that 
the recovery phase began. Geomagnetic storms caused severe ionospheric disturbances. Analysis of ionospheric 
variability was done on the base of co-located ionosonde and Kharkov IR radar (European mid-latitudes). During 
the main phase of storm NmF2 value was decreased with the factor of about 3.5. The F2 maximum height varied 
approximately from 230 km in the daytime to 380 km at night in comparison with nearest quiet days. PEC variations 
during strong geomagnetic storms at November 2004 were estimated by combining of Kharkov IS radar observa-
tions and GPS TEC data obtained from KHAR GPS station measurements. The comparison between two indepen-
dent data sources was performed by analysis of the height-temporal distribution of electron density for specific point 
corresponded to the mid-latitudes of Europe. The obtained results demonstrate that percentage contribution of PEC 
to GPS TEC indicates the clear dependence from the time with maximal values (more than 70%) during night-time 
and lesser values (30-45%) during day-time for positive disturbance and quite time and rather high values during 
strong negative storm (up to 90%) with small changes in time. Physical mechanisms of the observed ionosphere/
plasmasphere behaviour are discussed.

J8-8 Upper AtMosphere ANd ioNosphere behAVior UNder the Very low solAr flUx CoN-
ditioNs of the reCeNt deep solAr MiNiMUM
batista, i.s.; Candido, C.; Abdu, M.A.; souza, J.r.
National Institute for Space Research (INPE)
inez@dae.inpe.br

The solar irradiance at extreme ultraviolet (EUV) wavelengths is the primary heat source of the thermosphere. 
The thermosphere responds to temperature changes expanding or contracting in such a way that the thermospheric 
density, at a fixed height is highly dependent on the solar EUV flux. The solar radiation is also the responsible for 
the ionospheric primary ionization and its layering structure. During the minimum of the solar cycle 23/24 the sun 
had a large number of spotless days as compared with previous periods. During this unusually deep and prolonged 
solar minimum the solar flux responsible for the thermospheric heating and ionospheric formation was very low. 
This provided a unique opportunity for the investigation of the thermosphere-ionosphere system under extremely 
low solar activity. Studies are indicating the need to review some proxies used to represent the solar irradiance in 
thermosphere-ionosphere models. The low density ionosphere has also provided good conditions for the study of 
waves propagating in the ionospheric F region.  

J8-9 UNUsUAl depletioN of oi 630.0 NM dAyGlow ANd siMUltANeoUs MesopAUse
sumod, s.G.; tarun Kumar pant
Indian Space Research Organisation, India
sgsumodh@gmail.com

On April 09, 2006 a significant and unusual decrease in the thermospheric OI 630.0 nm dayglow and an intense 
heating (~ 30 K) at OH emission altitudes over a magnetic dip equatorial station, Trivandrum(8.5° N, 77°E, dip 
0.5°N), India were observed concomitant with the penetration of a noon time westward interplanetary electric field. 
The intensity of dayglow emissions from the thermosphere and the mesopause altitudes was measured using the 
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unique Multi wavelength Dayglow Photometer (MWDPM). The SABER observations onboard TIMED satellite also 
revealed a conspicuous enhancement in temperature at mesopause during this period. The ground based ionosonde 
and magnetometer observations vindicated the presence of strong penetration electric fields. The high cadence (at ev-
ery 5 minutes) ionograms revealed the formation of F3 layer highlighting the combined action of equatorward wind 
and enhanced electric field due to penetration  It is being proposed that the strong heating at the mesopause resulted 
in the intrusion of additional neutrals like molecular N2 into the emission altitudes and quenched the O(1D) atoms 
therein. The reduced Cowling conductivity at the E region as inferred using the magnetometer observations further 
supports this proposed mechanism. This study, for the first time, provides an evidence for simultaneous changes at 
the thermosphere/ionosphere and mesopause regions associated with penetration of interplanetary electric field,  us-
ing optical and radio measurements from both ground/space based platforms. In author´s view, such studies dealing 
with the concomitant variations in solar wind, interplanetary medium, equatorial ionosphere/thermosphere extending 
down to mesosphere are very important to get a comprehensive understanding of solar terrestrial coupling, particu-
larly during geomagnetically disturbed periods.

J8-10 ioNospheriC distUrbANCes UNder low solAr ACtiVity CoNditioNs
buresova, dalia; lastovicka, Jan; Chum, Jaroslav; hejda, pavel; bochnicek, Josef
Institute of Atmospheric Physics AS CR (IAP); IG
buresd@ufa.cas.cz

J8-11 respoNse of oi 557.7 ANd 630.0 NM AirGlow to seVere GeoMAGNetiC
sunil Krishna, M.V.; shilpa, Gahlot; tikemani, bag; Vir, singh
Department of Physics, Indian Institute of Technology Roorkee
sunilfph@iitr.ernet.in

The atomic oxygen greenline (557.7nm) and redline emission (630.0 nm) are the most readily observed and 
prominent lines in the nightglow. These emissions can be used as precursors for a variety of physical and chemical 
processes in the upper mesosphere and lower thermosphere. There are a multitude of effects of space weather on 
the Earth’s atmosphere. The decay of ring current is a very important parameter which can induce variation in the 
densities of few species in the atmosphere of airglow interest. The connection of variation of airglow emissions with 
the extreme space weather conditions is not very well established. In the present study, severe geomagnetic storms 
and their effect on the airglow emissions such as 557.7 nm and 630.0 nm emissions is studied. This study is primar-
ily based on photochemical models with the necessary input being a combination of experimental observations and 
empirical models. We have tried to understand the effects on airglow emission rates, variation in the peak heights of 
these emissions and tried to understand the cause of the variation with the help of variations in the ring current and 
other parameters linked with the airglow chemistry. This study presents the results of calculations performed for the 
most severe geomagnetic storms occurred due to a variety of causes on Sun over the period of ten years.

J8-12 sep’s dUriNG hAlloweeN storMs ANd spACe weAther
hady, A.A.; saleh A. 
Astronomy Dept. Faculty of Sciences Cairo  Univesity
aahady@yahoo.com

The Solar Energetic Particles (SEP’s) could be accelerated to higher energies of order of MeV per nucleon. A 
modified model for SEPs acceleration has been given and applied for Halloween storms event during the decline 
phase of solar cycle 23. The estimated values of the solar magnetic field during the solar particle event were intro-
duced. The solar magnetic field describes a sophisticated feature of discrete sectors/regions over the period that starts 
from 28 October 2003 to 4 November 2003. The applications of the suggested model on the solar particle event show 
that a homogeneous structure is in agreement with the observations.  The SEP and CME events lead to severe effects 
in geo-space and on earth, such as power blackouts, disruption of communications, and damage to satellites. Daily 
Geomagnetic storm changes, during Halloween storms   were studied 

J8-13 plAsMAspheriC ANd ioNospheriC respoNses to the GeoMAGNetiC storM oN 
septeMber 26, 2011 ANd their iNflUeNCe oN hf rAdio wAVe propAGAtioN
Klimenko M.; Klimenko V.; ratovsky K.; stepanov A.; Kotova d.
WD IZMIRAN; ISTP SB RAS; ICRA SB RAS; BFU
maksim.klimenko@mail.ru

Plasmaspheric and ionospheric responses to the geomagnetic storm on September 26, 2011 and their influence 
on HF radio wave propagation

This study presents the GSM TIP numerical simulations of the ionosphere-plasmasphere response to the geomag-
netic storm on September 26-29, 2011. Recent modifications to the GSM TIP model include adding two new empiri-
cal models of high-energy electron precipitation and introducing a high-resolution (1-min) calculation of region 2 
field aligned currents (R2 FAC) and a cross-polar cap potential. In order to examine the calculation results we used 
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the observation data of global network of ionosondes and GPS receivers. We investigated the disturbances in the 
different ionospheric and plasmaspheric parameters during this geomagnetic storm. We paid special attention to the 
main drivers of ionospheric disturbances during geomagnetic storm. Such drivers are the electric field of ionospheric 
dynamo and magnetospheric origin, thermospheric neutral wind, neutral atmosphere composition and heat balance 
of the upper atmosphere. In addition, we consider in more detail the geomagnetic storm influence on the ray paths 
of HF radio wave propagation. These investigations were carried out at financial support of Russian Foundation for 
Basic Research (RFBR)  Grant No. 12-05-312171 and Program 22 RAS. 

J8-14 ANisotropy of MAGNetiC sUsCeptibility of the xiAGANChAiGoU forMAtioN ANd 
xiAyoUshAshAN forMAtioN sediMeNts froM the QAidAM bAsiN, Northwest ChiNA: 
A ClUe for the sediMeNtAry CeNter MiGrAtioN
yu, xiangjiang; Guo, zhaojie; huang, baochun; Guan, shuwei; yin, An; zhou, suping; Qiao, Qingqing; 
Cheng, feng; Cheng, xiang; zhang, tuo
Peking University; Peking University; Peking University; Research institute of petroleum exploration & develop-
ment, Petro China; University of California, Los Angeles; Institute of Geology and Geophysics, Chinese Academy 
of Sciences; Qinghai Oilfield Company; Peking University; Peking University; Rice University
yxjcn1987@pku.edu.cn

Anisotropy of magnetic susceptibility (AMS) results are reported from 877 samples of Xiaganchaigou Formation 
and Xiayoushashan Formation sediments at eight locations (Xichagou, Gansen, Eboliang, Heishiqiu, Luluohe, 
Kushuiquan, Hong Shan and Gahai) within the Qaidam Basin, Northwest China. Rock magnetic measurement indi-
cates that these AMS samples are dominated by magnetite?except some samples from Gahai which are dominated 
by hematite. 16 lower hemisphere, equal area after bedding correction projections of the AMS data presents four 
sedimentary magnetic fabric projections, and 12 embryonic deformation magnetic fabric projections. Based on the 
AMS results, the Qaidam basin experienced an N-S compression no later than the Oligocene, which is much more 
intense in northern Qaidam basin than that in western Qaidam basin. The late NE compression which dominates the 
NW-trending folds in the modern Qaidam basin, is mainly recorded by AMS results in western Qaidam basin, indi-
cating that this epoch of tectonic is more intense in western Qaidam basin than that in northern Qaidam basin. The 
stress strength transition gives a reasonable explanation of the eastwards migration of the deposition center during 
the Cenozoic. Diagrams of F-L, Pj-T and lower hemisphere, equal area after bedding correction projections of the 
AMS data all suggest that Kushuiquan is the site which experienced the strongest early N-S compression, and linea-
tion degree and metamorphic degree decreases from Kushuiquan to both east and west sides. 

J8-15 seVerity of spACe weAther eVeNts
balan, N. 
ISS, National Central University
b.nanan@sheffield.ac.uk

Though a large number of super geomagnetic storms (and CMEs) occurred in the past only a very small number 
of them are known to produce severe space weather effects. It is therefore important to know what controls the sever-
ity of space weather events. We analyze the intensity (minimum Dst or DstMin), strength (?Dst between main phase 
onset and DstMin) and mean strength (?Dst /MP duration) of over 35 super storms (DstMin < -250 nT) occurred 
since 1957, and their effects on the magnetosphere, ionosphere and thermosphere using available data. The results 
seem to suggest that the rapidness of the main phase development of the storms (or the rate of energy input at high 
latitudes) can indicate the severity of space weather events. When high amount of energy is input in a short duration 
(without fluctuations) and a long duration, the magnetosphere-ionosphere-thermosphere system will respond impul-
sively to the first case. The measurements of the rate of energy release during CMEs therefore seem useful to predict 
the severity of space weather events.

J8-16 obserVAtioN of the rAdiAtioN eNViroNMeNt oN iss dUriNG the solAr pArtiCle 
eVeNts iN MArCh 2012
semkova, Jordanka; dachev, tsvetan; Maltchev, stephan; bankov, Nikolay; benghin, Victor; shurshakov, 
Vyacheslav; petrov, Vladislav; drobyshev, sergey
Space Research and Technologies Institute, Bulgarian Acad. Sci. (SRTI-BAS), SRTI, SRTI, SRTI, IMBP-RAS, 
IMBP, IMBP
jsemkova@stil.bas.bg

The Liulin-5 charged particle telescope observes the radiation conditions in the spherical tissue-equivalent phan-
tom of MATROSHKA-R international project on the International Space Station (ISS) since June 2007. In this paper 
attention is drawn to the results from measurements of the radiation parameters during the Solar Particle Events 
(SPEs) occurred 7-12.03.2012. During those SPEs the solar particles penetrated the ISS orbit at high geographic 
latitudes in the regions of the south and north Earth magnetic poles and at 3< L they caused particle flux and dose 
rates increase in all three detectors of Liulin-5, located at 40, 60 and 165 mm depths along the phantom’s radius. The 
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maximum flux at 40 mm depth observed outside the inner radiation belt in the region of South Atlantic Anomaly 
(SAA) during that SPE reached 7.2 part/cm2.s and the dose rate reached 107.8 µGy/hour. The additional absorbed 
dose received from SPEs is approximately 180 µGy and additional dose equivalent is approximately 448 µSv. The 
additional exposures are comparable to the averaged daily absorbed dose and dose equivalent measured in the spheri-
cal phantom in ISS during quite radiation conditions. 

Compared are the dose rates, particle fluxes, deposited energy spectra, linear energy transfer spectra, obtained 
radiation quality factors and dose equivalent values during the SPE and during quite conditions.

Compared are data from Liulin-5 charged particle telescope and from other particle and radiation detectors in 
space during those SPEs.

Compared are the results from radiation measurements on ISS during SPEs in March 2012 and data from SPE 
radiation environment investigations on Mir manned space station in 1989-1993 time periods, conducted with Liulin 
type dosemeters.

J8-17 loNG-terM VAriAtioNs of dst-iNdex ANd CosMiC rAys iN 19-23 solAr CyCles
biktash, lilia
IZMIRAN
lsizova@izmiran.ru

J8-18 eMpiriCAl stAtistiCAl Model for prediCtiNG GeoMAGNetiC storM leVels bAsed 
oN reMote solAr obserVAtioNs
dumbovic, Mateja; Vrsnak, bojan; sudar, davor; ruzdjak, domagoj; devos, Andy; rodriguez, luciano; 
robbrecht, eva; leer, Kristoffer; Vennerstrom, susanne; Veronig, Astrid
Hvar Observatory; Hvar Observatory; Hvar Observatory; Hvar Observatory; Royal Observatory of Belgium; Royal 
Observatory of Belgium; Royal Observatory of Belgium; Technical University of Denmark; Technical University of 
Denmark; IGAM/Institute of Physics, University of Graz
mateja.dumbovic@gmail.com

One of main issues of space weather is prediction of strongly geoeffective events. Monitoring near-Earth inter-
planetary parameters can give a quite reliable prediction of the potentially harmful events, however the warnings 
precede the event only about 1 hour in advance (for monitoring spacecrafts at L1), providing very limited amount of 
reaction time. For early warnings one should try to employ remote solar observations instead. However, with current 
knowledge on the coronal mass ejections (CMEs), main drivers of largest geomagnetic storms, we are still not able to 
predict the arrival time, velocity and magnetic field, or even if it will entirely miss the Earth. Therefore, an empirical 
statistical model was established that can be used as an early geomagnetic storm warning.

For that purpose 211 front-sided, solar flare-associated CMEs with a minimal speed of 400 km/sec have been se-
lected from the LASCO/SOHO catalog. Furthermore, association with a specific Dst (disturbance storm time) index 
was made. The resulting sample contains geoeffective and non-geoeffective CMEs, as well as CMEs that missed the 
Earth. An extensive statistical analysis was performed to determine the probability distributions for Dst depending 
on the CME and flare characteristics. Several CME and flare parameters were investigated, as well as the effect of 
successive CMEs occurrence to the change in the probability of certain Dst index values. The results confirmed some 
previously known connections between remote solar properties and geomagnetic storms, namely the importance 
of CME speed, apparent width, source position and associated solar flare type. For the first time we quantify these 
relationships and use them to construct a statistical model for predicting the probability of geomagnetic storm level 
based on remote solar observations of CMEs and flares.

This work has received funding from the European Commission FP7 Project COMESEP (263252).

J8-1p the ioNosphere ANd the lAtiN AMeriCA Very low freQUeNCy NetworK MexiCo 
(lAVNet-Mex)
borgazzi, Andrea; lara, Alejandro; rauli, Jean pierre; Macotela Cruz, edith; santiago, Alberto
Instituto de Geofísica-UNAM; UNAM; CRAAM (Universidade Mackenzie); CRAAM (Universidade Mackenzie); 
UNAM
andrea@geofisica.unam.mx

The radiation emitted by the most energetic transient events in the solar system, solar flares, covers a wide range 
of wavelengths, from radio waves to gamma rays. When the transient excess of high energy radiation produced by 
solar flares reach the Earth environment, the upper layers of the Earth atmosphere are affected and highly disturbed. 
The dynamics (particularly the conductivity) of the ionosphere, is altered during solar explosive events. In order to 
detect and study the ionospheric response to the transient solar radiative input, we have constructed a VLF receiver 
station: the `Latin American Very low frequency Network at Mexico’ (LAVNet-Mex), which extends to the northern 
hemisphere the South American VLF Network. LAVNet-Mex detects electromagnetic waves generated by strong 
transmitters located around the world. These waves travel inside the Earth-Ionosphere waveguide, along the Great 
Circle Path formed between the emitter and the observer. By observing changes in the phase and amplitude of these 
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waves, it is possible to study the dynamics of the lower layer of the ionosphere during solar eruptive events. In this 
work we present preliminary results of the analysis of the effects of solar flares (class, C, M and X) occurred in the 
last three years and that were observed by LAVNet-Mex. We explore the relationship between VLF signals coming 
from different paths during these solar burst to infer the degree of correlation that can exist between different sectors 
of the ionosphere.

J8-2p the CoNtribUtioN of the iNterplANetAry or ioNospheriC distUrbANCes iN the 
sCiNtillAtioN deteCted iN 2012 by MexArt
Carrillo-Vargas, Armando; pérez-enríquez, román; rodríguez-Martínez, Mario; Montes-lópez, rebeca; 
Casillas-pérez, Gilberto; Araujo-pradere, eduardo
Instituto de Geofísica-UNAM; CGEO-UNAM; CGEO-UNAM; CGEO-UNAM; IGEF-UNAM; CIRES-University 
of Colorado
armando@geofisica.unam.mx

The telescope MEXART running daily observations of stellar radio sources at 139.65 MHz, on several occasions 
we had the opportunity to detect almost simultaneously polar satellites transmitting in the band 137-142 MHz We 
present observations, which were obtained during 2012 with these conditions and considering only stellar sources 
and polar satellite showed strong oscillations in their signals over the same period and located in the same region of 
the sky. Finally, we present a methodology that uses FFT and waves to analyze signals of oscillations of the stellar 
radio source and polar satellites associated with the aim of quantify the contribution of interplanetary or ionospheric 
events in the MEXART´s observations. 

J8-3p the fAst solAr wiNd ANd CoroNAl briGht poiNts At CoroNAl hole...
sherdanov, Ch.; Minenko, e.; sattarov, i.; Karachek, N.
Ulug Beg Astronomical institute (UBAI)
chori@astrin.uz

Nearly observations of ubiquitous coronal bright points (CBPs) in coronal holes (CHs) suggest that, perhaps they 
play an important role in coronal heating and solar wind (SW) acceleration. The study of CBPs inside coronal holes 
also helps to understand the magnetic field configuration in the coronal hole. Recent Karachik and Pevtsov (2011), 
show that the number of small magnetic bipolar structures also increases towards the center of CHs, which is typical 
of CBPs distribution. They found that although the reconnection processes occurring in CBPs may contribute to the 
fast SW, they do not serve as the main mechanism of wind acceleration. 

In this paper we study temporal variation of parameters and number of CBPs at CH boundaries and identification 
maximums of the CBPs number and flux with solar wind data. We used calibrated full disk images for 2007 from the 
Extreme-ultraviolet Imaging Telescope (EIT) observed in 195 Å on board of the Solar and Heliospheric Observatory 
(SOHO). We used also data received from website ACE (Advanced Composition Explorer) and coronal mass ejec-
tion watch data from SOHO/LASCO.

J8-4p oN the seNsitiVity of extrAsolAr MAss-loss rAte rANGes:  hd 209458b A CAse stUdy
Villarreal d’Angelo, C., schneiter M.; Costa, A.; Velazquez, p.; raga, A.  
Instituto de Astronomia Teorica y Experimental (IATE); Faculty of Ciencias Exactas, Fisicas y Naturales Universidad 
Nacional de Cordoba; Instituto de Ciencias Nucleares, Universidad Nacional Autonoma de Mexico
acosta@oac.uncor,edu

We present a 3D hydrodynamic study  of the effect that different stellar wind conditions and planetary wind struc-
tures have on the calculated Ly$\\alpha$ absorptions produced by a cometary tail during transit. We concentrate, as 
a case study, on the known HD 209458b case.   By comparing the numerically obtained Ly$\\alpha$ absorption with 
the observations, we find that the planetary mass loss rate does not change dramatically for large changes in stellar 
wind speeds [400-1200] km s^{-1} and temperature [0.1-2] 10^{6} K. The $\\dot M$ range found is \\sim[0.7-6.9] 
\imes 10^{10}g s^{-1}, with a smaller range, [3.9-4]10^{10}g s^{-1}, where there is no unique stellar wind speed. 
Several models with anisotropic evaporation profiles for the planetary escaping atmosphere were carried out, show-
ing that both, the escape through polar regions, resembling the emission associated with reconnection processes, and 
through the night side, produced by a strong stellar wind that compresses the planetary atmosphere and inhibits its 
escape from the day hemisphere, yields larger absorptions than an isotropic planetary wind.

J8-5p A fiVe yeAr VAlidAtioN stUdy of the iri-storM Model
haralambous, haris; Vryonides, photos; leontiou, theodoros
Frederick Research Center
eng.hh@fit.ac.cy

The high degree of complexity which characterises physical interactions underlying the coupling of the  mag-
netosphere-thermosphere-ionosphere system during geomagnetic storms is reflected on the spatial and temporal 
variations of ionospheric parameters. Despite the uniqueness of each event empirical modeling can encapsulate 
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and replicate underlying trends in the ionospheric response during these conditions. The International Reference 
Ionosphere (IRI) model includes an empirical Storm-Time Ionospheric Correction Model (STORM) extension to 
account for storm-time changes of the F layer peak electron density (NmF2) during increased geomagnetic activity. 
This model extension is driven by past history values of the geomagnetic index ap (The magnetic index applied is the 
integral of ap over the previous 33 hours with a weighting function deduced from physically based modeling) and it 
adjusts the quiet-time F layer peak electron density (NmF2) to account for storm-time changes in the ionosphere. In 
this investigation manually scaled hourly values of NmF2  measured during the main and recovery phases of selected 
storms during a six year period extending from  2008 to 2013 are compared with the predicted IRI-2012 NmF2 over 
ionospheric stations using the STORM model option. Based on the comparison a subsequent performance evaluation 
of the STORM option during this period is  quantified.

J8-6p depeNdeNCe of the iNJeCtioN boUNdAry of eNerGetiC ioNs iN the  iNNer MAGNeto-
sphere oN GeoMAGNetiC ACtiVity
Khalipov, V.L. 
Space Research Institute of RAS, Moscow, Russia, khalipov@iki.rs
khalipov@iki.rssi.ru

The positions of the injection boundary for energetic (up to 50 keV) ions in the inner magnetosphere were deter-
mined using the data of AMPTE/CCE. Behavior of this boundary was analyzed for substorms of different intensity 
in the dusk-night sector of 18 - 02 MLT. It is revealed that the position of the injection boundary strongly depends on 
the value of AE index and is described by a power law function. Satellite measurements evidence that in the midnight 
sector energetic ions achieve a shell L=3.0 as soon as 20-30 minutes after the onset of substorm with AE > 500 nT. 
The work is partially supported by the RAS program P22. 

J8-7p spACe rAdiAtioN eNViroNMeNt iN low eArth orbit
Hideki, Koshiishi
Japan Aerospace Exploration Agency (JAXA)
koshiishi.hideki@jaxa.jp

Space radiation environment in low earth orbit is less severe as compared with that at Geo-Stationary orbit be-
cause of shielding effects of the geomagnetic field and the atmosphere. However, space radiation environment both 
in the polar region and the horn region is sometimes strongly disturbed due to large solar and geomagnetic events, 
in addition that the South Atlantic Anomaly region always has radiation influence. In order to evaluate space radia-
tion environment in low earth orbit, the Technical Data Acquisition Equipment for measurements of high-energy 
electrons and protons had been operated on board the Advanced Land Observing Satellite in polar earth orbit at 700 
km altitude from 2006 through 2011. In this paper, space radiation environment in low earth orbit during influences 
from solar and geomagnetic events observed by this equipment is reported.

J8-8p GlobAl eMpiriCAl Model of teC respoNse to GeoMAGNetiC ACtiVity
pancheva, dora; Mukhtarov, plamen; Andonov, borislav
National Institute of Geophysics, Geodesy and Geography-BAS
dpancheva@geophys.bas.bg

A global TEC model response to geomagnetic activity described by the Kp-index is built by using the CODE 
TEC data for full 13 years, January 1999- December 2011. The model describes the geomagnetically forced changes 
of the TEC assuming that these changes at a given modip latitude depend mainly on Kp-index, LT and longitude. The 
geomagnetic changes are expressed by the relative deviation of TEC from its 15-day median, i.e. rTEC=(TECobs-
TECmed)/TECmed. The rTEC response to the geomagnetic activity is presented by a sum of two responses with dif-
ferent time delay constants and with different sign of the cross-correlation function. It has been found that the mean 
dependence of rTEC on Kp-index can be expressed by a cubic function. The LT dependence of rTEC is described by 
Fourier time series which includes the contribution of four diurnal components with periods 24, 12, 8 and 6 hours. 
The rTEC dependence on longitude is presented by Fourier series which includes the contribution of zonal waves 
with zonal wavenumbers up to 6. The presented TEC model fits to the CODE TEC input data with small negative 
bias of -0.204 and RMSE=4.592 and STDE=4.588. The model offers TEC maps which depend on geographic coor-
dinates (5ox5o in latitude and longitude) and UT at given geomagnetic activity and day of the year.

J8-9p Methods of ANAlysis of ioNospheriC pArAMeters ANd deteCt ANoMAlies dUriNG 
periods of hiGh solAr ANd seisMiC ACtiVity
Mandrikova, oksana; polozov, yury; Glushkova, Nadejda; zhivet’ev il, ya
Institute of Cosmophysical Researches and Radio Wave Propagation FEB RAS
up_agent@mail.ru

The work is focused on the development of technologies and software systems for the analysis of the ionospheric 
data and detect anomalies that occur during periods of ionospheric disturbances. The paper describes a method of 
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modeling and analysis of the ionospheric parameters which is based on the combination of multi-resolution analysis 
with autoregressive (AR) models. Models of calm (background) move the critical frequency of the ionosphere and 
the total electron content (TEC) over Kamchatka and Magadan were built. The method allows to make forecast with 
increments advance five hours and to detect anomalies that develop during increased solar activity and before strong 
earthquakes in Kamchatka. The method of modeling and analysis of ionospheric data can also be used to solve the 
problem of filling gaps in them with the diurnal and seasonal variation.    The method is proposed for approximation 
of a time series of the critical frequency of the ionosphere, based on a combination of multiscale analysis and neural 
networks of variable structure. Method allows performing a detailed data analysis and localizing anomalies that arise 
during periods of increased solar and seismic activity in Kamchatka. Effectiveness of a method is proved on basis of 
processing the long time series of data. 

J8-10p wAVelet ANAlysis to eliMiNAte the CoNtribUtioN by ioNospheriC distUrbANCes 
froM MexArt dAtA
rodríguez-Martínez, Mario; pérez-enríquez, román; Carrillo-Vargas, Armando; lópez-Montes, rebeca; 
Araujo-pradere, eduardo; Casillas-pérez, Gilberto
UNAM, Centro de Geociencias (CGEO); UNAM, CGEO; UNAM, Instituto de Geofísica Unidad Morelia; UNAM, 
CGEO; CIRES-University of Colorado. USA; UNAM, Instituto de Geofisica
mariorm@geociencias.unam.mx

In this work we will present a program that use wavelet tools to select those frequency ranges where iono-
spheric disturbances can have important effects on the observational data from the Mexican Array Radio Telescope 
(MEXART). We present some of the complications that we faced in this kind analysis also we will present specific 
examples where we have applied the program, and how there were cases where the geomagnetic indices, Dst, and 
the vertical Total Electron Content, vTEC, can play a role for discriminate largely ionospheric effects on the daily 
radio-sources observed with MEXART.

J8-11p oN the prediCtAbility liMit of A MeAN-field flUx trANsport solAr dyNAMo Mod-
el ANd its iMpliCAtioNs for solAr ACtiVity foreCAstiNG
sanchez, sabrina; fournier, Alexandre; Aubert, Julien
Institut de Physique du Globe de Paris (IPGP)
ssanchez@ipgp.fr

Space weather is a matter of practical importance in our modern society, challenging forecasters to predict fu-
ture solar cycle amplitudes and duration. In many cases, predictions are based on mean-field solar dynamo models. 
Concerned with the forecast horizon of such studies, we quantify the predictability window of a mean-field dynamo 
model, by investigating its sensitivity to initial conditions trough a perturbation analysis, which allows us to monitor 
the difference between the trajectories of two initially very close solutions (which we term the error growth). We 
measure the rate associated with the exponential growth of the error, leading to a characteristic time scale, known 
as the e-folding time. The e-folding time sensitivity to the control parameters is tested, showing a general anti-
correlation with the dynamo numbers, which represent turbulence and non-linear coupling. Conversely, increasing 
the meridional circulation, meaning a more advection-dominated regime, stabilizes the system,  leading to greater 
e-folding time. Comparing the dependency of the two main time scales of the problem - the e-folding time and solar 
cycle periodicity - on the control parameters, we propose an estimate of  the e-folding time of 2.86 solar cycles. 
From a practical point of view, the perturbations carried out in this work can be interpreted as uncertainties in mea-
surements and model errors, for which the predictability window is can be calculated. Taking into account the more 
representative errors embedded on the mean-field models typical parametrizations, the predictability window covers 
3 solar cycles, while from the inherited observational uncertainties, the practical limit of predictability extends over 6 
solar cycles. In light of these results and assuming i) that the model accounts for a good representation of the physics 
of the solar dynamo and ii) that it is placed at the heart of a robust data assimilation framework, the amplitudes of the 
activity of the solar cycle may thus be predicted over a range of 3 solar cycles (approximately 30 years).

J8-12p AUtoMAted tools for ANAlysis ANd AssessMeNt of the eArth’s MAGNetiC field
Mandrikova, oksana; solovjev, igor; smirnov, sergei; shevtsov, boris
Institute of Cosmophysical Research and Radio Wave Propagation (Far Eastern Branch of the Russian Academy of 
Sciences), Russian Federation
kamigsol@yandex.ru

The work is connected with the monitoring and prediction a state of the near-Earth space and aimed to creation tools 
for improving the methods and approaches to the tasks of research processes in the magnetosphere during disturbed 
periods. A wide network of stations recording data offers the prospect of getting a new knowledge about the processes 
in the magnetosphere and provides an opportunity to study their spatial and dynamic features. The complexity of the 
studied processes, their a priori uncertainty and, that’s why- the complex structure of the registered data require a whole 
range of methods and technologies to perform modeling, structural analysis and interpretation of the results.
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Based on the wavelet-packet authors have developed a method and the program system for calculating K-index 
by the method of Bartels. Approbation of the developed system for data from different stations has revealed that 
she can significantly improve the accuracy of calculation of the K-index in the automatic mode, compared with the 
system used in the global network of magnetic observatories.

Authors, based on wavelet transform, developed the method allocating local disturbances in the geomagnetic 
field and the evaluation of their intensity. The method allows to allocate the geomagnetic perturbations, proportional 
to the total power of magnetic disturbances in the magnetic station, and can be implemented in the automatic mode, 
close to real time. Unlike K-index, method allows the evaluation of perturbation for any interval of time (1 minute, 
2.5 minutes and at hourly intervals), and provides the detailed information about the structure of the magnetic field 
fluctuations.

sessioN J10
diV. ii/iii/iCMA eNerGetiC pArtiCle preCipitAtioN iNto the AtMosphere: soUrCes ANd 
CoNseQUeNCes

J10-1 eArly resUlts froM the bArrel 2013 bAllooN CAMpAiGN
Millan, robyn; halford, Alexa; the bArrel team
Dartmouth College Dept. of Physics and Astronomy
Alexa.J.Halford@Dartmouth.edu

BARREL is a multiple-balloon investigation designed to study electron losses from Earth’s Radiation Belts.  
Selected as a NASA Living with a Star Mission of Opportunity, BARREL augments the Van Allen Probes by pro-
viding measurements of relativistic electron precipitation. The first of two campaigns was completed in January 
- February 2013, with the second planned for the same time next year. A total of 20 small (?20 kg) stratospheric bal-
loons were successively launched from two Antarctic research stations (SANAE IV and Halley VI) to maintain an 
array of 5-7 payloads  in the region that magnetically maps to the radiation belts. Conjunctions between the balloons 
and the Van Allen Probes were obtained during storm-times. Each balloon carries an X-ray spectrometer to measure 
the bremsstrahlung X-rays produced by precipitating relativistic electrons as they collide with neutrals in the atmo-
sphere, and a DC magnetometer to measure ULF-timescale variations of the magnetic field. BARREL provides the 
first balloon measurements of relativistic electron precipitation while comprehensive in situ measurements of both 
plasma waves and energetic particles are available. We present an overview of the mission and a summary of early 
results

J10-2 eNerGetiC eleCtroN preCipitAtioN ChArACteristiCs obserVed froM ANtArCtiCA 
dUriNG A flUx dropoUt eVeNt
Clilverd, Mark A.; Cobbett, Neil; rodger, Craig J.; brundell, James; denton, Michael h.; hartley, david p.; 
rodríguez, Juan V.; danskin, donald; raita, tero; spanswick, emma l. 
British Antarctic Survey (BAS); BAS; Department of Physics, University of Otago (DoP, UO); DoP, UO; Department 
of Physics, University of Lancaster (DoP, UL); DoP, UL; National Oceanic and Atmospheric Administration 
(NOAA); Geomagnetic Laboratory, Natural Resources Canada (GL-NRC); Sodankylä Geophysical Observatory, 
University of Oulu (SGO-UO); University of Calgary (UCal)
macl@bas.ac.uk

We compare and contrast AARDVVARK ground-based observations of energetic electron precipitation events 
in Antarctica, which occurred over a moderately active 24-hour period on 27 February 2012, with POES and GOES 
satellite observations. The Autonomous AARDDVARK systems (solar and wind powered, VLF receivers) installed 
in remote areas of the Antarctic are used to monitor very low frequency (VLF) signals from a powerful man-made 
transmitter located in Hawaii (NPM, 21.4 kHz, 600 kW) to observe changes in subionospheric radio wave propa-
gation conditions caused by processes occurring in the outer radiation belt. In the first analysis of data from two 
Autonomous AARDDVARK systems  installed in the Antarctic in January 2012, we show that bringing together of 
all of the instruments to study individual events is a powerful technique, yielding significant insight into the radia-
tion belt processes involved. The events studied here occurred during the onset and main phase of a moderate storm, 
during which the electron outer radiation belt flux declined at most energies. Different driving mechanisms were 
observed for the precipitation events with clear signatures in phase space density and electron anisotropy, evidence of 
weak and strong diffusion into the bounce-loss-cone, and energy-dependent variations in electron flux enhancements 
or losses as observed by the satellites.
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J10-3 CoMpArisoN betweeN poes eNerGetiC eleCtroN preCipitAtioN obserVAtioNs ANd 
rioMeter AbsorptioNs; iMpliCAtioNs for deterMiNiNG trUe preCipitAtioN flUxes
Craig, J. rodger; Kavanagh, Andrew J.; Clilverd, Mark A.; Marple, steve
Department of Physics, University of Otago; British Antarctic Survey (NERC); Department of Physics, University 
of Lancaster
crodger@physics.otago.ac.nz

Observations from the Polar Orbiting Environmental Satellites (POES) satellites Medium Energy Proton and 
Electron Detector (MEPED) are widely used to provide measurements of energetic electrons precipitating into the 
mesosphere. These satellites have provided one of the few long-lived datasets of electrons in the ~30keV to ~1 MeV 
range. Some studies have gone so far as to use the MEPED energetic electron observations to produce models of the 
time-changing electron precipitation input into the mesosphere. However, other studies have argued that there are 
significant issues with the MEPED telescopes, including contamination of the electron observations by low-energy 
protons, contamination of all observations during solar proton events, and uncertainties in the fraction of the total 
bounce loss cone observed by the MEPED telescopes.

Recently, correction algorithms have been put forward which purport to correct for low-energy proton contami-
nation. By considering periods outside of solar proton events, we attempt to validate the POES/MEPED electron 
fluxes into the atmosphere. In particular we consider the importance of the viewing angle of the electron telescopes, 
which is a small fraction of the total bounce loss cone, such that the telescope may not detect all of the precipita-
tion occurring. In this study we make use of the long-term cosmic noise absorption observations made by the IRIS 
riometers located at Kilpisjarvi, Finland, and contrast with the absorption changes predicted from the POES/MEPED 
electron precipitation observations. 

J10-4 solAr trANsieNts distUrbiNG the hiGh lAtitUde MAGNetiC eNViroNMeNt
tripathi, sharad C.; Khan, parvaiz A.; troshichev, oleg; waheed, Malik Abdul; A.M., Aslam; Gwal, A.K.
Space Science Laboratory (SSL), Department of Physics, BU; SSL, Deptt. of Physics, BU;  Arctic Antarctic Research 
Institute
risingsharad@gmail.com

In the present study we have investigated the geomagnetic field variations during five major Solar Energetic 
Particle (SEP) events of solar cycle 23. The SEP events of 01 October 2001, 04 November 2001, 22 November 
2001, 21 April 2002 and 14 May 2005 were selected to study the geomagnetic field variations at two high-latitude 
stations, Thule (77.5°N, 69.2°W) and Resolute  Bay (74.4°E, 94.5°W) of the northern polar cap. We used the GOES 
proton flux in seven different energy channels. All the proton events were associated with geoeffective or Earth 
directed CMEs that caused intense geomagnetic storms. We also used the high-latitude indices, AE and PC, for the 
study and correlated these with the ground magnetic field records during the five proton events. The departures of 
the H component during the events were calculated from the quietest day of the month for each event and have been 
represented as ?HTHL and ?HRES for Thule and Resolute Bay respectively. We constructed the event integrated 
spectra for each particle event and then computed the spectral index or power law index by fitting each spectrum. 
The correspondence of spectral index, a parameter describing the particle flux characteristics, with ground magnetic 
signatures ?HTHL and ?HRES along with Dst and PC indices were brought out. From the correlation analysis we 
found that a very strong correlation exists between the geomagnetic field variation (?Hs) and high latitude indices 
AE and PC. To find the association of geomagnetic storm intensity with proton flux characteristics we derived the 
correspondence between the spectral indices and geomagnetic field variations (?Hs) along with the Dst and AE in-
dex. We found that a strong correlation (0.88) exists between the spectral indices and ?Hs and also between spectral 
indices and AE and PC.

J10-5 preCipitAtiNG rAdiAtioN belt eleCtroNs ANd eNhANCeMeNts 
 of MesospheriC hydroxyl.

Andersson, Monika e.; Verronen, pekka t.; wang, shuhui; rodger, Craig J.; Clilverd, Mark A.; Carson, 
bonar r.
Finnish Meteorological Institute; Finnish Meteorological Institute; Jet Propulsion Laboratory; University of Otago; 
British Antarctic Survey
monika.andersson@fmi.fi

Energetic particle precipitation affects the middle atmospheric neutral chemistry and ozone balance, e.g. through 
production of odd hydrogen (HOx). Using measurements from the Microwave Limb Sounder (MLS/Aura) and 
Medium Energy Proton and Electron Detector (MEPED/POES) between 2004-2009, we study the effect of energetic 
electron precipitating from radiation belts on nighttime OH at geomagnetic latitudes 55 - 65°. Our correlation analy-
sis indicates that electron precipitation has a clear effect on mesospheric OH mixing ratios during time periods when 
high electron count rates are observed. Because the time period 2004-2009 analyzed here coincided with an extended 
solar minimum, and the year 2009 was anomalously quiet, it is reasonable to assume that our results provide a lower-
limit estimation of the importance of energetic electron precipitation at the latitudes considered. We also investigate 
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the longitudinal variations of the OH caused by energetic electron precipitation, compare the results with MEPED 
precipitation maps, and discuss the similarities and differences.

J10-6 deterMiNiNG fits for preCipitAtiNG eNerGetiC eleCtroN eNerGy speCtrA froM 
MUltiple sAtellites
whittaker, ian; Gamble, rory; rodger, Craig; Clilverd, Mark; sauvaud, Jean-Andre
University of Otago; University of Otago; University of Otago; BAS; CESR
ian.whittaker@otago.ac.nz

1 Department of Physics, University of Otago, Dunedin, New Zealand
2 British Antarctic Survey (NERC), Cambridge, United Kingdom
3 Centre d’Etude Spatiale des Rayonnements, Toulouse, France
There is a need to understand the physical drivers causing radiation belt electron flux dynamics, thus enabling the 

development of predictive models. This requires physical understanding of the drivers leading to the enhancements 
in radiation belt fluxes, as well as those of loss.

This study uses the DEMETER/IDP instrument to investigate energetic electron spectra in the bounce and drift 
loss cone at Low Earth Orbit. Observations of sampled electron flux are taken along each orbit (with equal time spac-
ing) and combined to find the best fitting method to describe the precipitating electron energy spectra. The methods 
tested are exponential, power-law and kappa-type distribution. 

Upon testing these methods we determine that the power law gives the best results over all. Values for the typical 
power law fitting parameters are given, linked to McIlwain L shell position and geomagnetic activity. The process of 
electron spectrum change and recovery after a geomagnetic storm is also examined and equations given to approxi-
mate the sharpness difference with time.

The kappa-type distribution is further investigated by fixing some of the three variables and re-fitting to deter-
mine how useful it will be in future studies. The method appears to work best when the DEMETER instrument is 
in ‘burst mode’ (high time and spatial resolution) but not in the usual ‘sample mode’. The results of the DEMETER 
spectra are then used to compare to the much larger data set from the POES satellites. This comparison shows how 
the data sets can be combined to get an accurate fitting to the lower energy resolution observations given in the very 
long timeperiod POES dataset. 

J10-7 eleCtroN preCipitAtioN obserVed by A broAd-bANd rioMeter
J10-8   Kero, Antti; Vierinen, Juha; McKay-Bukowski, Derek; Enell, Carl-Fredrik; Sinor, Malefia; 
  roininen, lassi; Virtanen, ilkka

SGO; MIT; SGO; SGO; LUT; SGO; OU
antti.kero@sgo.fi

The first broad-band riometer measurement on the energetic electron precipitation is presented. In this experi-
ment, the cosmic radio noise is monitored by the LOFAR radio astronomy telescope with 244 narrow frequency 
bands ranging between 10-80 MHz. Inversion of the received radio noise power into the corresponding electron den-
sity profiles and characteristic precipitation parameters is discussed. The results are compared against a simultaneous 
and nearly co-located incoherent scatter radar measurement. 

J10-9 wAVe-pArtiCle iNterACtioN ANd preCipitAtiNG eNerGetiC ioNs/eleCtroNs iN plAs-
MAspheriC plUMes
yuan, zhigang
School of Electronic Information, Wuhan University,Wuhan, P. R. China.
y_zgang@vip.163.com

The wave-particle interaction is an important candidate for the energy coupling between the inner magnetosphere 
and ionosphere in plasmaspheric plumes. In this report, we show our recent progress in wave-particle interaction 
and precipitating energetic ions/electrons in plasmaspheric plumes with conjugate observations of satellites and 
ground-based instruments. A direct proof has been shown that electromagnetic ion cyclotron (EMIC) waves can be 
generated in the plasmaspheric plume and scatter RC ions to cause subauroral proton arcs. Both EMIC waves and 
extremely low frequency (ELF) hiss were simultaneously observed in the plasmaspheric plume. In the region where 
the EMIC waves were observed, the pitch angle distribution of ions becomes more isotropic, likely due to the pitch 
angle scattering by the EMIC waves. It is shown that the ELF hiss and EMIC waves are spatially separated: the ELF 
hiss is located in the vicinity of the electron density peak within the plume while the EMIC waves are detected in the 
outer boundary of the plume because of the different propagation characteristics of the ELF hiss and EMIC waves. 
As a result, the peak of precipitating electron flux was equatorward to that of precipitating proton flux at ionospheric 
altitudes. In addition, we have also presented characteristic of precipitating ring current (RC) ions/electrons and pre-
cipitating radiation belt electrons associated with wave-particle interactions in the plasmaspheric plume.
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J10-10 poes sAtellite obserVAtioNs of eMiC-wAVe driVeN relAtiVistiC eleCtroN preCipi-
tAtioN dUriNG 1998-2010
Carson, bonar r.; rodger, Craig J.; Clilverd, Mark A. 
Department of Physics, University of Otago, Dunedin, New Zealand; British Antarctic Survey (NERC), Cambridge, 
United Kingdom
crodger@physics.otago.ac.nz

Using six satellites that have carried the SEM-2 instrument package, a total of 436,422 individual half orbits 
between 1998 and 2010 were inspected by an automatic detection algorithm searching for EMIC-driven relativ-
istic electron precipitation (REP). The algorithm searched for one of the key characteristics of EMIC-driven REP, 
identified as the simultaneity between spikes in the P1 (52 keV differential proton flux channel) and P6 (>800 keV 
electron channel). In all, 2,331 proton precipitation associated REP (PPAREP) events were identified. The majority 
of events were observed at L-values within the outer radiation belt (3<L<7) and were more common in the dusk 
and night sectors as determined by MLT. The majority of events occurred outside the plasmasphere, at L-values ~1 
Re greater than the plasmapause location determined from two different statistical models. The events make up a 
subset of EMIC-driven proton spikes investigated by Sandanger et al. [2009], and potentially reflect different overall 
characteristics compared with proton spikes, particularly when comparing their location to that of the plasmapause, 
i.e., EMIC-driven proton precipitation inside the plasmapause, and potentially EMIC-driven REP outside the plas-
mapause. There was no clear relationship between the location of plasmaspheric plumes and the locations of the 
PPAREP events detected. Analysis of the PPAREP event occurrence indicates that high solar wind speed, and high 
geomagnetic activity levels increase the likelihood of an event being detected. The peak PPAREP event occurrence 
was during the declining phase of solar cycle 23, consistent with the 2003 maximum in the geomagnetic activity 
index, Ap.

J10-11 UtilisiNG poes sAtellite obserVAtioNs to estiMAte typiCAl eNerGetiC pArtiCle 
flUxes for eMiC-wAVe driVeN preCipitAtioN eVeNts
hendry, Aaron; rodger, Craig; Carson, bonar; Clilverd, Mark
University of Otago; University of Otago; University of Otago; British Antarctic Survey (NERC)
ahendry@physics.otago.ac.nz

For some time theoretical modelling has shown that electromagnetic ion cyclotron (EMIC) waves should play an 
important role in the loss of relativistic electrons from the radiation belts, through precipitation of the electrons into 
the atmosphere. The same wave will also resonant with comparatively low-energy protons, precipitating them into 
the atmosphere. Proton resonance with counter- streaming EMIC waves is much like the electron-cyclotron reso-
nance common with whistler mode waves, though with different  interaction energies. Relativistic electron resonance 
takes place through “anomalous resonance” where the electron overtakes the wave. Until recently, it was thought that 
EMIC wave scattering interactions were limited to electrons with energies >1-2 MeV. Recent calculations [Omura 
et al., JGR, 2012] have suggested that this lower limit may be as small as 100 keV when considering EMIC waves 
which are more like those experimentally observed (i.e. non constant frequency which ramps with time).  We have 
recently begun a study to determine the typical flux seen by the ionospheric D-region during an EMIC driven pre-
cipitation event, in order to link this to plasmaspheric conditions. In this presentation we will investigate a very large 
set of EMIC-driven relativistic electron precipitation events detected using data from the POES satellite constellation 
[Carson et al., JGR, 2013]. As part of this study, we investigate the response of the MEPED instruments on-board 
the POES satellites to better characterise the EMIC-driven precipitation. Using the results of a previously reported 
Monte-Carlo simulation of the MEPED electron and proton telescopes [Yando et al., JGR, 2011], we produce an 
estimate of the typical precipitating electron and proton fluxes in the bounce loss cone for these events. While the 
precipitating proton energy range is as expected, the observed MEPED observations can only be reproduced if we 
allow electron energies <100 keV, as well as a significant relativistic electron component. We go on to show that such 
events will produce very significant D-region changes.

J10-12 obserVAtioNs of eMiC wAVes iN the rAdiAtioN belts UsiNG GroUNd iNstrUMeNts, 
bAllooNs, ANd sAtellites: stAtistiCAl resUlts ANd Cir/CMe CAse stUdies.
weaver, Carol; lessard, Marc; engebretson, Mark; Millan, robyn; halford, Alexa; lindgren, erik; horne, 
richard; singer, howard; Mann, ian; Usanova, Maria
University of New Hampshire (UNH); UNH; Dartmouth College (DC); DC; UNH; British Antarctic Survey; NOAA; 
University of Alberta (UA); UA
carol.weaver@unh.edu

The spatial and temporal extent of electromagnetic ion-cyclotron (EMIC) waves has been investigated for many 
years.  Three new observational studies are calling into question the current understanding of EMIC waves being 
detected primarily in the dusk region and the conditions under which the waves can be generated.  In April 2010, a 
CIR-type storm led to global (ground based) observations of EMIC waves at local magnetic noon.  The generation 
of the waves continued for three to four days in very quiet conditions, leading to the question of how a temperature 
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anisotropy persisted for days around magnetic noon with little solar wind input. During a recent CME-driven storm 
(17 January 2013), EMIC waves were detected on the nightside at GOES 13 & 15, Van Allen Probes A & B, Halley, 
and several CARISMA ground stations, across at least 10 hours of MLT and 4 L-shells, in conjunction with a solar 
wind pressure increase.  The waves were accompanied by electron precipitation detected by Balloon Array for RBSP 
Relativistic Electron Losses (BARREL) balloons mapped to near geosynchronous orbit. The temporal and spatial 
range of the generation region appears to be much larger than suggested by previous studies.  Statistical data from 
Halley, Antarctica show that since 2008, EMIC waves occur more often and are detected at higher frequencies (> 1 
Hz), contrary to previous studies stating EMIC waves peak at solar minimum.  It is suggested that increased solar 
activity is driving temperature anisotropies closer to Earth (at larger magnetic field strength), thus elevating the wave 
frequency.  All three studies call into question the canonical understanding of EMIC waves.

J10-13 iNitiAl resUlts froM the eleCtriC ANd MAGNetiC field iNstrUMeNt sUite ANd 
iNteGrAted sCieNCe  (eMfisis) oN the VAN AlleN probes
Kletzing, C.A.; Kurth,w.s.; Macdowall, r.; torbert, r.b.; hospodarsky, G.b.; bounds, s.r.; smith, C.w.; 
Connerney, J.; santolik, o.; thorne, r.; Jordanova, V.; wygant, J.; bonnell, J.w.; spence, h.; reeves, G.; 
fennell, J. 
University of Iowa; Goddard Space Flight Center; University of New Hampshire; University of California Los 
Angeles; Los Alamos National Laboratory; Space Sciences Institute of Atmospheric Physics - Czech Republic; 
University of Minnesota; University of California Berkeley; The Aerospace Corporation
craig-kletzing@uiowa.edu

The physics of the creation, loss, and transport of radiation belt particles is intimately connected to the electric 
and magnetic fields which mediate these processes. A large range of field and particle interactions are involved in 
this physics from large-scale ring current ion and magnetic field  dynamics to microscopic kinetic interactions of 
whistler-mode chorus waves with energetic electrons. To measure these kinds of radiation belt interactions, NASA 
implemented the two-satellite Van Allen Probes mission. As part of the  mission, the Electric and Magnetic Field 
Instrument Suite and Integrated  Science (EMFISIS) investigation is an integrated set of instruments consisting of a 
tri-axial fluxgate magnetometer (MAG) and a Waves instrument which includes a tri-axial search coil magnetometer 
(MSC). These wave measurements include AC electric and magnetic fields from 10Hz to 12 kHz and single-axis 
electric field measurements from 10-400 kHz. We show examples of plasmapause identification and variation deter-
mined by the upper hybrid resonance, low frequency ULF pulsations and EMIC waves, and  whistler mode waves 
including upper and lower band chorus. These data are  compared with particle measurements to show relationships 
between wave activity  and particle energization.

J10-14 periodiC stroNG rAdAr eChoes iN sUMMer polAr d-reGioN (pMse) CorrelAted 
with the osCillAtioNs of hiGh speed solAr wiNd streAMs ANd Ae iNdex.
lee, young-sook
Korea Astronomy and Space Science Institute
youngsooklee@kasi.re.kr

Periodic oscillations of polar mesospheric summer echoes (PMSE) are observed as correlated with, and in phase 
with, oscillations of high speed solar wind streams (HSS) and AE index  between June 1-August 8 in the solar 
minimum years 2006 and 2008. PMSE (80-90 km altitude) were observed by 52 MHz VHF radar measurements 
at Esrange (67.8°N, 20.4°E). The correlation between PMSE counts, AE and HSS is primarily found at 7- , 9- and 
13-day and 5.5-, 9- and 13.5-day periodicities in 2006 and 2008, respectively. The observations show that the ef-
fects of HSS penetrate down to the polar D-region to at least 80-90 km altitude. The effect on PMSE is likely due to 
precipitation of energetic particles, and may also be associated with optical emissions. PMSE measurements offer 
new possibilities to determine the footprint of high-energy electrons precipitating into the polar middle atmosphere 
caused by high-speed solar wind streams.

J10-15 A stAtistiCAl ApproACh to deterMiNiNG eNerGetiC oUter rAdiAtioN-belt eleC-
troN preCipitAtioN flUxes
wedlund, Mea simon; rodger, Craig J.; Clilverd, Mark A.; breen, paul; danskin, donald; spanswick, emma
Department of Physics, University of Otago, Dunedin, New Zealand; Department of Physics, University of Otago, 
Dunedin, New Zealand; British Antarctic Survey, Cambridge, United Kingdom; British Antarctic Survey, Cambridge, 
United Kingdom; Geomagnetic Laboratory, Natural Resources Canada, Ottawa, Canada; University of Calgary, 
Calgary, Canada.
macl@bas.ac.uk

This work builds on the preliminary study undertaken by Clilverd et al. [2011] in which trans-Atlantic VLF 
radio waves were used to estimate the flux of energetic electrons precipitating in to the D-region of the ionosphere. 
The great circle sub-ionospheric propagation path from the NAA transmitter in Cutler, Maine, USA, to a receiv-
er in Sodankylä, Finland, provided some estimate of precipitating electron fluxes which had originated from the 
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outer radiation belt (3<L<7). Obliquely propagating VLF radio waves can be used to monitor electron precipitation 
through changes in the ionization rate at altitudes of 50-90 km. However, Clilverd et al. [2011] identified several 
limitations in the analysis technique used, particularly in assuming uniform precipitation over the whole propagation 
path, and an unchanging energy spectral gradient of the incident electrons. A further limitation of the analysis was 
not providing a robust error estimate for the derived fluxes, nor a check of the reliability of the electron precipitation 
flux calculations. In this study we analyse data from an AARDDVARK receiver located in Churchill, Canada, and 
concentrate on signals from two US transmitters (call signs NAA, and NDK). We show analysis from a period of en-
hanced geomagnetic activity, which induced changes in the radiation belt environment through enhancing relativistic 
electron fluxes, in July-August 2010. We combine the data from the two transmitters in order to confirm estimated 
fluxes, calculate the error bars, and inter-compare the results.

J10-16 loNGitUdiNAl depeNdeNCe of preCipitAted eleCtroNs flUxes oVer the AUstrAl 
AUrorAl zoNe
Vidal, sergio; foppiano, Alberto
Departamento de Geofísica , Universidad de Concepción, Chile
sergiovidal@udec.cl

The existence of a longitudinal dependence of precipitated electrons over the austral auroral zone has been sug-
gested for many years. The suggestion follows from the known longitudinal dependence of energetic particles at 
middle latitudes over the south Atlantic geomagnetic anomaly. A climatology for the austral auroral zone is usually 
built binning together observations from different longitudes for a given local time, thus precluding the determina-
tion of a possible longitudinal dependence. This binning is sometimes needed to achieve adequate spatial and tem-
poral resolutions. Here, a longitudinal dependence of the precipitated electron flux is determined using observations 
made by the SEM-2 instrument on board NOAA_POES satellites over 13 years. Energy spectra of the directional 
differential electron flux are determined assuming a Maxwellian distribution applies. Fluxes for 10, 20 and 30 keV 
are binned for corrected geomagnetic latitude and longitude (altitude dependent version), magnetic local time and 
geomagnetic and solar activity levels. A Gaussian latitudinal variation of fluxes is assumed to apply for all cases. 
Longitude dependencies of the maximum flux latitude and latitudinal spread are then determined for all three energy 
levels corresponding to each magnetic local time and geomagnetic and solar activity levels. A weak longitudinal 
dependence is found for 10 keV electrons with a broad maximum between 275° y 325° and minimum between 100° 
y 150° for the 18:00 - 22:00 MLT interval. An even weaker dependence is found for the 22:00 - 02:00 interval; the 
extremes being nearer 0°. No clear longitudinal dependence is apparent during daytime. This dependency is not 
consistent with previous results for the Meteor and Intercosmos-Bulgaria satellites. Results for larger energy and 
geomagnetic activity level are not systematic. An attempt is made to associate satellite results with radio wave ab-
sorption observations using Antarctic riometers.  

J10-17 exterNAl eleCtroN rAdiAtioN belt: disCoVery, Models ANd MeChANisMs of AC-
CelerAtioN of relAtiVistiC eleCtroNs - ‘’sAtellite Killers”
Antonova, elizaveta
Skobeltsyn Institute of Muclear Physics Moscow State University (SINP MSU), IKI RAS
antonova@orearm.msk.ru

The nature of the formation of the external electron radiation belt and appearance of extremely large fluxes of 
relativistic electrons (satellite killers) continues to be one of the most intriguing and unsolved problems of mag-
netospheric dynamics. The history of the discovery of the external radiation belt and different periods of its study 
are analyzed. The main attention is concentrated on the researches made in Skobeltsyn Institute of Nuclear Physics 
Lomonosov Moscow State University. One of the most important results of such research is the proof of the inner 
magnetosphere position of the region of acceleration of relativistic electrons.  Such position is determined by the 
minimal value of Dst variation during magnetic storm  in accordance with Ludmila Tverskaya relation. The suggest-
ed explanations of such dependence are discussed taking into account the nonlinear distortions of the magnetic field 
by increased plasma pressure during magnetic storms. The appearance of the seed population of relativistic electrons, 
stochastic and regular mechanisms of electron acceleration are discussed. Results demonstrating the role of the pro-
cesses at the regions mapped at the auroral oval latitudes in the acceleration of relativistic electrons are analyzed. 

J10-18 oN the fUll-wAVe ApproACh to the probleM of lower hybrid efleCtioN of 
whistler-Mode wAVes iN the ioNosphere
Kuzichev, ilya; shklyar, david
Space Research Institute (IKI), Moscow, Russia; Moscow Institute of Physics and Technology, State University, 
Moscow
Mar-cuss@yandex.ru

Quasi-resonance whistler-mode waves propagating in the magnetosphere are known to be reflected from the 
region where the local lower hybrid resonance frequency (LHR frequency) is above the wave frequency. Such 
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LHR reflection gives rise to the well-known wave phenomenon called magnetospherically reflected whistlers. The 
peculiarity of LHR reflection is that the perpendicular (with respect to the external magnetic field) component of 
wave vector remains, in a sense, large in the process of reflection. Thus, this process is a kind of refraction which 
can be described in the framework of geometrical optics. Indeed, LHR reflection has been comprehensively studied 
using this approach. But its applicability is not so obvious. The point is that LHR reflection can occur at the heights 
about 300 km. At such heights the collisional damping of the wave should be taken into account. Although there are 
some extensions of geometrical optics to the cases when the anti-Hermitian part of dielectric tensor is of the order of 
Hermitian part, the calculations, especially for the wave amplitude, become not straightforward. 

In present work, we propose a full-wave approach which allows to avoid the aforementioned difficulties and 
takes into account the damping of a wave in a natural way. Using this method we have calculated the reflection 
coefficient as a function of wave frequency for different profiles of the ionospheric plasma parameters. Dependency 
of the reflection coefficient on wave frequency was found to be nonmonotonic, thus pointing out to the presence of 
interference between incident and reflected waves in the region where absorption is not negligible. Besides, we have 
performed calculations of the transmission coefficient at the height of 350 km. The point is that the quasi-resonant 
waves, if not reflected above such heights, can be attenuated very significantly already in the F-layer. So it could be 
a problem for the models of whistler-mode wave propagation which explain whistler exit to the ground as a result 
of scattering from the F-region irregularities. Our results show that the damping is very intense for the day-time 
ionosphere, but it is not essential for the night-time ionosphere, thus not posing a problem for scattering in this case.

J10-19 VAriAtioNs iN CUtoff lAtitUde ANd iMpliCAtioN for the distribUtioN of pArtiCle 
depositioN dUriNG solAr protoN eVeNts
Nesse tyssøy, hilde; stadsnes, Johan; søraas, finn
Birkeland Center for Space Science, Norway; Institute of Physics and Technology, University of Bergen
hilde.nesse@ift.uib.no

The access of solar protons into the Earth’s magnetosphere is mainly controlled by the magnetospheric mag-
netic field and the particle cutoff energy. In particular, protons with energies less than 20 MeV are known to have 
a complicated dynamics with e.g. strong day-night asymmetries. These protons will deposit most of their energies 
in the middle atmosphere (60-100 km), and knowledge of their latitudinal and local time distribution is crucial for 
determining their effect on the chemistry and dynamics in the atmosphere.

NOAA/POES 15-19, and the METOP02 satellites are orbiting the Earth in polar, sun-synchronous orbits. 
Combined measurements from the Medium Energy Proton and Electron Detector (MEPED) and the OMNI detec-
tors cover the proton energy range: 30 keV-70 MeV. We investigate the latitudinal cutoff and the energy deposition 
during several solar proton events. The energy deposition predicted by the POES satellites at different latitudes and 
local times are compared to the energy deposition estimated from the energetic particle measurement from the geo-
stationary GOES satellites. The strengths and weaknesses of the different measurements are discussed in respect of 
how to best quantify the particle energy deposition into the middle atmosphere.

J10-10p CorrelAtioN betweeN MesospheriC ozoNe ANd eNerGetiC pArtiCle preCipitAtioN 
oVer troll, ANtArCtiCA iN the yeArs 2008 ANd 2009
daae M.; espy, p.J.; Nesse tyssøy, h.
University of Science and Technology (NTNU); NTNU; UiB
marianne.daae@ntnu.no

The British Antarctic Survey radiometer stationed at Troll, Antarctica (72S, 2.5E, L=4.76) measured ozone in 
the lower mesosphere and upper stratosphere from February 2008 until February 2010. By looking at anomalies in 
the polar-winter nighttime ozone, we are able to quantify the influence of Energetic Particle Precipitation (EPP) on 
ozone during these two years. Time-lagged correlations between geomagnetic indices (AE, Kp and Dst) and ozone 
anomalies as a function of height have been calculated to quantify which of the indices best accounts for the vari-
ability in the ozone. In addition, the MEPED instruments aboard the NOAA satellites have been used to quantify 
the EPP flux precipitating over Troll. Since the solar activity in 2008 undergoes a strong periodicity, which is linked 
to rotating coronal holes, this periodicity is also manifested in the EPP and the geomagnetic indices. A correlation 
analysis between the ozone over Troll and the periodic solar activity that is reflected in the EPP is also carried out, 
resulting in a statistical quantification of the EPP effects on mesospheric ozone as measured over Troll, Antarctica.

J10-11p A CAse stUdy of eNerGy depositioN by MAGNetiC CloUd eleCtroNs ANd protoNs iN 
the ANtArCtiC AtMosphere
olakunle, ogunjobi; Venkataraman, sivakumar; Nkanyiso, Mabatha
School of Chemistry and Physics, University of KwaZulu-Natal, Durban, South Africa
olakunle.ukzn@gmail.com

Several possible characteristics of magnetic cloud (MC) have been discussed in the literature, but none seem to 
explain all the effects from accumulated observations. The characteristics range from low proton temperature and 
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plasma beta, to high magnetic field magnitude, to smooth rotation in the magnetic field direction, thus, results to 
strong geomagnetic disturbances. The varied instrumentation which is  located not only at SANAE IV, Antarctica, 
but also those at Halley, another L= 4 location in the southern hemisphere, and other locations at the vicinity of its 
conjugate in northern hemisphere provide an opportunity to test the theories applied to high latitude energy deposi-
tion on arrival of MC. The Halley riometer is used to monitor coincidences of absorption with arrival of MC that 
was observed on 8 November 2004. Precipitating particles were also monitored to test a large uncertainty as to 
which energy range of precipitating electrons or protons is more important in terms of their effects on atmospheric 
chemistry. The energy deposited by electrons and protons in the atmosphere during this event was studied by using 
the NOAA/POES satellites measurements over regions of interest as input into the Monte Carlo Energy Transport 
Model (MCETM). Based on preliminary analysis, it was found that the mean electron energy deposition peaks at 90 
km for Antarctic atmosphere whereas it is 100 km for conjugate. The corresponding heating rates of energy deposited 
indicate importance of MC triggered geomagnetic storm on mesosphere dynamics.

J10-12p deterMiNAtioN of NoAA Meped CorreCtioN fACtors - eVAlUAtioN of differeNt 
Methods
sandanger, Marit irene; tyssøy, hilde Nesse; stadsnes, Johan; Ødegaard, linn-Kristine; søraas, finn; 
oksavik, Kjellmar
Birkeland Center for Space Science (BCSS) and University of Bergen  (UoB)
marit.sandanger@gmail.com

The MEPED instruments onboard the NOAA/POES satellites have continuously been measuring energetic par-
ticles since 1978. However, degradation of the detectors over time lead to an increase in the energy thresholds of the 
instrument and imposes great challenges to long term studies as well as a general quantification of the particle fluxes. 
An earlier attempt at correcting the MEPED proton measurements by Asikainen et al (2011 and 2012) are largely 
based on criteria which identifies events where two satellites are sampling the same region of space at the same time. 
The criteria are not fulfilled for all satellite pairs, and generally, few conjunctions are identified.

We will present multiple methods that stray from the criteria of being in the same space and time to obtain cor-
relation factors for the MEPED particle detector. The different approaches target different latitudes intervals, mag-
netic local times, and geomagnetic conditions. They are both event based and statistical. The results for the different 
methods, as well as the results of Asikainen, will be compared and discussed. 

J10-13p ioNospheriC respoNse to iNteNsifiCAtioN iN eNerGetiC pArtiCle preCipitAtioN iN 
the sAMA/brAziliAN reGioN dUriNG A MAGNetiC storM
santos, A.M.; Abdu, M.A.; sobral, J.h.A.; souza, J.r.
Instituto Nacional de Pesquisas Espaciais (INPE)
angela@dae.inpe.br

In this work we investigate the influence of the enhanced energetic particle fluxes in the South Atlantic Magnetic 
Anomaly (SAMA) region, on the dynamic of the equatorial ionosphere over Brazilian sector during a magnetic 
storm event. Due to the weaker intensity of the geomagnetic field over the SAMA the energetic particles of the Van 
Allen radiation belt can penetrate into the lower altitudes of the ionosphere (~100 km). In this range of altitude these 
particles can cause enhanced ionization and consequently modify the conductivity spatial distribution in the E re-
gion (Abdu et al. 2005). Considering that the E and F ionospheric regions are connected through highly conducting 
magnetic field lines, the storm induced conductivity distribution can modify the electrodynamics of the equatorial 
ionosphere. The main focus of this study is to examine what is the response of the F region to an increase in the Hall 
conductivity of the E region possibly caused by intensification in the particle precipitation over SAMA region during 
a disturbed time.

J10-14p MoNitoriNG of ioNiziNG rAdiAtioN froM rAdoN GAs (rN 222) iN the são José dos 
CAMpos - brAzil reGioN
silva, franklin; Martin, inácio; Victor, Kaique.
UNITAU/CNPq PIBIC ITA; UNITAU/ITA; UNITAU.
franklin.silva@unitau.com.br
INTRODUCTION:

Ionizing radiations are present in our daily lives, they are originated by nature or manmade. This job presents 
results of ionizing radiation dose from Radon gas (Rn 222). Radon is a natural gas that originates by the decay series 
of Uranium and Thorium, it is in all locations of the Earth’s crust. The isotope Rn 222 is alpha and gamma emitter 
and a half-life of 3.82 days (E?=5.49 MeV), from its decay originate Po 218 and Po 214 which are responsible for 
around 50% of natural ionizing radiation on Earth. According to the American Journal of Epidemiology (2002), ra-
don gas must cause lung cancer in humans, if exposure to large amounts of gas, experimentally proven with tests on 
animals. However, a study published in 2003 by the journal German Springer Verlag proves the therapeutic proper-
ties of Radon, in which patients are exposed to small amounts of gas in deactivated uranium mines to reverse cases 
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of arthritis and skin diseases. These facts become relevant to observe the dynamics of this type of ionizing radiation, 
it can directly affect the structure of our DNA.
METHODS

Gamma radiation measurements was realized with a crystal scintillator of NaI(Tl) mounted in an aluminum cell 
and connected to a photomultiplier tube (Aware Electronics, USA). This detector was coupled to a PC for storing the 
data series. The scintillator, coupled to the photomultiplier and associated electronics, was previously calibrated only 
in energy range using standard radioactive in a laboratory. The background radiation measurement is collected each 
minute uninterruptedly during one day or until three months. The methods used to study the data sets are statistics 
and Fourier analysis.
RESULTS AND DISCUSSION

Measurements of gamma radiation were performed at the Physics Department of the ITA in São José dos Campos-
Brazil, from January 1st to March 25th 2013 with a count interval of 1 in 1 minute throughout this period. From the 
monitoring of precipitation and radiation, noted a positive correlation between the rainfall intensity during this peri-
od and gamma radiation intensity (0.30 to 10.0 MeV) at the same location. Gamma radiation dose is highly sensitive 
to relative humidity, rainfall and dry weather. There are higher concentrations of radon gas when heavy rains occur 
mainly those resulting from the cold fronts. Furthermore, well-defined one cycle in 24 hours at a dose of radiation.
CONCLUSION

Due to the fact ionizing radiation directly affect the life of the whole planet, it is essential monitoring and ana-
lyze ionizing radiation concentration in the environment and correlation between natural phenomena and its dose. 
This branch of research is scarcely studied in Brazil, however with the sponsorship of the Institute of Technology 
Aeronautics (ITA) and National Counsel of Technological and Scientific Development (CNPq), it was possible to 
monitor the concentration of ionizing radiation on the Earth’s surface using the equipment most suitable for this 
purpose.
REFERENCES
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sessioN J11
diV. ii/iii the eArth’s plAsMAsphere: ModelliNG ANd reMote seNsiNG

J11-1 plAsMAsphere dAtA AssiMilAtioN UsiNG GroUNd-bAsed dAtA ANd the eNseMble 
KAlMAN filter   
Jorgensen, A.M.; lichtenberger, J.; heilig, b.; friedel, r.h.w.; Clilverd, M.; Vellante, M.; Manninen, J.; 
raita, t.; rodger, C.; Collier, A.; reda, J.; holzworth, r.; ober, d.  
New Mexico Tech; Eoetvoes University; MFGI; LANL; British Antarctic Survey; University of L’Aquila; Sodankylae 
Geophysical Observatory; Sodankylae Geophysical Observatory; University of Otago; SANSA; Institute of Polish 
Academy or Sciences; University of Washington; AFRL  
anders@nmt.edu  

VLF and magnetometer observations can be used to remotely sense the plasmasphere. VLF whistler waves can 
be used to measure the electron density and magnetic Field Line Resonance (FLR) measurements can be used to 
measure the mass density. These can then be used to create a map of the plasma density and thus the extent of the 
plasmasphere. When observations are incomplete it is necessary to interpolate between them. Data Assimilation 
performs this interpolation in space and time in a more physically consistent way than simple grid interpolation. The 
PLASMON project, funded by the EU FP-7 program is using VLF and FLR measurements to map the plasmasphere 
with data assimilation. A growing word-wide network of VLF stations produce electron density and a magnetometer 
chain through Central Europe produces mass density observations in that sector. These observations are ingested 
into a Ensemble Kalman Filter data assimilation scheme using the Dynamic Global Core Plasma Model and other 
models, to produce plasma density maps. We will present plasmasphere data assimilation results using data from the 
PLASMON project as well as other data, for different events.
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J11-2  iNVestiGAtioN of plAsMAsphere with ClUster
darrouzet, f.; de Keyser, J.; pierrard V.; ranvier, s.; benck, s.; décréau, p.; lichtenberger, J.; Matsui, h.; 
Usanova, M.  
Belgian Institute for Space Aeronomy (IASB-BIRA); IASB-BIRA; IASB-BIRA; IASB-BIRA; UCL/CSR; LPC2E; 
DGSS; SSC/UNH; UAL  
Fabien.Darrouzet@oma.be  

The four Cluster spacecraft cross the plasmasphere around perigee since their launch in Summer 2000. The 
variations of their perigee altitude during the entire mission (from 4 to 1 Re) allow different types of crossings and 
different types of plasmaspheric studies. During the plasmaspheric crossings with higher perigee (around 4 Re), 
plasmaspheric plumes are frequently observed in the inner magnetosphere by the Cluster satellites. They are formed 
after an increase of geomagnetic activity and corresponding modifications in the convection electric field. We present 
a statistical analysis of plumes based on 5 years of Cluster data. We also examine some small-scale structures and 
waves inside plumes. We present in particular a statistical analysis of EMIC waves inside and near plumes. With the 
lower perigee (around 2 Re), the radiation belts are also crossed by the Cluster satellites. This offers an exceptional 
opportunity to analyze the position of the plasmapause and the position of the radiation belts boundaries with iden-
tical spacecraft. The relation between those two regions is of fundamental importance because of their relation in 
terms of scattering of energetic particles. We present a statistical analysis of the locations of those boundaries based 
on 2 years of Cluster data. Density measurements obtained from the Cluster satellites can also be compared with 
ground-based determination of the density from whistlers waves, which are VLF emissions initiated by lightning, 
propagating along magnetic field lines. We present the first results of whistler occurrence obtained from a recent VLF 
antenna installed in early 2011 in Belgium, as well as the first comparison with density measurements made with 
Cluster. Those measurements are also compared with density data obtained from a 3D model of the plasmasphere.

J11-5   GlobAl distribUtioN of the plAsMAspheriC ioNs ANd eleCtriC poteNtiAl estiMAt-
ed with dAtA AssiMilAtioN of the iMAGe/eUV dAtA   
Nakano, shinya; fok, Meiching, brandt; pontus C.; higuchi, tomoyuki  
The Institute of Statistical Mathematics (ISM), NASA GSFC, JHU APL, ISM  
shiny@ism.ac.jp  

The remote observation from EUV imaging data from the IMAGE satellite provides global images of the ultra-
violet from helium ions in the plasmasphere. Since the spatial structure of the plasmasphere is strongly controlled by 
the electric field in the inner magnetosphere, the global imaging data of the plasmasphere provides valuable informa-
tion on the global structure of the electric field in the inner magnetosphere. We are developing a data assimilation 
technique which incorporates the IMAGE/EUV data into a two-dimensional fluid model of the plasmasphere to 
estimate the global distribution of the electric potential as well as that of the plasmaspheric ions. In our approach, 
we first estimate the initial state of the plasmasphere by the using a linear inversion. We then estimate the temporal 
evolution of the plasmasphere from a sequence of IMAGE/EUV data by using the ensemble transform Kalman 
filter, which is one of a sequential data assimilation algorithms. By combining a sequence of EUV images and the 
dynamical model of the plasmasphere, we can also estimate the spatial distribution of the electric potential. We will 
discuss about the potential patter and the temporal evolution of the plasmasphere estimated with the data assimilation 
technique for some events.

J11-6   plAsMAspheriC Ulf wAVes obserVed froM the VAN AlleN probes   
takahashi, Kazue; wygant, John; Kletzing, Craig; singer, howard; dai, lei; denton, richard; Min, 
Kyungguk  
The Johns Hopkins University Applied Physics Laboratory; University of Minnesota; University of Iowa; National 
Oceanic and Atmospheric Administration; University of Minnesota; Dartmouth College; New Jersey Institute of 
Technology  
kazue.takahashi@jhuapl.edu  

The Van Allen Probes, with their low inclination elliptical orbits with apogee at 5.8 Re, are ideal for studying ULF 
waves in the plasmasphere. In this paper we show data acquired by the spacecraft on November 8, 2012 to illustrate the 
capability of the spacecraft in studying ULF waves in the plasmasphere and how the waves can be used to determine 
the plasma mass density. On the selected day, the spacecraft were located in the dawn sector and detected intense ULF 
waves in the 0-50 mHz band in the region outside of L ~ 2. The dynamic spectrum of the magnetic and electric fields is 
characterized by toroidal waves consisting of several harmonics. There were broadband compressional waves covering 
the band of the toroidal waves, which implies that the former represent fast mode waves of an external origin that drive 
the latter. The toroidal waves, unprecedented in terms of the number of the harmonics detected inward of L ~6, allow us 
to infer the mass density in that region quite accurately. We compare the inferred mass density with the electron density 
measured on the same spacecraft to gain information on the ion composition. We also apply the same magnetoseismol-
ogy technique to GOES magnetometer data to infer the radial density structure for L = 2-7.
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J11-7   behAVior of plAsMAspheriC plAsMA At the boUNdAry of the eArth’s optiCAl 
shAdow   
Kotova, G.A.; Verigin, M.i.; bezrukikh, V.V.; remizov, A.p.; Khalipov, V.l.   
Space Research Institute of RAS, Moscow, Russia  
kotova@iki.rssi.ru  

Spacecraft charging plays a crucial role in direct onboard measurements of thermal plasma, especially in the 
Earth’s plasmasphere. We will discuss how the problem of spacecraft potential was solved in INTERBALL mis-
sion, where wide-angle analyzers were used for thermal plasma measurements. Ion spectra change rapidly every 
time when the spacecraft moves into the optical shadow of the Earth that provides possibility to determine sudden 
potential drop at this boundary. On the other hand, ion density, evaluated by ion spectra disturbed by spacecraft po-
tential, remains changing smoothly at the shadow crossings. Such predictable variations of spacecraft charging and 
undisturbed plasma density, evidences on the reliability of the parameters determined from onboard measurements in 
INTERBALL mission. Proton temperature measurements in the plasmasphere are used further to study the effect of 
illumination of the feet of magnetic field line passing through the measurement point, thus providing observational 
support on the influence of ionospheric photoelectron fluxes onto the thermal balance in the plasmasphere. The work 
is partially supported by the RAS program P22.  

J11-8   MooN-bAsed eUV iMAGiNG of the eArth’s plAsMAsphere: Model siMUlAtioNs   
zhang, xiaoxin; he, fei; Chen, bo; fok, M-C  
National Center for Space Weather,CMA, China; Changchun Institute of Optics, Fine Mechanics and Physics,CAS, 
China; NASA Goddard Space Flight Center, Greenbelt, MD, U.S.A  
xxzhang@cma.gov.cn  

The EUV imager onboard the ChangE-3 lunar lander will image the Earth’s plasmasphere for the first time to 
focus on some of the open questions in plasmaspheric researches (i.e., global structures, erosion and refilling of 
plasmasphere). In order to achieve the understanding of the plasmasphere dynamics in relation to these EUV images 
in lunar perspective, the He II (30.4 nm) emission intensities and global structures of the plasmasphere viewed from 
the moon are investigated using a dynamic global core plasma model (DGCPM) embedded with TS07 magnetic field 
model and Weimer-2005 electric field model. Two typical storms observed by the IMAGE EUV Imager are system-
atically simulated from the perspectives of the Moon. It is found from the simulations that the maximum emission 
intensity of the plasmasphere is ~12.3 Rayleigh which is greater than that detected from polar orbit, and the global 
shapes and temporal evolutions of large scale plasmaspheric structures (plasmapause, shoulder, plume) also have 
different patterns in moon-based simulated images. It is also shown that the plasmaspheric structures extracted from 
moon-based EUV images are in agreement with those from IMAGE EUV images. Sysmatical simulations demon-
strates that specific latitudinal distribution of plasmaspheric structures can only be imaged at specific positions in 
lunar orbit. It is expected that this investigation provides for the first time with an overall understanding on moon-
based EUV images, and helps to identify the plasmaspheric structures and evolution patterns in future moon-based 
EUV imaging.

J11-9   reMote seNsiNG of the MAGNetospheriC plAsMA MAss deNsity by Ulf field liNe 
resoNANCes: effeCts of UsiNG differeNt MAGNetiC field Models   
Vellante, Massimo; piersanti, Mirko; heilig, balazs  
University of L’Aquila; University of L’Aquila; Geological and Geophysical Institute of Hungary  
massimo.vellante@aquila.infn.it  

The technique for remote sensing the plasma mass density in magnetosphere by ULF field line resonances de-
tected at ground stations is becoming more and more popular after the establishment in the last few years of ex-
tended magnetometer arrays, such as the EMMA network recently formed in the framework of the european FP7 
PLASMON project. It is important therefore to quantify the level of accuracy associated to such technique. In this 
talk we examine the effect of using different magnetic field models. 

First the equatorial plasma mass density estimates obtained using the dipole approximation are compared with 
those obtained using the IGRF model for low-mid latitudes. It is found that the use of the dipole model may result 
in an error in the inferred density appreciably larger than what is usually assumed. In particular it has a significant 
longitudinal dependence being, for example, of the order of +30% in the american sector and -30% at the opposite 
meridian for field lines extending to a geocentric distance of 2 Earth radii. This may result in an erroneous interpreta-
tion of the longitudinal variation in plasmaspheric density when comparing results from ground-based arrays located 
at different longitudes. A simple modification of the technique is proposed which allows to keep using the dipole 
approximation but with a significant error reduction. 

Then the results of using the T01 Tsyganenko model are compared with those based on dipole/IGRF models. 
With respect to previous evaluations of the differences in the inferred equatorial density we take into account the 
different equatorial crossing points of the IGRF and T01 field lines traced from a given ground position by consider-
ing reasonable radial gradients of the equatorial density. For average solar wind/magnetospheric conditions, mass 
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densities computed using the IGRF model result to be moderately overestimated (less than 20%) for L values < 4. 
The uncertainty obviously increases for higher L values and the bias may become negative for steep radial variations 
of the equatorial density. For storm-time conditions the error dramatically increases beyond L = 4, but may remain 
within 20% for L < 4 assuming radial variations of the equatorial density which are typical for such magnetospheric 
conditions.

J11-10   the ANNUAl ANd loNGitUdiNAl VAriAtioNs iN plAsMAspheriC ioN deNsity   
Menk, frederick; Ables, sean t.; Grew, russell s.; Clilverd, Mark A.; sandel, bill r.   
University of Newcastle, Australia; British Antarctic Survey, Cambridge; University of Arizona, USA  
fred.menk@newcastle.edu.au  

Due to the tilt of the geomagnetic field, there is a longitude-dependent asymmetry in ionospheric solar illumina-
tion at opposite ends of magnetic field lines in winter and summer months.  This difference is greatest at American 
longitudes, where, for example, the 300o longitude field line extending 2.5 Earth radii into space has its southern 
hemisphere footprint in Antarctica near 65o geographic latitude and in the northern hemisphere at 42o latitude.  We 
combine ground-based observations of ULF field line eigenoscillations with in situ measurements from the IMAGE 
spacecraft of electron and He+ densities to determine the annual and longitudinal variation in electron and ion den-
sity in the equatorial plane.  We find that at American longitudes the electron and ion mass densities at 2.5 Earth radii 
are 1.5 to 2.2 times larger in December at solar maximum than in June.  Over the Asia-Pacific region there is little 
difference between summer and winter densities.  Models of plasmaspheric density should be modified accordingly.  
By comparing the electron, helium and mass densities we also estimate the seasonal variation in H+, He+ and O+ 
concentrations.  

J11-11   title: field liNe resoNANCe soUNdiNG of the plAsMAsphere: AN AssessMeNt of 
two-diMeNsioNAl GroUNd-bAsed obserVAtioNs   
Chi, Peter, The ULTIMA Group  
UCLA, ULTIMA  
pchi@igpp.ucla.edu  

Using the gradient technique for field line resonance (FLR) detection, ground-based magnetometers have been 
providing valuable, robust measurements for plasmaspheric sounding. Previous studies on this topic focus mainly on 
the observations along a single or a handful of meridians. It has recently been found that FLR frequencies can also 
be detected successfully by a two-dimensional network of magnetometers. In this study we discuss some technical 
aspects of the “two-dimensional FLR sounding” and the observations of the storm-time plasmasphere. A systematic 
assessment of two-dimensional observations is enabled by the recently developed algorithm for automated FLR 
detection. The ~50 magnetometers in North America jointly operated by multiple projects can easily form more than 
100 station pairs for FLR sounding. An analysis of the spatial distribution of phase shows that the azimuthal phase 
drift for less than 2 hours in local time is small and does not affect the determination of FLR frequencies in the plas-
masphere. The two-dimensional FLR sounding has revealed longitudinal structures of the storm-time plasmasphere 
that cannot be observed by magnetometers along a single meridian.

J11-12   field AliGNed plAsMAspheriC deNsity distribUtioNs:  CoMpArisoN of Models ANd 
obserVAtioNs   
lemaire, Joseph
Belgian Institute for Space Aeronomy, Institute of Cosmophysical Research and Radio Wave Propagation  
joseph.lemaire@aeronomie.be  

Since the first hydrostatic models of plasma density distribution in diffusive equilibrium (DE) within the topside 
ionosphere and plasmasphere proposed by Angerami and Thomas (1964), many alternative single fluid or multi-fluid 
hydrostatic models have been proposed during the last decades. Since Eviatar, Lenchek and Singer’s (1964) first 
ion-exospheric model of the protonosphere, a number of other kinetic models have also been worked out.  Recently, 
a new empirical model for the field aligned electron density distribution in the plasmasphere has been developed by 
Ozhogin et al. (2009, 2013). It is based on data from the Radio Plasma Imager (RPI) instrument on board the IMAGE 
satellite. We will compare these different types of models with each other, as well as with a novel “?-exospheric“ 
model taking into account the effects of a plasmaspheric wind expansion, both along geomagnetic field lines, as well 
as  across them. 
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J11-13  plAsMAshere-ioNosphere CoUpliNG flUxes bAsed oN eleCtroN deNsities obtAiNed 
froM Vlf whistler dAtA   
lichtenberger, Janos; ferencz, Csaba; hamar, daniel; steinbach, peter; Clilver, Mark; rodger, Craig; 
Collier, Andrew  
Eotvos University,Eotvos University,Eotvos University,Hungarian Academy of Sciences, British Antarctic Survey, 
University of Otago, SANSA Space Science  
lityi@sas.elte.hu  

The Automatic Whistler Detector and Analyzer Network (AWDANet)  is able to detect and analyze whistlers 
in quasi-realtime and can provide equatorial electron density data. The plasmaspheric electron densities and iono-
sphere-plasmasphere coupling fluxes are key parameters  for plasmasphere models in Space Weather related investi-
gations, particularly in modeling charged particle accelerations and losses in Radiation Belts. The global AWDANet 
[1] detects millions of whistlers in a year. The system has been recently completed with automatic analyzer capability 
in PLASMON (http://plasmon.elte.hu) project. It is based on a recently developed whistler inversion model [2], that 
opened the way for an automated process of whistler analysis, not only for single whistler events but for complex 
analysis of multiple-path propagation whistler groups [3]. In this paper we present the first results of quasi-real-time 
runs processing whistlers from quiet and disturb periods. Refilling rates, that are not yet known in details are also 
presented for the various periods. 
REFERENCES
1.Lichtenberger, J., C. Ferencz, L. Bodnár, D. Hamar, and P. Steinbach (2008), Automatic whistler detector and ana-
lyzer system: Automatic whistler detector, J. Geophys. Res., 113, A12201, doi:10.1029/2008JA013467.
2. Lichtenberger, J. (2009), A new whistler inversion method, J. Geophys. Res., 114, A07222, doi:10.1029/2008JA013799.
3. Lichtenberger, J., C. Ferencz, D. Hamar, P. Steinbach, C. J. Rodger, M. A. Clilverd, and A. B. Collier (2010), 
Automatic Whistler Detector and Analyzer system: Implementation of the analyzer algorithm, J. Geophys. Res., 115, 
A12214, doi:10.1029/2010JA015931.

J11-14   soMe siMUltANeoUs obserVAtioNs of Vlf eVeNts At two reCeiVers sepArAted by 
400 KM iN loNGitUde   
Manninen, Jyrki; Kleimenova, Natalia; Kozyreva, olga; fedorenko, yury; turunen, tauno  
Sodankyla Geophysical Observatory, Sodankyla, Finland; Institute of the Earth Physics RAS, Moscow, Russia;  
Institute of the Earth Physics RAS, Moscow, Russia; Polar Geophysical Institute, Apatity, Russia; Sodankyla 
Geophysical Observatory, Sodankyla, Finland  
Jyrki.Manninen@sgo.fi  

Since November 2012 a 3-component digital VLF receiver has been in operation at Lovozero in Kola Peninsula. 
Altogether 3 measurement campaigns were held at Kannuslehto in Northern Finland between December 2012 and 
April 2013. These two stations (KAN and LOZ) are located roughly at same magnetic latitude, ?=64.2 and ?=64.1, 
respectively. In this presentation we will show how similar or totally different are some VLF events at these two 
stations.

J11-15   eQUAtoriAl eleCtroN deNsities ANd liGhtNiNG-whistler CorrelAtioN froM 
KAMChAtKA AwdANet stAtioN   
lichtenberger, Janos; ferencz, Csaba; hamar, daniel; steinbach, peter; sannikov d.V.; Cherneva N.V., 
sivokon’ V.p.; Agranat i.V.; druzhin G.i.; Collier, Andrew  
Eotvos University; Eotvos University; Eotvos University; Hungarian Academy of Sciences, Institute of Cosmophysica 
Research and Radio Wave Propagation FEB RAS; FEB RAS; FEB RAS; FEB RAS; FEB RAS; SANSA Space 
Science  
lityi@sas.elte.hu  

The Automatic Whistler Detector and Analyzer Network (AWDANet) [1]  has recently been extended with a far-
eastern station at Karymshina, Kamchatka, Russia (latitude: 52.83, longitude: 158.13, L=2.13). The whistler activity 
is unusually high, the highest in AWDANet, apart from  the Antarctic peninsula stations. During the first five months 
of operation, more than 200000 whistler events were recorded.

In this paper we present statistics on whistler occurrences as well as correlation with WWLLN lightning data. The 
global AWDANet The system has been recently completed with automatic analyzer capability in PLASMON (http://
plasmon.elte.hu) project. It is based on a recently developed whistler inversion model [2], that opened the way for 
an automated process of whistler analysis, not only for single whistler events but for complex analysis of multiple-
path propagation whistler groups [3].  We present  a series of equatorial electron densities obtained from whistlers 
recorded at Karymshina.
REFERENCES
1.Lichtenberger, J., C. Ferencz, L. Bodnár, D. Hamar, and P. Steinbach (2008), Automatic whistler detector and ana-
lyzer system: Automatic whistler detector, J. Geophys. Res., 113, A12201, doi:10.1029/2008JA013467.
2. Lichtenberger, J. (2009), A new whistler inversion method, J. Geophys. Res., 114, A07222, doi:10.1029/2008JA013799.
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3. Lichtenberger, J., C. Ferencz, D. Hamar, P. Steinbach, C. J. Rodger, M. A. Clilverd, and A. B. Collier (2010), 
Automatic Whistler Detector and Analyzer system: Implementation of the analyzer algorithm, J. Geophys. Res., 115, 
A12214, doi:10.1029/2010JA015931.

 
J11-1p   iNVestiGAtiNG dUNediN whistlers UsiNG VolCANiC liGhtNiNG   

Antel, Claire; Collier, Andrew b.; lichtenberger, Janos; rodger, Craig   
University of Cape Town; University of KwaZulu-Natal; Eotvos University; University of Otago  
collierab@gmail.com  

Whistlers recorded at Dunedin, New Zealand, are anomalous: rather than being caused by lightning close to the 
magnetic conjugate point, they appear to be statistically linked to lightning on the west coast of Central America, 
several thousand km away. This conclusion, however, is the result of a global correlation analysis, which is compli-
cated by the fact that there is a lot of lightning close to the proposed source region. This makes the chance of spurious 
coincidences between lightning and whistlers quite likely.

Our aim was to find a direct link between individual whistlers and their causative lightning strokes. We focused our 
attention to sites of rare lightning activity:  the electrified plumes of high-latitude volcanoes. By limiting our search to 
these locations, we succeeded in identifying individual lightning discharges which could be linked directly to whistlers 
at Dunedin. Two volcanoes on the Aleutian Islands, Mount Redoubt and Mount Okmok, were found to have had a 
prominent effect on Dunedin’s whistler count. These are the first observations of whistlers linked to volcanic lightning.

J11-2p   MoNitoriNG lANd-CoVer ChANGes UsiNG sAtellite iMAGery   
Goosen, wayne G.; Collier, Andrew b.; Viriri, serestina  
University of KwaZulu-Natal  
collierab@gmail.com  

Several regions around the World are currently undergoing rapid, wide-ranging changes in land cover due to 
human activities and natural events. These changes can have significant effects on regional and even global climate 
change. In this paper the focus is on urbanization in South Africa. Two major factors drive urbanisation: popula-
tion expansion and the wider range of employment opportunities in urban areas. We employ a post-classification 
approach to detect land cover changes on a specific area from a time series of satellite images. Variance in spatial 
resolution and radiometric resolution between images was taken into account using radiometric normalization and 
geometric registration. We then used a maximum likelihood classifier to distinguish between the different land use 
classes. We are able to quantify the proportions of each land use class for every image and monitor the change over 
time. This information highlights the physical growth rate of a specific urban area caused by urbanization and it will 
allow environmental experts to diagnose the effects of these changes.

J11-3p   VAlidAtioN of A New plAsMApAUse Model deriVed froM ChAMp field-AliGNed 
CUrreNt siGNAtUres   
heilig, balázs; lühr, hermann; Vellante, Massimo  

We introduce a new model for the plasmapause location in the equatorial plane. The determination of the L-shell 
bounding the plasmasphere is based on magnetic field observations made by the CHAMP satellite in the topside ion-
osphere. Related signals are medium-scale field-aligned currents (MSFAC) (some 10km scale size). The mid-latitude 
boundary of these MSFACs is used for determining the plasmapause. The radial distance of the MSFAC boundary is 
closely controlled by the magnetic activity index Kp. This Kp and local time dependent feature is used for predicting 
the location of the MSFAC boundary at all MLTs based on a single L-value determination by CHAMP. We compared 
the location of the MSFAC boundary during the years 2001-2002 with the L-value of the plasmapause, determined 
from in situ observations by the IMAGE spacecraft. By considering this systematic displacement and by taking into 
account the diurnal variation and Kp-dependence of the residuals we are able to construct an empirical model of 
the plasmapause location that is based on MSFAC measurements from CHAMP. The new CHAMP PP model was 
validated using in-situ and ground based plasma density observations.

J11-4p   teMporAl ChANGe of Vlf polArizAtioN: A CAse stUdy   
Manninen, Jyrki; Kleimenova, Natalia; Kozyreva, olga; turunen, tauno  
Sodankyla Geophysical Observatory, Sodankyla, Finland; Institute of the Earth Physics RAS, Moscow, Russia;  
Institute of the Earth Physics RAS, Moscow, Russia; Sodankyla Geophysical Observatory, Sodankyla, Finland  
Jyrki.Manninen@sgo.fi  

A VLF hiss burst lasting for two hours was observed on 12 April 2011 at 04-06 UT at Kannuslehto in Northern 
Finland. The event occurred in the end of the initial phase of a small magnetic storm. At the beginning, the polariza-
tion of the event was left-handed, which can be interpreted as the long-distance travelling of the waves in the Earth-
ionosphere waveguide. The arrival direction was mostly from south. After one hour, the polarization gradually turned 
to right-handed, which can indicate that the ionosphere wave exit point was nearly overhead of the receiver. In this 
poster we will show geophysical conditions, which may be related to this polarization change.



67

IAGA Meeting 2013 

J11-5p   AMplitUde ModUlAtioN of whistlers   
sivokon’, V.; lihtenberger J.; Cherneva N.; sannikov, d.   
Institute of Cosmophysical Research and Radio Wave Propagation  
nina@ikir.ru  

In the result of experimental observations on Kamchatka peninsular (L=2.3) analysis of records, obtained by 
VLF recorder of the Institute of Cosmophysical Research and Radio Wave Propagation, has been carried out (http://
ru.www.ikir.ru). In some cases the analysis has revealed a nonstandard form of whistlers. To exclude the possibility 
of registering instrumentation nonlinearity, frequency distribution of dispersive spectrogram lines has been carried 
out. It was found out that the lines are not multiple in frequency and can not be harmonics determined by recep-
tion path nonlinearity. Most likely, whistler amplitude modulation by unmodulated pulse harmonics takes place. 
Supposing, that a whistler and a disturbing pulse propagate through the magnetosphere region simultaneously, then 
pulse time is equal to the time from the beginning of a whistler till the end of modulation, i.e. about 1 second.

sessioN J13
diV. iV/ iii/ ii froM MiCro- to MACro-sCAles iN the he liosphere ANd MAGNetospheres

J13-1   oN the KiNetiC ANd MUlti-flUid ModeliNG of the 
 sUpersoNiC solAr wiNd expANsioN   

lemaire, Joseph f.; echim, Marius; lie-svendsen, oysten  
Belgian Institute for Space Aeronomy (BISA), BISA, NDRE  
joseph.lemaire@aeronomie.be  

We review the main advantages and limitations of the kinetic exospheric and fluid models of the solar wind 
(SW). The general theoretical background is outlined: the Boltzmann and Fokker–Planck equations, the Liouville 
and Vlasov equations, the plasma transport equations derived from an ‘‘equation of change’’. We discuss the key-
elements of the kinetic models: the computation of the electric field, the role of kappa velocity distribution functions 
(VDF) at the exobase and of a non-monotonic variation of the electric potential with the radial distance. We also 
discuss the kinetic treatment of the Coulomb collisions based on the Fokker–Planck approach. Multi-fluid models 
of the solar wind provide a coarse grained description of the system and reproduce with success the spatio-temporal 
variation of SW macroscopic properties (density, bulk velocity). We address key-features of the 5-moment, or Euler, 
models, the 8-moment and 16-moment fluid models. We emphasize the  limitations introduced by the Chapman-
Enskog expansion of the VDF, f(n)(r,v,t), implying explicitely that the next higher order approximation of the veloc-
ity distribution function does not change the values of the density, n(r,t), bulk velocity, u(r,t), nor T(r,t) the tempera-
ture of any particle species. The latter are completely determined by f(0), the zero order approximation of the actual 
VDF, f(r,v,t), which is solution of the  Boltzmann equation for given boundary conditions at some initial time t0. 
Usually  is postulated that f(0)  is an isotropic Maxwellian distribution function. This is, however, a convenient (a-
priori) assumption, and not necessarily the best and most appropriate choice, in certain specific cases or conditions. 
This arbitrary restriction is a limitation of the “normal solutions” of the Boltzmann equation. Indeed, in situations 
when the Knudsen number of the gas/plasma becomes of the order of unity or larger these restrictive conditions are 
not appropriate and justified from a physical point of view. This appears to be the case in the collisionless region of 
the interplanetary medium at large radial distances (beyond 3-5 RS), where the VDFs of electrons, protons and other 
ions depart significantly from usual displaced Maxwellians. Although for decades the kinetic and fluid approaches 
were seen opposed, we point out their complementarity, and we formulate open issues that needs to be addressed in 
future solar wind modeling efforts.

J13-2   the iNNer heliosphere iN 3d - 
 the stereo View   

Volker, bothmer  
University of Goettingen  
bothmer@astro.physik.uni-goettingen.de  

The STEREO observatories were launched in October 2006. Since then they have provided the first 3-Dimensional 
view of the Sun and the first direct images of the evolution and impact of solar plasma flows on comets and planets. 
Solar storms were tracked all the way from the Sun to Earth. STEREO results have provided a fundamentally new 
understanding of the large-scale physical processes in the Sun-Earth-System and how they determine space weather 
conditions, including the 3D structure of coronal mass ejections. This presentation provides a selected summary of 
mission highlights, information on STEREO’s current status and upcoming research challenges together with the 
SDO and SOHO perspective. 
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J13-3   heliospheriC strUCtUre: the bow wAVe ANd the hydroGeN wAll   
zank, G.p.; heerikhuisen, J.; wood, b.e.; pogorelov, N.V.; zirnst, e.  
University of Alabama in Huntsville; NRL; SWRI  
garyp.zank@gmail.com  

Recent IBEX observations indicate that the LISM flow speed is less than previously thought (23.2 km/s). 
Reasonable local interstellar medium (LISM) parameters show that the LISM flow may be either marginally super-
fast magnetosonic or sub-fast magnetosonic. We address the questions of 1)can a LISM model that is barely super-
fast or sub-fast magnetosonic account for Lyman-alpha observations that rely critically on the additional absorption 
provided by the hydrogen wall? and 2) if the LISM flow is weakly super-fast magnetosonic, does the transition 
assume the form of a traditional shock or does neutral hydrogen (H) mediate shock dissipation and hence structure 
through charge exchange? using three 3D self-consistently coupled MHD - kinetic H models with different LISM 
magnetic field strengths (2, 3, and 4 mG) and plasma and neutral H number densities. The 2 mG model admits a 
broad bow shock-like structure, the 3 mG model a very broad smooth super-fast-sub-fast transition resembling a bow 
wave. For both the 2 mG and the 3 mG models, the super-fast magnetosonic LISM flow passes through a critical 
point. Hot and fast neutral H can completely mediate a  weak transition and impose a charge exchange length scale 
on the structure, making the solar wind - LISM interaction effectively bow shock-free. The charge exchange of fast 
and hot heliospheric neutral H therefore provides a primary dissipation mechanism at the weak heliospheric bow 
shock, in some cases effectively creating a one-shock heliosphere (i.e., a heliospheric termination shock only). We 
model the observed Lyman-alpha absorption profiles along the four sightlines finding that both super-fast magneto-
sonic models can account for the Lyman-alpha observations, with possibly the bow shock-free 3 mG model being 
slightly favored.

J13-4   hiGh-lAtitUde CoroNAl MAss eJeCtioNs ANd solAr polArity reVersAl dUriNG so-
lAr CyCle 24   
Gopalswamy, Nat  
NASA Goddard Space Flight Center, United States  
nat.gopalswamy@nasa.gov  

Cessation of high-latitude coronal mass ejections (CMEs) was found to be an important time marker of the rever-
sal of polarity at solar poles (Gopalswamy et al. 2003, Astrophys. J. 598, L63). During solar cycle 23, prominence 
eruptions observed by the Nobeyama Radioheliograph and the white-light CMEs from the Solar and Heliospheric 
Observatory (SOHO) mission were used to identify the time of polarity reversal. These two data sources continue to 
provide data during solar cycle 24. In addition, we have data from the Solar Dynamics Observatory (SDO) and the 
Solar Terrestrial Relations Observatory (STEREO), which provide excellent information on prominent eruptions and 
the associated CMEs. Making use of the combined data set and the microwave and magnetic butterfly diagrams, it 
is shown that the polarity reversal has taken place in the northern hemisphere. In the southern hemisphere, the solar 
maximum phase began about six months ago and is likely last for another 1-2 years before the reversal occurs. This 
paper describes the properties of high latitude solar eruptions and how they vary over the solar cycle to mark the 
times of polarity reversal.

J13-5   MUlti-sCAle siMUlAtioNs of MAGNetiC reCoNNeCtioN iN MAGNetospheres ANd 
solAr CoroNA   
Kuznetsova, Maria; evans, rebekah; Glocer, Alex; hesse, Michael; toth, Gabor  
NASA/GSFC; NASA/GSFC; NASA/GSFC; NASA/GSFC; University of Michigan  
Maria.M.Kuznetsova@nasa.gov  

Magnetic reconnection is a key element in many phenomena in heliosphere, e.g. such as coronal mass ejections 
or plasmoid releases and flux transfer events in the magnetosphere. One of the major challenges in modeling large 
scale dynamical systems involving magnetic reconnection is to quantify the interaction between global evolution of 
the system and microphysical kinetic processes in diffusion regions near reconnection sites. In collisionless magne-
tospheric plasma, the primary mechanism controlling the dissipation in the vicinity of the reconnection site is non-
gyrotropic pressure effects with spatial scales comparable with the particle Larmor radius.  We utilize the multi-scale 
and multi-species global MHD code BATSRUS to analyze the relative contribution of solar wind conditions, iono-
sphere conductance pattern, plasma composition in inner magnetosphere and local conditions at the reconnection 
sites on the global magnetosphere dynamics.  Kinetic effects in the vicinity of the reconnection site are incorporated 
into MHD description in terms of non-gyrotropic corrections to induction and energy equations. The non-gyrotropic 
terms reflecting ion kinetic effects depend on the local plasma and field parameters and ion Larmor radii. The vary-
ing plasma composition is incorporated into the multi-species description through the effective ion mass. Transitions 
between different modes of convection are analyzed. The approach is also applied to magnetospheres of other planets 
and to modeling of coronal mass ejections.
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J13-6   CoNCerNiNG the role of the foreshoCK iN the solAr wiNd-MAGNetosphere 
iNterACtioN   
sibeck, d.G.  
Nezavisni Naucnik Co.  
david.g.sibeck@nasa.gov  

One of the distinguishing characteristics of space physics is role that microphysical processes play in generating 
meso- and macroscale phenomena.  Nowhere is this more evident than in the foreshock, where a host of recent hybrid 
simulations and multipoint observations demonstrate that kinetic processes generate large-amplitude global density 
and magnetic field structures that then sweep through the magnetosheath to generate pressure pulses propagating 
through the magnetosphere, initiate pulsations capable of energizing radiation belt particles, and drive field-aligned 
currents and transient auroral brightenings in the polar ionosphere.  This presentation reviews the processes by which 
these structures form and their important role in the solar wind-magnetosphere interaction.

J13-7   how to prediCt Geo-effeCtiVeNess of CoroNAl MAss eJeCtioNs (CMes): A MUlti-
sCAle GUide to CMe oriGiN ANd propAGAtioN   
panasenco, olga  
Advanced Heliophysics, Inc.  
panasenco.olga@gmail.com  

We will show how the direction of the axial component of the magnetic field of a pre-eruptive filament and of the 
corresponding CME caused by filament eruption may be established observationally.  This is a fundamental component 
in determining the geo-effectiveness of  Interplanetary (I)CMEs. Filament channels, filaments, and the CME and ICME 
are all part of a multi-scale chiral system (i.e. possessing chirality) and the analysis of such chiral systems is a powerful 
tool to determine the topology of the magnetic fields involved in eruptive solar events later seen in space as ICMEs.

We will also describe how to determine the direction of erupting filaments (prominences at the limb) and corre-
sponding CMEs deflection in the corona. A detailed analysis of the location of CME sources (filament channels) and 
of the magnetic coronal structure above and around them allows predicting the CME direction. We find that in the 
early stages of a filament eruption the filament moves in the direction of the closest magnetic null points, and later 
the CME flux rope tends to be deflected toward the null points of the larger scale magnetic configurations above. 

Knowing the extent of non-radiality in CME propagation, together with the direction of the CME axial magnetic 
field, we can predict the relative strength of southward and northward components of the magnetic field in ICMEs 
and therefore their geo-effectiveness.

J13-8   A solAr wiNd Model with rAdiANt losses   
pisanko, yuri V.   
Institute of Applied Geophysics, Moscow, Russia  
pisanko@ipg.geospace.ru  

To take into account radiation, which is among plasma heat loss main mechanisms, a solar wind model is presented. 
Mass and momentum equations are taken from [Parker, 1958] without any modification and the energy equation taken 
from [Chamberlain, 1961] is added by two terms for radiant losses, namely, thermal bremsstrachlung and recombination 
radiation [Artsimovich, 1966]. The model describes the rapid temperature increase with height above photosphere and 
connects the temperature minimum region electron concentration (~1011 cm-3) to the Earth orbit one (~7 cm-3). If one 
wrote the Chamberlain equation in its original form (i.e. without radiant loss terms) no solutions for temperature growth 
with height would exist. In the model the solar wind mass flux is specified a priori and this automatically specifies its 
directed motion kinetic energy flux – the energy source for heating via the Kolmogorov-Obukhov process of cascade 
energy transfer from large-scale to small-scale motions down to the smallest viscous scales. The transonic inviscid flow 
permits heating via viscosity only in the Parker singular point where the flow obeys the limited acceleration asymptotic 
instead of model equations. So the model with lumped heat source describes the solar wind heated by a solar centered 
sphere of the radius equal to the Parker critical point heliocentric distance (~ 2,75 Rs) where the temperature reaches its 
maximum (~ 1,8 106 K). As previous flow evolution determines which stationary state will eventually be realized, the 
solar wind can be a solar history relic so that coronal heating can be related to the coronal expansion transonic regime. 
The work is partially supported by the RFBR grant 13-02-00461

J13-9   properties of hiGh helioGrAphiC lAtitUde MAGNetiC deCreAses ANd eNerGetiC 
ChArGed pArtiCle Cross-field diffUsioN   
echer, ezequiel; tsurutani, bruce t.; lakhina, Gurbax s.; Alves, Maria V.; da Costa Jr., edio  
Instituto Nacional de Pesquisas Espaciais, (DGE/INPE)  
eecher@dge.inpe.br  

Magnetic decreases (MDs) are pressure balance structures that show abrupt decreases of the magnetic field 
magnitude. In this paper, properties of interplanetary MDs at high heliographic latitudes (>78o) are studied for more 
than one solar cycle (1994 to 2008). MDs are unbiasedly identified from ~ 1 sec Ulysses magnetometer data using 
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an automatic detection program (IMDAD). The interval of analysis are the six Ulysses polar passes that occurred 
during/near solar minimum (1994, 1995, 2007 and 2008) and during solar maximum (2000 and 2001). Both polar 
passes (north and south) were analyzed. The MD occurrence rates, the distribution of their temporal thicknesses, and 
the distribution of their magnetic field angular changes are determined. The average for the above parameters for 
solar maximum was 9.8 MDs.day-1, of 19.5 s and 20.1o, respectively, in comparison to those of solar minimum: 14.6 
MDs.day-1, 19.1 s and 24.4o.  The characteristics of MDs during these different solar polar passes and solar cycle 
phases are compared and discussed. The MD characteristics obtained in this paper have been used to determine en-
ergetic proton cross-field diffusion rate due to their nonresonant interactions with the MDs. Monte Carlo simulations 
for MDs observed during the 1994 polar pass showed that ~2 MeV protons diffuse across the magnetic field lines at 
~10% of the Bohm diffusion rate.

J13-10   self-orGANizAtioN of direCt ANd iNVerse eNerGy CAsCAdes iN spACe   
Veselovsky, i.s.   
Institute of Nuclear Physics,Moscow State University  
veselov@dec1.sinp.msu.ru  

Nonlinear and intermittent energy cascades from large to small scales and from small to large scales in the 
phase space and time are ubiquitous for cosmic plasmas due to available free energy reservoirs of plasma kinetic 
and electromagnetic degrees of freedom. Dimensionless scaling is useful for their classification and ordering.  Self-
organization under given initial and boundary conditions is typically unstable and eroded, which means not unique 
solutions of governing equations describing the dynamical evolution of the open physical systems under consider-
ation like separate plasma and magnetic domains, waves and transient phenomena. Strict election rules for different 
scenarios can be formulated only in simplest cases. We interpret the coronal heating problem and the solar wind 
origin problem as one task with no unique solution for the dominant mechanism. Many physically different regimes 
are involved simultaneously and intermittently in space and time. One of the regimes is poorly investigated and 
understood: coexistence of direct and inverse energy cascades. The outer boundaries of the heliosphere with the 
interstellar medium are essentially non-steady state and turbulent with no clear dominance of the relevant structures 
and processes as well.

J13-11   solAr wiNd streAM ACtiVity dUriNG the ModerN GreAt MAxiMUM: direCt sUpport 
for solAr dyNAMo theory   
Mursula, Kalevi; lukianova, renata; holappa, lauri  
University of Oulu; Arctic & Antarctic Research Institute; University of Oulu  
kalevi.mursula@oulu.fi  

We present and use a novel method to find the years with the largest amounts of fast solar wind streams at the 
Earth’s orbit during the last 85 years, i.e., during most of the Modern Great Maximum (MGM) of solar activity. 
Two independent series of observations agree that the strongest solar wind speeds occurred in the declining phase 
of solar cycle 18. Since high solar wind speeds indicate strong solar polar magnetic fields, we find that cycle 19, 
which formed the peak of solar activity during MGM, was preceded by a time with the strongest poloidal field of 
MGM. According to the solar dynamo theory, strong solar polar magnetic fields (poloidal magnetic field) during a 
solar minimum should lead to an intense sunspot activity (toroidal magnetic field) during the next solar maximum. 
While this basic tenet has earlier been proven statistically, it has remained untested for the highest activity period of 
measured history until now.

J13-12   froM solAr erUptioN to trANsforMer sAtUrAtioN   
trichtchenko, l.; boteler, d.  
Natural Resources Canada  
ltrichtc@nrcan.gc.ca  

In the last several decades term “space weather” became well know to a wide variety of specialists in different 
areas of human activities: from space physicists and satellite designers to electrical engineers and aircraft pilots to 
governmental officials. Presentation is describing the chain of the events from the Sun (interplanetary scale) to the 
effects on the particular transformer at a particular power grid (regional scale). While following the propagation of 
the solar disturbance (CME), the multiple factors will be named which are not well understood and far from being 
properly modelled and forecasted. These not well understood processes exist not only at the Sun, but also during 
propagation of the eruption, interaction with the Earth magnetosphere and the resulting effects in the ionosphere, 
variations of the geomagnetic field and geoelectric field at a particular region of the Earth. Even the response of the 
infrastructure components is not understood with enough certainty.It is of great practical importance to identify and 
solve these unknowns which will help in predictability of solar eruptions from the time of their launch on the Sun to 
the exact time and size of its impact on ground infrastructure. 
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J13-13   sMAll/lArGe tiMe-sCAle VAriAtioNs of pArtiCle flUxes iN the rAdiAtioN belts   
Nikitina, l.; trichtchenko, l.  
Natural Resources Canada  
Lidia.Nikitina@NRCan-RNCan.gc.ca  

Dynamics of the slot region during a magnetic storm was studied based on the analyses of data on the highly 
elliptical (Molniya) orbit (http://virbo.org.HEO).  It has been identified, that significant particle fluxes can present 
in the slot regions for several days following the space weather event. Thus, short-time variations of the energetic 
particle fluxes distribution along the satellite orbit have a complex dynamical structure, which includes shifts of the 
radiation belts maxima, variation of the flux intensity and movement of the slot region location. These variations of 
are significant, but they are not described by the models of the magnetosphere which provide the radiation environ-
ment averaged on large time-scales (years). To provide an assessment of the radiation environment during a magnetic 
storm we have to include short-time variations into consideration. 

J13-14   sUper-MAGNetosoNiC Jets: froM disCrete CAsCAdes to tUrbUleNCe   
savin, s.; Amata, e,; Kozak, l.; zelenyi, l.; safrankova, J.; Nemecek, z; buechner, J.; daly, w.p.; Kronberg, 
e.A.; blecki, J.; budaev, V.; Krasnosielskikh, V.  
IKI RAN; IFSI INAF; KIEV U.; IKI RAN; CHARLES U.; CHARLES U.;  Max-Planck Inst. Solar Physics; Max-
Planck Inst. Solar Physics; Max-Planck Inst. Solar Physics; Space Research Center, Poland; IKI RAN; CNRS, 
LPC2E  
ssavin@iki.rssi.ru  

An important discovery of INTERBALL and CLUSTER missions is the Supermagnetosonic Plasma Streams 
(SPS) associated with Hot Flow Anomalies. The interaction of such supersonic plasma flows with planetary and 
astrophysical magnetospheres and in laboratory plasmas can be inherently non-local and non-equilibrium, and even 
explosive due to self-generation of coherent structures in the multiscale system with the scales ranging from the 
micro to global scales. The main objective of our proposal is to study the fundamental processes arising from SPS 
cascading and interactions with surface and cavity resonances in the Earth’s magnetosphere, using multi-spacecraft 
data (DOUBLE STAR, CLUSTER, GEOTAIL, ACE). wE will address the following key problems to advance our 
understanding of anomalous transport and boundary dynamics: 

Generalizations of the SPS generation mechanisms, e.g., triggering by interplanetary shocks, solar wind (SW) 
dynamic pressure jumps, foreshock nonlinear structures, bow shock (BS) surface or magnetosheath (MSH) cavity 
resonances, etc.

The clarification of BS rippling mechanisms requires base on the relevant databases from the CLUSTER/ 
DOUBLE STAR/ GEOTAIL/RADIOASTRON spacecraft, which will be used for a statistical analysis targeting the 
SPS statistical features as extreme events. 

Substantial part of the SW kinetic energy can be pumped into the BS membrane and MSH cavity modes and initi-
ate further cascades towards higher frequencies. Accordingly we ppresent the multipoint studies of the SPS and of 
related nonlinear discrete cascades (carried generally by the SPS), along with the transformation of discrete cascades 
of the dynamic pressure into turbulent cascades. 

Investigation of spectral and bi-spectral cross-correlations in SW, foreshock, MSH and in vicinity of BS and 
magnetopause (MP) would demonstrate that both inflow and outflow into/ from magnetosphere can be modulated 
by the SPS and by the related outer magnetospheric resonances as well. Preliminary case studies show that a direct 
penetration of SPS under flank MP can strongly dominate over anomalous diffusion and magnetic reconnection as 
an input in the mass and energy inflow. 

Preliminari survey of the DOUBLE STAR data shows that in more than 50% cases the SPS aremodulated by the 
outer magnetospheric resonances. 

J13-6p   MUltiple sUprA-ArCAde dowNflows iN solAr flAres   
Cecere, M.; schneiter, M.; Costa, A.; elaskar, s.; Maglione, s.  
Instituto de Astronomia Teorica y Experimental (IATE); Faculty of Ciencias Exactas, Fisicas y Naturales Universidad 
Nacional de Cordoba  
acosta@oac.uncor,edu  

In later papers we have shown that sunward, generally dark, plasma features  originated above posteruption flare 
arcades are consistent with a scenario where plasma voids are generated by the bouncing and interfering of shocks 
and expansion waves upstream of an initial localized deposition of energy which is collimated in the magnetic field 
direction. In this paper we analyze the multiple production and interaction of supra--arcade downflows (SAD) and 
the structure of individual SADs that make them relatively stable features while  moving. We compare our results 
with  observations and with the scenarios proposed by other authors.



72

Scientific program

J13-7pp NUMeriCAl siMUlAtioN of CosMiC rAys ModUlAtioN iN CorAtAtiNG iNterACtioN 
reGioNs   
Guo, x.; florinski, V.  
University of Alabama in Huntsville  
xg0002@uah.edu  

The associated shock pairs of Coratating Interaction Regions(CIRs) in the solar wind are believed to play an 
important role in the transport of galactic cosmic rays (GCRs) particles. In this invesitation, we will carry out the 
three-dimentional simulation of the GCRs modulation in the CIRs region. First, we will obtain the CIRs by means 
of a time-dependent global MHD simulation code. Based on the plasma background of CIRs, we can calculate the 
corresponding diffusion information of the entire CIRs region. Second, we can investigate the cosmic rays particle 
transports through the Parker transport equation, the latter is numerically solved using the Alternative Direction 
Implicit (ADI) scheme. Finally, we will have the global distribution of the GCRs information, and derive the correla-
tion between the the characteristics of time-dependent CIRs and the rate of decrease of the GCRs intensity that can 
be obtained from observation.

J13-8p   pArtiCle flUx foreCAst UsiNG spACe wiNd pArAMeters iN A 
 MUltiVAriAte AUtoreGressiVe Model with KAlMAN filteriNG   

hillebrand, Charlotte; Collier, Andrew b.  
University of KwaZulu-Natal  
collierab@gmail.com  

Particles from the solar wind penetrate into the Earth’s radiation belts where they can have a detrimental ef-
fect on the operation and lifetimes of satellites as well as influencing terrestrial communications and power lines. 
Forecasting conditions in the solar wind is thus an important problem. Previously this has been approached with 
various techniques including Kalman filtering and neural networks. We combine a Kalman filter with a multivariate 
autoregressive model based on pertinent features of the solar wind. In line with the findings of Sakaguchi et al (2013) 
this is expected to provide superior forecasting of solar wind conditions.

J13-9p   stAtistiCAl ANAlysis of MAGNetiC CloUd erosioN 
 by MAGNetiC reCoN   

ruffenach, A.; lavraud, b.; farrugia, C.J.; démoulin, p.; et al.  
Institut de Recherche en Astrophysique et Planétologie UPS/CNRS; IRAP (UPS/CNRS); SSC (UNH); LESIA 
(CNRS)  
alexis.ruffenach@irap.omp.eu  

Magnetic clouds (MCs), described as large-scale toroidal magnetic structures, interact with the surrounding in-
terplanetary medium during propagation. It has been suggested in particular that magnetic reconnection, involving 
micro-scale processes, may peel off their outer magnetic structure. Recently, Ruffenach et al. (2012) confirmed the 
occurrence of MC erosion thanks to a multi-spacecraft study combining a set of key signatures expected from this 
process. The aim of the present study is to extend previous works on the topic to all MCs of solar cycle 23 in order to 
quantify this phenomenon. This statistical analysis, primarily carried out with WIND and complemented with recent 
STEREO data, focuses on three signatures. First, based on careful determination of the MCs main axes, we estimate 
the amount of magnetic flux eroded for each event by analysing the azimuthal flux imbalance during the spacecraft 
sampling of the flux rope. We also search for magnetic reconnection signatures at the front boundary of the MCs. 
Finally, we investigate the characteristics of suprathermal electrons in the back region of the MCs. Those electrons 
are considered to signal potential large-scale topological changes expected from the erosion process.

sessioN J14
diV. iV/ii/iii heliospheriC strUCtUre dUriNG the AsCeNd iNG phAse of solAr CyCle 24

J14-1 the 3d strUCtUre of CMes obserVed with stereo/seCChi
Volker, bothmer
University of Goettingen
bothmer@astro.physik.uni-goettingen.de

Since launch of the STEREO mission in 2006, more then 1000 large-scale CMEs were identified in SECCHI 
COR2 observations until end of 2011. The set of events covers the full range of spacecraft separation angles between 
0 and 180 degrees, including CMEs tracked sun to earth. For about a third of these events the CME’s 3D structure 
has been analyzed with the GCS modeling technique. This presentation summarizes the key results of this study and 
our present understanding of the 3D structure of CMEs.
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J14-2 the effeCt of CMes oN heliospheriC strUCtUre dUriNG the AsCeNdiN
webb, david f. 
ISR, Boston College
david.webb@bc.edu

The frequency of occurrence of CMEs observed in white light (WL) tends to track the solar cycle in both phase 
and amplitude, which varies by an order of magnitude over the cycle. Since WL CMEs have been counted since 
Skylab in the 1970s, we now have observations extending over the last four solar cycles. LASCO has now observed 
the entire Cycle 23 and continues to observe through the current rise to maximum of Cycle 24. It has detected CMEs 
at a rate slightly higher than earlier observations, varying from ~0.3/day around solar minimum to ~4/day at maxi-
mum. Running averages of the CME rate vs. sunspot number show that both have double cycle peaks, with the CME 
peak lagging sunspots by many months. This lag is likely related to observations that high latitude CMEs arise from 
polar crown filaments which have a rush to the poles’ near maximum and disappear (erupt) with a frequency that 
slightly lags sunspot numbers at low latitudes. Cycle 23 had an unusually long decline and flat minimum. Since 2006 
we have been able to image and count CMEs in the heliosphere, and can determine rates from both LASCO and 
STEREO coronagraphs and from the Solar Mass Ejection Imager (SMEI) and the SECCHI Heliospheric Imagers in 
the heliosphere.  Manual rates estimated by observers are now supplemented by counts from identifications made by 
automatic programs, such as in the SEEDS, CACTus and ARTEMIS catalogs. There is some indication that the CME 
rate is diverging somewhat from the sunspot number since about 2010. We will discuss these rate estimates, both for 
the Cycle 23-24 period and over the last four cycles for which we have WL CME observations.

J14-3 solAr erUptioNs ANd eNerGetiC pArtiCles dUriNG solAr CyCles 23 ANd 24
Gopalswamy, Nat
NASA Goddard Space Flight Center

J14-4 loNG-terM solAr extreMe UltrAViolet irrAdiANCe VAriAtioNs ANd eUV feAtUre 
of the flAre
zhou, zhenjun; wang, yuming; shen, Chenlong; liu, Kai
USTC
zjzhou@mail.ustc.edu.cn

Abstract:As The Solar Dynamics Observatory (SDO) Launched on February 11, 2010,the instrument EVE aboard 
on it has measured the solar extreme ultraviolet irradiance variations for nearly three years. Due to flares solar radia-
tion varies rapidly and for different spectrums has different responses.So the different type flares viewed by the EVE 
present different morphology.And for a longer term,the solar radiation also changes for solar rotation in 28 days and 
solar cycles for 11-year sunspot cycle. This paper briefly reviews our study done on the classification of the solar 
flare base on the EVE spectral data and shows the long-term EUV background emission variations of recently three 
years during the Solar Cycle 24.

J14-5 iNterplANetAry shoCKs iN the AsCeNdiNG phAse of the solAr CyCle
Kajdic, primoz
Institut de Recherche en Astrophysique et Planétologie (IRAP)/UPS
pkajdic@irap.omp.eu

The start of observations of the two STEREO spacecraft coincided with the minimum of of solar activity between 
the solar cycles 22 and 23. During the period from January 2007 to December 2011 the STEREO spacecraft together 
observed 236 interplanetary (IP) shocks. Most of them were driven by stream interaction regions, although as the 
solar activity rose, so did the number of shocks driven by interplanetary coronal mass ejections. In this talk we will 
review the observational properties of IP shocks from the minimum throughout the rising phase of the current solar 
cycle. We will examine how their strengths, their Mach numbers and criticality varied during this period. We will 
also take a look at the perturbed foreshock regions observed upstream of some of the shocks and the properties of 
waves and particles therein.

J14-6 reView of MAGNetiC CloUd erosioN by MAGNetiC reCoNNeCtioN
ruffenach, Alexis; lavraud, benoit
Institut de Recherche en Astrophysique et Planétologie (IRAP)/UPS; CNRS, Toulouse, France
alexis.ruffenach@irap.omp.eu

Magnetic clouds (MCs), described as large-scale structures with a flux-rope magnetic topology, interact with the 
surrounding interplanetary medium during their propagation. McComas et al. (1988), and later Dasso et al. (2006), 
were the first to propose that magnetic reconnection might peel off the outer magnetic structure of CMEs. Recently, 
Ruffenach et al. (2012) confirmed the occurrence of MC erosion thanks to a multi-spacecraft study combining a set 
of key signatures expected from this process. In order to quantity this phenomenon, a statistical analysis of all MCs 
of solar cycle 23 has also been performed. In this presentation, we will first review the original works on this topic, 
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followed by the latest advances, new signatures expected from this process, as well as recent statistical results. We 
will also discuss the expected radial evolution of the process within the inner heliosphere. Since the erosion mecha-
nism can lead to the removal of part of the southward oriented magnetic field at the front of MCs, we will finally 
highlight the impact of this mechanism on their geo-effectiveness.

J14-7 solAr wiNd strUCtUres AssoCiAted with MAJor GeoMAGNetiC storMs oVer the 
solAr CyCle 24
ontiveros, V.; González-esparza, J.A.; Aguilar-rodríguez, e.; romero-hernández, e.
ENES-Morelia, UNAM; IGEOF-Morelia, UNAM; IGEOF-Morelia, UNAM
ontiveros@enesmorelia.unam.mx

The on-going Solar Cycle has brought a low geomagnetic activity compared with the previous one. A lower 
number of fast coronal mass ejections as well as the large scale configuration of the  background corona may be the 
cause of this phenomenon. In this study, we present the main characteristics of the large scale solar wind structures 
associated with the  major Geomagnetic Storms (Dst <-100nT) over the ascending phase of solar cycle 24 (2009-
2012).  This work is based on the low corona and interplanetary medium observations through white light images, 
type II radio burst , interplanetary scintillation and in-situ measurements.

J14-8 the oUter heliosphere reVeAled by reCeNt VoyAGer ANd eNerGetiC NeUtrAl hy-
droGeN obserVAtioNs
Gloeckler, George; fisk, len
University of Michigan
gglo@umich.edu

The in-situ exploration of the interface between the Local Interstellar Medium (LISM) and the heliosphere in the 
nose region by Voyagers 1 and 2, and through the first global observations of Energetic Neutrals (ENAs) by IBEX 
and Cassini yielded numerous surprises:  (1) the termination shock (TS) did not accelerate the Anomalous Cosmic 
Rays (ACRs); (2) the unexpected discovery of the ENA ribbon and belt; (3) contrary to expectations, north or south 
solar wind flows decreased with radial distance to 0±20 km/s about 30 AU downstream of the TS in the Voyager 1 
(V-1) direction; (4)  at a sharp boundary (the heliocliff), V-1 entered a new, entirely unexpected region, still part of 
the heliosheath, where ACRs (that had finally reached maximum intensity in the prime acceleration region just be-
fore the heliocliff was crossed) disappeared entirely, the Galactic Cosmic Rays reached and stayed at their maximum 
intensity, and the magnetic field, while retaining the Parker spiral (nearly azimuthal) direction, became extremely 
smooth (nonturbulent) and doubled its strength.  In view of these unexpected findings, we reexamine our current 
concepts concerning the nature of the LISM-Heliosphere interface and how and where particles are most efficiently 
accelerated, and present a model for the outer heliosphere that can account for all of the puzzling Voyager observa-
tions as well as the IBEX ribbon.  We predict that, although the motion of the Sun relative to the LISM is only ~26 
km/s, the nose region of the heliosphere must be surrounded by jets of supersonic solar wind with speeds of many 
hundred km/s flowing opposite to the direction of motion of the sun through the local interstellar medium.  Decisive 
V-2 observations of the plasma flows near the heliocliff will be essential for validating our model.

J14-11p iCMes deteCted by the MexiCAN ArrAy rAdiotelesCope (MexArt) eMployiNG the 
iNterplANetAry sCiNtillAtioN (ips) teChNiQUe
romero-hernández e.; González-esparza J.A.; Villanueva-hernández p.; Mejía-Ambriz J.;ontiveros-
hernández V.;Aguilar-rodríguez e.; Carrillo-Vargas A.; Andrade-Mascote e.
Universidad Nacional Autónoma de México (UNAM)
cefeyda_esm@yahoo.com.mx

The interplanetary scintillation (IPS) technique is employed for monitoring the solar wind and large-scale struc-
tures (e.g. ICMEs), observing far radio sources signals. The Mexican Array Radiotelescope (MEXART) is an IPS 
observatory which is realizing its first ICME tracks. In this work, we report recent ICMEs observed by MEXART 
during the period April to June, 2013. We show the variation of scintillation index, and the ICMEs velocity calculated 
by a spectral analysis of different radio sources.

J14-12p CoMpArAtiVe stUdy betweeN the MiCro-strUCtUre of MAGNetiC CloUds iN CoM-
plex eVeNts ANd isolAted MAGNetiC CloUds.
siu-tapia, A.;  blanco-Cano, x.; Kajdic, p.;  Aguilar-rodriguez, e.;  russell, C.t. ; Jian, l.K.;  luhmann, J. G.
Universidad Nacional Autónoma de México (UNAM); UNAM; IRAP; UNAM; UCLA; NASA; Berkeley
azaymi@ciencias.unam.mx

Complex events are formed by two or more large-scale structures which interact in the solar wind. Typical cases 
are interactions of: (i) a magnetic cloud/interplanetary coronal mass ejection (MC/ICME) with another MC/ICME 
transient; (ii) a MC/ICME embedded within a stream interaction region (SIR); and (iii) a MC/ICME followed by a 
fast stream. Using data from the STEREO mission during the years 2007-2011 we found 17 ICMEs forming complex 
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events with an associated shock wave. All the ICMEs included in this study showed a smooth rotation of the mag-
netic field and low proton beta plasma, and were classified as MCs. We use magnetic field and plasma data to study 
the waves observed within these MCs.  To determine wave characteristics we perform Fourier Power Spectra and 
Minimum Variance Analysis. We also analyze 9 MCs driving shocks which were not associated with complex events. 
We compare wave characteristics within the Magnetic Clouds forming Complex Events (MCCE), with those waves 
observed within the Magnetic Clouds that were isolated (IMC), i. e., not associated with complex events. Transverse, 
almost parallel propagating and nearly circularly polarized ion cyclotron waves (ICWs) were observed within both, 
MCCE and IMC. We find that both, left-handed ICWs and right- handed ICWs were present within MCCE and IMC. 
Compressive mirror mode waves (MM) were observed only within MCCE. We study plasma conditions inside the 
MCs to get insight about wave origin. Most of the mirror mode events found within MCCE, were observed in re-
gions with enhanced plasma beta. This is in agreement with kinetic theory, which predicts that mirror mode growth 
is favored by high plasma beta values.

J14-13p stereo obserVAtioNs of lArGe-sCAle solAr wiNd strUCtUres iN 2007 - 2012
Jian, l.K.; russell, C.t. ; luhmann, J.G.; blanco-Cano, x.; Galvin, A.b.; simunac, K.d.C.
University of Maryland (UMCP); NASA GSFC; UCLA; UC Berkeley; UNAM; UNH; UNH
lan.jian@nasa.gov

We have observed the solar wind extensively using the twin STEREO spacecraft in 2007 - 2012, covering the 
deep solar minimum 23/24 and the rising phase of solar cycle 24. Hundreds of large-scale solar wind structures 
have been surveyed, including stream interaction regions (SIRs), interplanetary CMEs (ICMEs), and interplanetary 
shocks. The difference in location can cause one STEREO spacecraft to encounter 1/3 more of the above structures 
than the other spacecraft in a single year, even of the quasi-steady SIRs. In contrast with the rising phase of cycle 23, 
SIRs and ICMEs have weaker field and pressure compression in this rising phase, and ICMEs drive fewer shocks. 
Although the majority of shocks are driven by SIRs and ICMEs, we find about 13% of shocks without clear drivers 
observed in situ. We report the annual variation of shock parameters and also compare the ICME-driven and SIR-
driven shocks. According to our study in 1995 - 2009 using Wind/ACE spacecraft, on average 40% of SIRs do not 
occur near heliospheric current sheet and are probably attributed to pseudostreamers. We report the change of this 
rate in STEREO mission time.

J14-14p iNVestiGAtioN of Nested CMe propAGAtioN dUriNG the AsCeNdiNG solAr CyCle 24
ozturk, doga Can su; Kaymaz, zerefsan
Istanbul Technical University, Faculty of Aeronautics and Astronautics
ozturkdog@itu.edu.tr

The coronal mass ejections have been widely observed with SOHO-LASCO and STEREOA&B Coronographs. 
The CMEs tend to be faster, wider and denser as the Sun approaches to the solar maximum. The active regions on the 
Sun tend to produce multiple CMEs as well as stronger CMEs that cause long lasting impacts at the Earth. Some of 
these multiple CMEs form a nested structure with bright radial cores with successor and predecessor leading edges 
from the same source region, which can reside in the former one’s vicinity or separate in time. In this study the 17 
May 2012 CME event that caused the first Ground Level Enhancement Event of Solar Cycle 24, has been investi-
gated. The source region properties of the proposed nested CME were derived using the Triangulation Method. Its 
propagation through the Interplanetary Medium to Earth has been studied as well as the associated phenomena such 
as solar energetic particles, radio bursts and flares. The Event has been associated with a type-II radio burst according 
to the SWAVES, BIRS and Learmonth data. An M-class flare is also related with the Event as a result of GOES-15 
flux data. The ENLIL model from NASA Community Coordinated Modeling Center has been run for the event and a 
comparison with real time data is provided for the propagation of the CME. The study is in accordance with former 
studies that propose a twin CME scenario for the event and associates the nested and twin CME phenomena.

J14-15p spAtiAl distribUtioN of sMAll-sCAle MAGNetiC bipoles
Minenko, e.; sattarov, i.; sherdanov, Ch.; Karachik, N.
Ulug Beg Astronomical Institute of AS (UBAI)
mkatya@astrin.uz

We study the latitudinal distribution of the small - scale magnetic bipoles observed in photospheric and chromo-
spheric bands during the declining phase and minimum of cycle 23 and the resent rise of cycle 24 are compared with 
the cyclic variations of solar activity. 

In the scope of our research, we used longitudinal full-disk magnetograms from the Synoptic Optical Long-term 
Investigations of the Sun (SOLIS) vector spectro-magnetograph (VSM), in the time interval from 2003 to 2012 
years. It is found that the temporal variation of number of chromospheric and photospheric bipoles be different. Also, 
there more narrower latitudinal profile of photospheric bipoles observed in minimum. We discuss how these results 
impact the magnetic fields configuration at the Sun.

Keywords: Sun: small scale magnetic field, magnetic bipole, photosphere, chromosphere, solar activity.
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sessioN J17
diV. ii/idCh history of ioNosoNde reseArCh

J17-1 froM GUGlielMo MArCoNi to NowdAys: A loNG trAditioN of ioNospheriC 
MeAsUreMeNts At istitUto NAzioNAle di GeofisiCA e VUlCANoloGiA
zolesi, bruno
Istituto Nazionale di Geofisica e Vulcanologia,
bruno.zolesi@ingv.it

Guglielmo Marconi, Nobel prize in 1909 for his  contribution to the development  of wireless telegraphy, real-
izing on 12th December 1901 a transoceanic radio link, was  the first to provide  the experimental proof of the ex-
istence of the Ionosphere, postulated during the eighteenth century by various scientists like Balfour  Stewart  and 
Arthur  Schuster.

In 1936  he was the founder  of the former Istituto Nazionale di Geofisica, a government institution with the main 
mission of the monitoring of geophysical phenomena in both the solid and fluid components of the Earth, giving 
there the initial study of the radio propagation.

After the first experiments performed in 1938 a prototype of an homemade ionosonde was built by the iono-
spheric group of ING in 1940. Then the  years after the second world war to the international geophysical year were 
characterized by the need to organize an ionospheric observatory in Rome to provide a continuous and systematic 
monitoring of the in the ionospheric characteristics according the URSI specifications. 

A short history of the ionospheric studies at INGV that  followed the evolution of the ionospheric vertical sound-
ing are here shortly reported. Since the first ionosondes  Union Radio and Bibl Panorama used during 50 and 60 
years to define the morphology and the normal ionosphere over Rome  to the development of the digisondes, the di-
gisonde 128P and digisonde  256 in 70 and 80 years  and the recent and modern digisonde DPS4  in the last decades.  
Finally the automatic scaling methods applied to the digisondes and to the INGV homemade AIS ionosonde,  able to 
provide a now casting picture  of the ionosphere over the station. 

J17-2 the feAtUres iN GlobAl distribUtioN of the ioNospheriC plAsMA
Karpachev, A.t.; ratovsky, K.G.; Klimenko, M.V., Klimenko, V.V.
Institute of Earth magnetism, ionosphere and radiowaves propagation named after Nikolay Pushkov of the Russian 
Academy of Sciences (IZMIRAN); ISTP SB RAS; WD IZMIRAN
maksim.klimenko@mail.ru

We present the study of the different ionospheric layers (F1, F2 and F3), their diurnal and seasonal variations, and 
the dynamics of local and global ionospheric structures. It is well known that the main ionospheric trough, Weddell 
Sea anomaly, Yakutsk anomaly, nighttime mid-latitude electron density enhancements, and equatorial ionization 
anomaly have been discovered using ionosonde measurements. We discussed these main large-scale features of 
the 3D global ionospheric structure based on topside sounding data obtained onboard the Interkosmos-19 satellite 
(~3600 passes) and different digital ionosondes. Another main objective of our studies is to describe the main for-
mation mechanisms of all these structures using the Global Self-consistent Model of the Thermosphere, Ionosphere 
and Protonosphere (GSM TIP). We compared the GSM TIP model results with IRI empirical model, and different 
observation data (Intercosmos-19 satellite, DPS-4 ionosondes). 

These investigations were carried out at financial support of Russian Foundation for Basic Research (RFBR)  
Grant No. 12-05-312171 and Program 22 RAS.

J17-3 ioNosoNde bAsed ioNosospheriC reseArCh At iloriN
Adeniyi, J.; oladipo, o.; Adimula, i.; olawepo, A.; reinisch, b.; Mcharg, M.
University of ilorin (UNILORIN), UNILORIN, UNILORIN, UNILORIN, Lowell Digisonde International (LDI), 
USAF academy
jadeniyi@unilorin.edu.ng or segun47@yahoo.com

Measurement of ionospheric parameters at the University of Ilorin, Nigeria (longitude 4.57oE, latitude 8.53oN, 
dip 4.1oS), an equatorial station, started with the use of the ionospheric sounder APS 42 more than a decade ago. The 
measurements were few and not continuous. Some data obtained in 2002 and 2006 were used for the study of vari-
ability of ionospheric electron density at fixed heights, solar activity effects, and the validation of the IRI model. The 
effect of the 29 March 2006 eclipse was observed over this station. The eclipse effects on the E, F1 and F2 layer were 
documented, and ionisation and loss rates at various heights were obtained. In 2010, the Digisonde Portable Sounder 
DPS-4 was installed at Ilorin.  The automatic data processing of the Digisonde is a great advancement in ionosonde 
based research. The data acquired with the Digisonde have been used for the study of the variations of minimum 
frequency recorded on ionogram trace (Fmin), modelling of the  F1 ionisation density, spread F occurrence, mag-
netic storm effects, and the characteristics of the F2 layer. Some of the scientific results are presented in this paper.
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J17-4 iNVestiGAtioN of eQUAtoriAl spreAd f deVelopMeNt CoNditioNs UsiNG CoNJUGAte 
poiNt obserVAtioN by diGisoNdes
Abdu, M.A.; Kherani, e.A.; batista, i.s.; reinisch, b.w. 
Instituto Nacional de Pesquisas Espaciais (INPE); (INPE); (INPE); Lowell Digisonde International (LCC)
maabdu@dae.inpe.br

The plasma structuring of the equatorial nighttime ionosphere, widely known as equatorial spread F (ESF) ir-
regularities, results primarily from rapid changes in the post sunset ionosphere arising from E- and F- region elec-
trodynamic coupling processes. The key drivers and control parameters of the instability growth leading to ESF 
development are:  the enhanced evening plasma vertical drift (that is, the prereversal enhancement of the zonal 
electric field), the bottom side density gradient of a rapidly rising F layer, a precursor seed perturbation for instability 
initiation in the form of gravity wave induced oscillations in the F layer height with associated polarization electric 
fields, and meridional/trans-equatorial winds. The day-to-day variability in these parameters is responsible for the 
widely observed short term ESF variability. All these parameters can be measured by ionsondes/Digisondes oper-
ated in the equatorial and low latitude sites. In particular, observations by meridionally spaced Digisondes with the 
conjugate E layer field lines coupled to dip equatorial F layer bottom side provide a unique database addressing some 
outstanding issues of the ESF mechanism and its day to day variability. In this presentation we will discuss results 
on ESF/plasma bubble development conditions from the COPEX (conjugate point equatorial experiment) campaign 
conducted in Brazil in 2002.  Using the observational results and model simulation of the ESF instability process, 
we aim at clarifying the important roles of precursor large-scale wave structures and ionogram satellite traces, the 
prereverssal vertical drift, and trans-equatorial winds in the growth, development, and day-to-day variability of the 
ESF during the COPEX period.

J17-5 deVelopMeNt of AUtoMAtiC ioNoGrAM sCAliNG teChNiQUes ANd its siGNifiCANCe 
for ioNospheriC reseArCh
Galkin, ivan; reinisch, bodo; huang, xueqin
University of Massachusetts; Lowell Digisonde International, (LCC); Lowell Digisonde International, (LCC)
Ivan_Galkin@uml.edu

The difficulty of analyzing ionograms in terms of physical ionospheric quantities has hampered ionospheric 
research. Development of intelligent software systems that automate the interpretation and scaling of the ionogram 
images began in the post-IGY era. The early reports of autoscaling advances (1962-1965) were met with enthusiasm 
and hope that they would quickly evolve to a reliable replacement of the subjective, prone-to-error, time-consuming 
human analysis of the ionosonde measurements. However, the autoscaling pioneers were also to discover, like in 
many other ambitious artificial intelligence (AI) projects at that time, the Vital Few Dilemma: computer models of 
the human vision and reasoning fared well only in a number of compatible ionogram examples, while correct in-
terpretation of the remaining vital few types demanded new, increasingly greater level of AI, unreachable with the 
technology at hand. Fifty years after the pioneering publication, the ionogram autoscaling is still an open research 
problem. This paper reviews notable advances of the ionogram autoscaling techniques, inspired by both bio-plau-
sible modeling of the human intelligence, physics-based modeling of the wave propagation in the ionosphere, and 
progress in ionosonde engineering. More importantly, the paper discusses the intrinsic uncertainty of autoscaled data, 
and important ways to deal with unavoidable errors of intelligent system and sounding equipment in order to provide 
useful data for ionospheric research and applications. Modern autoscaling, armed with the metrics of its uncertainty 
and confidence, protected against the real-life imperfections of the observation, and enhanced with new ways to ad-
dress the Vital Few Dilemma, has become the essential technology that enables the global, detailed, and prompt view 
of ionospheric plasma conditions affected by space weather events.

J17-6 GlobAl MAppiNG of fof2 for iri UsiNG the diGisoNde Giro NetworK
reinisch, bodo; Galkin,ivan; huang,xueqin; Vesnin, Artem; bilitza, dieter
LDI; UML; LDI; UML; GMU
bodo.reinisch@digisonde.com

The ionosonde has been the workhorse of ionospheric exploration for almost a century. From the discovery of the 
different ionospheric layers to the calculation of the vertical electron density profiles (EDPs), ionosondes provided 
the measured data. When COSPAR in 1968, later joined by URSI, initiated the development of the International 
Reference Ionosphere (IRI) it were the ionosondes that provided the majority of the input data required to build the 
IRI electron density model, primarily foF2, hmF2, foF1, hmF1, foE, hmE. Rocket and satellite data and incoherent 
scatter radar data added important information about the electron density in the topside ionosphere which is not ac-
cessible to ground-based ionosondes. Reliable topside electron density profiles were derived from topside sounder 
measurements (like Alouette and ISIS). The IRI electron density model is an empirical model based on the monthly 
median values of the ionospheric characteristics foF2, hmF2, etc. We have now started the development of the IRI 
Real Time Assimilative Model, IRTAM. The Global Ionospheric Radio Observatory (GIRO) determines the layer 
characteristics in real time, and the majority of the worldwide GIRO Digisonde stations feed the data every 15 min 
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into the Lowell DIDBase system. This presentation discusses the assimilation of foF2 into IRI for the construction of 
IRTAM. A new IRTAM foF2 map is specified in near real time every 15 min. Similar procedures are developed for 
all other characteristics to finally specify the global assimilative IRI electron density model.

J17-7 NeAr-reAl-tiMe foreCAstiNG tool for eleCtroN deNsity peAK heiGht bAsed oN 
ioNosoNde NetworK dAtAsets
Altadill, david; blanch, estefanía; torta, Joan Miquel
Observatorio del Ebro, (OE) CSIC - Univ. Ramon Llull, SPAIN
daltadill@obsebre.es

The worldwide network of digisondes provides suitable datasets for analyzing changes in electron density height 
distribution during both quiet and disturbed conditions making possible studies of the global ionosphere at climato-
logical and meteorological time-scales. The ionospheric data sets obtained by ionosondes have been used to obtain 
an analytical formulation for predicting the quiet pattern of the electron density peak height (hmF2Q) at global scale, 
which is bounded to the local time, season and solar activity, as well as an analytical formulation to forecast its 
disturbed pattern during intense geomagnetic storms (?hmF2) at mid-latitudes, which is bounded to the local-time, 
season and to the conditions of the interplanetary magnetic field. This contribution aims also to show that by com-
bining both models hmF2Q and ?hmF2 it is possible to build a tool that successfully forecast hmF2 at mid-latitudes 
in near-real-time. Examples of the model performance comparing its prediction with ionosonde observations under 
both quiet and disturbed conditions of the current solar cycle 24 will be presented.

J17-8 spreAd-f obserVed by diGisoNdes iN low lAtitUde reGioNs ANd its CorrelAtioN 
with ioNospheriC sCiNtillAtioN
shi, Jiankui; wang, Guojun; wang, zheng; wang, xiao
National Space Science Center, Chinese Academy of Sciences, Beijing, China
jkshi@nssc.ac.cn

In this study, we use the data from Digisondes and ionospheric scintillation monitors co-located both at low 
latitude station Hainan in northern hemisphere (109.1° E, 19.5° N geogr., dip lat. 9° N) and Vanimo in southern 
hemisphere (141.3°  E, 2.7° N geogr., dip lat. 11° S) to study the ionospheric spread F (SF) and its correlation with 
the scintillation. By analyzing, we divide the SF as four types: frequency SF (F-SF), mixed SF (M-SF), range SF 
(R-SF), and strong range SF (S-SF). The S-SF is characterized by extended range spread on F layer echo traces that 
significantly extend beyond the local foF2 and made the foF2 could not be definable. For the Hainan station, the 
maximum and the minimum of the occurrences of the S-SF appeared in nearly the same as those of the GPS L-band 
scintillations. The variation of the S-SF occurrence was also similar to that of the scintillation. From 2003 to 2007, 
both the S-SF and the scintillation occurrences decreased from the high solar activity year to the low solar activity 
year. The correlation coefficient between the occurrences of the S-SF and the GPS L-band scintillation was as high 
as 0.93 suggesting associated mechanisms producing S-SF and scintillation. For the Vanimo station, the occurrence 
variation of the S-SF was also similar to that of the scintillation. The correlation coefficient between the two phenom-
ena was as high as 0.88, which supports the view of the associated mechanisms to produce S-SF and scintillation. 
The electron density depletions extending from the bottomside to the topside ionosphere are the most likely cause 
explaining the high correlation.

J17-9 reCeNt ioNosoNde stUdies of sporAdiC e lAyers
haldoupis, Christos
Department of Physics, University of Crete, Heraklion, Greece
chald@physics.uoc.gr

The midlatitude sporadic E layers (Es) are dense plasma layers which form in the lower E region ionosphere 
between about 90 and 130 km when metallic ions of meteoric origin are converged vertically in a wind shear. Since 
the invention of ionosonde in the nineteen thirties, sporadic E has been investigated extensively from the ground 
using analog and digital ionosondes and incoherent scatter radars, in situ measurements with rocket-borne sensors, 
and from space using satellite GPS occultation records. In this paper we introduce the phenomenon by reviewing 
briefly the basic physics of Es formation (windshear theory), and then discuss selected results we have obtained the 
last several years with ionosondes.  The emphasis is placed on the tidal wind shear control of the diurnal and semidi-
urnal variability and altitude descent of sporadic E layers and how this variability can be investigated by applying a 
height-time intensity (HTI) technique on continuous digital ionosonde recordings. Furthermore, the paper describes 
how global ionosonde observations have been used (and can be used) to establish (to further investigate) the plan-
etary wave role in sporadic E layer occurrence and longer-term variability. Finally a brief mention is made on recent 
findings which provide physical insight into the seasonal dependence and global occurrence of sporadic E that have 
been monitored by ionosondes for many years. Amazingly, after 80 years of ionosonde observations and studies of 
sporadic E, digital ionosonde systems and their records still remain valuable components in the research efforts to 
increase our understanding of a prominent ionospheric phenomenon.
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J17-10 CoMpArisoN of dps-4 obserVAtioNs oVer CeNtrAl pAKistAN with iri-2007 & iri-2011 
dUriNG the deep solAr MiNiMUM betweeN 23rd ANd 24th solAr CyCles
Ayyaz Ameen, Muhammad; raza, Kazim; Ayub, Muhammad
SUPARCO
ayazamin@yahoo.com

Digisonde DPS-4 data of Multan (geog coord. 30.18?N, 71.48?E) is being reported for the first time. The varia-
tions in F2-layer peak electron density (NmF2), its height (hmF2) and the F2-layer thickness parameter (B0) have 
been studied during the deep solar minimum between 23rd and 24th solar cycles along their comparisons with IRI-
2007 & IRI-2011 predication. The observation results show that the NmF2 values are greater and smaller during 
daytime and nighttime, respectively. The hmF2 and B0 observations show sunrise peaks along with some prominent 
pre-sunrise peaks in some months. Seasonal variations show that the daytime NmF2 are greater in the equinox and 
summer months, while the daytime hmF2 and B0 are slightly greater in the equinox and winter months. For the 
comparison of observation with IRI-2007 and IRI-2011, the observed hmF2 values are closer to IRI-2007 than to 
IRI-2011. The NmF2 of URSI map of IRI-2011 agrees well with the observations in equinox. The IRI-2007 agrees 
better with the NmF2 observations for winter and summer than IRI-2011, whereas IRI-2011 is closer to the obser-
vations for equinox months. Regarding the B0 comparison, the Gulyaeva option gives better agreement with the 
observations for IRI-2007 except a prominent peak in observation during equinox months. The table option of both 
IRI-2007 and IRI-2011 give the similar set of model values. The CCIR map and Gulyaeva option produce a slightly 
better predication of NmF2 and B0, respectively.

 
J17-13p A CoMpArisoN betweeN AUtoMAtiCAlly ANd MANUAlly sCAled ioNospheriC ChAr-

ACteristiCs oVer CyprUs froM 2009 to 2012
haralambous, haris; Vryonides, photos
Frederick Research Center
eng.hh@fit.ac.cy

The challenge for provision of accurate operational nowcasting and short-term forecasting ionospheric services 
based on ionogram-derived products has greatly increased during the last decade with a clear future trend to evolve 
into real time assimilation services. This fact, coupled with internet bandwidth expansion and enhanced capabilities 
of modern ionosondes to operate on a high time resolution (a significant number of Digisonde ionospheric sounders 
contributing to GIRO -Global Ionospheric Radio Observatory provides data at 5 min resolution) has significantly 
increased the demand for reliable and  consistent automatic scaling for the purpose of determination of ionospheric 
characteristics derived from ionograms (Reinisch et al., 2011). This demand has been constantly driving the develop-
ment and continuous improvement of existing programs in order to provide accurate automatically scaled data. The 
ARTIST software developed at the University of Lowell, Center for Atmospheric Research, is an automatic scaling 
program widely used and has undergone several upgrades (Galkin et al., 2008). This study attempts to quantify the 
quality of all the key ionospheric characteristics scaled automatically from ionograms from the low to mid latitude 
Nicosia ionosonde in Cyprus by performing a comparison with manual scaled values. The data for the study encom-
pass a period of four years covering the rising phase of solar cycle 24 from 2009 to 2012.

sessioN J18-J15 
ChArACterizAtioN of ioNospheriC ANd MAGNetospheriC proCesses froM 
GroUNd ANd sAtellite obserVAtioNs - plAsMA iNterACtioNs At 
solAr systeM bodies withoUt or with 
weAK iNtriNsiC MAGNetiC field

J18-1 stUdies of GeoMAGNetiC pUlsAtioNs UsiNG MAGNetoMeter dAtA froM the ChAMp 
low-eArth-orbit sAtellite ANd GroUNd-bAsed stAtioNs iN AfriCA
sutcliffe, peter; lühr, hermann; heilig, balázs
SANSA Space Science; Helmholtz Centre Potsdam GFZ, German Research Centre for Geosciences; Tihany 
Geophysical Observatory, Geological and Geophysical Institute of Hungary (MFGI)
psutcliffe@sansa.org.za

The German satellite CHAMP was launched on 15 July 2000 into a near polar circular orbit at an initial altitude 
of 454 km.  The low orbit is rather special, being roughly a similar distance above the ionosphere as ground stations 
are below the ionosphere.  This provides a unique opportunity to study geomagnetic pulsations and the effects of the 
ionosphere on their propagation by utilizing the low-Earth-orbit (LEO) satellite data in combination with ground-
based data.  In this presentation we show how research on geomagnetic pulsations can be carried out using magnetic 
field data from CHAMP and two ground-based stations in South Africa. 

The high quality magnetic field measurements from CHAMP enabled us to clearly resolve Pi2 pulsations in the 
LEO magnetometer data.  Consequently, we used the opportunity to make a comparative study of Pi2 pulsations 
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observed above and below the ionosphere in order to clarify the wave nature of these pulsations at low-latitudes.  The 
good correlation that we found between the H-component at the ground stations and the compressional and poloidal 
components at CHAMP, are indicative of a cavity mode resonance for nighttime Pi2s.

We also studied the structure of low-latitude Pc3 pulsations by comparing magnetic field measurements for times 
when CHAMP was passing over the ground stations.  We found that different types of field line resonant structure 
appear to be observed at CHAMP; discrete frequencies are observed for some events while L-dependent frequencies 
are observed for others.  Notable features of field line resonances observed in our investigations are a Doppler shift 
in the satellite azimuthal component and an approximately 90° rotation of the polarization ellipse between CHAMP 
and the ground.

J18-2 dAy-to-dAy VAriAbility of the QUiet-tiMe eQUAtoriAl ANd low lAtitUde GeoMAG-
NetC field
bhattacharyya, Archana; okpala, Kingsley
Indian Institute of Geomagnetism; University of Nigeria
abh@iigs.iigm.res.in

Ground-based magnetometer measurements of the horizontal component H at an equatorial station and at a sta-
tion just outside the influence of the equatorial electrojet (EEJ) have been used in recent times to derive the daytime 
vertical ExB drift velocity in the equatorial F region of the ionosphere. There are significant day-to-day variations 
in the daily patterns of H at equatorial and low-latitude stations even for the international quiet (IQ) days in a month 
in addition to seasonal changes. Modeling this variation is important for modeling the quiet-time variability of the 
daytime zonal electric field in the equatorial F region, and for improved estimates of storm-time penetration electric 
fields in the equatorial ionosphere. Measurements of H from equatorial stations and a low-latitude station outside 
the influence of the EEJ in the Indian region, for the IQ days of the years 1985-1989 and 2001-2005, have been 
separately subjected to Principal Component Analysis to determine the principal components (PCs) that describe 
the data. It is found that for both data sets nearly 90% of the variability is explained by the first three PCs, with PC1 
itself representing about 70% of the variations. Moreover, PC1, PC2, and PC3 for the equatorial stations are nearly 
identical for the two periods, while for the off-equatorial station PC1s are nearly identical but the differences for the 
two periods increase progressively for PC2 and PC3. The amplitudes or scores for PC1 show a clear tendency to 
increase with daily F10.7. Near the dip equator, the solar influence is strongest for the vernal equinox, followed by 
the autumnal equinox, June solstice, and December solstice in decreasing order. At the low latitude station, vernal 
equinox and December solstice show the maximum and minimum solar influence, while autumnal equinox and June 
solstice are about the same. The day-to-day variations in the amplitudes for the first three PCs at these stations are 
parameterized using a model to describe the seasonal and solar flux dependence of the variations and the implications 
of these results are discussed.

J18-3 low-lAtitUde pC3/pi2 wAVes obserVed iN the Upper ioNosphere by ChAMp ANd oN 
the GroUNd
Cuturrufo, fernando; pilipenko, Viacheslav; yagova, Nadezda; hei
Universidad de La Serena (ULS); Institute of Physics of the Earth, Moscow; Eotvos Lorand Ge
fcuturrufo@userena.cl

The spatial structure of Pc3-5 and Pi2 waves throughout the Earth’s surface is very inhomogeneous and demon-
strates a localized  amplitude enhancements, attributed to the Alfven field line resonance. However, at near-equa-
torial latitudes the field lines are totally submerged into the ionospheric plasma and Alfven field line oscillations 
are strongly damped. Nonetheless, clear monochromatic pulsations are often observed at near-equatorial latitudes. 
However, a possible mechanism of equatorial ULF enhancement is still unresolved problem. Several different mech-
anisms can be involved:

- Enhancement of the ionospheric currents induced by ULF wave which spread into the equatorial region with 
elevated ionospheric Cowling conductance;

- Direct penetration of ULF compressional wave energy towards the near-equatorial region without conversion 
into Alfven field line oscillations;

To resolve them can be achieved with the comparison of simultaneous low-orbit satellite observations (CHAMP) 
and ground magnetometers SAMBA. Pc3 and Pi2 waves show up very clearly in the compressional component of 
the satellite magnetic ?eld data, whereas on the ground, their signature is found in the H component. The coherence 
between ground and satel¬lite wave signatures is high over wide latitude and longitude ranges. The observational 
results have been compared with possible scenarios. According to the predictions of the thin ionosphere model upon 
the transmission of the compressional fast mode through the equatorial ionosphere the wave attenuation is to be 
weak. The latitudinal distribution of compressional wave power is determined by the diffraction of a large-scale fast 
mode on a relatively small conductive sphere. 
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J18-4 totAl eleCroN CoNteNt VAriAtioNs dUriNG GeoMAGNetiC storM oVer iNdiAN 
seCtor
shetti, d.J.; patil, p.t. 
Smt. Kasturbai Walchand College
shettidj2002@yahoo.co.in

The GPS data of Kolhapur station (16.8?N,74.2?E)  have been used to measure Total Electron Content (TEC) 
of the ionosphere  during the May 15-17, 2005 magnetic storm and compare this with Hyderabad station (17.410N, 
78.550E) and Bangalore (13.020N, 77.570E)  .Possible sources of error in GPS measurements such as satellite and 
receiver biases are removed using UNB Ionospheric Modelling Techniques and RD_RINEX slant TEC software. 
Storm positive and negative effects on temporal changes in TEC were investigated. On May 15, the shock was 
observed around 0600UT i.e. 1130LT (Local Time). The effect of  the magnetic storm on May 15, 2005 shows an 
increase in the VTEC values, followed by  sudden decrease in Dst values which was  found to be lowest (-256nT) 
at 0900 UT. In daytime, the percentage deviation of TEC relative to their quiet time values was 120% while at night 
time it was only 40% relative to the earlier quiet night and it changes latitude wise. We also observed that the rate of 
loss of TEC ( d(TEC)/dT) was also more on  May 15, 2005 during local noon time relative to their quiet time values 
and there was slight increase in their values observed at night and behavior of TEC changes with latitude.

J18-5 sporAdiC e lAyer deVelopMeNt ANd disrUptioN oVer low lAtitUdes by eleCtriC 
fields, dUriNG QUiet tiMes ANd MAGNetiC storMs
Abdu, M.A. 
Instituto Nacional de Pesquisas Espaciais (INPE)l
maabdu@dae.inpe.br

Sporadic E layers are formed dominantly by wind shear mechanism, but their formation and dynamics are driven 
also by ionospheric electric fields. Under quiet conditions, the equatorial evening prereversal enhancement electric 
field has been known to control the post sunset formation/disruption of sporadic E layers. New investigation of low 
latitude sporadic E layers during magnetic storms show that the formation and disruption of these layers are strongly 
controlled by the magnetospheric electric fields that penetrates to equatorial ionosphere. It has been observed that 
a prompt penetration electric field (PPEF) of westward polarity that dominate the night side ionosphere can cause 
sporadic E layer formation near 100 km, while a PPEF of eastward polarity that dominate the day- and evening hours 
can lead to disruption of an Es layer in progress. Such effects are produced by a vertical Hall electric field, induced 
by the primary zonal PPEF, in the presence of storm associated enhanced conductivity of the night E layer. A down-
ward (upward) polarity of the Hall electric field can cause vertical convergence (divergence) of the ionization lead-
ing to Es layer formation (disruption). An interplay of magnetic storm associated prompt penetration electric field 
and energetic particle precipitation appears to be present in the Es layer response features during magnetic storms, 
particularly in the region of the South Atlantic Magnetic Anomaly.

J18-6 the GeoMAGNetiC seMiANNUAl ANoMAly oN the foUr dst-fUNdAMeNtAl obserVAto-
ries: depeNdeNCes with sUN-eArth physiCAl pArAMeters
Azpilicueta, francisco; brunini, C.
FCAG - Universidad Nacional de La Plata/CONICET
azpi@fcaglp.unlp.edu.ar

The semiannual anomaly (also known as semiannual variation) on the magnetic activity is a phenomenon that 
produces clear minima during March and September and maxima in June and December on the horizontal compo-
nents of the geomagnetic field. This phenomenon has been known since the middle of the nineteenth century, but in 
spite of the accumulation of measurements and the development of three theoretical models, a conclusive physical 
explanation for it has not been developed. The usual approach to study the semiannual anomaly is by means of geo-
magnetic indices like the disturbance storm time, Dst, which is based on combining measurements registered on four 
magnetic observatories. This work follows a different approach based on the raw horizontal components registered at 
the four observatories. The analyses performed aimed to study and assess the impact of several external parameters, 
characteristics of the Sun-Earth environment, on the semiannual anomaly. The influence of the global geomagnetic 
activity level, the solar activity level, the solar magnetic polarity, and the rising/declining phase of the solar radiation 
cycle is analyzed in detail. The most important finding is that the semiannual anomaly is always present and that none 
of the previously mentioned parameters significantly favor the development of it. A second result is the presence 
of a 27 day signal superposed to the semiannual anomaly which is significantly affected by the solar activity level.
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J18-7 ThE CriTiCAl FrEquEnCy FoF2 AnD VirTuAl hEighT h•F AnnuAl VAriAT
biktash, lilia
IZMIRAN
lsizova@izmiran.ru

We have analyzed annual ionospheric variations of the critical frequency foF2 and virtual height h•F at the 
equatorial stations during the solar minima. There are essential distinctions between the global TEC (total electron 
content) and foF2 annual variations during the last two solar minima. Many authors concluded that the annual means 
of foF2 and the global TEC were reduced, while others investigations no found essential variations as compared with 
the previous solar minimum. Most if not all of authors suppose that the possible source of this phenomenon is the 
low level of the EUV (extreme ultraviolet) during the solar minima. The aim of our paper is to amplify these conclu-
sions or to propose new factor which can change ionosphere parameters during the solar minima. We have calculated 
the critical frequency foF2 and virtual height h•F annual variations at the equatorial stations Vanimo and Huancayo. 
These data have been compared with annual variations of Dst-index and EUV at the minimum phases of the solar 
cycles 22 and 23. We have found that in addition to low level of the EUV during the solar minima, the equatorial 
Dst-index as effect of geomagnetic field variations has to be included as the influencing factor on annual ionospheric 
variations. In addition, we have calculated annual variations of the solar wind parameters to show that ionospheric 
variability at the equator is influenced also by geomagnetic activity due to different macro-scale structure of the 
heliosphere during the solar minima.

J18-8 iMpACt of the solAr MiNiMUM ACtiVity oN the brAziliAN ioNosphere
Candido, Claudia M.N.; batista, i.s.
Instituto Nacional de Pesquisas Espaciais (INPE)
claudia@laser.inpe.br

The minimum period of the solar cycle 23/24 was abnormally deep and extended have been inspiring several 
studies on solar physics, on ionosphere/thermosphere system and on climate. In this work we present some results for 
this period extracted from ionospheric data over Brazilian region at two equatorial sites, Sao Luis (44.2° W, 2.33° S, 
dip angle: ?6.9°) and Fortaleza (38.45°W, 3.9° S, dip angle: ?16°) and at the low latitude station Cachoeira Paulista, 
CP (22.4° S, 45° W, dip angle: -37°). It was observed that the plasma densities during the last solar minimum were 
lower than that observed in the previous period in 1996, but only for some periods. An abnormal occurrence rate of 
spread-F/plasma irregularities over CP was observed during June solstice of solar minimum. Besides, the ionograms 
acquired in all stations revealed distinct patterns of spread-F associated with midnight/post-midnight irregularities.  
Over the equatorial region, it was observed significant decreases in the plasma densities during nighttime periods 
with no-echoes in the ionograms lasting for several hours. Afterwards, the same distinct spread-F patterns were ob-
served during the ascending phase (2011) of the current solar cycle over the equatorial region, both with Digisondes 
and coherent backscatter radar. It will be discussed the nature of the observed plasma irregularities and of the iono-
sphere behavior under the influence of the solar minimum activity.

J18-9 eQUAtoriAl 150-KM eChoes ANd dAytiMe f-reGioN VertiCAl plAsMA drifts iN the 
brAziliAN loNGitUde seCtor
rodrigues, f.s.; de paula, e. r.
UT Dallas; INPE
fabiano@utdallas.edu

Previous studies showed that conventional coherent backscatter radar measurements of the Doppler velocity of 
the so-called 150-km echoes can provide an alternative way of estimating the average ionospheric vertical plasma 
drift during daytime hours (Kudeki and Fawcett, 1993; Chau and Woodman, 2004).

Using observations made by a small, low-power 30 MHz coherent backscatter radar located in the equatorial site 
of Sao Luis, we were able to detect and monitor the occurrence of 150-km echoes in the Brazilian sector. Using these 
measurements we estimated the local time variation of daytime vertical ionospheric drifts in the Eastern American 
sector.

Here, we present and discuss a few interesting cases of 150-km echoes observations made by the Sao Luis radar 
and estimates of the diurnal variation of vertical drifts. These cases exemplify the variability of the vertical drifts 
in the Brazilian sector. Using same-day 150-km echoes measurements made at the Jicamarca Radio Observatory in 
Peru, we also demonstrate the variability of the equatorial vertical drifts across the American sector. The stations are 
only ~30o longitude apart. We also present observations of abnormal drifts detected by the Sao Luis radar that were 
associated with the 2009 major sudden stratospheric warming event.

We conclude this presentation with our plans for new coherent backscatter radar measurements of E- and F-region 
ionospheric irregularities in Brazil.
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J18-10 the weddell seA ANoMAly obserVed iN the VteC MeAsUreMeNts
Meza, Amalia; Natali, M. paula; fernandez, laura isabel
Facultad de Cs. Astronomicas y Geofísicas -UNLP;FCAG-UNLP;FCAG-U
ameza@fcaglp.unlp.edu.ar

The Weddell Sea Anomaly (WSA) was discovered in the early 1960 (Bellchambers and Piggott, 1958; Penndorf, 
1965), but it has not received much attention till the last fifteen years (Horvath and Essex, 2003; Horvath, 2006). 

The WSA is defined when the nighttime plasma density is greater than the daytime density in the area near the 
Weddell Sea, more specifically a region about 55 S to 66 S/ 85 S (the latter limits are the southern boundary of satel-
lite orbits and IONEX bins respectively), and about 225 E - 315 E in longitude.

The WSA morphology was analyzed using the Vertical Total Electron Content (VTEC) during high (2000) and 
low (2008) solar activity. In this work we use Global IGS VTEC maps (GIM) and Principal Component Analysis to 
study spatial and temporal ionospheric variability. The IGS VTEC maps are reorganized, and from each daily data 
set, two maps were constructed: one at noon and the other at night in order to analyse the behaviour 

Using the GIM VTEC maps and the PCA technique our results highlight the WSA in summer for low solar activ-
ity and in summer and spring equinox for high solar activity.

J18-11 dyNAMiCs of polAr CAp boUNdAry ANd AssoCiAted effeCts iN the plA
lukianova, renata; Kozlovsky, Alexander
Arctic and Antarctic Research Institute; SGO
renata@aari.nw,.ru

We used the dataset obtained from the EISCAT Svalbard Radar to study statistically the ionospheric convection 
in a vicinity of the polar cap boundary (PCB) as related to IMF conditions. The effect of IMF By is observed in the 
intensity and direction of the azimuthal component of ionospheric flow. The most significant effect is on the day 
and night sides whereas on dawn and dusk the effect is essentially less prominent. An asymmetry is revealed with 
respect to the noon-midnight meridian: the magnetospheric response to IMF By is stronger in the 00-12 MLT sector 
compared to the 12-24 MLT sector. Quantitative characteristics of the IMF By effect are presented and explained 
by (1) the magnetospheric electric fields generated due to the solar wind, (2) the displacement of PCB for different 
IMF orientation and (3) the magnetospheric plasma distribution. In order to estimate the polar cap shift the statistical 
model of the position of PCB depending on the IMF By and Bz is constructed using the database of the auroral oval 
boundaries from the IMAGE satellite. Also, the PCB dynamics during magnetic storms is analyzed. In particular, it 
is shown that after northward turn of the IMF during the storm’s recovery phase on the dayside, the PCB is shifted to 
the north practically without time delay. The night boundary requires many hours to be shifted to the pole.

J18-12 strUCtUre ANd dyNAMiCs of ioNospheriC distUrbANCes At MidlAtitUd
Cherniak, iu; zakharenkova, i.; Krankowski, A.; shagimuratov, i.
WD IZMIRAN
tcherniak@ukr.net

The knowledge about ionosphere is necessary for design and operation of space vehicles, remote sensing, naviga-
tion and communication. One of the most challenging tasks in upper atmosphere physics is the proper representation 
of the ionospheric response to space weather changes. The last extended solar minimum conditions and the begin-
ning of the new 24th solar cycle give us an opportunity to investigate the ionosphere disturbances at background of 
extremely low electron density values. For study of global structure of ionospheric disturbances was used the differ-
ent data provided by ground-based and satellite ionosphere measurements. It was processed the data from European, 
American, Japanese, and Australian ionosonde networks as benchmark data source. The ionosphere modification on 
a global scale have been checked with use of Global Ionospheric Maps, provided by international GNSS Service, and 
data from FORMOSAT-3/COSMIC RO mission. Additionally for estimation of the electron density dynamic at high 
latitudes was analyzed TEC fluctuations map, created by IGS/EPN, PBO and POLENET data. 

As case study events have been selected geomagnetic disturbances occurred on October 2008, July 2009, May 
2010 and September 2011, when observed more essential ionospheric responses. The global maps of TEC were used 
in order to estimate large scale storm effects, ionosonde data gives possibilities to study the local peculiarities of 
the ionsphere disturbances (two parameters have been processed  the NmF2 and hmF2). Additionally for analysis 
of the height ionospheric structure we combined ionosonde-derived data with the Ne profiles from FORMOSAT-3/
COSMIC RO measurements and global distribution of electron density at selected altitudinal intervals.

It was resulted that selected moderate geomagnetic storms (Kp ~ 6) lead to the different ionospheric response 
(positive and negative) over European, American, Japan and Australian areas. The global pattern and local temporal 
and quantitative characteristics of the ionosphere disturbances during selected storms were revealed. For example 
geomagnetic storm October 11, 2008 lead to short time positive ionospheric disturbance over Europe in TEC values 
with factor 2, foF2 - with factor 1,5-1,8 and uplifting of F2 layer maximum up to 100 km.

Additionally it was carried out the comparison of ionosonde derived foF2 values with IRI-2007 model, that have 
the storm-time option. It was obtained the qualitative agreement between the ionosonde-derived foF2 values and 



84

Scientific program

model calculations for cases of negative ionospheric storms. The best agreement between model and observations 
results corresponds to the Northern Hemisphere mid-latitude stations. 

We acknowledge the Australian IPS Radio and Space service and the National Institute of Information and 
Communications Technology (NICT) in Japan for providing ionosonde data. The authors would like to thank B.W. 
Reinisch and the Center of Atmospheric Research, University of Massachusetts Lowell for the ionogram data of 
DIDBase. We are also grateful to International GNSS Service (IGS) for GPS TEC products.

J18-13 sUperMAG: GlobAl obserVAtioNs of eArth-spACe CoUpliNG
Gjerloev, Jesper
JHU-APL
jesper.gjerloev@jhuapl.edu

SuperMAG is a worldwide collaboration of organizations and national agencies that currently operate more than 
300 ground based magnetometers.  This vast data set is truly unique since it allows continuous and nearly global 
measurement of a fundamental parameter, the ground level magnetic field, thereby allowing studies of the global 
electric current system and its coupling to near-space.  SuperMAG is currently funded by NASA, NSF and ESA.  In 
this presentation we focus on two recent studies enabled by this global collaboration: 1) A generalization of the tra-
ditional 12-station auroral electrojet (AE) index to include more than 100 magnetometer stations, SME, was shown 
to be an excellent predictor of global auroral power and it was shown, contrary to common opinion, that substorms 
do not have a preferred recurrence rate but instead have two distinct dynamic regimes, each following a power law.  
2) Earth’s ring current studies revealing consistent local time asymmetries in the net current which suggest that part 
of the current closure takes place in other regions of space.  Measurements from the Cluster spacecraft  was found to 
indicate the role of magnetopause surface currents for ring current closure.

J15-14 obserVAtioNs of NArrowbANd wAVes oN the sUrfACe of the MooN iN the terres-
triAl MAGNetotAil
Chi, peter
UCLA
pchi@igpp.ucla.edu

By examining the data collected by the Apollo 15 and 16 Lunar Surface Magnetometers between April and July 
of 1972, we have found a type of narrowband waves observed on the surface of the Moon. With frequencies ranging 
from 0.04 to 0.17 Hz, these narrowband waves are present only when the Moon was in the terrestrial magnetotail, 
and the wave properties are consistent with those of ion cyclotron waves. We propose that anisotropy of ion tempera-
ture can exist in the vicinity of the Moon, exciting the ion cyclotron instability and resulting in the narrowband waves 
observed on the lunar surface. Simultaneous observations at the Apollo 15 and 16 sites reveal a small but noticeable 
difference in wave amplitude and phase, suggesting that the variations in the interior electrical conductivity alter the 
wave signals observed on the Moon.

J15-15 siMUlAtioNs of ioN ACoUstiC wAVes iN sAtUrN’s MAGNetosphere
Koen, etienne; Collier, Andrew; Maharaj, shimul
SANSA, KTH, SANSA, UKZN; SANSA
koenej@gmail.com

Existence domains and characteristics of ion acoustic waves are studied in a two-temperature electron, adiabatic 
ions and low density ion plasma with the electron components being kappa-distributed. Such an environment has 
been found in Saturn’s magnetosphere. Using a Particle-in-Cell (PIC) simulation, the evolution of the spatial electric 
field is tracked during the entire simulation, after which a dispersion diagram is constructed to study the dispersion 
characteristics of the ion acoustic mode

J18-16 tiMe-depeNdeNCe iN the JoViAN ANd sAtUrNiAN MAGNetospheres: MAss-loAdiNG 
ANd MAGNetosphere-ioNosphere CoUpliNG
Arridge, C.s. 
Mullard Space Science Laboratory, University College London and the Centre for Planetary Sciences at UCL/
Birkbeck, London
c.arridge@ucl.ac.uk

The neutral mass sources for the jovian and saturnian magnetospheres are recognised as being time-dependent. 
However, the extent of this variability, and the variability this then produces in magnetospheric fields and particles 
is not well understood from a theoretical or observational perspective. In this paper we present a time-dependent 
two-dimensional model of the jovian and saturnian magnetospheres. This model combines physical chemistry from 
neutral cloud theory, diffusive radial transport of mass and angular momentum, magnetosphere-ionosphere coupling 
to enable angular momentum transport between the magnetosphere and the planet, and coupling to an Euler poten-
tial model of the magnetospheric magnetic field. Model outputs, including in situ fields and particles, and energetic 
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neutral atom and optical emissions are described and examples presented. We present an application of this model 
to understand the consequences of impulsive volcanism at Io and also to establish what can be inferred from remote 
ground-based images of the Io plasma torus in S+.

J18-15p effeCts of eleCtriC field ANd NeUtrAl wiNd oN the eQUAtoriAl ANd low lAtitUde 
ioNosphere dUriNG GeoMAGNetiCAlly distUrbed periods.
bravo, Manuel; souza, Jonas; batista, inez; bailey, Graham.
Instituto Nacional de Pesquisas Espaciais (INPE)
manuel.bravo@dae.inpe.br

Solar events generate geomagnetic disturbances on Earth. Furthermore, changes in the electrical current system 
and in the circulation of winds in the upper atmosphere are produced. These changes disturb the ionosphere, for 
example, intensifying or inhibiting the Equatorial Ionization Anomaly, introducing anomalous variations in the am-
plitude and height of the F-layer peak, in the E-layer and in the occurrence of sporadic layers, among others effects.

The disturbed electric fields will generate disturbed E x B drifts, which are very important for the electrodynami-
cal processes at the equatorial regions. Furthermore, as one of the transport mechanisms for the charged particles is 
neutral wind drag, the plasma transport will also be modified by the disturbed wind.

During magnetically disturbed periods, disturbances in several ionospheric parameters measured by Digisonde 
are observed, but the existing ionospheric models are unable to represent the observations properly.  

In this work we will use the ionospheric model SUPIM (Sheffield University Plasmasphere Ionosphere Model) 
in order to simulate the ionospheric behavior at different stations in the equatorial and low latitude regions in Brazil 
during some geomagnetically disturbed events.

To find a pattern in these circumstances, we will adjust the input parameters, in this case, electric field and neutral 
winds, because we know that these parameters vary in these periods, until the results of the model can explain the 
electron density variations observed on Digisonde data at various stations.

J18-16p ChArACteristiCs of GeoMAGNetiC pUlsAtioNs At GroUNd ANd spACe
Jayashree b.; sinha A.K.; Vichare, Geeta
Indian Institute of Geomagnetism, Navi Mumbai, India
bulusujayashree@gmail.com

Ultra-low-frequencies (ULF) waves observed in the magnetosphere manifest themselves as geomagnetic pulsa-
tions at the ground. The main objective of this work is twofold. Firstly we have used satellite observations to study 
magnetosphere-ionosphere coupling and its effect on geomagnetic pulsation. The study reveals that the ionosphere 
plays a major role in supporting different types of standing Alfven wave structures depending on the ionospheric 
conditions. Secondly, we study the Field line Resonance (FLR) mechanism in the subtropical regions (L< 1.4). FLR 
mechanism is responsible for  coupling  the incoming fast mode with that of the standing oscillations on the geo-
magnetic field lines. For this purpose, we have analyzed low latitude ground magnetometer data from Indian sector.

J18-17p first resUlts of doppler experiMeNt iN hf bANd UNder the soUth Crest of eQUA-
toriAl ANoMAly
Cabrera, Miguel A.; Jaroslav, Chum; buresova, d.; Mosert M.; …
Universidad Nacional de Tucuman FACET;IFA-AS;CONICET;ICATE;CIASuR
mcabrera@herrera.unt.edu.ar

Gravity waves (GWs) transfer energy and momentum between lower and upper atmosphere. The coupling be-
tween different regions of the atmosphere has been studied by means of several methods. Using a multi-point con-
tinuous Doppler sounding system, operating in HF band, it is possible to observe GWs with a good time resolution, 
and to determine GW velocities and propagation directions. Such observations have been carried out in the Czech 
Republic and in South Africa, and since 2012 also in Argentina. A Doppler radar system, developed at the Institute of 
Atmospheric Physics of Academic of Sciences (Czech. Rep.), has been deployed in the vicinity of Tucuman within 
a joint project between the Czech Republic and Argentina in order to study GWs under the South crest of Equatorial 
Anomaly. The system is composed of three transmitters of highly stable frequency and one receiver placed at UNT 
campus (26.8435 S; 65.2299 W). In this paper the first observational results of the Argentinian Doppler network are 
presented.

J18-18p oriGiN ANd iNflUeNCe of the exterNAl MAGNetiC field distUrbANCes throUGh 
terrestriAl sUrfACe dAtA: CAse stUdy iN MexiCo.
Cervantes-Villa, J. sebastian; hernández-Quintero, e.
UNAM Instituto de Geofísica; UNAM Instituto de Geofísica
jsebastian.cervantes@gmail.com

The Earth´s magnetic field reaches far above into the space and is confined within the magnetosphere, bounded 
by the magnetopause. The Solar Wind cannot easily penetrate the terrestrial magnetic field, even though it is one of 
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the sources of the plasma in this cavity. In the magnetosphere, ions and electrons are not immobile, but rather move 
in different directions, creating electric currents. As a result, there are a variety of electric current systems inside 
the magnetosphere, and as a consequence, magnetic field disturbances are produced. The patterns of these currents 
depend mostly on the state of the changing solar wind. Effects of these systems are recorded on the surface through 
magnetometers in observatories, and the processes that produce them can be interpreted from these data.

In this study, we use data supplied by some American magnetic observatories, and along with geomagnetic indi-
ces and ground magnetic recordings, we describe the origin of the external magnetic fields. We carry out this for two 
states of the Sun, quiet and disturbed, and therefore establish a criterion for distinguishing the origin of the disturbed 
states. We also identify magnetic disturbances in magnetograms and interpret them in terms of the current systems 
considered. 

At Mexican latitudes, the influence of these current systems and the effect of geomagnetic storms, considering 
geomagnetic indices, have not been studied yet. The most important reason is the reliance on electric infrastructure 
and navigation and communication systems. Besides, solar activity of cycle 24 began last year, and several effects 
on technology have been reported for more northward and southward latitudes. The study of these electric current 
systems, which enhance as solar activity increases, is relevant for defining its effect on the area of Mexico.

J18-19p the ioNospheriC behAVior oVer the brAziliAN reGioN dUriNG ssw eVeNts
paes, r.r.; batista, i.s.; Cândido, C.M.N.; paula, e.r.; Jonah, o.f.
Instituto Nacional de Pesquisas Espaciais (INPE)
ricardo.paes@dae.inpe.br

This study refers to the connection between the stratosphere and ionosphere, investigating, specifically, the be-
havior of the equatorial ionization anomaly (EIA) and ionospheric effects over the Brazilian region during sudden 
stratospheric warming (SSW) events that occurred in northern hemisphere winter (2005-2006 and 2008-2009) and 
a stratospheric warming period that occurred in the southern hemisphere winter in 2010, when, in both cases, the 
solar activity was low. During SSW events, through mechanisms not yet well known, planetary waves can be ampli-
fied and cause disturbances in the upper atmosphere winds. As it is already known, the winds are responsible for 
the dynamo mechanism which generates the ionospheric electric fields. These fields, in turn, are fundamental in the 
formation of the EIA. In this study the ionospheric behavior was investigated using a parameter ??, which express 
the EIA relative intensity for the Brazilian sector. This parameter is calculated from the ionospheric F2 layer critical 
frequency relative variation, which is obtained from Digisondes installed nearby the geomagnetic equator, São Luís 
(2.6° S, 44.2° W) or Fortaleza (3.8° S, 38° W) and near the EIA southern crest, Cachoeira Paulista (22.5° S, 45° W). 
The results for the Brazilian region show, mainly after SSW temperature peak, an increase in the EIA intensity in the 
morning, followed by a decrease in the afternoon. This behavior is preserved for a number of days equal to the polar 
region thermal stabilization phase and it is very similar to the results obtained in pioneering studies in the Peruvian 
sector, in which TEC data was used. In the Brazilian case, the negative variation is stronger than the positive, being 
noticeably more intense around the pre-reversal enhancement time, when the EIA is strongly suppressed.

J18-20p eNhANCiNG the ChArACterizAtioN, UNderstANdiNG ANd foreCAstiNG of MAGNeto-
spheriC proCesses throUGh AdVANCed dAtA roUtiNG protoCols
daglis, ioannis; Anastasiadis, Anastasios; balasis, Georgios; Georgiou, Marina; papadimitriou, Constantinos; 
Keramitsoglou, ifigenia; Paronis, Dimitrios; rontogiannis, Athanasios; Sykioti, olga
National Observatory of Athens (NOA); NOA; NOA; NOA; NOA; NOA; NOA; NOA; NOA; DUTH; DUTH
daglis@noa.gr

The comprehensive characterization of magnetospheric processes has received a boost through the transition 
from single spacecraft to multi-spacecraft observations. This evolution has set the foundations for the deeper un-
derstanding and eventual forecasting of magnetospheric processes and the Sun-Earth connection and space weather 
in general. However, multi-spacecraft distributed observation methods and adaptive mission architectures require 
computationally intensive analysis methods. Moreover, accurate space weather forecasting and future space ex-
ploration far from Earth will be in need of real-time data assimilation technologies. The most important capability 
requirements in this effort are:

Simultaneous sampling of space plasmas from multiple points with cost-effective means and measuring of phe-
nomena with higher resolution and better coverage to address outstanding science questions;

Achieving unique vantage points such as upstream at L1, solar polar orbit, or, desirably, beyond the edge of the 
heliosphere;

Enabling the prompt, light-speed return of vast new data sets from anywhere in the solar system; 
Synthesizing to enrich our understanding by means of system-wide measurements exploiting new data analysis 

and visualization techniques. 
From the above, it is evident that data sharing and data access are major issues in space sciences, as they influ-

ence the degree of data exploitation. The collaborative research project Space-Data Routers, has the aim of allowing 
space agencies, academic institutes and research centers to share space-data generated by single or multiple missions, 



87

IAGA Meeting 2013 

in an efficient, secure and automated manner. The approach of Space-Data Routers relies on space internetworking   
and in particular on Delay-Tolerant Networking (DTN), which marks the new era in space communications, unifies 
space and earth communication infrastructures and delivers a set of tools and protocols for space-data exploitation. 

The project has defined limitations currently imposed by typical space mission scenarios and aims at surpassing 
them. In the case of the Sun-Earth connection scenario, we plan to test and validate the capabilities of Space-Data 
Routers in providing:  a) Simultaneous real- time sampling of space plasmas from multiple points with cost-effective 
means and measuring of phenomena with higher resolution and better coverage to address outstanding science ques-
tions and b) Successful data transmission even in hostile communication conditions. 

The work leading to this paper has received funding from the European Union’s Seventh Framework Programme 
under grant agreement no. 263330 for the SDR (Space-Data Routers for Exploiting Space Data) collaborative re-
search project. This paper reflects only the authors’ views and the Union is not liable for any use that may be made 
of the information contained therein.

J18-21p behAVior of the soUtherN Crest of the eQUAtoriAl ANoMAly dUriNG distUrbed 
CoNditioNs: A CAse stUdy
fernandez de Campra, p.; Mansilla, G. and zossi, M.
FACET- Universidad Nacional de Tucuman; CONICET
pfernandez@herrera.unt.edu.ar

During magnetically quiet conditions, the electron density of the ionospheric F2 region has a depression or “mini-
mum”, centered around the geomagnetic equator, and two peaks (crests) around 100-200 latitude on both sides of the 
equator. This is so-called the equatorial or Appleton anomaly (AE). Changes in this structure are produced during 
geomagnetic storms, which have been subject of extensive research for many decades.

In this paper, the behaviour of the ionospheric F2-region observed in the equatorial anomaly region during an 
intense geomagnetic storm occurred on October 29, 2003 (peak Dst= - 350 nT) is studied. For that, foF2 and hmF2 
data from Jicamarca (0.60S), Ascensión Is. (2.50S) and Tucumán (10.50S) are used. The results show that during 
the initial stage of the storm, increases of electron density are produced in the equatorial region and decreases at low 
latitudes.  During the recovery of the storm, it remains this kind of behaviour. The possible physical mechanisms 
working during the different phases of the storms are considered. 

J18-22p eCho of riNG CUrreNt storMs iN the ioNosphere ANd plAsMAsphere
Gulyaeva, tamara
IZMIRAN
gulyaeva@izmiran.ru

Prompt the ionosphere and plasmasphere planetary storm occurrence associated with intense ring current storms 
is investigated. Evaluation is based on the ionospheric weather W-index generated from JPL Global Ionospheric  
Maps of Total Electron Content, GIM-TEC, for a period of 1999-2012. Magnitude of W-index at each grid point of 
a map varies from the quiet state (W=+-1) to intense storm (W=+-4). The superposed epoch analysis is performed 
for the total 79 intense ring current storms (Dst<-100 nT) during 1999-2012 by defining the start time of the epoch 
at the peak of Dst index. Occurrence of positive phase of W-index storm (W = 3 & 4) and the negative phase (W = 
-3 & -4) is calculated for hourly-daily GIM-TEC maps encapsulated in IONEX format (-87.5:2.5:87.5º in latitude, 
-180:5:180º in longitude). It is found that the positive phase of W-index storm mirrors the main phase of Dst storm 
with its maximum observed 2 hrs prior the Dst peak. The negative phase of W-index storm originates at onset of 
Dst storm with the peak of the occurrence observed 6 to 12 hours later than the storm onset. Model of probability 
of occurrence of the W-index storm is produced which can be implemented for the ionosphere-plasmasphere storm 
prediction incorporating forecast of Dst index provided online by the different institutions.

This study is supported by the joint grant of TUBITAK 112E568 and RFBR 13-02-91370-CT_a.

J18-23p iNVestiGAtioN of deCAdAl sCAle ChANGes iN the AUrorAl oVAl UsiNG MAGsAt, 
oersted, ANd ChAMp dAtA
hamilton, brian; Macmillan, susan
British Geological Survey
smac@bgs.ac.uk

The magnetic field sources inside the Earth play an important role in determining the long-term patterns in space 
weather and influence the magnetic field variations from sources external to the Earth.  For example, current systems 
in the auroral region, which produce large magnetic disturbances during sub-storms, are strongly ordered by the 
Earth’s internal magnetic field via the latter’s interaction with solar wind.

It has been known for some time that processes in the Earth’s fluid outer core result in changes in the magnetic 
field, known as secular variation, that are most visible on decadal and longer timescales.  Measurements over the past 
two centuries suggest the dipole moment has decreased by about 10% over that period.  Some changes in the non-
dipolar field are seen to vary even more quickly.  For example, the north dip-pole has shifted hundreds of kilometres 
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over the past century and with increasing rapidity over the past two decades.
We present the results of a search for decadal changes in the auroral ovals commensurate with the evolution of the 

main field over the satellite era using a combination of MAGSAT (1979-80), Oersted (1999-), and CHAMP (2000-
10) magnetic data.  As well as providing good along-track spatial resolution, satellites also provide equal coverage 
of data for northern and southern auroral zones.

J18-24p NANosAtC-br1 CoNtribUtioNs for GeoMAGNetiC MeAsUreMeNts
Marchezi, José p.; Mendes, o.; trivedi, N.; durão, o.; schuch. N
Southern Regional Space Research Center (CRS), INPE - MCTI - UFSM; DGE, CEA, INPE-MCTI, CRS, INPE 
- MCTI
jpmarchezi@gmail.com

The space region over the Brazilian territory is of significant physical importance. In it, two intriguing phenom-
ena occur: the South Atlantic Magnetic Anomaly (SAMA) and the Equatorial Electrojet. Many details related to 
them are still poorly known and, in principle, those electrodynamical processes are of considerable scientific impact. 
NANOSATC-BR1 is a Brazilian nanosatellite with a magnetometer sensor, as one of its payloads, which will mea-
sure the intensity of the geomagnetic field along its orbit. In this work, the objective is to show measurements of 
geomagnetic field  on the ground collected in four different South America sites. The period includes some magnetic 
disturbance originated mainly by the effects of magnetosphere-ionosphere system. November 8th, 2004, was the day 
chosen to illustrate the proposed analysis procedure. The experimental places are Tatuoca Magnetic Observatory 
- National Observatory (ON), Belém - Brazil, under the effects of the Equatorial Electrojet, Vassouras Magnetic 
Observatory, ON, Rio de Janeiro, Brazil, between the SAMA and the Equatorial Electrojet, Magnetic Station at the 
Southern Space Observatory, São Martinho da Serra - OES/CRS/INPE-MCTI, RS, Brazil, under de SAMA’s region, 
and Trelew Magnetic Observatory, Argentina, in the SAMA’s south border. The NANOSAC-BR1 will provide data 
from an altitude around 600Km orbiting over the two regions, that way offering a different point of view concern-
ing of the phenomena that occur in the SAMA and above the Ionosphere Equatorial Electrojet regions. The use of 
a low orbit satellite measurement together with those data from the ground will improve the information on those 
processes.

J18-25p ioNospheriC slAb thiCKNess iN the eAst seCtor of soUth-AMeriCA dUriNG oNe 
yeAr of low solAr ACtiVity
Muella, Marcio t.A.h.; silva, Marcelo h.d.; de Abreu, Alessandro J.; fagundes, paulo r.
UNIVAP
mmuella@univap.br

This paper reports the first results of equivalent ionospheric slab thickness estimated in the Brazilian longitudi-
nal sector. The ionospheric slab thickness is a measure of the shape of the ionospheric profile and can be obtained 
from the ratio of the total electron content (TEC) to the F-region peak electron density (NmF2). The ionospheric 
slab thickness was studied during one year of low solar activity (from March 2009 to February 2010). The period 
analyzed were separated in three seasonal groups; Equinoxes, June solstice (winter) and December solstice (sum-
mer) months. The ionospheric slab thickness was studied at the equatorial station of Palmas (10.12 S, 48.21 W, 7.73 
S dip lat) and in the low latitude station of Sao Jose dos Campos (23.07 S, 45.52 W, 19.61 S dip lat). The TEC data 
have been obtained from dual-frequency GPS receivers and the NmF2 data were calculated from the foF2 parameter 
scaled from ionograms recorded by simultaneous measurements of digital ionosondes. The minimum values of TEC 
and NmF2 were observed in both stations during the early morning and the maximum values during afternoon hours. 
The diurnal, seasonal and latitudinal variations of the ionopheric slab thickness were then analyzed. The thickness of 
the ionosphere increased during daytime if compared to the nighttime values. During the summer and the equinoctial 
periods the slab thickness reached the higher values if compared to those observed during the winter solstice months. 
The equatorial site of Palmas showed values of daytime slab thickness larger than those observed at the low-latitude 
station of Sao Jose dos Campos, except during the June solstice months. At Sao Jose dos Campos, a pronounced 
pre-dusk increase in the equivalent slab thickness is observed during the winter solstice months. From the calculated 
slab thickness we also estimated the atmospheric neutral temperature (Tn) over both stations. Other relevant aspects 
of the ionospheric slab thickness behavior will be presented and its comparison with atmospheric and ionospheric 
model results.

J18-26p effeCts of eVeNts iN hildCAA iN the eQUAtoriAl ioNosphere oVer the brAziliAN 
reGioN: A CAse stUdy
pereira da silva, régia; sobral, J. h. A; Koga, daiki
Instituto Nacional de Pesquisas Espaciais (INPE)
regia.pereira@dae.inpe.br

HILDCAA (High Intensity, Long Duration, Continuous AE Activity) is a geomagnetic phenomenon, during 
which the AE index displays intense and continuous amplitude during the recovery phase of a magnetic storm. It 
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generally occurs during geomagnetic quiet time during solar minimum and declining phase of the solar cycle. This 
work presents an analysis of the effects of penetration of interplanetary electric field to the equatorial ionosphere dur-
ing a HILDCAA event. Then, we examine how the equatorial ionosphere over the Brazilian region behaves in terms 
of the peak height of the F2 layer (hmF2) during the occurrence of a series of events HILDCAA. For this purpose, 

Digisonde data from the equatorial station São Luís (44,6O, 2,33S, dip angle 1,5S) observed during the occur-
rence of the three distinct periods of HILDCAA events in the year of 2006 will be used.

J18-27p eVAlUAtioN of AN ioNospheriC 3d-iNterpolAtioN pArAMeters for the brAziliAN 
ioNosphere dyNAMiCs foreCAstiNG systeM bAsed oN rAdio oCCUltAtioN dAtA
petry, Adriano; Mattos, everson; leopoldino, thaygoro Minuzzi; de souza, Jonas rodrigues
Instituto Nacional de Pesquisas Espaciais (INPE); INPE; INPE/UFSM; INPE
adriano.petry@crs.inpe.br

The Brazilian operational ionosphere dynamics forecasting system, developed at National Institute for Space 
Research by the Space Weather team (INPE/EMBRACE) has made predictions of the 3-dimensional ionosphere 
behaviour in terms of the concentrations, field-aligned fluxes, and temperatures of the electrons and the O+, H+, N+, 
He+, N2+, O2+ and NO+ ions, and provides vertical total electronic content (TEC) maps for South America region 
with almost 24 hour ahead. Recently, efforts have being made to simulate the predictions in a global scale.

A first principles model is used to estimate ionospheric parameters aligned with geomagnetic field lines. This 
spatial grid becomes non-homogeneous when converted to geographic coordinates. To generate TEC maps, a 3-di-
mensional homogeneous grid is used, and for every grid location, Inverse Distance Weighting (IDW) interpolation 
procedure is applied using the simulated values in the neighbourhood. The grid altitude ranges from 90km to 1000km 
with step of 10km, and the grid latitude and longitude covers the hole Globe using step of 1 degree. The problem that 
arises from this procedure concerns the number of nearest neighbours that should be used in the interpolation. We 
have experienced that different number of neighbours used in grid interpolation leaded to very different TEC maps.

In this study we have used Radio Occultation (RO) remote sensing technique, that measures physical properties 
of a planetary atmosphere, including electron density. Data from Constellation Observing System for Meteorology, 
Ionosphere and Climate (COSMIC) was compared with several grids interpolated using different number of nearest 
neighbours for IDW interpolation. Considering observations at the same Coordinated Universal Time (UTC), with 5 
minutes of tolerance, every RO measurement was compared with its closest grid value. Mean Squared Error (MSE) 
was then calculated for all available data, since the most representative grid minimizes the MSE.

Preliminary results for julian day 80 of 2012 indicate that a wide range, between 100 and 500, for the number of 
nearest neighbours used in IDW shows an approximately equal and maximal similarity when interpolated grid values 
are compared with RO observations. In order to minimize the computational load, an appropriate IDW interpolation 
would consider around 100 nearest neighbours.

J18-28p rAdio oCCUltAtioN Methods for MoNitoriNG AtMosphere ANd ioNosphere of the 
eArth
ríos, Víctor; leal, sebastian; esquivel hernán
Department of Physics, Universidad de Tucuman; CONICET
vhrios@uolsinectis.com.ar

The remote sensing satellite radio occultation method elaborated for monitoring of the Earth’s atmosphere and 
ionosphere with a global coverage is described. Comparison of theoretical results with experimental observations 
of radio wave propagation effects in the Earth’s atmosphere and ionosphere in the communication links satellite-
to-satellite is provided. Directions in application of the radio occultation method are discussed: measuring vertical 
gradients of the refractivity in the atmosphere and electron density in the lower ionosphere, determination of the 
temperature regime in the stratosphere and troposphere, investigation of the internal wave activity in the atmosphere, 
and study of the ionospheric disturbances on a global scale. The radio occultation technique may be applied for 
investigating the relationships between processes in the atmosphere and mesosphere, study of thermal regimes in 
the intermediate heights of the upper stratosphere-lower mesosphere, and for analysis of influence of space weather 
phenomena on the lower ionosphere. Radio-holographic methods are considered as a tool for determination of the 
altitude profiles of temperature, pressure, refractivity, internal wave activity in the atmosphere, and electron density 
in the ionosphere with usage of the radio links satellite-to-satellite. Results of radio occultation measurements of the 
atmospheric and ionospheric parameters are described. Comparative analysis of effectiveness of the radio occulta-
tion and other remote sensing methods is conducted.
Key words: ionosphere, satellite, interactions, radio ocultation
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J18-29p ioNizAtioN Growth iN the NiGht obserVed with Gps ANd diGisoNde stAtioNs oN 
the eQUAtoriAl reGioN
ríos, Víctor; González, Gilda; batista inés; esquivel, hernán
Deparment of Physics, Universidad de Tucuman; INPE
vhrios@uolsinectis.com.ar

True height electron density profiles observed with the digisonde and GPS stations were analyzed together with 
geomagnetic data indices for different period of 2011 in an afford to define the ionospheric structure during events 
of nighttime ionization enhancements and to discuss the physical processes that may cause them. An upwelling of 
the F2 layer, limited to the dark hemisphere, was evident in all events, but nighttime positive effects and nighttime 
enhancements are attributed to two distinct mechanics, according to our findings. Height enhancements are wave-
like disturbances and the time delay of their occurrence at middle latitudes depends on the increase rate of the AE 
index, and consequently, on the rate that the solar wind input energy dissipates in the auroral ionosphere. Thus, they 
most probably originated in the auroral oval region and propagated toward the equator-like TIDs disturbances, with 
a periodicity that depends on the ionization density. On the other hand, foF2 and TEC increases do not share the 
same wavy appearance, with could mean that they are not connected to TIDs and are not of auroral oval origin. The 
increased nighttime density can only be speculated to be due to increased downward fluxes from the plasmaphere. 
Key words: ionosphere, plasmasphere, interactions, disturbances

J18-30p lAtitUdiNAl exteNt of eQUAtoriAl plAsMA bUbbles iN the soUth AMeriCAN seCtor
savio, siomel; pimenta A., Alexandre
IGA, INPE; INPE
siomel.savio@dae.inpe.br

At equatorial and low latitude regions, the all-sky imaging observations of the OI 630 nm emission show quasi 
north-south aligned intensity depletion bands, which are the optical signatures of large scale F-region plasma ir-
regularities. These large scale ionospheric irregularities (plasma bubbles) are regions where the plasma densities are 
much less than the ambient plasma densities and are initially generated in the bottomside of the equatorial F-region. 
These irregularities result from a non-local plasma process involving collisional and collisionless Rayleigh-Taylor 
instability. These depletion regions are generated after sunset and as they move upward, they map along the magnetic 
field lines to high latitudes. In this study we use images taken by “all sky” cameras at Cachoeira Paulista (22.7o S, 
45o W) and São Martino da Serra (29.3o S, 53.8o W) with ionograms obtained at stations located at higher latitudes. 
Important features from these set of observations are presented and the Latitudinal extent of equatorial plasma 
bubbles in the South American sector  is discussed.

J18-31p deVelopMeNt of the storM-tiMe teC flUCtUAtioN iN hiGh lAtitUde...
shagimuratov, i.; Kuznetsov, V.; Cherniak, iu.; ephishov, i.
West Department of IZMIRAN
shagimuratov@mail.ru

One of the well-known indicator of space weather is amplitude and phase scintillations of the trans-ionospheric 
signals that propagated through high latitude ionosphere. 

Nowadays, regular monitoring of fluctuation activity can be provided by GPS observations. We use GPS mea-
surements of Greenland network to analyze the occurrence of GPS TEC fluctuations in sub-auroral, auroral and polar 
ionosphere during 9, 17 and 26 September 2011 geomagnetic storms. These storms were started on different UT. The 
development of the isolated storm on 17 September 2011 was classical. The storms occurred on 9 and 27 September 
were complicated with presence of sub storms on the recovery phase.

It is obtained that TEC fluctuation activity strongly depends on geomagnetic storm intensity. The essential in-
creasing of fluctuation activity level was observed over all considered latitudes. The fluctuation activity correlates 
with changes of IMF Bz component. The sub storm activity was well recognized in behavior of TEC fluctuations. 
The observations provided by high latitude IGS stations were used to visualize the irregularity oval and to study its 
structure. It was revealed that irregularity oval structure was very sensitive to solar/geomagnetic changes and infor-
mation about it can be served as an effective indicator of space weather state.

J18-32p iNVestiGAtioN of hiGh lAtitUde ioNosphere by Gps teC obserVAtioN
shagimuratov, i.; zakharenkova, i.; Cherniak, iu.; yakimova, G.
West Department of IZMIRAN
shagimuratov@mail.ru

The GPS observations of Greenland network were used TEC variations in high latitude to study. This network 
provides unique opportunity to monitor TEC variability in polar ionosphere on a regular base. GPS stations are 
arranged along the latitude over the range 60-83°N (65-87° Corrected Geomagnetic Latitude) near of 30-40 longi-
tudes. It covers subauroral, auroral and polar ionosphere. In contrast to the ionosonde measurements, GPS provides 
ionospheric measurements with high temporal resolution with no dependence on geomagnetic conditions. Though 
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the GPS satellite orbit inclination is 55°, ground-based GPS measurements can be effectively used for imaging of 
the high latitude ionosphere.

In the report the observations of TEC for quiet and disturbed ionosphere during several geomagnetic storms in 
September 2011 are presented. TEC variations for discussed equinox period demonstrated diurnal course until 87° 
geomagnetic latitude, that was more pronounced towards lower latitudes. During September 2011 it was revealed 
the trend in TEC variability of the high latitude ionosphere. It was associated with change of solar radiation which 
was varied from 100 to 140 sm.

The Greenland GPS stations are located closely with one another along latitude. The distance between stations 
is about 1-2o. Such spacing provides detailed structure of latitudinal TEC profiles to be analyzed. During quiet con-
dition night profiles showed increase of TEC towards the higher latitude, daytime profiles revealed TEC decrease 
from latitude of 70-75° and higher. During storm the structure of latitudinal TEC profiles was essentially changed 
with agreement to the development of geomagnetic storm. In the report features of TEC behavior at high latitude 
ionosphere for September 2011 events were discussed. 

This work was supported by the RAS Presidium Program N 22

J18-33p soMe NiGht AirGlow oi630 NM obserVAtioNs froM low lAtitUde stAtioN, iNdiA
shetti, d.J.; patil, p.t.
Smt. K.W. College, Sangli, India; IIG, Navi Mumbai,India
shettidj2002@yahoo.co.in

Ground based photometric observations of OI 630.0 nm emission line have been carried out from Kolhapur 
station (Geog. Lat.16.8?N, Geo. Long 74.2?E). The photometer is having a field of view (overall) of about 1? in 
diameter so that it could be used to monitor the intensities coming from 5 Km diameter at F-region height 250 with 
zenith. Total Electron Content (TEC) and OI 630 nm airglow emission both these phenomena are dependent on 
the electron density of the ionosphere F-region. So the observed OI 630 nm emission compared with GPS-TEC of 
Hyderabad (17.410N, 78.550E) and Bangalore station (13.020N, 77.570E) on the night of 30 December 2002.The 
variations in 630 nm and d(TEC)/dT of Hyderabad are well co-related than Bangalore. The magnetic activity on 30 
December 2002 was moderately quiet (Kp = 1 - 4). On the night of 30 December, 2002, a distinct wavelike structure 
was observed for whole night in the OI 630 nm intensities and d(TEC)/dT showed their maximum and minimum, re-
spectively  It was found that a large-scale structure seen in 630 nm airglow emission coincide with the TID structure 
seen in the TEC and d(TEC)/dT with time period about 2 hours .It may be due to the passage of a large-scale gravity 
wave, with a period much longer than -3 hours, and a phase propagating downwards through the emission heights.

J15-34p topside ioNospheriC MidlAtitUde eleCtriC CUrreNt deNsity iNferred froM MUl-
tiple MAGNetiC sAtellites
shore, robert; whaler, Kathy; Macmillan, susan; beggan, Ciaran; olsen, Nils; spain, tim; Aruliah, Anasuya
University of Edinburgh; University of Edinburgh; British Geological Survey; British Geological Survey; DTU 
Space; University College London; University College London
Rob.Shore@ed.ac.uk

A method for inferring zonal electric current density in the mid-to-low latitude F-region ionosphere is presented. 
We describe a method of using near-simultaneous overflights of the Ørsted and CHAMP satellites to define a closed 
circuit for an application of Ampère’s integral law to magnetic data. Zonal current density from sources in only the 
region between the two satellites is estimated for the first time. Six years of mutually available vector magnetic data al-
lows overlaps spanning the full 24-hour range of local times twice. Solutions are computed on an event-by-event basis 
after correcting for estimates of main and crustal magnetic fields. Current density in the range ±0.1µA/m^2 is resolved, 
with the distribution of electric current largely matching known features such as the Appleton anomaly. We also resolve 
a new ionospheric feature: persistent current intensifications between geomagnetic latitudes of 30 and 50 degrees in 
the post-midnight, pre-dawn sector. We compare our results with current density predictions made by the Coupled 
Thermosphere-Ionosphere-Plasmasphere (CTIP) model, a self consistent, first-principles, 3-dimensional numerical dy-
namic model of ionospheric composition and temperatures. This independent validation of our current density estimates 
highlights good agreement in the broad spatiotemporal trends we identify, which increases confidence in our results.

J18-35p reAl tiMe speCifiCAtioN of MAGNetiC distUrbANCe field
woods, Adam; C. Nair, Manoj; Maus, stefan
CIRES, NGDC; CIRES, NGDC; CIRES, NGDC
adam.woods@noaa.gov

A significant part of time variation of geomagnetic field is due to the currents in the magnetosphere.  Using 
NGDC’s Potsdam Magnetic Model of the Earth, we implement a geomagnetic disturbance field calculator in the 
real-time. The model is driven in real time by the disturbance storm time index (Dst) data from the United States 
Geological Survey (USGS) and solar wind data measured by the Advanced Composition Explorer (ACE) satellite.  
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We have implemented the model as a cloud application for its high reliability and low cost of operation. The pre-
dicted fields compare favorably with measurements at observatories in the mid-latitudes, and start to deteriorate at 
higher latitudes as the un-modeled polar currents become more relevant.  Real-time specification of the geomagnetic 
field can play important for role in several applications such as navigation, survey and space weather.

J18-36p sAtellite MAGNetiC dAtA: A New Key to stUdy exterNAl CoNtribUtioNs
yahiat, yasmina; hamoudi, Mohamed;  Mandea, Mioara; zaourar, Naima; lesur, Vincent
University of Science and Technology (USTHB); USTHB; CNES; USTHB; GFZ
yyahiat@usthb,dz

Since recently, the geomagnetic field spatial and temporal variations have mainly been studied using data provid-
ed by ground observatories. However, their geographical distribution is irregular on the Earth’s surface, and a global 
study of geomagnetic temporal variations encounters difficulties. Considering the newly magnetic satellite missions 
it makes it possible to get a global coverage of geomagnetic data and to deeply investigate the external phenomena, 
linked to temporal evolution and interaction of the ionosphere and magnetosphere systems.

We have been interesting to analyze the Earth’s magnetic data provided by the CHAMP satellite over its full fly-
ing period, indeed the decade 2000-2010. The very first step in our analyze has consisted in a data selection, in order 
to identify and minimize any undesirable effects. Specifically, we have used the following selection criteria: 1) a 
selection of magnetic data depending on the local time (day-time data and night-time data); 2) a selection consider-
ing the geomagnetic indices Kp and Dst, to identify ionospheric and magnetospheric fields variations (quiet data and 
disturbed data). The first selection criterion allows us to study separately the two datasets (day-time and night-time) 
to characterize the diurnal effects. A statistical analysis of Kp and Dst indices over the CHAMP period allows us to 
detect the most geomagnetically quiet and disturbed periods. This analysis indicates that 2003 is the most disturbed 
year and particularly, November 2003 is the most disturbed month over the investigated decade. Contrary, 2009 is 
the quietest year and December 2009 the quietest month.

In our study, we  have firstly estimated the geomagnetic residual values by subtracting synthetic values computed 
for the same given positions and times by using the GRIMM magnetic field model (up to degree/order 16) from the 
satellite measurements. The GRIMM model also describes the secular variation and acceleration of the core field, 
and the lithospheric field. Here, the core variations are considered, but not the lithospheric field, seen as a static 
component over a decade, and then without influence in geomagnetic temporal variations. We are then able, through 
the computed residuals to investigate the temporal changes of the external sources. A statistical analysis based on the 
geomagnetic indices (Kp and Dst) and an analyses of the temporal behavior of the residuals are presented. A specific 
interest is given to the distinctiveness of residual fields over the quieter months and the more disturbed months over 
the investigated CHAMP period.

J18-37p lAtitUdiNAl VAriAtioN of the ioNospheriC distUrbANCe dyNAMo
zaka, K.z.; Kobea, A.t.; obrou, o.K.; Mene, N.M.
University of Cocody, Abidjan, Côte d’Ivoire
komzach@yahoo.fr

During magnetic storms, the auroral electrojets intensification affects the thermospheric circulation on a global 
scale. This process which leads to electric field and current disturbance at middle and low latitudes, on the quiet day 
after the end of a storm, has been attributed to the ionospheric disturbance dynamo (Ddyn). The latitudinal variation 
of the Ddyn disturbance dynamo magnetic signature exhibits an eastward current at mid latitudes and a westward one 
at low latitudes with a substantial amplification at the magnetic equator. Such current flow reveals an anti-Sq system 
established between the mid latitudes and the equatorial region and opposes the normal Sq current vortex. However, 
the localization of the eastward current and consequently the position and the extent of the anti-Sq current vortex 
change from one storm to another. Indeed, for a strong magnetic storm, the eastward current is well established at 
mid latitudes about 45°N and for a weak magnetic storm, the eastward current is eastward current is established to-
ward the high latitudes (about 60°N), near the joule heating region, resulting in a large anti-Sq current cell.

J18-38p speCtrAl VAriAtioNs of tethys’ sUrfACe - relAtioNships to the iNterACtioN with 
sAtUrNs MAGNetosphere
stephan, Katrin; Jaumann, ralf; wagner, roland; Clark, roger; Cruikshank, dale; brown, robert; Giese, 
bernd; roatsch, thomas; Matz, Klaus-dieter; Matson, dennis; baines, Kevin; filacchione, Gianrico; 
Capaccione, fabrizio; buratti, bonnie; Nicholson, phil; sotin, Christoph
DLR; DLR; DLR; USGS; Ames; UoA; DLR; DLR; DLR; JPL; SSEC; INAF; INAF; JPL; Cornell Univ.; JPL
Katrin.Stephan@dlr.de

Studying the recent Cassini-VIMS data set of Saturns satellite Tethys showed that despite the spectral dominance 
of water ice on Tethys surface distinct spectral variations exist, which are surprisingly very different from what was 
expected from the visible albedo derived from Voyager and Cassini camera data. These spectral variations can not 
be explained by Tethys’ surface geology. Thus, two relatively narrow N/S-trending bands characterized by larger ice 
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grains rather than the higher abundance of water ice separate the Saturn-facing and the anti-Saturnian hemisphere of 
Tethys. So far, larger ice grains could only be found in geologically young, less weathered portions of the surfaces. 
Since Tethys orbits around Saturn within its extended magnetosphere larger ice grains could also appear in regions 
that are shielded from impacting particles originating from Saturns magnetosphere. Possible relationships of Tethys’ 
spectral properties to the interaction between the surface material and the impacting magnetospheric particles will 
be presented.

J18-39p QUAsi-bieNNiAl osCillAtioN iN Gps VteC MeAsUreMeNts
Meza, Amalia; fernández, laura isabel;elías, Ana Georgina, teresita heredia
Facultad de Cs. Astronomicas y Geofisicas (FCAG)-UNLP;FCAG-UNLP;UNT-CONICET
ameza@fcaglp.unlp.edu.ar

The quasi-biennial oscillation, QBO, a well known periodicity in the equatorial stratospheric zonal winds, is also 
found in ionospheric parameters and in solar and geomagnetic activity indices. Many authors speculated about the 
link between the QBO in solar and geomagnetic activity and the QBO in atmospheric parameters. In this work we 
analyze the presence of the QBO in the ionosphere using the Vertical Total Electron Content (VTEC) values obtained 
from Global Navigation Satellite System (GNSS) measurements during the period 1999-2012. In particular, we used 
IONEX files, i.e. the International GNSS Service (IGS) ionospheric products. IONEX provide VTEC values around 
the world at 2-hour intervals. From these data we compute the global average of VTEC and the average of VTEC at 
different local times for a band of grid points at mid geomagnetic latitude. The series are analyzed using a wavelet 
multi resolution analysis. In all cases the QBO is detected among other expected periodicities. The EUV solar flux 
and other indices related to solar emission (from Solar2000 software) are also analyzed in order to extract the QBO 
signal using the wavelet technique. The association between the QBO in solar indices, in VTEC and in the strato-
sphere is analyzed.

J18-40p ChArACteristiCs of the QUiet eQUAtoriAl f2 ioNospheriC lAyer
david o. Ayokunnu
Physics Department, The Polytechnic, Ibadan, Oyo State Nigeria
davilek@yahoo.com

The F2 layer is useful in high frequency (HF) communication due to its presence at all seasons and at all times. 
This work is aimed at studying the diurnal and seasonal variability of the equatorial F2-layer; peak electron density 
(NmF2), the corresponding peak ionization height (hmF2) and the occurrence of the Equatorial spread F (ESF) dur-
ing magnetic quiet days.

Data from three equatorial stations namely; Ilorin, Nigeria 8.5oN, 4.5oE; Fortaleza, Brazil 3oS, 38oW; and 
Jicamarca, Peru 12oS, 76.8 oW were used for this study. 

The result obtained is showed that the hmF2 rises sharply within the time interval 0600-1000 LT (local time). It 
has a smaller range of variation between 1100-1400 LT, after 1400 LT, it begin to decrease and get to a minimum at 
1700 LT. 

Generally, the NmF2 diurnal variations are similar to those of hmF2.  A midday bite-out occurs between 1200-
1500 LT. The study shows the general departure of the F2-layer from the Chapman layer between the height of 190 
- 230 km from the three stations studied.

The occurrence of ESF was observed at all the three stations, showing both diurnal and seasonal variations. At 
Ilorin, it was observed between 2200-0500 LT. The observation at Fortaleza and Jicamarca showed that ESF was 
observed between 2200-0600 and 0000-0800 LT respectively. 

It was observed that the characteristics of hmF2 and NmF2 at Ilorin and Jicamarca are similar. The peculiarity at 
Fortaleza is attributed to its closeness to the crest of the equatorial anomaly than these other two stations.

J18-41p ANAlysis of eleCtroN CoNteNt VAriAbility: obserVAtioN ANd Modell
zakharenkova, i.; Cherniak, iu.; Krankowski, A.; shagimuratov, i
WD IZMIRAN; WD IZMIRAN; GRL/UWM; WD IZMIRAN
zakharenkova@mail.ru

In the present study we used two independent data sets to examine the variations of bottom-side and topside 
ionospheric electron content, as well as to estimate its relative contribution to GPS TEC. We estimate the ionospheric 
electron content (IEC) on the basis of electron density profiles (EDPs) retrieved from the FORMOSAT-3/COSMIC 
Radio Occultation measurements. Joint analysis of GPS TEC and COSMIC data allows us to extract and estimate 
electron content corresponded to the ionosphere (its bottom and topside parts) and the plasmasphere (h>700 km) for 
different conditions. In order to analyze seasonal behaviour of ionosphere/plasmasphere electron content contribu-
tion to GPS TEC at the different regions we selected several specific points with coordinates, corresponded to the 
approximate positions of different, mid-latitude and low-latitude, ionospheric sounding stations. For each specific 
points GPS TEC, COSMIC IEC and PEC estimates were analyzed. During solar minimum conditions percentage 
contribution of PEC to GPS TEC indicates the clear dependence from the time and varies from a minimum of about 
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25-50% during day-time to the value of 50-75% at night-time. Contribution of both bottom-side and topside IEC 
has minimal values during winter season in compare with summer season (for both day- and night-time). Several 
case-studies of geomagnetic storms were analyzed in order to estimate changes and redistribution of electron con-
tent between ionosphere and plasmasphere. The obtained results were compared with TEC, IEC and PEC estimates 
retrieved by IRI-Plas Model that has the plasmasphere extension up to 20,000 km (GPS orbit).

J18-42p CoMpArisoN of the elf tUrbUleNCe feAtUres iN the differeNt ioNospheriC re-
GioNs– resUlts of deMeter MissioN
blecki, Jan
Space Research Centre PAS
jblecki @cbk.waw.pl

We report the global picture of the observation of ELF plasma turbulence registered by DEMETER satellite in 
different regions of the ionosphere. The intensification of the variations of the electric field are seen in the trough 
region, in auroral region and sometimes, when DEMETER was operating there, in polar cusp. Some stochastic bursts 
of this turbulence have been seen around the world and were associated with the thunderstorms. Other are associated 
with the seismic activity and with fluxes of the energetic electrons registered in the polar cusp at the ionospheric 
altitude and south Atlantic anomaly. We apply to study this turbulent processes wavelet, bispectral analysis and 
statistical description of the electric field fluctuations. These registrations are correlated with the plasma parameters 
measured onboard DEMETER satellite and with geomagnetic indices.

J18-43p CorrelAtioN ANAlysis of totAl eleCtroN CoNteNt ANd f2 CritiCAl freQUeNCy
bochkarev, Vladimir; petrova, inna
Kazan University
ipetrova@ksu.ru

The use of the international ground-based network of two-frequency receivers of the navigation GPS system 
makes possible a global, continuous and fully computerized monitoring of ionospheric disturbances of a different 
class. One of the applications of GPS-data for ionosphere research is Global Ionospheric Maps (GIM). The GIM-
technique allows to produce global maps of absolute vertical value of total electron content (TEC) using GPS data.

The problem of GIM-data is spatial interpolation for mapping. The TEC-values on global maps are accurate for 
regions with many GPS-receivers and unreliable for regions where GPS-receivers are not enough. One of such re-
gions is European Region of Russia. In this case it is reasonable to use ground-based ionosonde data for correction 
of regional component of global TEC distribution. It needs preliminary analysis of data compatibility. 

Correlation analysis of GIM-data and vertical sounding data was made. The aim of the study is to determine  ef-
fective approach to the problem of join use of these data. We use the data from CODE, JPL, UPC, ESA (<ftp://cddis.
gsfc.nasa.gov/gps/products/ionex/>) and ionosonde Cyclone of Kazan University (Russia). fxF2 series collected in 
2011- 2012 were the base of a study. Correlation coefficients are different for different time of day. Minimal coef-
ficients were obtained for daytime, about noon.  So these GIM-data needs improvement. Correlation coefficients for 
GIM-data of different laboratories are different. Maximal coefficients were obtained for UPC and JPL. Probably this 
result is attributed to using of more effective algorithm of spatial interpolation.

sessioN 1.1-1.2
plANetAry dyNAMos ANd Core dyNAMiCs - experiMeNtAl Mhd ANd 
hydrodyNAMiC proCesses

1.2-1 iNVestiGAtioN of the MAGNetostrophiC reGiMe iN the dts experiMeN
Cabanes simon; Nataf henri-Claude; schaeffer Nathanaël; Aldo
La Rizza; Jean-Paul, Masson; Adeline, Richard
simon.cabanes@ujf-grenoble.fr

The DTS experiment has been designed to investigate the magnetostrophic regime, in which the Coriolis and the 
Lorentz forces are comparable. This situation probably prevails in the core of the earth and planets. The experiment 
consists of a rotating spherical Couette flow in a shell filled with 50 litres of liquid sodium, submitted to a strong 
dipolar magnetic field. The shell is between a 210mm-radius outer sphere and a 74mm-radius inner sphere carrying 
a permanent magnet. 

We retrieve the mean axisymmetric flow and the magnetic field it induces by inverting simultaneously ultrasound 
Doppler velocity profiles, electric potentials, and measurements of the induced magnetic fields inside the fluid and at 
the surface. The mean azimuthal flow is characterized by a super-rotating Ferraro region, around the equator of the 
inner sphere, and a geostrophic region from the edge of the Ferraro region to the outer sphere, where the imposed 
magnetic field gets weaker. 

Frequency spectra of the induced magnetic field reveal that fluctuations around this mean state are dominated by 
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modes of increasing azimuthal mode number m. Numerical simulations produce similar bumpy frequency spectra 
and indicate that fluctuations originate in the outer boundary layer. The Lorentz force strongly damps these instabili-
ties inside the shell, but their magnetic signature increases there.

Our next step is to explore whether the coupling of the small-scale velocity and magnetic fluctuations contribute 
to the induced large-scale magnetic field. Results obtained at moderate magnetic Reynolds number (Rm=10) suggest 
that this effect remains small compared to the contribution of the meridional flow. Analysis at higher Rm is under 
way.

A key observation is that when the outer sphere spins rapidly, fluctuations are drastically reduced under the com-
bined effect of the resulting Coriolis force and the Lorentz force. This suggests that turbulence could be very weak 
inside planetary cores in the magnetostrophic regime, resulting in low dissipation.

1.2-2 Mhd spheriCAl CoUette flow At fifty MillioN reyNolds NUMber
zimmerman daniel s.; triana s.A.; lathrop d.p.
University of Maryland; KU Leuven; University of Maryland
dsz@umd.edu

The University of Maryland Three Meter experiment is currently operational in novel regimes of turbulent rotat-
ing flow at low magnetic Prandtl number, with and without an imposed external magnetic field. We have reached 
magnetic Reynolds number $Rm= \\Delta\\Omega (r_o-r_i)^2/\\eta$ up to 700 in many different hydrodynamic 
states that arise at different $Ro=\\Delta\\Omega/\\Omega$. With applied field, we reach Elsasser number 
$\\Lambda = \\sigma B_0^2 / \\rho\\Omega$ near unity in some of the experimental volume.

So far we have not found dynamo action, but we have made important progress in characterizing the MHD be-
havior of the system with both weak and strong applied fields. We will present results regarding internal toroidal and 
poloidal mean field induction from a dynamically weak axisymmetric applied field over a very wide range of $Ro$. 
We will also discuss the effects of strong, dynamically important applied field on known hydrodynamic states. We 
observe instabilities that transport significant extra angular momentum and also the emergence of new wave modes 
that may be magnetocoriolis modes.

1.1-3 CoNVeCtioN ANd dissipAtioN
Alboussiere, thierry
CNRS, ENS-Lyon, Universite Lyon 1
thierry.alboussiere@ens-lyon.fr

As many studies of stellar or planetary dynamics consider thermal convection as a main source for dynamo ac-
tion, it is worth investigating the modelling of convection and I will focus on the amount of dissipation - viscous 
or Ohmic - associated with it. First, its exact expression will be derived and discussed with respect to alternative 
expressions from the literature. Next, within the anelastic model, it will be shown that dissipation provides a rigor-
ous criterion for the validity of the anelastic liquid approximation, gamma -1 << 1, where gamma is the ratio of the 
heat capacities. Besides, a typical scaling for pressure fluctuations is obtained, which does not uniformly converge 
towards the classical scaling of the Boussinesq modelling as the dissipation number goes to zero. Moreover, the 
linear stability analysis of a layer of fluid heated from below will be used to evaluate when the Boussinesq model is 
appropriate. Finally, I will initiate a discussion on which model should be used for different cases: planetary cores, 
planetary mantles, gas giants, stars, so that dissipation is correctly evaluated.

1.1-4 hydroMAGNetiC dyNAMos At low eKMAN ANd MAGNetiC prANdtl NUMbers
simkanin, Jan
Institute of Geophysics ASCR Prague
jano@ig.cas.cz

The dependence of hydromagnetic dynamos on the Ekman and magnetic Prandtl numbers is investigated. In all 
the investigated cases, the generated magnetic fields are dipolar and neither transition to hemispherical dynamos nor 
weaker magnetic fields (which are less dipole dominated) were observed. The magnetic field becomes weak in the 
polar regions only for low Prandtl numbers, when the inertia becomes important. It is a basic condition. However, 
whether the magnetic field gets weak in the polar regions or not depends also on the magnetic Prandtl number. The 
magnetic Prandtl number has to exceed a minimum value in order to sustain dynamo action. If the magnetic diffu-
sion is small (large magnetic Prandtl numbers) then this phenomenon does not exist but if it is large (small magnetic 
Prandtl numbers) it exists because the strong magnetic diffusion significantly weakens the magnetic field inside the 
tangent cylinder. The magnetic diffusion and inertia seem to act in the same direction as to weaken the magnetic field 
inside the tangent cylinder.
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1.2-5 VKs : A lAborAtory dyNAMo experiMeNt
Gissinger, Christophe
Ecole Normale Superieure
christophe.gissinger@lps.ens.fr

The magnetism of the planets, including Earth, is generated by dynamo action, i.e. self-generation of a magnetic 
field due to the fluid motion of liquid iron inside the planetary cores. During the last decades, laboratory experiments 
became an essential part of the research on dynamo action, complementing both observations and theory.

In this talk, I will review some results of the Von-Karman Sodium (VKS) experiment. The VKS experiment has 
been designed to achieve dynamo action in a turbulent flow of liquid metal. In this experiment, 150 liters of liquid 
sodium are stirred by the counter-rotation of two bladed discs in a cylindrical tank. When the discs are rotating suf-
ficiently fast, a dipolar magnetic field, aligned with the axis of rotation, is generated by dynamo action. In addition, 
a lot of dynamical regimes can be observed, like chaotic polarity inversions of the field very similar to geomagnetic 
reversals. In some cases, the experiment can also generate hemispherical dynamos similar to some planetary fields. 
These different behaviors will be described within the framework of simple theoretical models.  I will discuss how 
these results, and the corresponding theoretical descriptions, can provide a better understanding of some aspects of 
the geomagnetic field dynamics. Finally, I will present current perspectives for the next generation of  laboratory 
dynamo experiments.

1.2-6 MeAsUreMeNt of tUrbUleNt MAGNetiC flUx trANsport iN liQUid sodiUM
Nornberg, Mark; rahbarnia, Kian; taylor, zane; Kaplan, elliot; forest, Cary
CMSO and the University of Wisconsin-Madison
mdnornberg@wisc.edu

Astrophysical dynamos arise in highly turbulent flows where the eddies can contribute to the time averaged be-
havior of the magnetic field through a turbulent emf. We have directly measured the vector turbulent emf in a driven 
two-vortex flow of liquid sodium in the Madison Dynamo Experiment. The measured turbulent emf is anti-parallel 
with the mean current and is almost entirely described by an enhanced resistivity predicted from quasi-linear theory. 
We have demonstrated that this enhanced resistivity can be mitigated by eliminating the largest-scale eddies by intro-
ducing baffles. By tailoring the large-scale flow, we have reduced the power required to drive the impellers, doubled 
the magnetic flux generated by differential rotation, and reduced the magnetic fields induced by flow fluctuations by 
an order of magnitude. The amplification of an applied magnetic field is now consistent with our laminar flow models 
suggesting we are just below the threshold for exciting a laboratory homogenous dynamo. 

1.1-7 polArity reVersAls VersUs the prANdtl NUMber ANd strAtifiCAtioN
simkanin, Jan; hejda, pavel
Institute of Geophysics ASCR Prague
jano@ig.cas.cz

We investigate the dependence of polarity reversals on the Prandtl number and stratification. The magnetic field 
is dipole-dominated in the stable polarity state and during the reversals it is multipolar. Polarity reversals occur at 
higher values of the Rayleigh number, while at its lower values the magnetic field does not undergo reversals. Our 
results indicate that at a low Prandtl number the period of reverse polarity is shorter than when the Prandtl number 
equals one and excursions are at a low Prandtl number less intensive. Magnetic  fields during the reversals are much 
stronger at a low Prandtl number, which is probably due to strong quadrupole and octupole components of magnetic 
fields in this case. The appearance of the non-uniformly stratified sub-shell near the CMB inhibits the reversals and 
excursions. Thus, a coupled influence of the non-uniform stratification and inertial forces could be responsible for 
the irregular character of polarity reversals.

1.1-8 the iNterior strUCtUre ANd CoNVeCtiVe dyNAMiCs of MerCUry’s Core: CoN-
strAiNts froM GrAVity ANd rotAtioN obserVAtioNs
dumberry, Mathieu
University of Alberta
dumberry@ualberta.ca

Mercury, the closest planet to the Sun, remains enigmatic.  First, its large mean density suggests that the radius 
of its metallic core is approximately 4/5th of the planetary radius, a ratio much larger than for other Terrestrial 
planets.  Second, one may expect Mercury’s core to have fully solidified by now from heat loss through its thin 
silicate (mantle) shell; yet, we now know that the outermost part of the core is fluid.  Third, Mercury has a global, 
dipole-dominated magnetic field (most likely powered by convection in the fluid core), although its strength is ap-
proximately 100 times smaller than that of Earth.  The dynamo mechanism that can generate such a field has not yet 
been fully elucidated.  Mercury’s dynamo is intimately connected to its convection regime, which may contain exotic 
features such as precipitating iron snow in parts or in all of the fluid core.  In this work, I show how information on 
Mercury’s gravity field and rotation can be combined to yield constraints on its interior structure, including the size 
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of its solid inner core.  The latter is tied to the temperature gradient inside the planet and can inform us on whether 
Mercury’s dynamo is powered by crystallization at the inner core boundary (similar to Earth) or in the volume of the 
fluid core (snow).

1.1-9 the three-diMeNsioNAl QUAsi-GeostrophiC CoNVeCtioN Model for the rotAtiNG 
CyliNdriCAl ANNUlUs
Calkins, Michael; Marti, philippe; Aurnou, Jonathan; Julien, Keith
University of Colorado, Boulder (CU Boulder); CU Boulder; UCLA; CU Boulder
michael.calkins@colorado.edu

The rotating cylindrical annulus with sloping endwalls has served as a useful analogue for understanding con-
vection in planetary cores.  We present a three-dimensional model of the rotating cylindrical annulus that maintains 
geostrophic balance at leading order and is valid for endwalls with steep (i.e.~order one) slopes.  This extension al-
lows for better comparison to the more realistic case of rapidly rotating spheres and spherical shells where strongly 
sloping boundaries are present.  In addition, we have extended the model to include a spherical gravity vector, and 
fluid compressibility via the anelastic approximation.  We will discuss new findings from both linear stability analy-
sis and direct numerical simulations of this new model.

1.1-10 dyNAMiC CoUpliNG of the Core-MANtle ANd iNNer Core boUNdAries
driscoll, peter
University of Washington
peter.driscoll@yale.edu

The geodynamo is likely powered by buoyancy flux generated at both the core-mantle and inner core boundaries.  
Both boundary fluxes are believed to contain some amount of spherically heterogeneous buoyancy flux superim-
posed on a homogeneous background.  However, the observed symmetries of these two boundary buoyancy fluxes 
seem to be at odds.  Seismic tomography indicates that a predominantly equatorially symmetric mode 2 heterogene-
ity exists at the base of the lower mantle.  The top of the inner core contains a N-S (mode 1) seismic anisotropy that 
is stronger in the western hemisphere, most likely generated by an equatorially symmetric mode one forcing.  The 
existence of these boundary heterogeneities are generally agreed upon, but their amplitudes are poorly constrained.  
If these heterogeneities are large enough amplitude then they would likely be observable in either outer core flow 
inversions or in a dynamic coupling between the inner and outer core boundaries.  We present numerical dynamo 
models with heterogeneous outer core boundary forcing over a range of amplitudes to explore the influence on outer 
core dynamics and inner core growth.  We find that time average ICB heat flux maps reflect the same pattern as the 
CMB heterogeneity, but shifted 20 degrees west due to a westward zonal flow.  We infer that preserving an inner 
core mode one growth structure constrains the CMB mode 2 heat flux heterogeneity to be less than 30% of the total 
convective heat flux.

1.1-11 the iNflUeNCe of heteroGeNeoUs therMAl boUNdAry CoNditioNs oN oUter Core 
CoNVeCtioN
davies, Chris; silva, luis; Mound, Jon
University of Leeds; University of Glasgow; University of Leeds
J.E.Mound@leeds.ac.uk

Convection in the fluid, outer core of the Earth is responsible for the continual generation of the Earth’s magnetic 
field through the geodynamo process. Secular variation of the geomagnetic field provides information on flows at the 
top of the core, which may be linked to the dynamics of the core’s interior. The pattern, and temporal evolution, of 
convection in the core will be influenced by the boundary conditions imposed at the CMB and ICB. Temperature, and 
compositional, differences at the base of the slowly convecting mantle impose a laterally varying heat flux condition 
at the top of the outer core. The recently proposed translation motion of the inner core results in a hemispheric pat-
tern of flux at the bottom of the outer core. We have used numerical models of both non-magnetic convection and the 
geodynamo to investigate the relative influence of these different boundary conditions on the flow in the outer core. 

1.1-12 sUbdeCAdAl VAriAtioNs of eArth’s rotAtioN ANd Core flow
wardinski, i.; Asari, s.
Deutsches GeoForschungsZentrum (GFZ) Potsdam
ingo@gfz-potsdam.de

We perform a spectral analysis of the length of day variations (LOD) and the temporal variability core flow and 
the related relative core angular momentum (CAM) using the multi-taper method. The CAM estimation is based on 
time-dependent core surface flow models which are derived from a recent geomagnetic field model (the C3FM2) 
covering the period 1957 to 2008. These data are jointly analysed with Observation of the LOD covering the period 
1963 to 2010. The analysed core flow solutions comprise a purely toroidal, a magnetostrophic and a azimuthally 
regularised flow. These flows are expected to represent different possibly scenarios of the outer core dynamics. The 
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analysis of the observed LOD reveal basically two significant periods of 6 and 9 to 10 years. However, the flow 
solutions consistently show the longer periodicity, where the 6 years period is not conclusively detected. The flow 
velocity for 6 years period is too small (of order 0.1 km/yr) to resolve robustly even from the latest magnetic models, 
particularly when a weak assumption as a flow constraint, such as magnetostrophic or azimuthally regularized flow, 
is made. A strong 9 to 10 years period and a lesser pronounced 6 years period may allow insights to the coupling 
processes between the core and the mantle.

  
1.1-14p soMe  resUlts  of  pAleozoiC  pAleoMAGNetiC  reseArCh

Minasyan, J.h.; Karakchanyan, A. 
Institut of Geophysics and engineering Seismology NAS of Armenia
julyaminas@yandex.ru

Some  results  of  paleozoic  paleomagnetic  research Minasyan J. H., Karakhanyan A. K., Vardanyan A.A. 
Paleomagnetic investigation of rocks in Armenia made it possible to provide magnetic and paleomagnetic charac-
teristic of subdivisions of Paleozoic. To determine composition and structure of the ferromagnetic following meth-
ods were used: the method of thermo-differential analysis, the method of saturation parameters, the diagram of 
Ziydervild for temperature. The results of laboratory investigations made it possible to prove the paleomagnetic 
usability of rocks Paleozoic in Armeni. On the basis of paleomagnetic research of Triassic, Permian, Devonian, 
Carbonian rocks there has been made the preliminary conclusion about the dipole configuration of the geomagnetic 
field throughout     Paleozoic. The comparison of the given data with the paleomagnetic definitions of the African, 
Arabian plates, Europe and Siberian platform leads to the conclusion that Minor Caucasus existed separately from 
the present general lithospheric blocks of Major Caucasus and Europe. 

1.1-15p plANetAry dyNAMo sCAliNG ANd Core-MANtle eVolUtioN of the eArth
Vladimirovich, sergey; starchenko; yuriy, dmitrievich, pushkarev
Institute of Earth magnetism, ionosphere and radiowaves propagation named after Nikolay Pushkov of the Russian 
Academy of Sciences (IZMIRAN); IPGG RAN
starche@izmiran.ru

For fast rotating planet/moon, we derive hydrodynamic and electromagnetic scaling laws in the limit of negligible 
molecular diffusivity, viscosity and magnetic diffusivity effects. In the Earth, ancient Mars and Moon magnetic energy 
dominate over kinetic one and typical magnetic field is proportional to the third root of the buoyancy flux power driving the 
convection as it was obtained recently via numerical simulations. Besides, here we present new scaling laws for estimation 
of the long-time magnetic consequences due to different evolution scenarios of core-mantle system. 

The currently accepted scenario with the inner solid core of the Earth crystallizing from the liquid core provides 
us with too small value of geomagnetic field during more than 3 billions years after formation of the liquid core. 
Since this is inconsistent with the available paleomagnetic records we are suggesting another scenario with a solid 
protocore which occupied almost all the core of just formatted Earth. This protocore is slowly melted under the sur-
face influence of the overheated liquid core. It grows up to its modern size when the solid core is small relic of the 
protocore. Such protocore concept resolves the problem of the energy source for geodynamo and for plume activity 
in the mantle. In case of validity of this concept the mantle should be supplemented by silicate material from the pro-
tocore with primitive isotope composition of the lead but which can’t be the result of the liquid core crystallization. 
Additional argument to the validity of this concept could be the primitive isotope composition of lead in combina-
tion with the primary helium enriched by isotope ??-3. This work was partly supported by Russian Funds of Basic 
Researches grant No. 13-05-00893-a and 12-05-00523-a.

1.1-16p dyNAMo iN A spheriCAl shell, driVeN poiNCAré eiGeNModes
Vodinchar, Gleb; feshchenko, lyubov
IKIR FEB RAS,KamGU Vitus Bering;IKIR FEB RAS,KamGU Vitus Beri
gvodinchar@ikir.ru

In the study of the mechanisms of planetary dynamo, various options for the problem of conducting fluid convec-
tion in a rotating spherical shell appear. Application of spectral methods for the solution of these problems raises 
the question on the choice of the basis to present the fields of velocity, temperature and magnetic field. The paper 
suggests to apply Poincaré operator eigenmode approximations as the basis for velocity. The geometrical structure 
of these modes corresponds to free oscillations of ideal rotating fluid and seems to be the most natural from all the 
considered problems.

In this work the large-scale approximations of Poincaré modes and low-mode models of convection in conduct-
ing rotating shells are proposed. The models present velocity as an approximation of one of Poincaré modes by 
spherical harmonics, the temperature field and magnetic field are specified by spherical harmonics structurally con-
sistent with the velocity. It is shown that dipole magnetic field is generated in this type of modes.

It is shown, that inhomogeneities in the Earth’s liquid core density may topology correspond to one of Poincaré 
modes, according to the splitting-functions of its free oscillations.
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1.1-17p CoNsisteNCy betweeN GeoMAGNetiC seCUlAr VAriAtioN dAtA ANd A stAbly strAti-
fied lAyer At the Core-MANtle boUNdAry
whaler, K.A.; wardinsky i.; lesur, V.
School of GeoSciences, University of Edinburgh; Helmholtz Centre Potsdam,    GFZ German Research Centre for    
Geosciences, Section 2.3: Earth’s Magnetic Field, Germany
kathy.whaler@ed.ac.uk

Recent calculations (Pozzo et al., 2012) of outer core thermal and electrical conductivity from first principles 
have raised their values by a factor of three. This has significant implications for geodynamo operation, in particular, 
forcing the development of a stably stratified layer at the core-mantle boundary (CMB). The lack of convection in 
this layer means there should be no large-scale upwelling and downwelling of core fluid at the CMB. In principle, 
this can be tested against geomagnetic secular variation (GSV) data, by examining whether a purely toroidal core 
flow (consistent with no upwelling and downwelling) can fit them. When this was first attempted (Whaler, 1986), 
with an imposed main field, it was found and that there is very little difference in the GSV data fit achieved by a 
purely toroidal flow compared to a less restrictive one allowing upwelling and downwelling. Therefore, adherence to 
the underlying assumptions and careful examination of the error budget is necessary to address the question. A new 
inversion method that solves for the time-dependent main field consistent with frozen-flux alongside the CMB flow 
(Wardinski and Lesur, 2012) allows us to re-examine the issue. We do this using a data set including large quantities 
of recent high quality satellite data that provides the most detailed constraints on the core field and its evolution, and 
advective flows that can explain the GSV. However, co-estimating the field invalidates the statistical test used by 
Whaler (1986), and we therefore look for other ways to assess whether a purely toroidal flow is acceptable.
Pozzo, M, Davies, C J, Gubbins, D and Alfè, D, 2012. Thermal and electrical conductivity of iron at Earth’s core 
conditions, Nature, 485, 355-358  
Wardinski, I and Lesur, V, 2012. An extended version of the C3FM geomagnetic field model: application of a con-
tinuous frozen-flux constraint, Geophys. J. Int., 189, 1409-1429  
Whaler, K A, 1986.  Geomagnetic evidence for fluid upwelling at the core-mantle boundary, Geophys. J. R. astr. 
Soc., 86, 563-588 

1.1-18p the streNGth of GrAVitAtioNAl Core-MANtle CoUpliNG 
davies, Chris
University of Leeds, School of Earth and Environment, Leeds, LS2 9JT, UNITED KINGDOM

Gravitational coupling between Earth’s core and mantle has been proposed as an explanation for a 6-year varia-
tion in the length-of-day ($\Delta LOD$) signal. This coupling mechanism also plays a key role in the proposed 
super-rotation of the inner core. Explaining the observations requires that the strength of the coupling, $\Gamma$, 
falls within fairly restrictive bounds; however, the value of $\Gamma$ is highly uncertain because it depends on the 
distribution of mass anomalies in the mantle. We estimate $\Gamma$ using a model of viscous mantle flow with 
density anomalies inferred from models of seismic tomography, varying four input parameters: the seismic tomog-
raphy model, depth-dependent scaling factor between shear-wave velocity and density, depth-dependent mantle 
viscosity profile, and surface boundary condition. We conduct over 100 models and find that $10^{19} \le \Gamma 
\le 10^{22}$ N m. Requiring models to give a $> 70\%$ correlation to the surface geoid and to match the dynamic 
core-mantle boundary ellipticity inferred from Earth’s nutations reduces the range to $3 imes 10^{19} < \Gamma \
le 9 imes 10^{19} N m$, which is too small to explain the 6-year $\Delta LOD$ signal.

sessioN 1.3 eleCtroMAGNetiC iMAGiNG of CrUstAl strUCtUres ANd proCesses

1.3-1 eM iMAGiNG AloNG the iNtrAplAte CollisioNAl sUtUre zoNe ANd its GeodyNAMiC 
ANd seisMiCity iMpliCAtioN
stanica, dumitru;  stanica, dragos Armand
Institute of Geodynamics of the Romanian Academy (IGAR)
dstanica@geodin.ro

The magnetotelluric profiles crossing the Eastern Carpathians, the Moesian, Scythian and East-European 
Platforms supplied information regarding the conductivity structure of the crust along both the intraplate collisional 
suture zone and Peceneaga-Camena deep fault, regardless of the thickness of the thrust belt and sedimentary forma-
tions which cover them. Some models, derived from the 2D inversion and forward modeling of the magnetotelluric 
(MT) data, are presented in order to identify the structural particularities of the above-mentioned tectonic elements, 
by means of the geoelectrical conductivity anomaly induced by them in lithosphere. On this way, it is possible that 
from a large scale of data to use those characterizing the presence of various types of crust and their main rheologi-
cal features, as well as the relation between Carpathian electrical conductivity anomaly and these important tectonic 
elements. Thus, a remarkable electrical anomaly, characterized by a very strong gradient and low resistivity, has been 
detected along the Carpathians and the western limit of the East European Platform. 
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As a sequence of the high structural complexity in the Carpathian Arc area, we had to add new information in or-
der to detect the extension of this very important intraplate collisional suture zone known as Trans-European Suture 
Zone (TESZ). Therefore, we have appealed to a previous N-S trending MT profile (North Dobrogea), as well as to a 
recent structural map at the lower crust level which permitted us to confirm the TESZ placement along to Peceneaga-
Camena fault separating Precambrian Moesian crust to the South-West and Cimmerian crust towards North- East. 
In connection with this suture, other relevant geophysical and geological information have been used to emphasize 
its crustal and subcrustal features, without neglecting certain aspects concerning the nature of the deposits which are 
comprised in the subduction process.

1.3-2 iretherM: GeotherMAl eNerGy poteNtiAl of hydrotherMAl AQUifer, rAdiother-
MAl GrANite ANd wArM spriNG tArGets iN irelANd
Jones, Alan G.; Vozar, Jan; blake, sarah; delhaye, robert; farrell, thomas; Campanya, Joan; Muller, Mark;  
fullea, Javier; the iretherM team
Dublin Institute for Advanced Studies (DIAS); DIAS; DIAS; DIAS; DIAS; DIAS; DIAS; CSIC-UCM; Ireland
alan@cp.dias.ie

IRETHERM (www.iretherm.ie) is an academic-government-industry, collaborative research project, funded by 
Science Foundation Ireland, with the overarching aim of developing a holistic understanding of Ireland’s low-enthal-
py geothermal energy potential through integrated modelling of new and existing geophysical and geological data. 
IRETHERM’s objectives over a four-year period are to:

(i) Develop multi-parameter geophysical modelling and interpretation software tools that will enhance our ability 
to explore for and assess deep aquifers and granitic intrusions

(ii) Model and understand temperature variations in the upper-crust. Firstly, by building a 3-D model of crustal 
heat-production based on geochemical analysis of surface, borehole and mid- to lower-crustal xenolith samples. 
Secondly, by modelling, using a fully self-consistent 3-D approach, observed surface heat-flow variation as a func-
tion of variation in the structure and thermal properties of the crust and lithosphere, additionally constrained by 
surface elevation, geoid, gravity, seismic and magnetotelluric (MT) data.

(iii) Test a strategic set of eight type geothermal targets with a systematic program of electromagnetic surveys 
(MT, CSEM) across ten target areas.

During 2012, IRETHERM collected over 220 MT/AMT sites in the investigation of a range of different geother-
mal target types. Here we present preliminary electrical resistivity modelling results for each target investigated and 
discuss the implications of the models for geothermal energy potential.

1.3-3 GeoeleCtriCAl strUCtUres ANd their GeoMetries iN CeNtrAl tibetAN plAteAU 
froM iNdepth MAGNetotellUriC dAtA
Vozar, Jan; Jones, Alan G.; le pape, florian
Dublin Institute for Advanced Studies (DIAS)
alan@cp.dias.ie

Magnetotelluric (MT) data collected on N-S profiles crossing the Banggong-Nujiang Suture, which separates the 
Qiangtang and Lhasa Terranes in central Tibet, as a part of InterNational DEep Profiling of Tibet and the Himalaya 
project (INDEPTH) are modeled by 2D and 3D inversion codes. The 2D deep MT model of line 500 confirms previ-
ous observations concluding that the region is characterized to first-order by a resistive upper crust and a conductive, 
partially melted, middle to lower crust that extends from the Lhasa Terrane to the Qiangtang Terrane with varying 
depth. 

The same conductive structure setting, but in shallower depths is also present on the eastern 400 line. From deep 
electromagnetic sounding, supported by independent 1D integrated petro-physical investigation, we can estimate 
the next upper-mantle conductive layer at depths from 200 km to 250 km below the Lhasa Terrane and less resistive 
Tibetan lithosphere below the Qiangtang Terrane with conductive upper-mantle in depths about 120 km. 

The anisotropic 2D modeling reveals lower crustal anisotropy in Lhasa Terrane, which can interpreted as crustal 
channel flow. The 3D inversion models of all MT data from central Tibet show dominant 2D regional strike of mid 
and lower crustal structures equal N110E. This strike orientation is parallel to Shuanghu suture, BengCo Jiali strike-
slip fault system and perpendicular to convergence direction. The lower crust conductor in central Lhasa Terrane can 
be interpreted more likely as 3D lower Indian crust structure, located to the east from line 500, than geoelectrical 
anisotropic crustal flow.
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1.3-4 ChArACterizAtioN of A CrUstAl trANsitioN zoNe iN NortherN tibet UsiNG MAG-
NetotellUriC ModelliNG
le pape, florian; Jones, Alan G.; Vozar, Jan; wei, wenbo; dong, hao; Unsworth, Martyn J.; Jin, sheng; ye, 
Gaofeng; Jing, Jianen; zhang, letian; xie, Chengliang
Dublin Institute for Advanced Studies (DIAS); DIAS; DIAS; CUGB; CUGB; UA; CUGB; CUGB; CUGB; CUGB
alan@cp.dias.ie

The overall objective of the final phase of the INDEPTH (International Deep Profiling of Tibet and Himalaya) 
project has been to develop a better understanding of the structure and evolution of the northern margins of the 
Tibetan plateau, namely the Kunlun and Altyn Tagh faults. For the Kunlun Fault, both INDEPTH Phase III and new 
Phase IV magnetotelluric (MT) data were investigated using 2D isotropic and anisotropic modelling, as well as 3D 
modelling. The resulting resistivity models characterize a northwards penetrative extension of the partially molten 
Tibetan middle crust, crossing the subvertical Kunlun Fault. Furthermore, the anisotropic observations highlighted 
by the INDEPTH MT modelling define progressive finger-like melt intrusion beneath the Kunlun Shan. However, 
this intrusion may not be homogeneous along the whole of the northern Tibetan border along the Kunlun Fault, as its 
depth and horizontal extension are likely to vary. The partial melt associated with the anisotropic anomaly observed 
on the INDEPTH resistivity models may have been triggered by strain heating associated with heat production dur-
ing ductile deformation in a mid-crustal shear zone located beneath the Kunlun fault in the southern Kunlun ranges. 
This shear zone might be characterized by different levels of strain along the whole of the northern Tibetan border 
and may have developed into separated channels where the Songpan-Ganzi partially molten crust flows to the north, 
mechanically weakening the Kunlun crust. Melt penetration across the Kunlun Fault through intrusive channels 
likely accommodates crustal shortening in northern Tibet, but may also characterize a transition zone between the 
weak partially molten crust of the plateau and the more rigid Qaidam lithosphere, associated with the growth of the 
plateau to the north.

1.3-5 Mt ANd CsAMt Methods for hydroCArboN explorAtioN At Nile deltA,
younis, A.; Abdel, zaher; M., el-Qady, G.; Abdalla, M.A.
National Research Institute of Astronomy and Geophysics(NRIAG); Helwan University
abdougeoman@yahoo.com

The Nile Delta Basin, Egypt is known as a significant source of gas and oil. The study area is located in the 
Middle Eastern part of the Nile Delta near to Mansoura city. Magnetotelluric method (MT) is the most promising 
tool for oil and gas exploration compare to any other electromagnetic technique. Hydrocarbon reservoirs are usually 
typically exhibited by higher electric resistivity than their surroundings. MT method has been used to investigate the 
resistivity subsurface structure that related to hydrocarbon exploration and then has been integrated with seismic data 
conducted in the same area. MT-??? survey has been performed in two frequency ranges: high (10 Hz to 100 kHz) 
and low (0.1 Hz to 1 kHz). At first natural MT-AMT survey has been fulfilled, and measurements have been then 
repeated using a controlled source for CSAMT realization. A good coherence between the electromagnetic and seis-
mic profiles has been found. The results show that hydrocarbons is appeared in the Abu-Madi and Qawasim chan-
nels which represent the main gas containing layers in the Nile delta. The depth and extension of these layers were 
estimated and imaged. The maximum thickness is 4000 m at the profile 1 in the north-western part of the study area.

1.3-6 eleCtroMAGNetiC iMAGiNG of CrUstAl GeotherMAl systeMs withiN 
 the NortherN ANdes

petrishchev; petrova; Kopytenko; dewhurst; domaratskiy
SPbF IZMIRAN; Dewhurst group
m.petrishchev@dewhurstgroup.us

This study analyzes crustal geothermal systems within the Central Cordillera of the Northern Andes, especially 
those associated with fluid movement and displacement, using various electromagnetic data. The investigation has 
been divided into two stages: the first stage employed existing and open source near-surface data from the World 
Digital Magnetic Anomaly Map with satellite data both at 100 and 400 km in altitude (CHAMP satellite data). The 
technique, referred to as spectral-spatial analysis (SPAN) detects weakly magnetic heterogeneities within the crust 
at considerable depth. As in this study, SPAN often culminates with one or more geomagnetic section along the se-
lected profile. The purpose of the SPAN was to inexpensively and rapidly determine and prioritize blind survey target 
areas which might be appropriate for detailed study by more costly ground-based electromagnetic methods. SPAN 
did in fact clearly detect rheological weak layers connected with the geothermal activity. These layers appear to be 
elements of geothermal fluid systems. At least one of several SPAN target and perspective areas appear to confirm 
near-surface reservoirs that are traceable to drillable depths of 1 to 3km. These appear connected to a base of the 
upper crust (depth of approximately 8km) by conductive channels. The second stage of this study involved the appli-
cation of a ground based low-frequency magnetotelluric survey over one of the perspective target areas. The second 
stage, involving extensive and costly ground survey work, confirmed preliminary SPAN results in greater resolution. 
Detailed information about the methods and results will be presented.
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1.3-7 Aero-eleCtroMAGNetiC MAppiNG of the hiddeN GroUNd wAter CoNdUit systeMs 
beNeAth the tUlUM KArst plAiNs
schiller, Arnulf; supper, robert; Merediz, Gonzalo Alonso; ottowitz, david; Vuilleumiere, Cecile; Motschka, 
Klaus
Geological Survey of Austria (GSA); GSA; Amigos de Sian Ka’an; GSA; University of Neuchâtel; GSA
arnulf.schiller@geologie.ac.at

Karst aquifers, as typical for the Yucatan Peninsula, represent an important but vulnerable source for the water 
supply to a significant part of the Earth’s population. To support sustainable use of these resources, integrated man-
agement tools based upon specific numerical groundwater models are proposed as mean of choice. The development 
of such a model by application of innovative data acquisition and modelling methods is main goal of the research 
presented herein. In principle, karst aquifers are characterized by the presence of two distinct flow domains: the lime-
stone matrix and the karst conduits. Up to a certain distance to the coast, the aquifer is further subdivided into a fresh 
water top layer and the denser saltwater body beneath. A flow model of karst aquifers requires detailed, spatially and 
temporally distributed information on characteristic parameters governing state and dynamics of the ground water 
regime. Methods determining the distribution of the electrical resistivity within the subsurface could provide such 
information. Airborne electromagnetic (AEM) mapping has been chosen to be a promising method due to its poten-
tial of gathering a large amount of data over wide and difficult accessible areas in short time. To test the capability 
of the method for providing crucial input information to improved ground water modelling of karst aquifers, the 
international scientific research cooperation XPLORE was initiated in 2008. The project was carried out around the 
Sian Kaan Biosphere Reserve, a coastal wetland of internationally recognized importance, located south of Tulum, 
Quintana Roo. Airborne surveys were performed in 2007 and 2008. The results showed that the signature of the cave 
system can be clearly detected by AEM mapping. Additionally, for better coverage of ground truth and calibration of 
the hydrological model, three extended ground geophysical campaigns have been conducted in 2009-2011 compris-
ing geoelectrics, GPS-water level measurements, GPR, and borehole geophysics. The airborne and ground survey 
data, as well as corresponding cave mapping information, where available, then was used to generate a first numeri-
cal ground water model of the karst system. However, the complexity of the subject raised numerous new questions. 
So, to continue and deepen the successful approach of XPLORE, in 2012 the follow up project XIBALBA, a joint 
research initiative of the Geological Survey of Austria and the University of Neuchatel was launched. In XIBALBA 
the work concentrates on comprehensive acquisition of crucial data concerning the conduit system, i.e. caves ge-
ometry, water flow, water heads monitoring, all together serving as an extended input for refining and advancing 
the hydrological model developed in the XPLORE project. This is conducted by a mix of traditional methods (e.g. 
tracer tests, piezometry monitoring) and new high tech methods in development stage for capturing laser scans of 
the cave geometry or inductive flux measurement in the submerged caves. Moreover, reprocessing of existing data 
based upon new processing concepts shall give deeper insight into the vast and complex network of the underwater 
cave systems beneath the coastal plains around Tulum. Politically, the scientific results already form an important 
impact into the discussions concerning the ongoing socio-economic development process in and around Tulum. The 
awareness of the complex structure, dynamics, and sensitivity of the large fresh water resource beneath Tulum by 
decision makers and stake holders is growing from almost zero and will have to be further developed on the basis of 
solid scientific results and dissemination initiatives of the local partner Amigos de Sian Kaan.

The research is funded by the Austrian Science Fund, the Swiss National Science Fund and the Austrian Academy 
of Sciences. All this work is enabled only through the great support of Amigos de Sian Kaan, Cancun, Xibalba Dive 
Center and Bil Philipps, Tulum, and Simon Richards, Akumal, to mention only the most contributing ones.  

1.3-8 GeoeleCtriCAl ChArACterizAtioN of the pyreNeAN lithosphere UsiNG MAGNeto-
tellUriC dAtA. MAiN GeoeleCtriCAl strUCtUres ANd its eVolUtioN AloNG the 
striKe
Campanyà, J.; ledo, J.; Queralt, p.; Marcuello, A.; liesa, M.; Muñoz, J.A.; Jones, Alan G.
Dublin Institute for Advanced Studies, UB, DIAS; UB; UB; UB; UB; UB; DIAS
alan@cp.dias.ie

The Pyrenean range resulted from the continental collision between the Iberian and European plates from Late 
Cretaceous to Early Miocene. The significant amount of available geophysical data and the well-constrained geologi-
cal evolution corroborate the subduction of the Iberian lower crust, as a main geological result, and determine the 
physical and chemical processes of the Pyrenean subsurface. However, although the large amount of data acquired in 
the Pyrenees, in the Eastern Pyrenees, close to the Mediterranean Sea, only few lithospheric-scale studies have been 
carried out, being this region less characterized. Thirteen BBMT/LMT sites have been acquired in this area imaging 
the electrical resistivity values of the lithosphere. Preliminary results have been obtained using apparent resistivity, 
phases, induction arrows and horizontal magnetic tensor values. Results have been compared with three recently 
published MT profiles in the Central, the West-Central and the Western Pyrenees, constraining the evolution of the 
main geological structures at a lithospheric scale and the associated physical processes. Major results have been 
related to low electrical resistivity values associated with the presence of partial melting in the Iberian Subducted 
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Lower Crust (IBSLC), caused by dehydration of Muscovite and Biotite, and with the asthenosphere, suggesting an 
European plate thicker than the Iberian plate close to the collision zone. Moreover, major crustal structures associ-
ated with the presence of fluids, sediments and graphite have been also characterized.

1.3-9 differeNCes ANd CoiNCideNCes of sUbdUCtioN resistiVity iMAGes froM two Mt 
trAVerses iN westerN MexiCo: iMpliCAtioNs oN CoNVerGeNCe dyNAMiCs
Arzate, Jorge A.; Corbo-Camargo fernando
Centro de Geociencias-UNAM; Posgrado en Ciencias de la Tierra- UNAM
arzatej@geociencias.unam.mx

We present magnetotelluric resistivity sections of two tectonically different areas across the convergent margin 
in western Mexico. One, at latitude of ~19° N that runs over the Jalisco Block (JB), a crustal fragment of the North 
American plate that converges at a rate of ~2 cm/yr against the Rivera micro-plate, a segmented portion of the Pacific 
plate. The other, located at latitude ~16° N in southwestern Mexico, where the Cocos plate is subducting at a larger 
convergence rate of ~6 cm/yr under older Paleozoic North American crust. Coincidences of the resistivity images 
include the existence of a sub-horizontal conductor at ~10 km depth, partly associated to low PT (0.2GPa, ~250°C) 
dehydration reactions at the bending of the subducting slab, and a dipping conductor that define the top of the slab 
where most of the dehydrating metamorphic reactions are expected to occur. Also, in both resistivity images crustal 
uplift appear to take place, although in distinct tectonic conditions. 

The more obvious difference between the Rivera and Cocos plate subduction slabs is in their dipping angle, be-
ing steeper (~50°) under the Jalisco Block and gentle (~15°) below the Oaxaca terrain. A consequence derived from 
dissimilar convergence regimes is the existence of a narrower anomalous conductor above the subducting Cocos 
plate implying adiabatic fluids release promoted by a sealed lower crust. The dehydration related broader anomalous 
conductor under the JB area in contrast, implies extensive mobility of mineralized fluids through an eroded younger 
continental crust. Uplift and faulting of the crust appear to occur in both regions as a result of upwards migrating 
buoyant mantle diapyrs. However, crustal uplift in the Paleozoic-Mesozoic Oaxaca zone occurs around 250 km away 
from the trench whereas within the Jalisco Block younger terrain occurs at about 150 km from the trench. In the first 
case aqueous mineralized fluids have precipitated to form large mineralized provinces, while in the former case have 
produced volcanism, erosion, and an intense fracturing at the wedge of the convergent continental crust.

1.3-10 MAGNetotellUriC iMAGiNG of the preCAMbriAN sUperior-GreNVille MArGiN iN 
CANAdA
Adetunji, Ademola; ferguson, ian; Jones, Alan G.
University of Manitoba; University of Manitoba; Dublin Institute
ij_ferguson@umanitoba.ca

The Archean Superior province shares a tectonic boundary with the Proterozoic Grenville province. The litho-
sphere beneath the Superior-Grenville margin, in southern Ontario, was investigated with a northwest-southeast 
oriented, 650 km long profile of magnetotelluric (MT) data. The profile consists of 40 broadband MT sites from 
Portable Observatories for Lithospheric Analysis and Research Investigating Seismicity (POLARIS) and the earlier 
LITHOPROBE Abitibi-Grenville transect. It crosses the Abitibi and Pontiac subprovinces of the Superior province 
and the Central Gneiss and Central Metasedimentary Belts of the Grenville province. The Grenville Front Tectonic 
Zone separates the Grenville province from the Superior province and the Central Metasedimentary Belt Boundary 
Zone separates the two belts in the Grenville province

Geoelectric strike analysis results show that the strike azimuth varies both along the profile and with depth. 
Dominant strike azimuths of N45E and N85E were defined for the crust and the lithospheric mantle respectively. 
An azimuth of N68E determined for asthenospheric depths (200-400 km) is parallel to the hotspot reference model 
of absolute plate motion in the area.  The 2-D inversion model for the crust shows that the 1000 Ma Grenville Front 
Tectonic Zone and the 1080 Ma Central Metasedimentary Belt Boundary Zone extend with a southeast dip throughout 
the crust. A resistive zone dipping into the lower crust beneath between these structures, corresponding to the Central 
Gneiss Belt, indicates that widespread conductive lower crust observed farther to the north must be at least 1000 Ma 
old. A 2-D inversion model for the whole lithosphere defines a deeper resistive zone dipping southeast from a loca-
tion beneath the Central Gneiss Belt. The resistive zone extends beneath the Central Metasedimentary Belt where it 
lies between 100 km and 260 km depth. It is interpreted to be modified lithosphere formed by both emplacement of 
subducted Archean lithosphere and/or earlier mantle depletion. A deep conductor is observed extending across the 
northwest and central part of the profile. Beneath the southwest Superior province it is approximately horizontal and 
lies at a depth of about 160 km. The conductivity of the feature increases beneath the Pontiac subprovince, where it is 
overlain by a shallower mantle conductor. Further to the southeast, the feature dips downwards beneath the Grenville 
province, with its top reaching a depth of 300 km. The conductor is interpreted to be the lithosphere-asthenospheric 
boundary and the part with higher conductivity beneath the Pontiac subprovince as representing a refertilized mantle 
scar. The scar, which has survived a series of tectonic events, was left by an Archean thermomechanical event and 
was last refertilized by the Cretaceous Great Meteor hotspot plume.
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1.3-11 Geo(eleCtro)MAGNetiC iMAGiNG ANd MAGNetiC phAse trANsitioN iN the CrUst: 
opeN QUestioNs
Kiss, János; Prácser, Ernő; Zilahi-Sebess, lászló; Szarka, lászló
MTA CSFK (Hungarian Academy of Sciences)
szarka.laszlo@titkarsag.mta.hu

In the paper by Kiss et al. (2005, DOI: 10.1029/2005GL024199) we studied some magnetotelluric and geomag-
netic symptoms of the so-called second-order magnetic phase transition in the crust. We assumed that some geomag-
netic anomalies of unknown origin could perhaps be explained by a huge enhancement of magnetic susceptibility in 
a very narrow interval just around the Curie (Néel) depth, instead of commonly magnetized, large-size rock bodies, 
somewhere between the surface and the critical depth. The hypothesis originated from solid state physics theory 
(where the so-called Hopkinson peak is infinitely large) and it is supported by experiments, carried out on artificial 
materials. At the same time, rock physics experiments rarely showed higher peak in the magnetic permeability than 
3-4 times the ferromagnetic value. 

The lack of high Hopkinson peak measured on real earth materials does not falsify the hypothesis. As we found, 
in laboratory it is impossible to reconstruct the in situ physical (temperature and pressure) conditions, either in terms 
of stability or homogeneity. If the in situ Hopkinson-peak is really higher than 100 times the normal ferro(i)mag-
netic permeability value, the effect becomes markedly observable in magnetotelluric sounding curves. Ignoring the 
high magnetic permeability, one-dimensional magnetotelluric inversions would result in very high-resistivity- and 
very thick pseudo-layers, and in two-dimensional case especially the H-polarization curves would cause misleading 
solution. Controlled-source electromagnetic soundings may provide more detailed picture than the magnetotellurics 
does, due to the higher numbers of measurable field parameters, as it is shown by the resolution matrices. There have 
been found such field anomalies, suspected to be of magnetic phase-transition origin. 

It is remarkable that the magnetic phase transition of the magnetite takes place just at mid-crustal depths, and the 
magnetic phase transition is accompanied with an enhancement of the specific heat and of some elastic constants 
(and perhaps of the electrical conductivity itself). 

In lack of rock laboratory facilities, it would be possible to verify the hypothesis by surface geophysical (geomag-
netic) survey in active areas, repeated after a few decades.  If the phenomenon of magnetic phase transition exists 
in the Earth’s crust, it would certainly lead to a re-interpretation of some midcrustal structures and processes. The 
questions are still open.

1.3-12 MAGMA iMAGed MAGNetotellUriCAlly beNeAth 
 AN ACtiVe ANd AN iNACtiVe MAGMAtiC seGMeNt iN the 
 AfAr reGioN of ethiopiA

Johnson, N.; whaler, K.; s hautot, s.; fisseha, s.; desissa, M.; dawes, G.J.K.
University of Edinburgh; IUEM; Addis Ababa University; Geological Survey of Northern Irelans
kathy.whaler@ed.ac.uk

We present audio-frequency magnetotelluric data collected along profiles over two magmatic segments compris-
ing part of the sub-aerial Red Sea arm of the Afar triple junction, which sample the resistivity of the top 40-50 km of 
the sub-surface. One of the segments has been active since a seismo-volcanic crisis began in late 2005, when at least 
8 m of opening accompanied injection of a mega-dyke; the other is currently inactive. After robust processing and 
galvanic distortion analysis, we find that the data pass the criteria normally deemed acceptable for two-dimensional 
modelling of the sub-surface resistivity distribution. Profiles across the segments have well-defined geoelectrical 
strike directions parallel to the local rift axis directions. Data from a profile past one of the volcanoes at northern end 
of the active segment have a more ambiguous strike direction that is oblique to the profile direction, but the choice of 
direction does not have a severe impact on the two-dimensional model deduced from them. All three models display 
large zones of low resistivity in the lower crust and upper mantle, which we interpret as arising from magma and par-
tial melt. We show that the Moho-straddling conductive body beneath the active cross-rift profile can be concentrated 
into bands reminiscent of sills. Petrological information from samples collected over two volcanoes, and erupted at 
the rift axis in association with recent dyke injection, has been used to constrain the resistivity of the parent melt, and 
hence to estimate melt fractions from the bulk resistivities in our models using formulae applicable to well-connected 
melt. We find evidence for substantial quantities of melt at high fractions both straddling the Moho to the west of the 
current rift axis of the active segment, and in the crust near the volcano at its northern end. Limiting calculations to 
regions where the melt volume is estimated to be 3% or more, the total amount of melt estimated beneath the profile 
crossing the active segment, ~500 km3, is approximately an order of magnitude greater than that beneath the profile 
crossing the currently inactive rift. This implies that magma availability is at least one factor affecting whether a 
segment is active.
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1.3-13 heAt of the eArth is the loVe of life?!
Alavipanah, seyed Kazem
Faculty of Geography, University of Tehran, Tehran, Iran
salavipa@ut.ac.ir

The balance of heat balance is very essential in life. If we think about life in Erath or even other plants, the op-
timization of surface or air temperature must be taken into account.  This optimization might be true not only for 
DNA Molecules but also the Earth surface and its biosphere. So wherever we are looking for the heat balance of 
living organism, it is very vital to include temperature factor in our research in all disciplines and even geophysics. 
We believe that heat is an indicator of world consciousness. This belief is based on the fact that all substances at 
temperature above absolute zero temperature (-273.15 centigrade of Kelvin Zero) radiate electromagnetic waves 
from themselves. It means when in our real words we have matters, the matters have a temperature and due to that 
temperature, any reaction with matter might have a reaction in temperature.  If it is true, we must focus more on the 
critical topics of Thermal Infrared Remote Sensing on the Earth. Because heat is an important factor in any physical, 
chemical and biological study that should be considered. It may be not an exaggeration to say that the heat factor in 
the form of love and social, moral and psychological processes is effective. Therefore, in this paper, we conduct the 
Erath studies into the importance of temperature and heat in it. We take the combination of science, art, literature, and 
technology, in addition, any things is related to heat such as ice melting, volcanology, soil formation, desertification, 
human impact, geo thermal, into consideration in this paper too. Therefore, we use different scientific, literary, art 
resources for making the role of heat in the Earth. We concluded that the key role of heat is so that we may define it 
as indicator of world consciousness.
Keywords: temperature, Mars, constraints, potential, thermal remote sensing geological features.

1.3-19p hiGh-resolUtioN resistiVity toMoGrAphy profiles At the epiCeNtrAl AreA of 
the 2009 l’AQUilA eArthQUAKe (itAly)
d’Ajello Caracciolo f., Nicolosi i., Carluccio r., porreca M., Mochales-lópez t., speranza f.
Istituto Nazionale di Geofisica e Vulcanologia
francesca.caracciolo@ingv.it

This work was carried out in the frame of the FIRB ABRUZZO project (funded by MIUR, Italian Ministry for 
University and Research), aimed at the high-resolution seismotectonic study of the area where on April 6th 2009 
a Mw 6.1 earthquake caused severe damage to both the population and the infrastructures, destroying most of the 
medieval city of L’Aquila (Abruzzi, Italy) and nearby villages.

The main objective of this project is to characterize the sedimentary sequence in the depocentral area of a con-
tinental basin formed in consequence of the late Pleistocene-Holocene earthquakes striking the L’Aquila plain. The 
aim is to reconstruct past seismic events by the observation of discontinuities in the sedimentary sequence. A deep 
well will be cored, and its best location has been selected using several geophysical methods, including some seismic 
tomographies and several electrical resistivity profiles.   

This work is focused on the analysis and interpretation of two-dimensional electrical resistivity tomography 
profiles; each profile was acquired mainly using both Wenner-Schlumberger (WS) and dipole-dipole (DD) electrode 
arrays, in order to have accurate vertical and horizontal resolution. In some cases we acquired using pole-dipole (PD) 
array to have good sensitivities at higher depth compared to WS and DD. Induced Polarization (IP) data were also 
collected to better identify clayey component into sediments.

We carried out several profiles using an IRIS Syscal Pro resistivity meter applying different spacing of steel 
electrodes; the instrument was configured to inject a square waved signal for 250 ms, with the energizing electrodes 
generating a potential difference of 400 Volts. A mean resistivity contact value between adjacent electrodes was 
about 1kOhm*m.

The interpretative models are based on inverting a mixed dataset of apparent resistivity from the two or three 
different arrays (we used a profile configuration of 72 electrodes 5 and 10 meters apart, and 48 electrodes 5 meters 
apart).

In order to calibrate the method, we acquired stratigraphy data from a nearby water wells. The inversion models 
show two main groups of resistivity values. Low-medium values, ranging from 15 to less then 100 Ohm*?m rep-
resent the geophysical signature of the fine-grained components of the sediments present in the L’Aquila plain. A 
second group, characterized by higher values, ranging from 200 up to 1000 Ohm*?m, are typical of coarse sand to 
gravel sediments.

Two major geological discontinuities or facies variations, disturb the horizontal continuity of the recovered re-
sistivity layers in the surveyed area. The identification of these two discontinuities allowed us to correctly locate the 
coring well, and to select areas where the sedimentation was more continuous and undisturbed.

This work shows how geoelectrical tomography is a useful tool in sedimentary basin exploration where good 
resistivity contrast are present, highlighting major discontinuities due to particle sized, lithological or tectonic 
variations.
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1.3-20p GeoMAGNetiC deep soUNdiNG iNVestiGAtioNs At the trANsitioN 
 betweeN the trANsANtArCtiC MoUNtAiNs ANd the wilKes 
 sUbGlACiAl bAsiN, NortherN ViCtoriA lANd

bozzo, emanuele; Armadillo, egidio; rizzello ,daniele; balbi p.
Dipartimento di Scienze della Terra, dell’Ambiente e della Vita (DISTAV), Università di Genova, 
bozzo@dipteris.unige.it

North Victoria Land (NVL) features two major tectonic elements: the Transantarctic Mountains (TAM), form-
ing the uplifted flank of the Mesozoic and Cenozoic West Antarctic Rift System, and the Wilkes Subglacial Basin 
(WSB). Structure of the TAM rift flank has been partially investigated with different geophysical approaches. To the 
West, the Wilkes Subglacial Basin is present, a broad depression over 400 km wide at the George V Coast and 1200 
km long. Geology, lithospheric structure and tectonics of the Basin are only partially known because the Basin is 
buried beneath the East Antarctic Ice Sheet and is located in a remote region which makes geophysical exploration 
logistically challenging. Different authors have proposed contrasting hypothesis regarding the origin of the WSB: it 
could represent a region of rifted continental crust or it may have a flexural origin or might represent an “extended 
terrane”.

Here we present inferences on the electrical conductivity structures at the transition between the TAM and the 
eastern margin of the WSB, based on Geomagnetic Depth Soundings (GDS) carried out during three different in-
ternational Antarctic campaigns supported by the Italian Antarctic Projet: the BACKTAM, WIBEM and WISE ex-
peditions. All the data have been processed in the frame of the ISEE project, aimed at evaluate the bias effect of the 
Polar Electrojet on geomagnetic transfer functions at different high geomagnetic latitudes and to study processing 
algorithms for magnetotelluric impedance tensor and magnetovariational transfer function estimate with high geo-
magnetic latitudes data. 

The qualitative analysis of the induction arrows, in the period range 20-170 s, reveals an approximately 2D 
regional electrical conductivity pattern with a clear differentiation between the three Terrains crossed by the GDS 
transect: the Robertson Bay, the Bowers and the Wilson Terrain. Bi-dimensional models suggest a differentiation of 
the investigated area in three crustal sectors separated by the Daniels Range and the Bowers Mts., in close relation 
with main known structural lineaments; to the West, a deep conductivity anomaly is associated with the transition to 
the Wilkes Subglagial Basin.

1.3-21p eleCtriCAl resistiVity iMAGiNG of the 
 Northwest sUperior CrAtoN

Mcleod, Joe; ferguson, ian; Craven, Jim; Jones, Alan G.
U.Manitoba; U.Manitoba; Geol.Surv.Canada;DublinInst.Adv.Studies
ij_ferguson@umanitoba.ca

Magnetotelluric (MT) data from two projects in northeastern Manitoba, the Lithoprobe Western Superior transect 
and the Geological Survey of Canada Knee Lake profile, were compiled to investigate the geoelectric structure of the 
Archean Superior Province and adjacent Paleoproterozoic Trans-Hudson Orogen. Analysis and modelling was com-
pleted with the objectives of (1) imaging the subsurface conductivity structure of the northwestern Superior craton 
and adjacent Trans-Hudson Orogen, and (2) investigation of North American tectonic processes.  

The geoelectric structure of the study area was defined in terms of its dimensionality and strike and using 2-D 
inversion of the MT responses. The results indicate that some parts of the study area have regional 2-D structure but 
3-D elements occur at large depth and at more shallow depth near the margin of the Northern Superior superterrane 
and Pikwitonei Granulite belt.  Strong three-dimensional galvanic distortion of the MT responses occurs throughout 
the study area.  Extended Groom-Bailey tensor decomposition, implemented in the STRIKE program was used to 
further define distortion and geoelectric strike. This method enables determination of the regional MT response as a 
function of specified frequency range or depth range.  At crustal depths the geoelectric strike azimuth throughout the 
study area has a dominantly northwest-southeast direction. At lithospheric mantle depths the azimuth has a bimodal 
distribution with both a northwest-southeast component and an east-west component that is particularly prominent 
close to east-west terrane boundaries at the northern margin of the Superior craton. Two-dimensional inversion of 
the data was done using an overall geoelectric strike azimuth of 127°.  The results show a generally-resistive hetero-
geneous crust overlying a more conductive mantle throughout the study region.  The 2-D resistivity model includes 
a conductive body in the lower crust beneath the Fox River belt and Kisseynew domain. Mantle conductors include 
a well resolved conductor dipping to the northwest beneath the Island Lake-Munro lake subprovince, and less well 
resolved conductor beneath the Northern Superior superterrane. The results suggest significant refertilization of the 
mantle lithosphere of the northern Superior craton. 
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1.3-22p deep Geo-eleCtriC strUCtUre of the dhArwAr CrAtoN (iNdiA) iNferred froM 
MAGNetotellUriC stUdies
Veeraswamy, K.; Abdul Azeez, K.K.; Gupta, A.K.; babu, Narendra; ha, t., 
CSIR - National Geophysical Research Institute
kv.swamy@gmail.com

The Dharwar Craton (DC) is an important region among the world’s Archaean cratonic blocks especially within 
the Gondwana land. Towards east and south of the craton, the areas are characterized by metamorphic and igneous 
bodies and structures related to the Pan-African assembly of Gondwana. The interior of the craton largely escaped 
significant Pan-African overprinting, while the northern margin of the craton is masked by Proterozoic sedimentary 
rocks and Deccan traps, whereas the eastern side is overlain by the Meso-Neoproterozoic Cuddapah basin

Broadly the DC has been considered to consist of Western (WDC) and Eastern (EDC) parts, sutured along the 
eastern fringe of Chitradurga schist belt during late Archaean. Magnetotelluric (MT) investigations along SW-NE 
oriented Chikmagalur (west) to Anantapur (east) traverse (~300 km), which is transverse to the structural grain in 
that region, have been conducted as a part of geological and geophysical imaging. Broadband (0.001 - 1000 sec) MT 
data has been acquired at 50 locations with a station interval of 6-8 km, and long period MT (LMT: 50 - 15000 sec) 
data at 15 locations with spacing of 20-25 km. Continuous MT time-series measurements over a period of about 3 
days were made at each MT sounding location, while 10-12 days continuous recording were made for each LMT 
measurement site.

Prior to modeling of the data set for meaningful conductivity structure along the profile, the MT data were ana-
lyzed to determine the dimensionality and appropriate geo-electric strike values. A value of -570 (N570W) estimated 
from multi-site, multi-frequency analysis is assumed as the regional geo-electric strike for the profile, which also 
corroborates with the surface geological trends in the area. The 2D electrical section shows that the high resistive 
(>10000 Ohm-m) top layer (up to 20 km) beneath the western part as compared to ~25 km thickness in the eastern 
Dharwar craton corroborates well with geological, deep seismic and other geophysical results.

The top layer in the geoelectric section appears as a block structure, while at deeper levels (> 80 km) the electrical 
structure under WDC & EDC are significantly different. At about 150-200 km under WDC and 100 km beneath the 
EDC, the result reveals a major vertical electrical discontinuity, which might be considered as base of the lithosphere 
following studies from other places in the world. The results are compared with electrical structural data under other 
cratonic regions like Kaapvaal & Zimbabwe (South Africa), Yilgarn (Australia), Slave (Canada) and North China.

In the global scenario, though the Dharwar craton of India and the Kaapvaal craton of South Africa belong to 
Archaean age & Gondwanaland, the geoelectric models of both regions indicate that the subcontinental Lithospheric 
mantle under DC is less resistive than the Kaapvaal craton. In view of the thermally thinned (Mesozoic-Cenozoic) 
North China craton, it may be interesting that- could the difference in the resistivity between two parts of Gondwana 
land be due to significant difference in their geodynamical history/evolution. Since Jurassic, the narrow strip of pen-
insular India has been carved out by two major continental breakups and also mantle plume activity (at ~120 & 65 
Ma). The large thermal pulse of Laccadive-Maldive island chain is very close to WDC while the Kaapvaal craton has 
under influence of Karoo plume activity during Triassic.

1.3-23p oN CoNstrUCtioN of the eArth CrUst Model UsiNG GeoeleCtriCAl ANd 
 GrAVitAtioNAl dAtA

Martyshko, peter; surina, olesya; dyakonova, Aza
Institute of Geophysics, Ural Branch of the RAS; Institute of Geophysics, Ural Branch of the RAS; Institute of 
Geophysics, Ural Branch of the RAS
pmart3@mail.ru

The problem of constructing density models of the Earth crust is one of the most important at regional geophysi-
cal studies. The possibility of construction of the electro-gravitational models with use of EM data obtained in the 
east of the Urals, covered by sedimentary mantle of the West Siberian Platform (WSP) and gravity data is considered. 
For realization of the proposed approach a large amount of experimental research with artificial and natural sources 
of electromagnetic field in the wide frequency range (the methods IEMS-AMTS-MTS-DMTS) along  profile with a 
total length of ~ 1000 km was carried out. The analysis and generalization of information on the electrical resistiv-
ity, density and porosity of the sedimentary cover and basement rocks of the Ural and western part of the WSP is 
executed. Also relationships between the physical properties are investigated. Geoelectric sections of the lithosphere 
in the range of depths from the first meters to 300 km are constructed.  2D interpretation of the Bouguer gravity 
anomaly is executed on the basis of geoelectric structure. The obtained results have been coordinated with features of 
a tectonic structure and compared  with materials obtained by other independent methods: direct current geoelectric 
sounding, information about crystalline basement rock composition according to the deep wells and measurements 
of electrical resistivity, density and porosity of rock samples in the laboratory.

The main results are as follows: the stratification, electrical conductivity and density of the sedimentary cover 
and basement are established;  the junction zone of the open Urals and WSP is studied;  the composition of rocks in 
the upper parts of the crust to the depths of 30-40 km is determined.
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The further research can be directed to application of proposed approach on development of complex geophysical 
model of the Earth crust and upper mantle.

1.3-24p MAGNetotellUriC stUdy iN the Nw borboreMA proViNCe, Ne brAzil: eVideNCe for 
dUAl sUbdUCtioN zoNes with opposite polArity
padilha, Antonio l.; Vitorello, Ícaro; pádua, Marcelo b.
INPE
padilha@dge.inpe.br

The Borborema province is a complex orogenic system in the northeasternmost corner of the Brazilian shield 
which in pre-drift reconstructions lies adjacent to coeval Pan-African fold belts and cratonic terranes from western 
Africa.  Geologic evidences indicate that some major shear zones, litho-structural and tectonic domains of the prov-
ince find their counterpart in the African continent but different dynamic processes involved in its formation and 
evolution are still poorly understood. They include the identification of possible sutures related to ocean closure, 
crucial to understand the Neoproterozoic evolution of the province either as a collage of allochtonous terranes or as 
intraplate tectonism driven by far-field stresses reworking preexisting Archean-Paleoproterozoic crust. In this paper 
the results of two NW-SE magnetotelluric profiles across the main tectonic grain in the NW part of the Borborema 
are discussed. Tensor decomposition gives acceptable fits to the measured data at most sites and shows that strikes 
are generally oriented NE-SW, consistent with surface tectonic features, but induction arrows at the western side of 
the MT profiles show influences of coastal effects. A 3D modeling was performed in order to check the coastal effects 
on the data set and to define a period interval not influenced by the sea at each site. Decomposed MT data for each 
profile were inverted using the REBOCC algorithm and the models allow acceptable misfits between observations 
and model predictions. These models show that the broad range of tectonic and volcanic activity in the province, 
including periods of extension in the Paleoproterozoic, compressional deformation in the Neoproterozoic, and wide-
spread emplacement of post-collisional granitoids from Neoproterozoic to Cambro-Ordovician, has contributed to 
the total expression of the conductivity signatures. In one of the profiles, potentially pre-existing Neoproterozoic 
structure formed during the collisional process has been virtually obscured by the pervasive post-collisional mag-
matism, whereas in the other profile the magmatism has not been so voluminous as to obliterate the geophysical 
signature of the collisional event. The most meaningful features of this last profile are the presence of two resistive 
structures dipping in opposite directions into the lower crust and merging each other in the upper mantle. They are 
interpreted as relict subduction zones associated with island arc-continent collision during the Neoproterozoic.

1.3-25p GeoeleCtriCAl iMAGe of Ar-pt boUNdAry At the bAltiC shield: stUdies of the 
lAdoGA CoNdUCtiVity ANoMAly
Golubtsova, Nina; Kovtun, Aida; Kulikov, Victor; lozovsky, ilya; pushkarev, pavel; shustov, Nickolay; 
smirnov, Maxim; sokolova, elena; yakovlev, Andrey; Vagin, stanislav; Vardanyants, izabella;
Lomonosov Moscow State University( MSU); SPbSU; MSU; IPE RAS; MSU; MSU; SPbSU; IPE RAS; MSU & 
Nord-West; SPbSU; SPbSU;
pavel_pushkarev@list.ru

The strong elongated crustal conductors are the prominent features of the pre-Cambrian cratons. Often they 
stretch on the continental scale distances following the boundaries between different age blocks and imprinting the 
ancient collisional/extensional events.

Lake Ladoga anomaly at the Baltic Shield of the East European Craton (EEC) was originally discovered in 80th 
and traced on the magnetovariational data as the most intensive segment of Ladoga - Bothnian Bay conductive zone, 
which is associated with the Archaean-Proterozoic (Ar-Pt) border. Later, due to magnetotelluric observations of 
St.Petersburg University, the first deep conductivity cross-section of the Ladoga anomalous area was constructed in 
the frames of quasi-1D approach. New stage of the investigations has been initiated in 2013 to overcome limitations 
of the previous interpretation, reconstruct a detailed resistivity section and create a prognostic volume geoelectical 
model of LA to constrain the existing hypotheses on ancient tectonic environment during its origin. New experi-
ment implies the synchronous MTS/MVS profiling across the Karelian Isthmus and additional soundings at the SE 
termination of the anomaly.

We present the analyses of spatial-frequency behaviour of all available conditional MT\\MV responses over the 
area under study, including assemblage of the induction vectors from different sources and hot data of this year field 
campaign. New 2D MT+MV inversion results are also on display for the segments of regional seismo-electromag-
netic geotraverse 1EV, which cut the LA at SE where it probably merges under the thickening sedimentary cover of 
the EEC at Ladoga monocline.

The data of potential fields anomalies, characteristic for the LA region, are also attracted to help in the compari-
son of its actual geoelectrcal image with the similar images of anomalously conductive Ar-Pt suture at Ukranian 
Shield and Voronezh massive (Kirovograd anomaly) and in the understanding of their probable similar genetics.

This is a contribution to RFBR grants 13-05-00786 and bi-lateral project #13 of Russian Academy of Sciences 
and Academy of Finland.
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1.3-26p CreAtioN of CrUstAl CoNdUCtiVity ANoMAly MAp of North eUrAsiA
Golubtsova, Nina; pushkarev, pabel; slepykh, Ksenia;
Lomonosov Moscow State University
pavel_pushkarev@list.ru

In 1985 specialists in magnetotelluric (MT) method, working in the USSR, united their efforts within a significant 
scientific project on generalization of all information about conductivity anomalies in the consolidated crust, col-
lected in the country, and creation of anomaly map. The chairman of the editorial board of the map was prof. M.N. 
Berdichevsky, vice-chairs were prof. L.L. Vanyan and prof. M.S. Zhdanov. Leading specialists from 11 regions of 
the country supervised analysis of MT data obtained in the Baltic shield, the Voronezh anteclise, the Ural Mountains, 
the Caspian depression, Ukraine, East Siberia, Kazakhstan, central part of Central Asia, Tian Shan, Kamchatka and 
Sakhalin. Unfortunately, due to difficult economic situation in the beginning of the 1990-ies, this work was reduced 
and many of the results were not published. However, very informative map of crustal conductivity anomalies, indi-
cating their presumable nature, was made by prof. A.A. Zhamaletdinov. 

We are trying to continue this work. First, we reviewed the information, collected within the abovementioned 
project. Second, we collected the new results, obtained within the last 20 years, when many regional profiles were 
created in remote regions of Russia, such as North Siberia and North-East of Russia, and where MT studies were 
not performed previously. Taking into account all these old and new results, we are creating a new map of crustal 
anomalies of North Eurasia. The map will be in the form of geographic information system, we construct it using 
Esri’s ArcGIS software. A variety of other geological and geophysical maps of Northern Eurasia exist. Study of cor-
relation of conductivity anomalies with geological structures and anomalies of other properties will help to discover 
the nature of many anomalies.

This publication is based on work supported by the Russian Foundation for Basic Research (RFBR), project 
11-05-00496.

1.3-27p iNCreAsed resolUtioN of sUbsUrfACe pArAMeters froM Mt 1d ModeliNG
shireesha, Mothe, harinarayana, thirumalashetty
NGRI, GERMI
shireeshageo.m@gmail.com

In electric and electromagnetic techniques, it is well known that  principle of equivalence poses a problem in 
the interpretation of the subsurface layers. This means the inversion problem can provide the conductivity-thickness 
product more confidently than the individual parameters conductivity and thickness separately. The principle of 
equivalence corresponds to the middle layer in a three layered earth structure. In order to resolve this problem,  we 
have touched upon the different formulae of apparent resistivity proposed by earlier workers considering the real and 
imaginary parts of the impedance tensor and designed a new formula to compute apparent resistivity for different  
models. We observed that the application of our new formula for apparent resistivity using the combination of real 
and imaginary parts of the impedance that has a better resolution as compared to  earlier conventional formulae of 
apparent resistivity.The results have been demonstrated through both forward and inverse modeling schemes.

1.3-28p three-diMeNsioNAl MAGNetotellUriC stUdies of the AlUto-lANGANo Geother-
MAl field, ethiopiA
samrock, friedemann; bakker, Jenneke; fisseha, shimeles; Jackson, Andrew; Kuvshinov, Alexey
Institute of Geophysics, ETH Zurich, Switzerland; Institute of Geophysics, ETH Zurich, Switzerland; Institute of 
Geophysics, Space Science and Astronomy, Addis Ababa University, Ethiopia; Institute of Geophysics, ETH Zurich, 
Switzerland; 1Institute of Geophysics, ETH Zurich, Switzerland
friedemann.samrock@erdw.ethz.ch

The magnetotelluric (MT) method is a powerful tool of geothermal exploration aiming to identify geothermal 
reservoirs and to estimate their potential for renewable energy extraction. MT easily covers exploration depths down 
to a few kilometers and is especially sensitive to zones of high electrical conductivity, which, in geothermal environ-
ments, are typically related to high temperature hydrothermal or magmatic reservoirs.

We performed MT studies at Aluto-Langano geothermal field in the surrounding of the only operating geother-
mal power plant in Ethiopia. Aluto volcano is known for its remarkable feature of rapid deformation. In 2004 and 
2008 two pulses of inflation (20 cm) separated by subsidence at an averaging rate of 3-5 cm/yr have been obtained 
using Interferometry Synthetic Aperture Radar (InSAR) satellite observations. One of the goals of the MT survey is 
to identify the source of the unrest and its implications for geothermal production. MT data were collected in 2012 
at 50 sites in a period range from 0.001 to 100 s, and inside the deforming area which covers around 10km x 10km. 
When interpreting MT responses in the region it was necessary to estimate and correct for effects arising from the 
pronounced topography at Aluto volcano with elevations between 1600 and 2400 m. We present the results of 3-D 
modeling of the topographic effects and discuss first results of the 3-D inversion of the MT data. Our MT data analy-
sis indicates the presence of two conductors under Aluto-Langano geothermal field: one shallow in depths around 
1 - 2 km and a deep conductor in depths greater than 10 km.
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1.3-29p GeoeleCtriCAl iMAGe of iNdiAN plAte sUbdUCtioN iN CorrespoNdeNCe with seis-
MiC toMoGrAphy resUlts ANd seisMisity distribUtioN iN GArhwAl hiMAlAyA
israil, Mohammad; Cherevatova, Maria; pushkarev, pavel; smirnov, Maxim; sokolova, elena
Indian Institute of Technology Roorkee Uttarakhand, India ; University of Oulu, Finland ;  Moscow State University, 
Moscow, Russia ; St. Petersburg State University,  St. Petersburg, Russia ; Institute of the Physics of the Earth, 
Russian Academy of Sciences, Moscow, Russia
maxim.smirnov@oulu.fi

Garhwal Himalaya is the area of high seismicity, which is monitored by seismological networks. Independent 
data on the disjunctive tectonics and rheological regimes, supplied by magnetotelluric (MT) and magnetovariational 
(MV) soundings, are also valuable for seismic hazard assessment.

Geoelectrical model of the Garhwal along Roorkee-Gangotri (RG) profile has been constructed by Israil et al. 
(2008). The profile was further extended and all Mertronix and Phoenix observations were reprocessed under Indo-
Russian project in 2010-2012. We present the updated resistivity cross-section, discuss 2D approach resolution prob-
lems and focus on the interpretation of the delineated conductivity features in the context of regional tele- and local 
earthquake tomography results and geothermal models from adjacent segments of the Himalaya.

In the resulted resistivity distribution the following relevant features are recognized: sediments of IGP and 
Siwalik; descending top of the resistive Indian plate, Main Himalayan Thrust, and bright conductive anomaly within 
MHT rump at mid-crustal depths under Main Central Thrust zone. The areas responsible for generation of signifi-
cant seismicity of Garhwal corridor have been attributed: a resistive block in the upper crust above the mid-crustal 
conductor and one more cluster of hypocentres (deep and strong earthquakes) underlying this conductive anomaly.

Geoelectric and seismotomography images of anomalous zone under MCT are in a good agreement and well 
consistent with MHT ramp geothermal model. They indicate the area of partial melt+dehydration fluids, heated and 
mechanically week,  in the crust of Garhwal corridor and contribute to the explanation of the bi-modal earthquake 
distribution at a depth.

RG MT/MV data have also revealed a strong elongated conductive feature at East flank of the profile, which most 
likely corresponds to the Trans-Himalayan conductor of (Arora and Mahashabde, 1987). This important feature still 
needs a proper resolution and probably is caused by minor, rotational, component of Indian plate movement activat-
ing ancient trans-Himalayan structures and preparing arc segmentation.

The reliable resolution of the main geoelectric structures along RG profile approved by the comparison of two 
method results provides objective constraints on the regional seismogeneration pattern for Garhwal Himalaya as well 
as geodynamic models of the India-Eurasia collision.

Acknowledgements: RFBR-DST grant 10-05-92661, project #13 of Russian Academy of Sciences and Academy 
of Finland.

1.3-30p A broAdbAsed AssessMeNt of CrUstAl CoNdUCtANCe distribUtioN iN t
Akpan, Anthony e.; Veeraswamy, K.; harinarayana, t.
University of Calabar, Applied Geophysics Unit, Physics Department
anthonyakpan@yahoo.com; anthonyakpan@unical.edu.ng

Existing 2-D geoelectric sections generated from Indian subcontinent have been collated, digitised and electrical 
conductances computed upto 50 km depth. Graphical and contouring techniques were employed to analyse the ob-
served conductances in order to assess their spatial distribution within the crust and upper mantle depths. Abnormally 
high conductances (>1500S) that correlate poorly with coincident Bouguer gravity anomalies were observed in 
some parts of the Himalayan, West Coast, tectonically active mobile junctions like the Tatapani junction, parts of 
the Central Indian Tectonic Zone (CITZ) and eastern Dharwar Craton (EDC) regions. In the CITZ region, abnor-
mally high conductances (>1500 S) that show fairly good correlation with coincident Bouguer gravity anomalies 
are dominant. Moderate-high conductances dominate the sutures zones while low conductances features dominate 
the southern granulite terrain (SGT), tectonically less active regions and depths below 30 km. Aqueous fluids and 
their associated partially molten substances which thermal buoyancy forces and density contrast have forced to flow 
upwards towards region with low pressure and temperatures (upper-mid crust); rocks that are naturally enriched 
with conductive minerals like ultramafic and other high grade metamorphic rocks like orthopyroxenites and webst-
erites; conductive structures accommodated in sutures, fractures, etc and highly resistive (dehydrated) materials were 
suspected to be the dominant source of conductivity in the four groups. At upper mantle depths, poor conductance 
conditions that were attributed to dominance of dehydrated rocks were observed. Thus a combination of Bouguer 
gravity and electrical conductance anomalies are very useful tools for discriminating between alternative sources of 
conductivities.
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1.3-31p three-diMeNsioNAl MAGNetotellUriC iMAGiNG of the tAUpo VolCANiC zoNe: AN 
exAMple of the reporoA / wAiotApU GeotherMAl systeM, New zeAlANd
walter, Christina; Jones, Alan G.; ryan, Graham A.
Dublin Institute for Advanced Studies(DIAS), IESE, Auckland, New Zealand; DIAS, Dublin, Ireland; IESE, 
Auckland, New Zealand
alan@cp.dias.ie

Over a period of 3 years more than 250 broadband magnetotelluric (MT) measurements were recorded in the 
Taupo Volcanic Zone (TVZ) of New Zealand with site spacing varying from 500 m to 2 km. A 3D inversion was 
carried out on the dataset to determine the deeper structures of the TVZ and to gain information for future deep geo-
thermal exploration. The investigated area hosts several geothermal systems, and many of them are already utilized 
for geothermal power generation.

MT is a passive geophysical exploration tool that utilizes naturally occurring, time-varying electromagnetic (EM) 
fields recorded on the surface to determine spatial variations in subsurface electrical resistivity. Temperature, poros-
ity and fluid content, as well as hydrothermal alteration processes, have significant effects on patterns of subsurface 
electrical resistivity. Therefore, MT is well suited to image the different parts of a geothermal system, and is accord-
ingly the most utilizes geophysical imaging technique in geothermal research.

This paper will focus mainly on the results for the Reporoa / Waiotapu area. The Reporoa geothermal area is lo-
cated in a caldera on the eastern side of the TVZ. For the last 40 years scientists have argued whether Reporoa is an 
independent geothermal system or just an outflow structure of the Waiotapu geothermal system to the north. Due to 
its location and possible connection to the Waiotapu geothermal system, which is a protected system and a big tour-
ist attraction, the Reporoa system needs to be well characterized before commercial exploitation can be considered.

The first results show a thin hydrothermally altered layer at shallow depth, a more extensive hydrothermally al-
tered layer at 1-3km depth as well as a plume-like structure on the northern boundary of the caldera located between 
the Reporoa and Waiotapu system. 

sessioN 1.4 
NeAr sUrfACe AppliCAtioN of eleCtroMAGNetiC iNdUCtioN

1.4-1 iMAGiNG of 3d eleCtroMAGNetiC dAtA At low-iNdUCtioN NUMbers
pérez-flores, M.A.,  Antonio-Carpio,r., Gómez-trevino, e., ferguson, i.; Mendez-delgado, s.
CICESE, Geofisica Exploraciones, CICESE, Univ.Manitoba, UANL.
mperez@cicese.mx

We expressed electromagnetic measurements at low induction numbers as spatial averages of the subsurface 
electrical conductivity distribution and developed an algorithm for the recovery of the latter. The basis of our ap-
proach is an integral equation whose averaging kernel is independent of the conductivity distribution. That is, the 
recovery of conductivity from the measurements leads to a linear inverse problem. Previous work in one and two 
dimensions demonstrated that using a kernel independent of conductivity leads to reasonably good results in quanti-
tative interpretations. This study extended the approach to 3D models and to data taken along several profiles over a 
given area. The algorithm handles vertical and horizontal magnetic dipoles with multiple separations for appropriate 
depth discrimination. The approximation also handles issues like negative apparent conductivities, which commonly 
appear when crossing near surface conductors. This happens particularly when using vertical magnetic dipoles; 
whose averaging kernel has significant negative weights in the space between the dipoles, something that does not 
happen for the horizontal dipoles. In general, the more complex the kernel, the more complicated the signature of 
any given anomaly. This makes qualitative interpretations of pseudo-sections somewhat difficult when dealing with 
more than one conductive or resistive body. The algorithm was validated using synthetic data for imaging data from 
horizontal or vertical coils or from a combination of them. Imaging of field data from a mine tailings site recovered 
a shallow 3D conductive anomaly associated with the tailings. Since the publication of this paper at Geophysics in 
2012, we have explored more the negative apparent conductivities even for horizontal magnetic dipoles array.

1.4-2 ANoMAloUs tipper MAGNitUde
Kumar, s.; Maurya, V.p.; Vaish, J.; srivastava, p.; shalivahan; pal, s.K.
Indian School of Mines Dhanbad, Jharkhand, India
sahadev08@gmail.com

Anomalous Tipper Magnitude:  A Possible Indicator of Coal Mine Fire Front 
Audio Magnetotellurics (AMT) is a passive electromagnetic imaging technique using the Earth’s magnetic field 

to map geologic contacts and structure typically up to depths of 500 meters or more. With the lower Magnetotellurics 
(MT) frequencies, imaging can be extended deeper. The ability of identification of geologic features varies with 
depth and depends upon target size, resistivity contrasts and contact geometry. AMT is very effective method for a 
better understanding of the subsurface of the Earth in terms of shallow structural setup of a geologically complex 
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area, with variant electrical property. 
Jharia coalfields is one of the most important coalfields in India, located in Dhanbad district, between Latitude 

23° 39’ to 23° 48’ N and Longitude 86° 11’ to 86° 27’ E .The coal basin extends for about 38 km in an East-West di-
rection and a maximum of 18 km in North-South direction, and covers an area of about 456 sq. km (Fox, 1930). This 
is the most exploited coalfields because of available metallurgical grade coal reserves. The coalfields is surrounded 
by metamorphic rocks made up of granites, mica etc. The Coalfield has 49 seams with 26 regional seams and rests 
are local seams (Sengupta, 1980). Lower Gondwana rocks are well developed in Jharia coalfield; the rocks exposed 
mainly sandstones of Talchir, Barakar, Barren measures and Raniganj measures. The Barakar and the Raniganj are 
coalbearing formations (CMPDIL, 1988). 

The coalfield is well known for a coal field fire that has burned underground for nearly a century and hosts the 
maximum number of known coal fires among all coalfields in India. The first fire was detected in 1916 and more than 
77 coalmine fires have been reported by Mishra et al., (2011) and Michalski, (2004), in this region.

Duba (1977 and 1983) described the changes in electrical conductivity of coal samples and their pyrolysis prod-
ucts. The heating of water-saturated coal samples increased their conductivity from an initial value of 10-3 Siemens 
per meter(Sm-1) (resistivity= 1,000 Ohm-m) at 24 °C to 100 Sm-1 (0.01 Ohm-m) when recovered as char from 
pyrolysis at temperatures of 800°C. King (1987) performed electromagnetic measurements over burned coal seams 
in Australia and found significantly lower resistivities for the coal heated to 800 °C and more.

The objective of present geophysical survey was to detect and delineate coal fire areas through AMT surveys. 
The AMT survey served to reveal areas of high electrical conductivity over the coal fire zones. We carried out AMT 
sounding over part of Jharia Coal field. Out of various MT parameters here we analyse Tipper. The tipping of the H 
vector out of the horizontal plane, is called the tipper. In general, the tipper is a dimensionality indicator. A tipper 
value of 0-0.1 indicates 1D structure, the tipper value between 0.1-0.2 is an indicator of 2-D and if the value is more 
than 0.5 but less than 1.0 is an indicator of 3D structure. However, in anomalous conducting zones this tipper value 
may be more than 1.0. 

We carried out 7 AMT soundings.  Station A is a site very close to coal mine fire front. The smoke was oozing 
out from the region. The tipper value observed was about 7.5 at 150 Hz. Subsequently we carried out AMT sound-
ings at stations B and C at about +500 m and -500m from station A. It was observed that the tipper value decreased 
to about 2.5. Then two more soundings were carried out at stations D and E at about +1.5 km and -1.5 km away 
from A. These stations did not have any surface manifestation of coal mine fire. The observed tipper values at these 
sites are again about 7.8. The tipper value of these two sites as compared to site A is same. This possibly indicates a 
concealed fire zone. 
Keywords:  Audio Magnetotellurics (AMT), Apparent Resistivity, Phase and Anomalous Tipper.

1.4-3 CoNtrolled soUrCe rAdioMAGNetotellUriCs for freQUeNCy rANGe 1-1000 Khz 
ANd its NeAr sUrfACe AppliCAtioN
saraev, Alexander; simakov, Alexander; shlykov Arseny; tezkan buelent
St. Petersburg State University; St. Petersburg State Universsity; 
St. Petersburg State University; University of Cologne
a.saraev@spbu.ru

The radiomagnetotelluric (RMT) method, based on measurements of radio transmitter’s electromagnetic fields, 
has been actively developed last years. The application of this method in urban areas is the most effective because 
of the possibility to measure signals from 20-30 radio transmitters in frequency range 10-1000 kHz. In remote areas 
there is a possibility to measure the VLF transmitter’s signals only with the profiling survey realization. For these 
conditions a controlled source version of the RMT method (CSRMT) with a horizontal electric dipole has been 
developed. 

The RMT-C equipment includes a transmitter (1 kW) of rectangular pulses and five-channel digital recorder for 
frequency range 1-1000 kHz. Signals on 3-4 main frequencies and their sub harmonics are measured at a sounding 
station. The received sounding curves have sufficient details (30-40 points) for frequency range 1-1000 ???. Because 
the frequency limit is lowered from 10 to 1 ??? the investigation depth is increased in approximately three times up 
to 100-150 m. The far-field zone of the electric dipole begins on the distance 400-500 m from the source and the 
working area is extended with the used dipole length 300-500 m up to 4-5 km. At the distance of several hundreds 
meters - first kilometers a wave zone of the source is allocated, where the electromagnetic field structure depends on 
displacements currents in the air. Wave effects should be taken into account at CSRMT surveys. 

Examples of application of the CSRMT method in remote regions of Russia (Chukotka, Yakutia, Arkhangelsk 
region) for the solution of near surface engineering and exploration tasks are presented. Advantages compare to the 
standard vertical electric sounding method (in 10 time faster survey, possibilities of measurements with ungrounded 
electric lines in winter time on the surface of snow and ice) are demonstrated. 
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1.4-4 estiMAtioN of sUbsUrfACe teMperAtUres iN the tAttApANi GeotherMAl field, CeN-
trAl iNdiA froM liMited VolUMe of MAGNetotellUriC dAtA ANd borehole ther-
MoGrAMs UsiNG A CoNstrUCtiVe bACK propAGAtioN NeUrAl NetworK
Akpan, Anthony e.; Narayanan, Mahesh; harinarayana, t. 
Physics Department, University of Calabar; Magnetotelluric Division, National Geophysical Research Institute,
anthonyakpan@yahoo.com; anthonyakpan@unical.edu.ng

A constructive back-propagation code which was designed to run as a single hidden layer feed forward neural net-
work (SLFFNN) has been adapted and used to estimate subsurface temperature from a small volume of magnetotelluric 
(MT) derived electrical resistivity data and borehole thermograms. The code was adapted to use looping procedure 
in searching for better initialisation condition that can optimally solve nonlinear problems using the random weight 
initialisation approach. Available one dimensional (1-D) MT derived subsurface resistivity distribution and borehole 
temperature records from the Tattapani geothermal field in Central India were collated and digitised at 10 m interval and 
paired to form a set of input and output pairs. The data pairs were partitioned into three mutually exclusive and trained 
in a supervised manner. The network was experimentally trained using total training data volumes of 52 % and later 61 
% and the performances were in each case rated using statistical techniques of coefficient of determination (R2a), rela-
tive error (?), absolute average deviation (AAD), root mean square error (RMSE) and regression analysis. Attempt was 
also made to solve the same problem using the conventional manual procedure and the ? technique was used to rate the 
performance. Worst case performance that was observed to be 0.965, 3.746, 4.09, 1.407, 1.176 and 1.076 respectively 
for R2a, AAD, ?, RMSE, slope and intercept. Using the ? technique, the performance of the manually designed static 
network was observed to be 20.233, 23.00 and 21.554 respectively for TPMT30/BH11, TPMT7/BH10 and a combi-
nation of TPMT30/BH11 and TPMT7/BH10. Comparatively, the structurally flexible network is a better performing 
network especially when the data volume is small although it needs to be tested further.

1.4-5 eM stUdies for eArthQUAKe-iNdUCed lANdslides hAzArd AssessMeNt
stanica, dumitru; stanica, dragos Armand
Institute of Geodynamics of the Romanian Academy
dstanica@geodin.ro

The main objective of this paper is to present the near-surface electromagnetic EM) monitoring system that 
may provide the landslide hazard level assessment induced by to the intermediate depth earthquakes occurred in 
the seismic active Vrancea zone (Romania). The activities which have been accomplished are: (i) experiment and 
continuous improvement of the EM system at the local geoelectrical conditions of the landslide area for pattern 
recognition; (ii) assessment of the short-term electromagnetic precursory parameters related to both the earthquakes 
and the landslides associated; (iii) managing the data-sets available to produce pre and post seismic 2D resistivity 
models and tomographic images.The specific methodology and software packages have been applied for to obtain, 
in near real-time, all the important EM parameters and to point out their anomalous behavior versus the specific pat-
tern established in non geodynamic conditions. Consequently, by analyzing the data carried out at the Provita de Sus 
landslide (test site), placed in Subcarpathians area, at about 100km far away of epicentral zone, it was possible to 
assign the increase of the landslide activity due to the local active fault which has been reactivated by the earthquake 
of M6 triggered in the Vrancea zone, in 27 October 2004.In the end, we illustrate the stage of the monitoring system 
implementation and the results highlight the utility of merging the electromagnetic parameters (normalized function 
Bzn, anisotropy, skewness and strike) with different 2D tomographic images associated with pre and post-seismic 
landslide processes. Thus, for the Provita de Sus-test site, we provide a landslide hazard level model based on a com-
bination of susceptibility (slope, lithology, electrical conductivity) and triggering (earthquake) factors.

1.4-6 AppliCAtiN of shAllow seisMiC refrACtioN ANd dC resistiVity iMAGes
Mohamed, A.K.; Gazala h.h.; osman, s. sh.; hasaneen, A.; Mesb, h. 
National Research Inst. of Astronomy and Geophysics
sshosman@yahoo.com

The Giza necropolis plateau and its valuable pyramid, the one of the seven world miracles, are considered as the 
most characteristic examples of the ancient Egyptian civilization. They are attractive for tourists and for different 
scientific and archeological project. Therefore, it is interesting to carry out geophysical survey including seismic re-
fraction and multi-electrode direct current resistively imaging methods for mapping different rock units of the pyra-
mids area and studying any groundwater infiltration that might have a negative impact on the archeological remains.

The results have indicated the presence of a geoseismic layer of high velocity corresponding to the dolomitized 
limestone that constitutes the main lithologic unit of the pyramid plateau. It is overlain at some localities by mod-
erate and/or low velocity layers. The low velocity one is interpreted as the surface layer consisting of friable sand 
and fragments of limestone. The moderate velocity layer is referred to the fractured- marly limestone that might be 
affected by the percolation of the groundwater from rainfall and drainage systems giving relatively low resistivities 
as inferred from 2D resistivity imaging results. The archeological remains such as caves, mysterious, tombs, and / or 
secret rooms may be present as indicated by localized anomalous sensitivities.             
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1.4-7 3d ModeliNG of deMiNiNG sCeNArios UsiNG MetAl deteCtors
Vargas, John; everett, Mark; bustamante, roberto
Universidad de los Andes; Texas A&M; Universidad de los Andes
jf.vargas153@uniandes.edu.co

Landmines are still considered a threat of major importance in some countries around the world such as 
Afghanistan, Colombia, and Pakistan, among others. Although new devices for landmine detection such as GPR 
have been implemented, the entities in charge of demining in the above mentioned countries continue to use electro-
magnetic induction metal detectors as their main tool.

Metal detectors started to be used for landmine detection since the World War II time frame. However; it is con-
sidered that its potential has not been used to the fullest due, in part, to the lack of rigorous tridimensional modeling 
tools supporting the design of this type of systems.

Since the 80’s, some rigorous models to obtain electromagnetic induction response of a 3D conductively arbitrary 
scenario with homogeneous permeability have been solved using the node based Finite Element Method.

Nevertheless, it was until 2010 when Texas A&M University presented a model that included the option to 
configure the permeability of each element using the Edge Based Finite Element Method. This is a great advance in 
modeling and simulation for this kind of systems; however, as the author mentions in his dissertation, this simulation 
software has some restrictions.

This work aims to improve the software presented by Texas A&M. The objective is to extend its application 
capabilities so that scenarios that include landmines can be simulated. In this case, there is a double challenge for 
the Finite Element Solution; the buried objects are small and there is a high contrast between the electromagnetic 
properties of the elements. To support this work, we have the GSSI EMP400 Profiler; this equipment will allow us 
to make an experimental validation of the model and its FEM solution.

1.4-16p NeAr-sUrfACe Utilities feAtUres MAppiNG UsiNG Gpr
Adepelumi, A.A.; Akindulureni. J.o.
Obafemi Awolowo University, Ile-Ife, Nigeria (OAUIFE)
adepelumi@gmail.com

Until recently, Ground Penetrating Radar (GPR) technique has not been applied for utilities and subsurface fea-
ture mapping in Southwestern Nigeria. However, this method has proven to be indispensable for shallow subsurface 
structural and stratigraphic investigations. The efficacy of the technique was tested along Road 1 at the Obafemi 
Awolowo University, Ile-Ife campus with the aim of mapping the buried utilities and geologic structures that charac-
terize this area. Accurate account of the exact location of these features is hitherto unknown.

GPR data was acquired along three pre-determined traverses, each approximately 600 m long and parallel to one 
another with a traverse-traverse separation of 10 m. The GPR equipment used was the GSSI SIR® System-2000 
in common offset mode. The monostatic GPR antenna was shielded with center frequency of 200 MHz. The data 
collection mode was continuous with data window of 300 ns. The acquired data was subject to processing tools as 
dewow filtering, time zero correction and gain functions.

The results obtained from the study revealed that utilities, culverts and fractures (joints) and distinct lithologic 
boundaries of rocks beneath the surveyed area exist at depths varying between 0.5 m and 9 m. These utilities range 
from buried cables of varying widths, to underground water and sewage pipes. The fractures mapped have varying 
angles of dip between 22° and 30° and occur parallel to one another.

These results show a successful application of the GPR method, an evolving remote sensing technique to near 
surface investigations in a Basement Complex environment of Nigeria.

1.4-17p preliMiNAry stUdy of A sMAll portioN of the MexiCo bAsiN AQUifer (CiUdAd 
UNiVersitAriA CAMpUs, MexiCo City) UsiNG tdeM
Arango-Galván, Claudia; sagahón-lópez, edgar Jesús; Macías-González, héctor luis
Instituto de Geofísica, UNAM; Facultad de Ingeniería, BUAP; Facultad de Ingeniería, UNAM
claudiar@geofisica.unam.mx

The increase in water supply demand due to population growth in Mexico City as well as the subsidence phe-
nomena related to overexploitation of the aquifer has led to implement some measures to preserve and protect 
groundwater supplies. Water regulation entities have recommended conservative policies including development 
of local and regional studies to get a better insight of the dynamics of aquifers. These strategies will contribute to 
optimize water management and decrease subsidence rates of the subsoil. In the framework of a project to study a 
portion of the aquifer in the Mexico Basin, we implemented a TDEM study at Ciudad Universitaria (UNAM main 
campus) (southern Mexico City) with the main goals of characterizing the geometry of the aquifer in the area and 
identifying the geological units where the aquifer is confined. The TDEM soundings were acquired on the sports area 
(soccer and baseball fields) along an EW profile. The geoelectric section shows a shallow high electrical resistivity 
horizon, probably related with the basaltic layer from recent volcanic activity in the Chichinautzin range. Underlying 
this resistive horizon, there is a sequence of conductive layers that can be associated with Tarango Formation units 
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(i.e. sandy tuffs, volcanic breccias, clayish tuffs), which constitute the aquifer. This preliminary geoelectrical section 
shows consistency with the available geological information as well as data from a pumping test conducted in one of 
the supply wells at the university campus.

1.4-18p stUdyiNG the effeCt of seA wAter iNtrUsioN oN the GroUNd wAter poteNtiAli-
ty UsiNG 1-d ANd 2-d iNVersioN of dC resistiVity dAtA: CAse stUdy At rAshid AreA, 
eGypt
el-Qady, G., tarabees, e.
National Research Institute for Astronomy and Geophysics, Helwan, Egypt; Geology Department, Faculty of 
Science, Damanhour University, Egypt
gadosan@yahoo.com

Since the past centaury, a decline in climate changes rate has been observed, especially along the costal plains. 
These changes caused sea water rising which affected on the costal zone. The increase of sea water level is causing 
increment in sea water intrusion, water-logged and salt-affected areas. As a strategic affected area, Rashid area was 
our target for this research, which is located about 75 Km East to Alexandria. As most of coastal areas its groundwa-
ter aquifer is highly affected by salt water intrusion from the Mediterranean Sea. This means that fresh groundwater 
may have a dramatic variation in distribution all over the area, which makes it hard to estimate water depth and type 
(fresh, brackish or saline) at any region. 

The current research focuses on monitoring the shallow groundwater aquifers and examines the effect of sea wa-
ter on these aquifers and the validity of the usage of these aquifers using geophysical data. For this purpose, we car-
ried out 1-D and 2-D inversions based on the least squares method with smoothness constraints for a Schlumberger 
Vertical Electric Sounding (VES) data to identify the types of groundwater aquifer, distribution, freshwater depth and 
thickness and estimating subsurface lithology. 

Seventeen VES stations were measured with current electrode separation (AB/2) ranges from 1.5 m to 100 m, 
then interpreted using 1-D and 2-D inversion scheme of DC resistivity data inversion. 

The inverted resistivity distribution at relatively shallow depth shows an important low resistivity zone that prob-
ably reflects salt water alteration zone (northern parts). Depth to the freshwater bearing layer reaches its maximum 
at the south and decrease towards the north. From quantitative interpretation, Invasion of salt water started at depth 
about 10 m, Thickness of freshwater bearing layer ranging from 15 to 25 m, while at depth of about 120 m all the 
layers are saturated with salt water.

1.4-19p the role of the iMpediVity iN the MAGNetotellUriC respoNse of  2d strUCtUres
di esposito; Giuseppe; troiano; Castelo branco; patella
Universitade Federal do Ceará (UFC); INGV; INGV; UFC; Università degli Studi di Napoli ‘Federico II’
esporobi@gmail.com

In this work we study the influence of the resistivity dispersion on the magnetotelluric response. The dispersion 
consists in a variation of the resistivity according to the frequency of the telluric currents. Geothermal and hydro-
carbon research are application fields where MT can be affected by this phenomenon. The complex physical and 
chemical fluid-metal-rock interactions may produce induced polarization effects, which are related to the dispersion 
in rocks. This is manifested on the MT response either in recognizable or in subtle forms, in both cases creating a 
distortion on the experimental curves. Disregarding the distortion effect may lead to misleading interpretation of the 
surveyed structures. We performed MT synthetic responses adopting 1D, 2D and 3D models in order to illustrate the 
dispersion effect on different kinds of geometrical structures typical of a volcano-geothermal environment. We also 
analyze experimental MT soundings in the Campi Flegrei volcano-geothermal area (Southern Italy), where disper-
sion effects have been recognized, in order to reconstruct the ideal (undistorted) behavior of the curves.

1.4-20p iNteGrAted GeophysiCAl ANAlysis of siNKhole ChArACteristiCs by MeANs of eM, 
Gpr, MAGNetoMetry ANd MiCroGrAViMetriC sUrVeys
pueyo Anchuela, Óscar; Casas sainz, Antonio; pocoví, Andrés; Gil Garbi, héctor
Departamento de Ciencias de la Tierra. Universidad de Zaragoza.
opueyo@gmail.com

The application of geophysical methods to characterize complex geological structures in the subsoil, especially 
in karstic terrains, requires a feed-back analysis between different geophysical techniques and their interpretation for 
well constrained geological-geophysical models. In the case of mantled karst, combined solution and sedimentation 
can result in complex contacts between  units sedimented or deformed under  different conditions, time and sedimen-
tary environments. In the case of surficial sinkholes related to solution of evaporites below the  quaternary deposits,  
filling coeval to subsidence or collapse generated  complex geological structures and geophysical signatures . The 
persistence of cavities below the surface, and poorly compacted materials at surface, contrasting geological char-
acteristics of the filling of collapsed zones with respect to the host rock and  the intrinsic and state characteristics 
allow to define anomalies in map view, resulting from different sensitivity to  underground changes.  Geophysical 
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techniques indicate changes related to type of sediment,  sedimentary architecture, internal characteristics and also  
indirect changes related to higher water content,  for example  between clay-rich deposits filling sinkholes and the  
more permeable and dry sedimentary gravel deposits surrounding them. The presented analysis is carried out from 
the integration  of em multifrequency induction, magnetometry, microgravimetry and gpr (50, 100, 250 and 500 
MHz antennas) through a dense grid and systematic survey. The proposed methodology consists in the integrated 
analysis of geomagnetic data (total field and vertical gradient), EM induction data (apparent susceptibility and con-
ductivity), Bouguer anomaly from microgravimetry (density),  and  imprint in the gpr record for different antennas 
by qualitative and semiquantitative analysis with EM and subsoil state characteristics.

1.4-21p GeophysiCAl iNVestiGAtioNs (eM iNdUCtioN, MAGNetoMetry ANd GroUNd peNe-
trAtiNG rAdAr) iN the tUsCUlUM ArCheoloGiCAl site (lAtiUM, itAly).
Pueyo Anchuela, Óscar; Diarte, Pilar; Casas Sainz, Antonio; Pocoví Juan, Andrés; Zanfini, Massimo; 
beolchini, Valeria; García lasanta, Cristina; Mochales lópez, tania, peña Chocarro, leonor
Departamento de Ciencias de la Tierra, Universidad de Zaragoza (UNIZAR); EEHAR-CSIC; UNIZAR; UNIZAR; 
UNIBO; EEHAR-CSIC; UNIZAR; INGV; EEHAR-CSIC
opueyo@gmail.com

An integrated geophysical survey was carried in a surface of nearly 6,000 m2 within the Tusculum roman city 
(Latium, Italy). The survey  consisted in  detailed data collection along a rectangular 80x50 grid with a spacing of 
1 m between profiles, with N-S direction. Three techniques were applied: (i) EM induction profiles with a GEM-02 
device (Geophex)  for three  measurement frequencies (65 to 5 KHz) , (ii) magnetometry (GSM-19 Overhauser mag-
netometer as rover, PGM-1 as base) survey, including measurement of the total magnetic field and the vertical gradi-
ent, with two different survey configurations at 0.5 m and 1 m from the surface for the lower sensor and (iii) ground 
penetrating radar (RAMAC CUI-2 and shielded antennas of 250 MHz) with a denser grid and profile separation of 
0.5 m. The survey was complemented with the measurement of magnetic susceptibility in construction blocks of 
rocks (mainly lavas and tuffs of volcanic origin)   and different types of soils s in the surrounding of the survey zone 
by means of a portable susceptometer (Terraplus). The integrated analysis of geophysical techniques is used to define 
the correlations between geophysical changes in the subsoil and to identify the sensitivity of different techniques, or 
measured properties for the archaeological characterization of the structure of  non natural structures . The map of 
anomalies can be used to identify changes related to isolated buried elements in the subsoil and orthogonal patterns 
related to polygonal archaeological structures in the subsoil.

1.4-22p MAppiNG flow stAGes iN rAJMAhAl trAp reGioN, iNdiA UsiNG AMt dAtA
srivastava, prateek; Maurya, V.p.; Kumar, sahadev, shalivahan
Indian School of Mines, Dhanbad
prateek571990@gmail.com

Magnetotelluric (MT) is a passive exploration technique that utilizes a broad spectrum of naturally occurring 
geomagnetic variations as a power source for electromagnetic induction in the earth.

It appears that around 117 Ma ago the Earth opened along the palaeo-continental margin of the eastern India and a 
huge amount of molten rock poured on to the land blanking an area of about 4100km2. The Rajmahal Traps evolved 
through decompressional melting of mantle material along the then eastern continental margin of India following 
rifting of Gondwanaland.

Rajmahal Volcanics or Rajmahal Traps exposed in the Rajmahal Hills of Jharkhand, India. About 600m thick 
flood basalts constitute this hilly terrain. The rocks are represented by basalt and dolerites. There are couple of flows 
constituting the Rajmahal Traps.

10 Audio Magnetotelluric (AMT) sounding data were acquired over a part of Rajmahal Traps, India in a frequen-
cy range of 104 Hz-100 Hz. The data analysis showed that the tipper value is around 0.1 for majority of frequencies 
and thus 1-D inversion of the acquired data was carried out.

1D inversion of all data showed a maximum depth of 300m. There are two flows observed from the inversion of 
the data. The first flow has a thickness of 100-200m with resistivity of around 3000 ohm-m followed by the second 
flow of thickness of 30-50m and resistivity of around 300 ohm-m at a depth of 10m. The sediments of thickness 
10-30m with resistivity of 10 ohm-m are trapped between these two layers. The interpreted data matches fairly well 
with the lithology.  
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sessioN 1.5
 AdVANCes iN eleCtroMAGNetiC ModelliNG ANd iNVersioN

1.5-1 Noise seNsitiVity of A Vhf broAdbANd iNterferoMeter
wen, Chih-fong; Collier, Andrew b.
University of KwaZulu-Natal
collierab@gmail.com

A VHF interferometer can be used to measure the three-dimensional source of radiation emitted by lightning 
discharges. This is achieved by analysing the phase delay between the signals recorded at each of the three antennas. 
Using a numerical model of an interferometer coded in R we simulated a simple interferometer, including the source, 
antennas and a data processing unit. First, a monochromatic and isotropic point source was simulated in order to vali-
date the structure of the model. The model was then expanded to include multiple monochromatic signals and finally 
a truly broadband signal.  Using the model we were able to simulate the effects of noise on the resolving power of 
the interferometer and determine under what conditions the observations become unreliable.

1.5-2 forwArd ModeliNG of iNdUCtioN loG respoNses for NAtUrAl ANd hydrAUliC 
frACtUres
elliott, Marcus; everett, M.e.; heidari, zoya
Texas A&M University
marcus.elliott@pe.tamu.edu

Reliable evaluation of fractured reservoirs can significantly enhance production plans. The objective of this 
paper is to quantify the effects of natural and hydraulic fractures on simulated induction logs. Induction logging is 
a controlled-source electromagnetic method commonly used for formation evaluation. It is normally applied during 
wireline or Logging While Drilling (LWD) operations in conjunction with other logging tools, such as gamma ray, 
acoustic, density, and neutron porosity. Induction logs assist in characterizing a reservoir by inducing magnetic fields 
and measuring the associated physical response of the formation.  In this paper, we numerically simulate the response 
of borehole induction logs in multi-layer fractured formations.

The software used for numerical simulation of induction logs, known as Seatem, is based on the finite element 
method. Seatem solves the governing diffusive Maxwell equations, formulated in terms of secondary Coulomb-
gauged electromagnetic potentials, for the response of three-dimensional (3-D) heterogeneous electrical conductiv-
ity distributions on a cylindrical mesh. Our numerical simulations are capable of generating induction logs for a 
multi-layered earth model by defining formation conductivities of each geologic section. A roughness parameter ? is 
also applied to simulate natural fractures within these layers. 

Idealized linear hydraulic fractures are then explicitly placed within the geologic layers. We first identify a re-
lationship between the roughening parameter and hydraulic fracturing. Then we analyze the impact of natural and 
hydraulic fractures on induction logs, after including various fluid compositions and density distributions into the 
model. Numerical simulations show a measurable impact of fracturing pore fluids on formation conductivity mea-
sured by induction logs. The results are promising, when combined with other borehole geophysical measurements, 
for the successful application of induction logs for reservoir characterization of fractured formations. 

1.5-3 differeNtiAl proCessiNG bAsed Mt dAtA iNVersioN
Maurya, V.p.; srivastav, prateek; Kumar sahadev; shalivahan
Indian School of Mines, Dhanbad
vedankur@gmail.com

Magnetotellurics (MT) means a joint measurement of the natural Electric (E) and Magnetic (H) field variations 
on the surface of the earth subsequently deriving the information of shallower as well as deeper parts in the form of 
resistivity. Second derivative has much better resolving ability particularly in case when a thin conductive layer is 
sandwiched in between highly resistive interfaces (Xiang Lee, 1997). In this paper we are implementing the concept 
of second derivative on inversion of  MT data for two cases, one belongs to detection of intertrappean sediments 
among different flows of shallower volcanic activity and in other we are able to map the sediments below the dec-
can trap with varying thickness (1-5km). We can detect thin layers of sediments (Intertrappean Sediments) more 
precisely by implementing the concept of second derivative on inversion of MT data.
Key words: Magnetotellurics (MT), Second Derivative, Inversion and Intertrappean Sediments.

1.5-4 A GAlVANiC distorted Coprod2s2 MAGNetotellUriC dAtA set ANd its iNterpretAtioN
Muñiz, yunuhen; esparza, francisco J.; Gómez-treviño, enrique
Division de Ciencias de la Tierra, CICESE
ymuniz@cicese.edu.mx

The COPROD2S2 is a 2D synthetic magnetotelluric data set whose model is undisclosed. It consists of 33 sound-
ings along a 50 km profile, with 8 periods per sounding ranging from 1 to 3,000 seconds. The theoretical responses of 
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the model were contaminated by the author with random noise, static shifts and also with some outliers. The objec-
tive was to challenge interpreters to propose models and learn from the application of different inverse approaches. 
We interpreted the data set as made available in internet, and decided to go a little further by adding galvanic distor-
tions using the Groom-Bailey factorization. That is, we added twist, shear and also strike direction distortions to 
make a more realistic data set. We then proceeded to remove, sequentially, the effects of strike direction, twist and 
shear, using a simple formula and a visual minimization process for one of the variables. The remaining distortions, 
the static shifts, are determined using a 2D inverse routine that fits as much as possible part of the data set. The pro-
cess mimics the EMAP method by providing data that originates solely from electromagnetic induction effects. A 2D 
model is proposed based on 1D depth averages of electrical conductivity.

1.5-5 deVelopMeNt of MAGNetotellUriC dAtA iNterpretAtioN MethodoloGy for Geo-
therMAl resoUrCes eVAlUAtioN
pushkarev, pavel; boychenko, daria; Golubtsova, Nina; ivanov, pavel; ivanova, Katerina; Khmelevskoy, 
Victor
Lomonosov Moscow State University
pavel_pushkarev@list.ru

We constructed a number of 3D resistivity models, typical to geothermal zones and reservoirs. Synthetic magneto-
telluric (MT) data sets were obtained and used to evaluate the possibilities of different MT data inversion methods.

First, we considered a resistivity model of a typical geothermal zone, including near-surface and deep elongated 
conductive bodies. The upper conductor can be connected with mineral alteration, and the lower one with melting, be-
sides, thermal water may contribute to the conductances of both. If the ratio of length and width of the conductive bodies 
is 3:1, then 1D inversion provides distorted image of the lower conductor, but 2D inversion gives very good results.

Second, we studied two three-layered models, one with local conductive zones, and the second with an extensive 
twisting zone in the resistive second layer. Synthetic data from only one MT profile was used for 3D inversion. For 
both models the inversion gave poor results when homogeneous half-space was used as a starting model. However, 
when three-layered starting model was used, the inversion provided correct structures beneath the profile and even 
in the surrounding area.

Finally, we constructed a series of models of artificial conductive geothermal reservoirs, created in a resistive 
crystalline basement of a platform. Exploitation of deep geothermal resources in platform regions may become effi-
cient in the near future, and MT method could help to image and monitor artificial reservoirs. However, our modeling 
showed that the excitation of a reservoir, created in a resistive basement, is very small, and clear anomalies of MT 
data are observed only if reservoir depth is about 1-2 km, where temperatures are still low.

Nevertheless, MT method can help in prognosis of deep geothermal resources in platform regions. It allows 
revealing conductivity anomalies in the consolidated crust. They include graphitized and/or water saturated zones 
of increased permeability and heat-and-mass transfer. Moreover, some of these anomalies may be connected with 
modern tectonic activation, heating, partial melting and dehydration. Therefore, crustal anomalies may correspond 
to zones with relatively more heated interiors.

This publication is based on work supported by Award No. RUG1-7026-MO-11 of the U.S. Civilian Research & 
Development Foundation (CRDF) and by the Russian Foundation for Basic Research (RFBR), project 11-05-92501.

1.5-44p sUrlAri obserVAtory, reAdy for preseNt ANd fUtUre, iN the third MilleNiUM
Anca, isac; Mandea, Mioara; linthe, hans-Joachim; Gatej, Mihai; iancu, luminita
Geological Institute of Romania (GIR), Centre National d’Etudes Spatiales (CNES), Helmholtz Centre Potsdam, 
GFZ German Research Centre for Geosciences; GIR, GIR
margoisac@yahoo.com

Since March 2009, in the frame of an international cooperation agreement with GFZ-Helmholtz Centre Potsdam, the 
Surlari observatory has continuously respond to national and international requirements for geomagnetic data, in terms of 
quality and rapid availability.  The very first aim of the observatory is to preserve its present INTERMAGNET standards.  
A highest accuracy for all magnetic measurements is the main goal and an absolute accuracy less than 1 nT is foreseen.  As 
for all modern ground observations, Surlari uses comparable instrumentation to produce similar data products. A Bartington 
fluxgate-theodolite (DI-Flux) and an Overhauser proton magnetometer for scalar measurements are the magnetic reference 
instruments for a FGE variometer, which is subject to instrumental drift.  Surlari observatory has also plenty considered the 
new worldwide needs for new and better products, like quasi-definitive data or 1-second data, relevant for some specific sci-
entific topics and for real-time applications. Since January 2012, Surlari quasi-definitive data have been published within 30 
days after recording, their accuracy being very similar to that of the definitive data. This is due to the large recent efforts in a 
continuous scrutiny of the quasi-definitive data: visual inspection of the quasi-definitive baseline, checking of the continuity 
between the current quasi-definitive and previous year definitive data, checking of the scalar residuals (deltaF), and visual 
review of all components at different time-scales. Aditionaly,  an algorithm to remove spikes and jumps, and to replace the 
missing FGE one-minute values from a back-up system has been developed. These new developments in the actual standard 
of the Surlari observatory are presented, together with some specific examples of the use of data.
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1.5-45p reMoVAble of GAlVANiC distortioN oN 3-d Mt iNVersioN
tani, Masanori; Mikada, hitoshi; Goto,  tada-nori; takekawa, Junichi; siripunvaraporn, weerachai
Kyoto University; Kyoto University; Kyoto University; Mahidol University
m.tani.kyoto@gmail.com

Recent years, 3-D MT inversions are widely used for geophysical investigations of geothermal and volcanic area. 
The 3-D MT inversion can give us more realistic results than the 2-D inversion, especially to complex geological 
structures, such as geothermal or volcanic area. In the practice of 3-D MT inversions that have been applied to field 
data, some fundamental issues are not so well considered.. For example, the effect of galvanic distortion in 3-D MT 
inversion is the one of major problems. This research confirms the effect of galvanic distortion in 3-D MT inversion 
result and proposes a method to improve the results from 3-D MT inversion. The galvanic distortion is caused by lo-
cal resistivity anomalies near the surface and generates artificial false images in the inverted result model. Originally 
these effects of galvanic distortion should be reproduced as local anomaly at the surface layer model. But, because 
of the smoothness constraint, the galvanic distortion on MT response is reproduced as gradual resistivity changes 
at deeper area  in the order of several kilometers that are close to the target depth of earth resources exploration. 
As in the 2-D inversion,  false anomalies could be created in inverted model when ignoring the galvanic distortion. 
Therefore, the galvanic distortion has to be removed. In our research, we first confirm the effects of galvanic distor-
tion would generate false resistivity anomalies in the inverted model in particular in deeper part because of smooth-
ness constraint. This problem should not be ignored to know realistic resistivity structure of the subsurface. The re-
sult of modified model covariance matrix is more reliable than that from the original model covariance matrix. Since 
the thin surface layer could be analogues of the galvanic distortion, we could deal with the galvanic distortions by a 
thin layer at each of the observation locations.

sessioN 1.6 MAriNe eleCtroMAGNetiC stUdies

1.6-1 the role of CseM Methods iN the explorAtioN strAteGy of peMex iN the GUlf of 
MexiCo
Vázquez, Marco
Pemex Exploración

The start model is very important for any inverse modeling as the final result strongly depends on it. Commonly, 
the start model is built based on stratigraphic criterion, assigning a resistivity value for each formation. However, 
this approach does not take into account the dependence of resistivity on porosity, compaction, depth, and tempera-
ture, which has been observed especially for young sediments; to include this information, empirical relationships 
between the local velocity and resistivity trends have been used. A case study using full-azimuth 3D CSEM for salt 
imaging in the deep water Golf of Mexico is presented. Two start models were evaluated: 1) Based on structural 
framework from seismic; 2) Based on velocity model. Anisotropy regularization in the anisotropic inversion was 
used for both exercises (Morten et al., 2013).  Both inversions are compared based on their misfits (both initial and 
final), convergence speed and resulting resistivity models. The results indicate that is important to account for the 
compaction effects when dealing with young sediments. All results show alternative salt distributions than the one 
suggested by the seismic. This information could be used to improve the velocity model and thus enhance the seismic 
imaging. 

1.6-2 3d MUlti MeAsUreMeNt iMAGiNG UsiNG seisMiC ANd eleCtroMAGNetiC Methods iN 
CoMplex GeoloGiCAl eNViroNMeNts
Medina, elena; lovatini, Andrea; Mantovani, Marco; Ceci, federico; Clementi, Massimo
WesternGeco-Geosolution, IEM CoE Milan
emedina8@slb.com

Seismic imaging in basalt and salt provinces is well known to be extremely challenging. As recent publications 
have shown (De Stefano et al. 2011, Medina et al 2012), to achieve a good quality seismic image, the complementary 
use of non-seismic methods is one of the recommended solutions. Electromagnetic methods, such as magnetotel-
lurics (MT) and controlled source electromagnetics (CSEM), are sensitive to the presence of massive salt or basalt 
structures due to their high resistivity contrast with respect to surrounding sedimentary units.

In this study we show marine case studies as well as synthetic analyses of cooperative and simultaneous inversion 
of seismic and EM measurements, in 3D modelling workflow, to improve the seismic image in geological settings 
with presence of salt bodies and basalt. The 3D simultaneous joint inversion (SJI) workflow, indeed, enhances the 
contribution of EM data, particularly in complex salt provinces, where this method can leverage the differences be-
tween salt/basalt and sediment in both resistivity and velocity.
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1.6-3 direCt ideNtifiCAtioN of hydroCArboN filled lAyers UsiNG CseM
Adepelumi, A.A.; Akindulureni. J.o.
Obafemi Awolowo University, Ile-Ife, Nigeria
adepelumi@gmail.com

Recently, there has been tremendous interest in the controlled-source electromagnetic (CSEM) method as a direct 
hydrocarbon mapping tool because of its ability to map thin resistive layers sometimes associated with hydrocar-
bons. Remote characterization of reservoirs using CSEM is of economic importance to the hydrocarbon industry 
because of its cost-effectiveness. This is due to the fact that discriminating between the presence of water or hydro-
carbons from traps mapped from seismic imaging technique has remained a challenge. Therefore, to ascertain the 
usefulness of CSEM as a direct hydrocarbon identification tool in offshore Niger Delta Nigeria, we have carried out 
one-dimensional CSEM modeling. 

The model used is a 1-D layered half-space consisting of homogeneous and transversely isotropic layers, the 
model parameters are thus the layer resistivities and the thicknesses. The modeling problem was solved using the 
new finite element algorithm developed at Scripps Institute of Oceanography. Modeling of the CSEM response was 
carried out for simple geologic scenario with the seawater having a resistivity of 0.33 ?m; homogenous half-space 
resistivitwas varied from 1 to 2.5 ?-m, while the resistivity of the hydrocarbon layer was varied from 50 to 100 ?-m. 
The water depth was fixed at 1 km, while the potential pay zone is assumed to be buried at about 2 km depth. The 
thickness of the reservoir was varied from 50 to 200 m. The data set thus consists of inline electric and transverse 
magnetic field amplitude for the in-tow (Tx going toward the receiver) and out-tow (Tx going away from receiver) 
soundings for the receivers at the frequency 0.1, 0.5, 2.5 and 10 Hz, and its first two odd harmonics. The outcomes 
and analysis of the CSEM modeling produce a more robust and in-depth understanding of the prospect. Also, it 
shows the importance of incorporating a priori geologic information in modeling exercise. The result also provides 
an irrefutable evidence for direct hydrocarbon detection using the novel controlled source electromagnetic method 
(CSEM). 

We have thus demonstrated that CSEM method can effectively detects the presence of thin hydrocarbon-bearing 
layers at certain source-receiver configurations, and in certain source-frequency ranges. In-addition, the so-called 
split effect that is diagnostic of buried resistive layers is verified by the one-dimensional modeling. Conclusively, this 
study illustrates predictive power of CSEM data in a favorable deepwater setting. The results are particularly signifi-
cant, as the risk of residual gas cannot be effectively reduced by seismic technology and geologic consideration only.

1.6-4 seNsitiVity ANAlysis of MAriNe CseM MeAsUreMeNts
Calderón-Moctezuma, A.; Gallardo-delgado, l.A. and Gómez-treviño, e.
CICESE
arcamo07@hotmail.com

We develop analytical solutions for the Fréchet derivatives of electric and magnetic fields with respect to a 
1D vertical resistivity function, when the source is a horizontal electric dipole. As for the fields themselves, the 
Derivatives still require a numerical Hankel transform. Cross sections of the sensitivity provide visual pictures of 
how the measurements are affected by the resistivity distribution, in the interplay of source-receiver separation and 
frequency. Of particular interest is the capacity of some configurations to focus the sensitivity at depth. For some 
components of the fields it can be visualized the optimal distances and frequencies for reaching a given depth.

Also, the difference between detecting resistive and conductive layers at depth can be visualized. The results con-
firm that the components of the magnetic field are more sensitive to the resistivity of conductive layers, and that the 
components of the electric field are more sensitive to the resistivity of resistive layers. However, both magnetic and 
electric fields are sensitive to the thickness of resistive layers. In general, the sensitivity analysis complements what 
we already know about marine CSEM measurements, by offering a visual synthesis of what the different components 
of the fields have to offer in the detection of particular targets.

1.6-5 iNteGrAted well loG, seisMiC, ANd CseM iNterpretAtioN of hydrAtes iN the deep-
wAter GUlf of MexiCo
baltar, daniel
EMGS Trondheim, Norway

Gas hydrates are generated at high pressure and low temperature conditions available in the first hundreds meters 
of sediments of the deep-water sedimentary areas. Their existence has been detected in different places within the 
Gulf of Mexico. Detection of gas hydrates is important for the oil industry as they pose a drilling hazard and their 
potential for becoming producible resources in the future. Seismically gas hydrate presence is detected through an 
almost parallel to the seabed seismic reflection, usually known as bottom simulating reflector (BSR). The BSR re-
sults from the seismic property contrast that exists between the high impedance hydrated sediment on top and the low 
impedance gas filled sediment below. Seismic hydrate detection and characterization is often hard, as hydrate can 
exist without a BSR being present, and the hydrate thickness and saturation estimations might suffer from high un-
certainties. Inclusion of CSEM derived resistivity in the interpretation allows an easy detection of the hydrate layers 
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even in the absence of a BSR, and a better definition of the hydrate thickness and saturation when combined with 
seismic data. A workflow for 3D CSEM, seismic data, and well log data integration is proposed in order to generate a 
common interpretation of the lateral variations of lateral thickness and saturation. An example of the workflow using 
real data is provided, the input data is oil industry standard well log, 3D seismic, and CSEM data. The application of 
this workflow allows for the detection of areas with high hydrate saturation and thickness and the distinction from 
other areas with minor hydrate presence. These lateral variations are quite important as they significantly improve the 
seismic hydrate interpretation uncertainty, yielding a more informed estimate of the hydrate thickness and saturation.

1.6-6 A deep-towed CseM soUrCe ANd reCeiVer systeM for MAppiNG 
 shAllow MAriNe GeoloGy

Constable, steven; Kannberg, peter; weitemeyer, Karen; Key, Kerry
Scripps Institution of Oceanography (SIO); SIO; SOTON; SIO
sconstable@ucsd.edu

Marine controlled-source electromagnetic sounding (marine CSEM) using deployed ocean-bottom EM (OBEM) 
recorders and a deep-towed electric field transmitter has been used for several decades to study the oceanic crust and 
uppermost mantle, with source-receiver offsets of up to 100 km achievable.  More recently, marine CSEM has been 
used as a tool for hydrocarbon exploration, identifying resistive targets at depths of a few kilometers in the more 
conductive sedimentary basins of the continental shelves.  However, study of geological targets such as marine gas 
hydrate, groundwater, hydrothermal circulation systems, and metal sulfides/oxides requires imaging of  the upper-
most few hundred meters of seafloor.  The use of deployed receivers in this case becomes less efficient because of 
the small spacings required to resolve structure.  To address this problem we have developed a 3-axis electric field 
receiver towed behind an EM transmitter to collect continuous constant-offset data, either as a stand-alone surveying 
technique or as a supplement to an OBEM-based survey.  By towing a neutrally buoyant receiver behind a transmit-
ter deep-towed 50 to 100 m above the seafloor, we can operate in areas of rugged volcanic bathymetry or installed 
seafloor infrastructure, as well as avoid noise associated with towing electrodes in contact with seafloor.  By using a 
rigid body we can avoid noise associated with lateral motion of cables in Earth’s magnetic field as well as measure 
vertical and cross-line components of electric field.  The vertical field in particular is strongly coupled to resistive 
structure both galvanically and inductively.  Initial applications used a single receiver towed 200-400 m behind the 
transmitter, but by including real-time depth monitoring we have extended this to four receivers towed up to 1100 m 
behind the transmitter.  We will present data from various experiments, including surveys in the Gulf of Mexico and 
offshore California that target marine gas hydrate.

1.6-7 iNVersioN to VertiCAl ANd horizoNtAl resistiVities of towed 
 streAMer eleCtroMAGNetiC dAtA

engelmark, folke; Mattsson, Johan
Petroleum Geo-Services
folke.engelmark@pgs.com

The Alvheim  Boa field is a medium sized producing oil and gas field located in the Norwegian sector of the 
North Sea. Two lines were acquired with our towed streamer electromagnetic acquisition system over the reservoir 
traversing close to the depo-center as mapped from the 3D seismic data. The source bipole was towed at 10 m and the 
user selectable source signal runs at 1,500 A.  The source sequence is 120 seconds long with the last 20 seconds used 
for noise analysis, followed by noise attenuation processing. The streamer has effectively 26 offsets ranging from 0 – 
7,700 m and it is towed at a nominal depth of 100 m. Maximum water depth is 400 m but larger depths are acceptable 
if the target is very large, shallow below mudline, or has a very high transverse resistance. The acquisition speed is 
4 – 5 knots and the system is combinable with simultaneous acquisition of 2D seismic. The medium sized reservoir 
is located 2,100 m below mudline making it a challenging target to detect. The inversion was done as a series of com-
mon mid-point (cmp) 1D inversions posted along the acquisition lines to create 2D images. The background model 
consisted of the water layer followed by two layers representing the overburden and seven thin layers representing 
the reservoir, and ending with a half-space at the bottom of the layered model. Only the water layer thickness was 
adjusted for each cmp and only the constant bed thicknesses were used as constraints in the inversions. The inverted 
data closest to the depo-center shows the reservoir is quite strongly anisotropic, with a vertical to horizontal resistiv-
ity ratio of 5, arising as effective anisotropy in the depositional sequence of hydrocarbon charged sands inter-bedded 
with shales. With the resistivity of the shales known from log data, together with the inverted vertical and horizontal 
resistivities allows the vertical and horizontal resistivities of the sands to be estimated also together with an estimate 
of net-to-gross.
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1.6-46p properties of the tsUNAMi dyNAMo effeCt reVeAled by 2-d siMUlAtioNs UsiNG the 
fiNite eleMeNt Method
Minami, takuto; toh, hiroaki; hamano yozo
Kyoto University; Kyoto University; JAMSTEC
minami@kugi.kyoto-u.ac.jp

Conductive sea water moving in the geomagnetic main field generates dynamo effects in the ocean. This phe-
nomenon has been studied mainly for long-period oceanic motions with negligible self-induction (Sanford, 1971). 
However, seafloor magnetic observations succeeded recently in observing electromagnetic (EM) signals associated 
with tsunamis, whose periods are normally less than 1 hour (Manoj et al., 2011; Suetsugu et al., 2011; Toh et al., 
2011). Our research group also obtained a magnetic tsunami signal, whose peak is as large as 3 nT in the vertical and 
horizontal magnetic components at the seafloor EM observation site in the North-West Pacific (NWP) at the time of 
the 2011 Tohoku tsunami. It is important to understand how tsunamis generate EM signals, because the EM tsunami 
signals may lead to better understanding of tsunamis by using seafloor EM observations and improving the existing 
global tsunami early warning systems.

Tyler (2005) derived simple relationship between sea level changes and tsunami-induced magnetic fields in the 
frequency domain, taking into account the self-induction, which is important in short-period phenomena. Although 
Tyler’s formulation is powerful, the frequency-domain formulation cannot appreciate some realistic factors, such as 
effects of solitary waves, conductivity structures beneath the seafloor, and realistic bathymetry.

In this study, we developed a time-domain 2-D tsunami dynamo simulation code, using the finite element method 
(FEM), in order to reproduce the magnetic tsunami signals observed at our NWP site. With the help of FEM, our tsu-
nami dynamo simulations can include realistic bathymetry and arbitrary conductivity structures beneath the seafloor. 
In our simulations, tsunami flows are initially calculated hydro-dynamically, and the induction equation in terms of 
the magnetic vertical component is solved numerically, using obtained tsunami flows in the same numerical grid. 

As a result, our tsunami dynamo simulation has reproduced magnetic tsunami signals observed at NWP and sea 
level changes observed at the DART21401 and 21419, which are DART system observation sites nearest to NWP, 
simultaneously. It is also found that an initial rise as large as 1 nT in the magnetic horizontal component parallel to 
the tsunami propagation direction was also induced by the tsunami passage. The initial rise in the horizontal compo-
nent is approximately 5 minutes preceding the arrival of the first wave of the tsunami. Considering the period of the 
tsunami, T, is approximately 20 min, the initial rise appears to be T/4 ahead of the tsunami arrival, which is implicitly 
inferred by Tyler’s frequency-domain formulation. Detailed analysis of the initial rise, therefore, may enable us to 
know tsunami heights and propagation directions before the arrival of actual tsunami peaks. 

In the presentation, we will report tsunami signals obtained at Site NWP and results of our tsunami dynamo simu-
lations. In addition, we will discuss whether the initial rises in the horizontal magnetic component can be applied to 
the existing tsunami early warning systems.

1.6-47p stArt Model bUildiNG for CseM iNVersioN
sánchez-pérez, luis Alberto
EMGS

The start model is very important for any inverse modeling as the final result strongly depends on it. Commonly, 
the start model is built based on stratigraphic criterion, assigning a resistivity value for each formation. However, 
this approach does not take into account the dependence of resistivity on porosity, compaction, depth, and tempera-
ture, which has been observed especially for young sediments; to include this information, empirical relationships 
between the local velocity and resistivity trends have been used. A case study using full-azimuth 3D CSEM for salt 
imaging in the deep water Golf of Mexico is presented. Two start models were evaluated: 1) Based on structural 
framework from seismic; 2) Based on velocity model. Anisotropy regularization in the anisotropic inversion was 
used for both exercises (Morten et al, 2013).  Both inversions are compared based on their misfits (both initial and 
final), convergence speed and resulting resistivity models. The results indicate that is important to account for the 
compaction effects when dealing with young sediments. All results show alternative salt distributions than the one 
suggested by the seismic. This information could be used to improve the velocity model and thus enhance the seismic 
imaging. 

1.6-48p orieNtAtioN of seAbed Mt stAtioNs with lANd MAGNetiC obserVAtory dAtA
Miquelutti, l.G.; Ulugergerli,  e.U.; Meju, M.s.;fontes,  l.; Nascimento, d.
Observatório Nacional; Petronas; Petrobrás
miquelutti@on.br, leomiquelutti@gmail.com

A marine magnetotelluric survey was conducted in Santos basin (Brazil) with seabed sensors which lack elec-
tronic compass, resulting in acquired data with unknown direction. This work aims to orientate these sensors with 
data from a land magnetic observatory by inspecting parameters as coherence or magnetic transfer function between 
horizontal magnetic components of a mmt station and the observatory.
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sessioN 1.7 
tiMe VAriAbility of the GeoMAGNetiC field: sUperChroNs, reVersAls, seCUlAr VAriA-
tioN, JerKs

1.7-1   reCoNstrUCtiNG holoCeNe GeoMAGNetiC field VAriAtioN: New Methods, Models 
ANd iMpliCAtioNs   
Nilsson, Andreas; holme, richard; Korte, Monika; hill, Mimi  
University of Liverpool; University of Liverpool; GFZ; ULIV  
andreas.nilsson@liverpool.ac.uk  

The Holocene palaeomagnetic database consists of data from two main sources: (i) archaeological artefacts/lavas 
and (ii) lake/marine sediments. Data from the latter group are generally associated with larger uncertainties both with 
respect to dating control and magnetic information. However, in order to obtain a relatively global data distribution 
for geomagnetic field modelling and to extend models beyond the last three millennia it is necessary to consider both 
datasets. Here we present a new family of continuous spherical harmonic models of the geomagnetic field for the last 
9000 years. We have used a similar initial dataset and modelling approach used for cals10k.1b (Korte et al., 2011) 
but made adjustments to the sedimentary data and how the different datasets are weighted in the inversion process. 
We explore the physical implications of these new results with a focus on millennial scale variations associated with, 
or on similar time scales as, previously reported periodicities in the variation of the equatorial dipole (Korte et al., 
2011; Nilsson et al., 2011). We also discuss implications for the stability and longevity of high-latitude flux lobes at 
the core mantle boundary.

1.7-2   oN the direCtorAl behAVior of the GilsA exCUrsioN reCorded oN th   
herrero-bervera, emilio; Valet, Jean pierre  
SOEST-HIGP, University of Hawaii; IPGP Paris France  
herrero@soest.hawaii.edu  

Previous published work on Lanai indicated that the volcano was formed mainly during the Matuyama Chron 
(Herrero-Bervera et al., 2000). In order to constrain further the timing of the active phases of the Lanai volcano, 
we conducted a paleomagnetic and rock magnetic study involving a 250-m thick sequence of  lava flows that were 
erupted between 0.76+/-0.66 Ma and 1.6+/-0.08 Ma according to previous K/Ar and 40Ar/39Ar dating (Leonhardt 
et al.,  2009). Low-field susceptibility versus temperature (k-T) and SIRM experiments performed on a dozen flows 
indicate that magnetite dominates the remanent magnetization (575 degrees. C). In a few cases, a low-temperature 
mineral phase (300-400 degrees C) could reflect the presence of titanomagnetite with low Ti content, but the pres-
ence of maghemite or pyrrhotite cannot be completely excluded. Additional investigations are in progress on this 
matter. All specimens were step-wise demagnetized by alternating fields from 5 to 100 mT. Companion specimens 
from the same samples were demagnetized at 15 temperature  steps. The demagnetization diagrams obtained with 
each technique showed a stable direction of remanence. In all cases, the characteristic (ChRM) component was 
clearly defined from at least seven successive directions isolated during step-wise demagnetization. The succession 
of the mean directions calculated for each lava flow reveals the existence of three polarity intervals. Based on radio-
metric dates, they were assigned to the Gilsa, Gardar and Bjorn “excursions”. Thus, the present results, along with 
the radiometric ages of the lavas, indicate that the tholeiitic flows that formed the Lanai volcano were erupted over a 
short time period, and only during the Matuyama Chron (0.780-2.58 Ma). No eruption occurred during the Brunhes 
Chron (0.78 Ma) as previously reported for the K-Ar dated lavas in the Maunalei Gulch. The excursional VGPs from 
the onset of the Gilsa excursion recorded on  Lanai are situated near the vicinity of the west coast of South America 
and lingering to the west part off Australia. These transitional/excursional directions are well correlated to other 
subchrons such as the Cobb Subchron,  the Punaru, the Kamikatsura excursions and the Matuyama/Brunhes precur-
sor suggesting a dipolar dominance during the onset of these excursions indicating perhaps an influence of  lower 
mantle heterogeneities.

1.7-3   pAleoiNteNsity obtAiNed froM lAte CretACeoUs ANd eArliest pAleoGeNe bAsAlts 
drilled froM loUisVille seAMoUNt trAil dUriNG iodp expeditioN 330   
yamazaki, toshitsugu; yamamoto, yuhji  
University of Tokyo; Kochi University  
yamazaki@aori.u-tokyo.ac.jp  

IODP Expedition 330 occupied six sites on 5 seamounts along the northwestern part of the Louisville hotspot 
track. The age of the seamounts ranges between 50 and 74 Ma. Fresh basalts were recovered by drilling despite the 
old ages. From onboard examination of the rocks, it is considered that part of basalts erupted in subaerial or shallow 
submarine conditions and probably suffered high-temperature oxidation, in particular at Sites U1372 and U1373, 
suggesting that they may be suitable for absolute paleointensity estimation.

We conducted paleointensity measurements using the Tsunakawa-Shaw method with low-temperature demagne-
tization (LTD) and double heating (DHT). First, thermomagnetic curves were measured for all samples with a Curie 
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balance at the Center for Advanced Marine Core Research, Kochi University. Samples that showed evidence for 
being suffered low-temperature oxidation were excluded. Then, samples from which characteristic magnetization 
component was isolated by stepwise alternating-field demagnetization were subjected to the paleointensity experi-
ments; samples with MAD of larger than 10 deg. were excluded.

Paleointensity of 22.1±8.4 mirco T was obtained at Site U1372 on the Canopus Seamount, the oldest seamount 
drilled (~74 Ma), as the mean of 18 lithological units (lava flows) that passed the selection criteria of Yamamoto and 
Tsunakawa (2005). Sites U1373 and U1374 on the Rigil Seamount (~70 Ma) yielded paleointensity of 21.7 ±9.0 
micro T (n=22), and Site U1376 on the Burton Seamount (~64 Ma) resulted 21.9±6.8 micro T (n=12). The mean 
paleointensities are converted to virtual axial dipole moment (VADM) of approximately 3.5 x10^22 Am2 based on 
a paleolatitude of 47 deg. S of the Louisville hotspot between 50 and 74 Ma from onboard paleomagnetic results. 
The results of this study suggests that paleointensity of latest Cretaceous to earliest Paleogene was about a half of the 
present field intensity and similar to the mean of the last 5 Ma by Yamamoto and Tsunakawa (2005).

1.7-4   stAtistiCAl properties of reVersAls ANd ChroNs iN NUMeriCAl dyNAMos ANd iM-
pliCAtioNs for the GeodyNAMo   
lhuillier, florian; hulot, Gauthier; Gallet, yves  
Ludwig-Maximilians-Universitaet (Munich); IPGP (Paris); IPGP (Paris)  
lhuillier@geophysik.uni-muenchen.de  

We analyse a series of very long runs (equivalent to up to 50 Myrs) produced by chemically-driven dynamos. 
All runs assume homogeneous boundary conditions, an electrically conducting inner-core (except for one run) and 
only differ by the choice of the Rayleigh number $\\Rastar$. Introducing dynamo-based definitions of reversals, 
chrons and related concepts, such as ``failed reversals” and ``segments” (bounded by reversals or failed reversals), 
we investigate the distributions of chron and segment lengths, those of reversal and failed reversal durations, the 
way dipole field behaves through reversals and failed reversals, and the possible links between the axial dipole 
intensity and chron or segment lengths. We show that chron and segment lengths are very well described in terms of 
a Poisson process (with no occurrence of superchrons), while distributions of reversal and failed reversal durations 
are better fitted by log-normal distributions. We found that reversal rates generally increase in proportion to $Rm-
Rm_c$, $Rm$ being the magnetic Reynolds number and $Rm_c$ a critical value. In contrast, reversal and failed 
reversal durations appear to be mainly controlled by the core’s magnetic diffusion timescale. More generally, we 
show that much of the reversing behaviour of these dynamos can be understood by examining their signature in a 
$(g_1^0,g_1^1,h_1^1)$ phase-space plot. This reveals that the run with an insulating inner-core is very different 
and has only two distinct modes of opposite polarity, which we argue is the reason it displays less reversals and 
failed reversals, and has a clear tendency to produce an intensity ``overshoot” and some systematic pattern in the 
dipole pole behaviour through reversals and failed reversals. This contrasts with conducting inner-core runs, which 
display an additional central unstable mode, the importance of which increases with $Rm$, and which is responsible 
for the more complex reversing behaviour of these dynamos. Available paleomagnetic data suggest that the current 
geodynamo could have such a (small) central mode, which would thus imply a strong sensitivity of the frequency and 
complexity of reversals and of the likelihood of failed reversals, to changes in the geodynamo’s driving parameters 
through geological times.

1.7-10p   historiCAl soUrCes of the GeoMAGNetiC field iN AUstriA   
Arneitz, patrick; draxler, Andrea; Kröhl, Marie-luise; leonhardt, roman  
Central Institute for Meteorology and Geodynamics (ZAMG)  
patrick.arneitz@zamg.ac.at  

Historical sources play an important role in expanding our knowledge of geomagnetic field evolution back to the 
late Middle Ages. In this context, church orientations, historical maps, sundials and globes with attached compasses 
and magnetic measurements performed during field expeditions, at monasteries and astronomical observatories or 
by the navy are evaluated for the Austrian and surrounding areas.

In our work, from above mentioned sources, the possible use of magnetic compasses for the orientation of build-
ings was investigated first. Although “Easting” of churches actually refers to the alignment towards the azimuth of 
sunrise at the church patronal festival, deviation of nave alignment from the geographic East direction is often as-
sumed to be caused by the use of magnetic compasses. Church orientations in Lower Austria and northern Germany 
have been determined from georeferenced satellite images. Metadata like the construction year, possible reconstruc-
tions and the church patron are essential to determine the date, when current church direction was appointed, and to 
clarify the issue of “Easting”. However, in both regions a significant correlation between deviations from geographic 
East direction and magnetic declination at the construction date or sunrise azimuth is not found. 

On historical maps the value of declination is occasionally indicated on compass roses or written down. Up to 
now, about 100 maps with declination values for different regions in the world have been collected; including 16 
for the Austro-Hungarian Monarchy area. Declination information from these maps dates back to the 16th century, 
although most maps are from the 17th and 18th century.
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Other sources, like for example early measurements of declination and inclination in monasteries are currently 
investigated and first results will also be presented.

1.7-11p   brUNhes ANd MAtUyAMA ChroN pAleoseCUlAr VAriAtioN stUdy froM dAt   
herrero-bervera, emilio; Valet, Jean pierre  
SOEST-HIGP, University of Hawaii; IPGP Paris France  
herrero@soest.hawaii.edu  

Sixteen oriented sites of basaltic lava flows from the West Maui Volcano series (island of  Maui, Hawaii)  were 
selected to improve the determination of the Brunhes and  Matuyama time-averaged geomagnetic field between >0.6 
and 1.8 to 2.6 Ma respectively.  We sampled five flows from the Wailuku Volcanics (ca. 1.97+/-0.96-1.58+/-0.13 Ma), 
five flows from the Honolua Volcanics (ca.1.50+/-0.13 Ma) and six flows were drilled from the rejuvenated-stage 
Lahaina Volcanics (ca. <0.610+/-0.012 Ma). Identical Characteristic Remanent Magnetization (ChRM) directions 
with reverse polarity carried by magnetite were isolated by stepwise  alternating-field and thermal demagnetization 
in 12-15 specimens from each site. The final mean direction points south while the inclination is ~7 degrees lower 
than the inclination of the geocentric axial dipole (GAD). This offset is reduced after correcting the site latitude for 
the Pacific plate motion, which has been neglected so far in most studies. The mean corrected direction is almost per-
fectly antipodal to the Brunhes mean direction derived from the Lahaina Volcanics in the same island of Maui and for 
the  Honolulu Volcanic series (HVS) which are part of the Koolau Volcano on the island of Oahu.  After applying the 
tectonic correction, the inclination remains several degrees larger than the inclination of the axial dipole and cannot 
be accounted for by a small axial quadrupole which would reverse with the dipole. The mean inclinations of other 
Hawaiian records (mostly younger than 1 Ma) involving long sequences of lava flows exhibit similar deviations from 
the GAD which are too large to be accounted for by a small axial quadrupole. Tilting of all sections is difficult to 
defend for so many localities and persistent secondary components have not been detected. Thus, these inclination 
anomalies would reflect the presence of a long-term standing component under Hawaii but crustal magnetization 
linked to the volcanic edifice cannot be completely ruled out.

1.7-12p   CoNstrAiNiNG the behAVioUr of the eArth’s MAGNetiC field iN MesoAMeriCA for 
the lAst 47KA UsiNG VolCANiC dAtA.   
pavón-Carrasco, f. Javier; böhnel, harald 
Istituto Nazionale di Geofisica e Vulcanologia; Centro Geociencias, UNAM.  
javier.pavon@ingv.it  

In this work, we propose a first palaeosecular variation curve for the Mesoamerican region covering the last 47ka 
by using volcanic lava flows. The present Mexican volcanic database has been completed with a new set of volcanic 
data which are also given in this work. A total of 30 directional (declination and inclination) and 24 intensity data 
have been used to define the behaviour of the full vector for the last 47ka for this region, showing the large long-term 
time variations of the geomagnetic field. For each geomagnetic field elements, we developed a continuous palaeos-
ecular variation curve by using the penalized cubic B-splines with knot points every 200 yr. A bootstrap algorithm 
was applied in order to obtain the curve’s error (at 65% of level of confidence) which takes into account the age and 
measurement uncertainties of the lava flow data. The directional curves present values between [-20º, 10º] and [20º, 
65º] for the declination and inclination respectively. The intensity curve is not well constrained for different time 
intervals due to the lack of data and reaches values from 20 microT to 55 microT over the entire time interval. We 
also compare the obtained curves with the lava flow data from other regions, as the case of the volcanic database of 
Hawaii, in order to analyse the differences in the geomagnetic field elements which could be explained by the non-
dipolar behaviour of the geomagnetic field.

sessioN 1.8
pAleoMAGNetisM ANd dAtiNG

1.8-1   CoNstrAiNiNG erUptiVe histories by seQUeNtiAl CorrelAtioN of pAlAeoMAGNet-
iC direCtioNs   
suttie, Neil; biggin, Andrew; holme, richard  
University of Liverpool  
suttie@liv.ac.uk  

The origin of large igneous provinces and their environmental impact remain controversial topics. The eruption 
rate, if well-constrained, could be crucial in resolving many of the issues involved, and magnetostratigraphy has 
been used extensively to provide mean rates of extrusion through sequences. A particular challenge is to quantify 
changes in the eruption rate within individual polarity chrons. The recorded secular variation may provide some in-
formation but as the magnitude of secular variation changes over geological timescales, this approach must be used 
cautiously.  Here we present a method for constraining the eruption rate through a lava pile based on the degree of 
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next-neighbour correlation of palaeomagnetic directions through the sequence. The next-neighbour correlation is 
described by a single additional parameter which can be evaluated by constructing a suitable co-variance matrix. We 
calibrate the measure using archaeomagnetic field models and theoretical arguments, and test the robustness of our 
estimates with synthetic data. Applying the method to palaeomagnetic data from the North Atlantic igneous province 
and Kerguelen, it is found to be a useful proxy for the rate of eruption of lavas. Significant next-neighbour correlation 
is revealed even in the absence of grouping of directions, giving a method of detecting changing eruption rates when 
there are no magnetostratigraphic markers.

1.8-2   New pAleo- ANd roCKMAGNetiC resUlts forM the JUrAssiC KirKpAtriCK bAsAlts, 
MesA rANGe, NortherN ViCtoriA lANd, ANtArCtiCA:  eVideNCe for short bUt iNteN-
siVe VolCANisM   
lemna, obeid saitabau; bachtadse, Valerian; rolf, Christian; petersen, Nicholas  
Ludwig-Maximilians-University; Ludwig-Maximilians-University; LIAG; Ludwig-Maximilians-University  
valerian@lmu.de  

The Jurassic continental flood basalts (Kirkpatrick) and sills (Ferrar) of the Transantarctic Mountains are linked 
to early  break-up of Pangea.  Published ages all cluster around 183 Ma suggesting an emplacement interval of less 
than 1ma.  Paleomagnetic studies, in the 80s and 90s of the last century, yield two well defined but significantly dif-
ferent groups of paleopole positions (A and B). Whereas A  plots at 57°S and 221°E, B plots at 79°S; 181°E  close 
to the Cretaceous segment of the Apparent Polar Wander Path for Antarctica. The significance of  this distribution 
has been discussed at length (see Lanza and Zanella, 1993),  and general agreement has been reached that A is rep-
resentative for the geomagnetic field during Jurassic times.  The interpretation of cluster B is less clear and several 
lines of thought have been brought forward including complete remagnetization during a Cretaceous thermal event. 
Here we report new data from the Kirkpatrick basalts, where about 220 oriented paleomagnetic samples were taken, 
covering about 800 meters in stratigraphy and 23 volcanic flows.  Unblocking temperatures do not exceed 580°C, 
coercitivities rarely  60mT.  After removal of a steep magnetic overprint  with low ceoercivities  and low unblock-
ing temperatures (~150°C), linear segments with steep upward pointing inclinations, trending toward the origin of 
projection are identified in almost all samples.  The resulting mean pole plots at 69°S; 222°E (?95 of 7°, N=  19 site 
mean directions) , very close to cluster B. Reflecting light microscopy shows a magnetic inventory dominated by 
magnetite withg irregularly curved shrinking cracks and broad ilmenite lamellae, the latter being diagnostic for high 
temperature oxidation of titanomagnetite.  Shrinking cracks are well known for low temperature  oxidation of ocean 
floor basalts which still carry the primary directional information. Additional material from coeval volcanic rocks 
from Antarctica, originally believed to have been remagnetized during a Cretaceous thermal event, show similar 
characteristics. Based on these results, both clusters A and B are interpreted to reflect primary magnetizations and 
that the Kirkpatrick basalts might have recorded secular variation.  If this is valid we conclude that the >800m of 
Kirkpatrick basalts have been deposited during a time span of not more that a couple of thousands of years.

1.8-3   pAleoMAGNetiC dAtiNG of CeborUCo VolCANo lAVA flows, MexiCo   
böhnel, harald; pavón-Carrasco, francisco Javier; sieron, Katrin  
Centro Geociencias, UNAM; Istituto Nazionale di Geofisica e Vulcanologia; Universidad Veracruzana  
hboehnel@geociencias.unam.mx  

Ceboruco and its neighboring volcanoes (western central Mexico) are considered to be one of the most active 
volcanic regions in Mexico, with numerous eruptive events during the Holocene. Ceboruco’s last activity was 1870 
with the emplacement of a voluminous lava flow. A big Plinian eruption took place between about 990 and 1020 
AD, and between these two events several lava flows were emplaced whose absolute age is not known, because 
no suitable charcoal material could be found for C-14 dating. We will present paleomagnetic mean directions from 
several of these flows and show that sampling of multiple sites per flow is highly recommended to obtain a precise 
mean direction. The use of a sun compass is important to take into account the small scale variability of the regional 
geomagnetic field, leading to differences of the magnetic declination between different sites of the same lava flow. 
Finally we will use the flow mean directions to carry out a paleomagnetic dating.

1.8-4   ArCheoMAGNetiC dAtiNG of the eroptioN of xitle VolCANo (MéxiCo) froM A reAp-
prAisAl of the pAleoiNteNsity with the Msp-dsC protoCol   
bravo, Manuel; Camps, pierre, Alva, luis Manuel; poidras, thierry  
Universidad Nacional Autónoma de México (UNAM); Université Motpellier; UNAM; Université Motpellier  
abravo@ciencias.unam.mx  

The Xitle volcano, located south of Mexico City, is a monogenic volcano that has provided seven lava flows in a 
time interval of a few years. The age of these eruptions, estimated by means of radiocarbon dates on charcoal from 
beneath the flows, range from 4765+ -90 BC to 520+-200 AD (see Siebe, JVGR, 2000 for a review). This lava field 
was emplaced over the archaeological city of Cuicuilco. The latest radiocarbon dating by Siebe (2000), sets the age 
of the eruption to 280 + -35 AD. Because this new age has direct implications on the history of the movements of 
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ancient populations in the Central Valley of Mexico, we propose in the present study to check this estimate by ar-
chaeomagnetic dating. By using the Thellier method the  values ??of paleointensity scatter between 40 and 90 ?T in a 
single flow (Alva, 2005). We propose here to estimate the paleointensity by means of the MSP-DSC protocol (Fabian 
and Leonhardt, 2010) with the new ultra-fast heating furnace FUReMAG developed in Montpellier (France). The 
sampling was performed along four profiles, one vertical through the entire thickness of the flow and three horizontal 
(at the top, middle and the bottom of the flow). Our preliminary results show that there is no difference between the 
values ??found in the different profiles, all providing a value around 62 mT. The comparison of our results (Dec = 
358.4°, Inc = 32.8°, F=62.8+-1.1 mT) with the model CALS3K.4 for secular variation provided an Archaeomagnetic 
age between 176 BC and 58 BC at 95% significance value. This age is consistent with the hypothesis of archaeologi-
cal destruction and the abandonment of Cuicuilco during the eruption of the Xitle volcano. A review of the paleoin-
tensity value is in progress because it still is overvalued for this period of time.

1.8-5   pAleoseCUlAr VAriAtioN, roCK MAGNetiC properties ANd MAGNetostrAtiGrAphy 
of the sAN borJA ANd JArAGUAy MoNoGeNetiC VolCANisM, bAJA CAliforNiA Norte, 
MéxiCo.   
García-Amador, bernardo; Alva-Valdivia, luis; Cañón-tapia, edgardo  
Universidad Nacional Autónoma de México (UNAM); UNAM; CICESE  
bernardoiga@gmail,com  

We report results of 230 cores from 27 sites, taken from magnesium andesitic lava flows, all with radiometric 
ages previously determined. These rocks belong to San Borja and Jaraguay volcanic fields, Baja California Norte, 
which include monogenetic, composite and ignimbrite volcanism distributed between 30° and 28° north latitude, as 
a result of the stages of tectono-magmatic activity of the last 23 Ma. 

Results of rock magnetic experiments such as susceptibility vs. low and high temperature, hysteresis, FORC, and 
directional analysis, suggest in most of the cases 80% contribution of TM0 to TM20. This represents a unique miner-
alogical phase (reversibility) with slight changes, SD + MD non-lineal magnetic domain with small contributions of 
SP, and a single component of magnetization. The temporal distribution of all sites was divided in two main periods: 
2.6 – 6.3 Ma (18 sites) and 8.12 – 14.64 Ma (9 sites). We determine the paleosecular variation of the first group and 
compare with the GPTS to observe the degree of correlation. The mean direction of the first group (Dec = 357.5°; 
Inc = 39.5°; Kappa = 11; A95 = 11.2°) overlaps the geocentric axial dipole (GAD) in normal polarity, while reverse 
polarity is consistent with a GAD plus a 5% of quadruple component. The virtual geomagnetic pole scatter of this 
first group (13.9°, with lower and upper 95% confidence limits of 11.4° and 17.8°) is relatively consistent with both, 
the expected value from Model G and model TK04.

1.8-6   preliMiNAry pAleoMAGNetiC resUlts froM CeNozoiC bAsAlt iN  siNAi peNiNsUlA, 
eGypt.   
saleh, Ahmed  
National Research Institute for Astronomy and Geophysics (NRIAG)  
ahmedsmmus@yahoo.com  

Different phases of igneous activity took place in Egypt during the Mesozoic and the Cenozoic but very few 
paleomagnetic results have ever been published from these rocks for the period 0–200 Ma. In order to fidelity of 
Egyptian paleomagnetic data base, Palaeomagnetic samples from 9 sites of basalts at Wadi Nukhul, Wadi Matulla 
and Wadi Tayiba in west Central Sinai peninsula  were collected and subjected to rock magnetic and palaeomagnetic 
investigations. The rock magnetic properties such as K-T point to Magnetite and Titano-Magnetite, as the main car-
rier of the remanent magnetization. Primary characteristic remanent directions were identified by alternating field 
treatment of 93 samples.  Three sites from Wadi Nukhul basalt (24.8 ± 1.6 Ma) give a mean direction of D= 168.1 o, 
I=  ? 62.6 o K=  78  ?95=6.4 o,  which transfers to virtual geomagnetic pole positions at 71.7o N, 20 o E. The mean 
direction for Wadi Matulla basalt (23.7±1.4 Ma) is D=175.5o , I=-67.9 o, K=64, ?95=6 o , with virtual geomagnetic 
pole positions at 67.9 o N, 25.5o E. The direction of the Wadi Tayiba basalt (22.8 ± 1.4 Ma) yields a mean direction 
of D=184.9 o, I=-66.9 o, K=31, ?95=4.7 o and virtual geomagnetic pole positions at 69.1o N, 42o E. Sinai’s VGPs 
are significantly different from the 25 Ma Master Pole.  Therefore, Sinai sub plate was not part of the African plate 
during Oligo-Miocene period.
Key words: Paleomagnetism, Oligo–Miocene, Jurassic, basalt, Sinai, Egypt.

1.8-13p   MAGNetostrAtiGrAphy ANd CyClostrAtiGrAphy of the perMo-CArboNiferoUs 
itArAré GroUp, iN the sANtA CAtAriNA stAte, soUtherN brAzil: AGe CoNstrAiNts 
ANd teCtoNiCs   
ernesto, Marcia; brandt, daniele; ribeiro franco, daniel; zhao, xixi; weinschutz, luiz Carlos  
Instituto de Astronomia, Geofísica e Ciências Atmosféricas, Universidade de São Paulo; Coordenação de Geofísica, 
Observatório Nacional, MCTI; University of California Santa Cruz; CENPALEO/Universidade do Contestado.  
mernesto@usp.br  



128

Scientific program

The Upper Carboniferous- Lower Permian glacigenic deposits of the Itararé Group (Paraná Basin) cover an ex-
tensive area in southern Brazil, although the outcrops are confined into a narrow band towards the eastern margin. 
In Santa Catarina State the Group is subdivided into the Rio do Sul, Mafra and Campo do Tenente formations, from 
younger to older. The first two show varve-like rhythmites forming several meters thick packages counting some 
hundreds of couplets. The rhythmites show a regular repetition of couplets of light coloured, dm-scale sandstone/
siltstone layers and thinner, mm-scale dark lamina of siltstone/claystone. Paleomagnetism on continuous sequenc-
es of rhythmic layers identified only characteristic remanent magnetization (ChRM) of reversed polarity for both 
Mafra and Rio do Sul formations, placing them within the Permo-Carboniferous Reversed Superchron (PCRS; ~318-
264Ma). However, the subjacent Campo do Tenente Formation showed normal polarity which may be related to the 
base of the PCRS or to a short normal polarity zone that occur within the PCRS.   

Above the Itararé Group, the coal-bearing Rio Bonito Formation cropping out in Rio Grande do Sul State (lati-
tude difference of nearly 4° from the studied outcrops) gave absolute ages of ~281 Ma, and an age of around 311Ma 
was inferred for the base of the Itararé Group based on the integrated absolute dating and palynological data.  If these 
ages are also applicable to the outcrops in the Santa Catarina State, then they represent very good constraints for the 
ages of the rhythmites.   

Spectral analysis of the ChRM parameters, bulk susceptibility (Kz), and thickness variation along the rhythmite 
sections allowed the recognition of Milankovitch periodicities imprinted in the investigated sections. The astronomi-
cal calibration provided sedimentation rate estimates. Such evaluations, along with the magnetostratigraphic control 
allow a refinement in the positioning of the two formations of the Itararé Group in the Geological Time Scale, as well 
as inferences for the whole sedimentation. This is a contribution from NAP/GeoSEdex/USP

1.8-14p   preliMiNAry MAGNetostrAtiGrAphiC resUlts froM A lower Middle MioCeNe 
sediMeNtAry seQUeNCe iN CeNtrAl JApAN: A short NorMAl-polArity reVersAl 
exCUrsioN iN ChroN C5br?   
hiroyuki, hoshi  
Aichi University of Education  
hoshi@auecc.aichi-edu.ac.jp  

A lower Middle Miocene (ca 15.8–15.7 Ma) sequence of diatomaceous siltstone in the Mizunami sedimentary 
basin in central Japan is dominantly reversely magnetized, but it has a normally magnetized section in its upper part. 
Paleomagnetic samples were collected from more than 40 stratigraphic horizons on the ca 90 m sequence of the 
Oidawara Formation, and remanent magnetization was measured with a pass-through cryogenic magnetometer, with 
careful stepwise thermal or af demagnetization on all the samples measured. Four horizons approx. 25–30 m below 
the top of the sequence have characteristic remanent magnetization of normal polarity. No difference is found in 
lithology between the sediments of the four horizons and the sediments of the other reversely magnetized horizons. 
Depositional age and high sedimentation rate have been documented from a high-resolution diatom biostratigraphic 
study. This preliminary magnetostratigraphic investigation suggests that there was a short normal-polarity reversal 
excursion at ca 15.7 Ma in Chron C5Br.

1.8-15p   tAKiNG the pUlse of the pArANA - eteNdeKÁ lArGe iGNeoUs proViNCe   
dodd, sarah; Muxworthy, Adrian; Mac Niocaill, Conall  
Imperial College; Imperial College; University of Oxford  
adrian.muxworthy@imperial.ac.uk  

It is becoming increasingly accepted that large igneous provinces were erupted by means of a series of high 
frequency, high volume flows, which lasted an overall duration of only a few million years.  The Parana – Etendeká 
large igneous province was emplaced during the Early Cretaceous, a time when the Earth’s magnetic field was re-
versing polarity at a relatively rapid rate, on average every 325 kyrs.  This high frequency reversal rate during trap 
emplacement makes the Parana – Etendeká an ideal candidate for testing the short timescale theory using magneto-
stratigraphic constrants i.e. by constraining individual flow volumes to certain magnetic chrons.

To this end a detailed magnetostratigraphic section through the upper part of the Etendeka lava pile, Namibia, is 
presented.  This section records a series of magnetic reversals that went unrecorded in previous, less detailed, mag-
netostratigraphic sections through the province straigraphy.  The implication of this is that the duration of the Parana 
– Etendeká extrusive volcanism may in fact be longer than the million year timescale estimated for this province in 
previous studies and often accepted as the characteristic timescale for these large scale flood basalt events.

1.8-16p   AN AssessMeNt of pAlAeoMAGNetiC loCK-iN delAy iN orGANiC riCh VArVed lAKe 
sediMeNts UsiNG rAdioCArboN wiGGle MAtChiNG   
Mellström, Anette; snowball, ian; haltia, eeva; Muscheler, raimund; Nilsson, Andreas; Ning, wenxin  
Lund University; Uppsala University; Lund University; Liverpool University; Lund University  
ian.snowball@geo.uu.se  

Varved lake sediments in central and northern Sweden have proved to be excellent recorders of palaeomagnetic 



129

IAGA Meeting 2013 

secular variation (PSV). In an effort to extend the regional data set to southern Sweden we discovered an organic 
rich varved lake sediment sequence in Gyltigesjön, Halland. In contrast to the sites further to the north, however, the 
Gyltigesjön varves are dominated by detritus (strictly organic material) and the laminated structure reflects seasonal 
changes in the flux of biogenic components and chemical precipitates. Rock magnetic studies, including FORC 
diagrams and the TEM analysis of magnetic concentrates, indicate that the stable natural remanent magnetization 
(NRM) is carried by single-domain magnetite, which is probably magnetosomal. To estimate the lock-in delay as-
sociated with these organic gels we obtained alternative time-depth relationships based on radiocarbon dating of bulk 
sediments, terrestrial macrofossils and wiggle-matching of a floating varve chronology that spans the period between 
3000 and 2000 cal BP. This period is characterized by distinct geomagnetic field changes and abrupt increases in 
atmospheric radiocarbon concentration. Our radiocarbon wiggle-match approach enables us to (i) secure the float-
ing varve chronology to the IntCal09 radiocarbon calibration curve and (ii) quantify the 14C reservoir age for 
Gyltigesjön during the investigated period to c. 260 years. Statistical comparison between the wiggle-matched ages 
of the PSV variations and ages based on the FENNOSTACK regional PSV curves indicates a minimum lock-in-delay 
of approximately 250 years, which equates to a consolidated sediment thickness of approximately 0.4 m. Attempts 
to recover the uppermost 1-2 m of sediment to empirically measure the lock-in-depth as the sediment becomes con-
solidated were hindered by the extremely high water content (90%), but we did establish that the NRM intensity has 
stabilized at a depth of about 0.75 m. Established models of depositional remanent magnetization acquisition that 
include bioturbation are not applicable to these non-bioturbated sediments, in which magnetosomal magnetite ap-
pears to be the dominant ferrimagnetic component.

sessioN 1.9
pAleoMAGNetiC refereNCe Models (Gpts, Apwp, etC)

1.9-1   preliMiNAry pAleoMAGNetiC stUdy oN lAte pAleozoiC to eArly MesozoiC roCKs iN 
sibUMAsU ANd iNdoChiNA ANd its ClUe to the eVolUtioN of eAsterN pAleo-tethys   
yan, yonggang; zhao, Jie; Chen, liwei; yi, zhiyu; huang, baochun  
Institute of Geology and Geophysics, Chinese Academy of Sciences; Peking University  
yanyonggang@mail.iggcas.ac.cn  

The reconstructions of the paleo-position of Eastern Asia in Pangea supercontinent are notably inconsistent 
among most of those models proposed by different authors, and the lack of reliable and quantitative paleomagnetic 
constraint is the main reason that leads to the uncertainty of Eastern Asia reconstruction models. Paleomagnetic 
study on the Late Paleozoic to Early Mesozoic sediments in the Sibumasu and Indochina blocks can provide a quan-
titative constraint on the evolution of Eastern Paleo-Tethys, during which process Asia continent converged from 
a complex collage of terranes/blocks, volcanic arcs, and suture zones. Only a few paleomagnetic data have been 
reported from these two blocks, yet of which the reliability remains suspectable. To better resolve this problem, we 
have collected paleomagnetic samples of 61 sites from 20 sections in Baoshan block in West Yunnan of China, 47 
sites from 9 sections in Shan state of Myanmar and 41 sites from 16 sections in Indochina block in West Yunnan. 
Preliminary rock magnetic results and the demagnetization of represent samples provide a glimpse of that these sam-
ples may well keep original paleomagnetic records. Systematic rock magnetism and paleomagnetism experiments 
are still ongoing and detailed data will be got soon. We hope that these latest paleomagnetic data will provide a clue 
to accurately determine the paleo-positions of Sibumasu and Indochina blocks in Late Paleozoic to Early Mesozoic 
and make it clearer how and when the Eastern Paleo-Tethys closed and provide more information for Eastern Asia 
reconstruction.

1.9-2   pAleoMAGNetiC eVideNCe for perMiAN iNtrA-pANGeA bloCK rotAtioNs   
Aubele, Katharina; bachtadse, Valerian; Muttoni, Giovanni; ronchi, Ausonio  
Ludwig-Maximilians-University; Ludwig-Maximilians-University; University of Milan, Italy; University of Pavia  
aubele@geophysik.uni-muenchen.de  

Paleogeographic reconstructions for the Early Permian based on paleomagnetic data show a significant continen-
tal overlap between Laurasia and Gondwana. If this overlap is real and not an artefact due to inclination shallowing, 
contributions of non-dipolar fields or ambiguities in magnetization acquisition age assignments, it can be overcome 
by positioning the northwestern margin of South America next to the North American East coast (Pangea B configu-
ration). However, this is still a rather controversial issue since it requires a westward translation of Gondwana by 
about 3000km prior to the opening of the Atlantic in Jurassic times, presumably during a 20Ma time window during 
the Middle Permian. The main objection against this scenario is the supposed lack of geological evidence for such 
a large shear zone accommodating thousands of kilometres of plate movement at fairly high rates of 10-15 cm/yr.

Here we present high-quality paleomagnetic data from Permo-Triassic sediments and volcanic rocks from the 
western Mediterranean (Toulon Basin, Sardinia) documenting the existence of an intra-Pangea belt of tectonic blocks 
straddling from the Massif Central to southern France and Corsica-Sardinia and characterized by complex clockwise 
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and counterclockwise block rotations of up to ~34° that we constrained to be of pre-Jurassic age. New paleomagnetic 
results from sedimentary and volcanic rocks from the Pyrenees and the Catalan Ranges will further constrain the de-
formation pattern within the region and potentially provide the long missing geological evidence for an intra-Pangea 
transform fault during the Permian.

1.9-3   New pAleoMAGNetiC resUlt of the Middle-lAte JUrAssiC roCKs froM NortherN 
QiANGtANG bloCK, west ChiNA   
wu, han-Ning;Cheng, xin;diao, zong-bao  
Department of Geology  Northwest University  
wuhn2506@nwu.edu.cn  

A paleomagnetic study was carried out on the Middle to Late Jurassic sediments of the northern Qiangtang block 
in Qinghai-Tibet Plateau, west China. 11sites (118 samples) of limestone and 10sites (99 samples) of sandstone 
oriented dill-core samples from YanShiPing section (33.6 ° N, 92.1 ° E) were collected. Detailed stepwise thermal 
demagnetization allows us to isolated two components, the low-temperature component (LTC) isolated from most of 
samples fail the fold test and has been identified as a viscous remanent magnetization. The high-temperature com-
ponent (HTC) could be divided into two groups: (1) HTC of the limestones from SuoWa formation (J3s) and BuQv 
formation (J2b) is carried by magnetite, all with normal polarity, and pass the fold test at 99% confidence level. (2) 
While HTC of the sandstones from XueShan formation (J2x) and QueMoCuo formation (J2q) is carried by a combi-
nation of magnetite and/or hematite, displays dual polarities, pass the reversal test at 95% confidence level and fold 
test at 99% confidence level. Positive fold and reversal tests indicate that both the two HTC groups could be primary 
magnetization acquired in the Middle-Late Jurassic period. The overall mean direction of the first group (in lime-
stones) is Ds=355.7º?Is=42.1º?k=58.2??95=6º after tilt-correction. The overall mean direction of the second group 
(in sandstones) is Ds=3.3º?Is=28.9º?k=30.7??95=8.9º after tilt-correction. By comparison with the mean dip angle 
of the first group from limestones, the contemporary mean dip angle of the second group from sandstones is about 
13° shallower, this anomalously shallow inclinations could be esplained by inclination flattening during compaction. 
The paleomagnetic north pole calculated from 11 limestone sites is: 80.0N,295.2E with dp/dm=7.4/4.5. Previous 
paleomagnetic results indicate that the north Qiangtang region wandering at mid-low southern latitude regions in 
the late Carboniferous to late Permian periods, and displaced northward in the late Permian to early Triassic periods. 
The rapid velocity of the northward displacement was taken place in the early Mesozoic period (about 4100km). The 
north Qiangtang region arrived at 24.3°N in the middle to late Jurassic, and up to 900km of latitudinal motion from 
current location was taken place subsequently.

1.9-4  pAleoMAGNetisM of lAte CretACeoUs roCKs froM the westerN edGe of the lhAsA 
bloCK ANd fUrther iNsiGht iNto the iNdiA-AsiA CollisioN   
huang, baochun; yi, zhiyu; yan, yonggang; Chen, liwei; zhao, Jie; yang, liekun  
Peking University; Institute of Geology and Geophysics of the Chinese Academy of Sciences  
bchuang@pku.edu.cn  

“When and where did India and Asia collide?” is an old question but still remains unresolved. Paleomagnetism 
plays an important role on the determination of paleolatitudes of the blocks at both sides of the Indo-Yarlung Tsampo 
Suture zone, and thus can provide important constraints on the timing and position for initial contact of the India-Asia 
collision. Based on an updated dataset from a new round of paleomagnetic studies, several important models argue 
for an initial collision time of ~65-60 Ma at ~10°N or ~50 Ma at relatively higher latitude of ~20-24°N. However, 
paleomagnetic constraints are still weak especially in the western sector of the suture zone and it is obviously un-
favored for further understanding of the timing and paleoposition of the India-Asia collision. In this study, two late 
Cretaceous paleomagnetic poles are reported from the Yare and Shiquanhe basins in the western Lhasa Block. Three 
new 40Ar/39Ar ages of 90.28±2.45 Ma, 91.85±2.24 Ma and 75.57±1.67 Ma determined from fresh matrix of lava 
flows suggest a Late Cretaceous age of the investigated units. The AMS observations suggest the sampled rocks suf-
fered from no or very weak latter deformation. The ChRM component isolated from 10 individual lava flows and 2 
intercalated sandstones in 15 sites from the Yare Basin passes a fold test suggesting a pre-folding origin and yields 
a paleomagnetic pole at 68.4°N, 299.8°E with A95=2.9°; whilst the ChRM directions isolated from the Shiquanhe 
basin have both positive reversal and conglomerate test results indicative also of a primary origin and 10 valid sites 
yield a paleomagnetic pole at 65.5°N, 211.1°E with A95=11.2°. The two paleopoles from Yare and Shiquanhe yield 
compatible paleolatitudes of 12.7°N ± 2.9° and 14.1°N ± 11.2° respectively at reference site of 31.5°N, 80°E during 
~90-75 Ma. A comprehensive analysis of the paleomagnetic data obtained from the western and middle parts of the 
Lhasa Block indicates the southern margin of Asia was located at ~10 to 15°N prior to the India-Asia collision, which 
is compatible with that estimated from the Linzhou Basin in the eastern Lhasa Block. Reconstruction of southern 
margin of Asia and Greater India prior to the collision supports the initial collision model of ~60 Ma at ~10 to 15°N.
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sessioN 1.10
pAleoMAGNetisM ANd MAGNetiC fAbriCs Applied to teC toNiC proCesses

1.10-1 teCtoNiC siGNifiCANCe of the ANisotropy of MAGNetiC sUsCeptibility
Cañón-tapia, e.; Mendoza-borunda, r.; suárez-Vidal, f.; ortega
CICESE;CICESE;CICESE;UNAM;CICY
ecanon@cicese.mx

The western part of Mexico records the occurrence of two major tectonic events during the last 150-200 m.y.: (1) 
the convergent tectonism of the middle Mesozoic-early Cenozoic related with the subduction of the Farallon plate 
under the western  margin of North America, and (2) the inception and evolution of the San Andreas transform sys-
tem, starting to take place when the Pacific and North America plates first made contact ca. 28 Ma, and subsequently 
giving rise, between 6 and 4 Ma, to what we currently know as the San Andreas-Gulf of California fault system. 
Along the present day of the Gulf of California region, the type of volcanism during the stage of rifting (i.e., in the 
last ~14-12 my) has been of bimodal character (rhyolitic-basaltic), and has been dominated by a huge volume of 
pyroclastic flows. Due to the age spectrum covered by those units, and to their wide spatial distribution not only in 
northeastern Baja California, but extending to include some of the islands in the Gulf of California and the state of 
Sonora, some of those units have been used as a structural markers in regional tectonic reconstructions. Nevertheless, 
and despite the progress made in the last two decades in terms of the characterization of those rocks, there still remain 
some issues that need to be addressed in relation with the validity of the use of those units as true regional strati-
graphic markers. Among the several aspects that need to be revised, it is possible to mention: (1) the discrimination 
of each of the pyroclastic flows, and the determination of their real distribution in the Gulf Extensional Province 
(GEP), (2) the vent location of all the rhyolitic volcanism (effusive and explosive), focusing on those key ignimbrites 
that are extensively distributed across the GEP, and (3) the need to evaluate whether the widespread ignimbrites 
were erupted from a single vent as a form of a mega-eruption or as the result of activity taking place from multiple 
vents. In this paper, we report the first results of a study of the anisotropy of magnetic susceptibility (AMS) of a bi-
modal volcanic succession of late Mioce age, found along one of the largest volcanic provinces in northeastern Baja 
California (The Sierra Juárez-Las Pintas Volcanic Province). These rocks have been poorly studied until now despite 
their wide-distribution (over more than 1000 km2) and large volume estimates (100-150 km3). Consequently, use of 
their AMS signature to infer flow direction should provide relevant information concerning the tectonic evolution of 
the northern part of the GEP.

1.10-2 NoN pArAllel strAiN reCord At AMs MAGNetiC fAbriCs dUe to oVerlA
pueyo-Anchuela, Óscar; pocoví, Juan Andrés; Gil imaz, Andrés
Universidad de Zaragoza
opueyo@gmail.com

The Pyrenees (collision belt between Iberia and European plates) represent a relative non complex fold and 
thrust belt where detailed analysis about strain evolution can be developed and where comparison of different ap-
proaches can be performed below a constrained geological, tectonic and diagenetic setting. The analysis of magnetic 
fabrics, especially Anisotropy of Magnetic Susceptibility (AMS) in sedimentary rocks at low strained conditions, 
exhibits a high sensibility related to the record of a lonely horizontal tectonic shortening process. This sensibility is 
identified both at the definition of the confidence zones of AMS axes and the anisotropy of the particular ellipsoid at 
sample scale and depending upon local tectonic structures. However, at the orogen scale, the AMS pattern exhibits 
punctuated progressions producing, on contrary to the expected strain increase at outcrop scale, a non parallel or 
even an inverse trend respect the identified strain increase.  Lithology, deposit age and the magnetic mineralogical 
assemblages are analyzed in order to identify their imprint in the AMS magnetic fabrics. However, besides the pre-
viously described factors, the competence of different magnetic fabrics and subfabrics related to different tectonic 
processes are revealed as the main factor modifying the non parallel AMS correlation respect strain. The competence 
between bedding related fabrics, horizontal shortening related to LPS processes, folding mechanisms and cleav-
age development produce that, depending upon the local structure, the different strain processes affect to sampling 
points at coaxial or non coaxial manners. This apparent change of strain orientation affecting to the studied sites, 
produces composite magnetic fabrics biasing the expected progressive strain accumulative record at the AMS.  These 
composite magnetic fabrics are identified by the isolation of different subfabrics at the same sites, the development 
of intersection lineation magnetic fabrics and subtle data girdles affecting the confidence zones of the AMS at the 
stereographic projection.
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1.10-3 sepArAtioN of field-iNdepeNdeNt ANd field-depeNdeNt sUsCeptibility teNsors Us-
iNG A seQUeNCe of fUlly AUtoMAted AMs MeAsUreMeNts
Chadima, Martin; hrouda, frantisek; studynka, Jan; suza, petr
Institute of Geology, AV CR, v.v.i., Charles University; Agico, Inc;
chadima@agico.cz

Low-field magnetic susceptibility of diamagnetic and paramagnetic minerals as well as that of pure magnetite 
and all single-domain ferromagnetic (s.l.) minerals is field-independent. In contrast, magnetic susceptibility of multi-
domain pyrrhotite, hematite and titanomagnetite may significantly depend on the field intensity. Hence, the AMS 
data acquired in various fields have a great potential to separate the magnetic fabric carried by the latter group of 
minerals from the whole-rock fabric. The determination of the field variation of AMS consist of separate measure-
ments of each sample in several fields within the Rayleigh Law range and subsequent processing in which the field-
independent and field-dependent susceptibility tensors are calculated. The disadvantage of this technique is that each 
sample must be measured several times in various positions, which is relatively laborious and time consuming.

Recently, a new 3D rotator was developed for the MFK1 Kappabridges which rotates the sample simultaneously 
about two axes with different velocities. The measurement is fully automated in such a way that, once the sample 
is mounted into the rotator, it requires no additional positioning to measure the full AMS tensor. The important 
advantage of the 3D rotator is that it enables to measure AMS in a sequence of pre-set field intensities without any 
operator manipulation. Whole procedure is computer-controlled and, once a sequence of measurements is finished, 
the acquired data are immediately processed and visualized. Examples of natural rocks demonstrating various types 
of field dependence of AMS are given.

1.10-4 AppAreNt UNdistUrbed positioN of plUtoNs of the soUtherN peNiNsUlAr rANGes 
bAtholith, bAJA CAliforNiA, MexiCo (28.3-28.8 ºN) froM pAleoMAGNetiC ANd strUC-
tUrAl dAtA
torres-Carrillo, xóchitl; delgado-Argote, luis A.; böhnel, harald; Molina-Garza, roberto; weber, bodo; 
peña-Alonso, tomás
CICESE; CICESE; UNAM; UNAM; CICESE;CICESE
ldelgado@cicese.mx

We report structural and paleomagnetic data for five mid-Cretaceous plutons along the southwestern margin of 
the Peninsular Ranges batholith (PRb). With the exception of the Punta Prieta pluton area in the Pacific coast, where 
Aptian Alisitos Fm. is well identified, the plutons of the studied region intruded arc related Jurassic-Early Cretaceous 
volcanic and clastic rocks. The intrusive bodies of this study are included in a 4,000 km2 area divided in three zones 
based on the relative concentration of Fe-Ti oxides (SEM analyses) of 14 plutons and aeromagnetic interpretations 
as well. The Western Zone (WZ) is comprised of magnetite (Mag) and titanomagnetite (Tmt) with exsolved ilmenite 
(Ilm) bearing gabbroic to tonalitic plutons (magnetic intensities vary between 1,400 and -1,400 nT); the Central Zone 
(CZ) is comprised of Mag and titanite (Ttn) rich quartz dioritic to granodioritic plutons and is characterized by a 
N55ºW trending negative magnetic contours paralleling the tectonic grain; and the Eastern Zone is characterized by 
Ilm-rich tonalitic plutons. In the limits of the CZ and EZ, the rutile bearing Compostela pluton was emplaced in the 
border between a Jurassic arc-back arc crust in the west, and a mostly Paleozoic continental-like crust in the east. The 
Jurassic sequence typically shows a steep eastward monocline geometry that favored the emplacement of the Early 
Cretaceous Alisitos related plutons. Magmatic foliations almost parallel the mode of deformation of the enclosing 
rocks, and kinematic analyses in the intrusive and enclosing rocks also indicates simultaneous dextral transpression 
and simultaneous magma emplacement during the Cretaceous. 

The three plutons from the WZ, and two from the CZ, are included in a 50 km wide zone perpendicular to the 
structural grain, which can be compared with the well known section between San Telmo and San Pedro Mártir 
plutons located northward (30º N transect). The paleopoles of the five plutons yielded a mean value of 345/47 
(a95= 12.7) that is concordant with the North America reference pole, and overlaps the confidence interval (CI) of 
the plutons of the western sector of the 30ºN transect after closure of the Gulf of California. The plutons of the CZ 
(Rinconada and Compostela) can be compared with the clockwise rotated El Potrero and San José plutons (30ºN) 
because they lie in a zone deformed by compression; however, no rotation is evident in the plutons of the southern 
PRb region. 

We interpret that Early Cretaceous plutons of the southern part of the PRb were emplaced into Late Jurassic, mostly 
volcanic arc remnant units, and psammitic rocks deposited in transform spreading centers deformed sometime before 
132 Ma, which is the approximate age of the almost undeformed psammites cropping out near the WZ-CZ border.
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1.10-5 pAlAeoMAGNetisM of the MioCeNe JANtetelCo GrANodiorites ANd tepexCo Vol-
CANiC GroUp ANd iNfereNCes for CrUstAl bloCK rotAtioNs iN CeNtrAl MexiCo: A 
reeVAlUAtioN
böhnel, harald; Vázquez-duarte, Alma Cristina; yutsis, Vsevolod
Centro de Geociencias, UNAM; Centro de Geociencias, UNAM; Facultad de Ciencias de la Tierra, UANL
hboehnel@geociencias.unam.mx

A study by Urrutia-Fucugauchi (Tectonophysics, 76, 149-168, 1981) of Miocene rocks in a total of 9 sites lo-
cated ~100 km south of Mexico City revealed discordant paleomagnetic directions. These were interpreted in terms 
of a ~50° counterclockwise rotation about a vertical axis of the sampling area, possibly related to a regional lateral 
shear zone. We have re-examined the rocks from this area and report results from 32 sites, covering mainly the same 
formations and time span as the previous work. The overall mean direction determined is indistinguishable from the 
Miocene reference direction for the North America plate, suggesting that no tectonic movement of the sampling area 
has occurred at all since that time.

1.10-6 pAleoMAGNetisM ANd AMs of the eAsterN CordillerA (ColoMbiA)
speranza f.; Jiménez-diaz G.; faccenna C.; bayona G.; Mora
Istituto Nazionale di Geofisica e Vulcanologia (INGV), UNIROMA3, ARES, ECOPETROL
fabio.speranza@ingv.it

We report on the paleomagnetic and anisotropy of magnetic susceptibility (AMS) investigation of 58 sites from 
Cretaceous to Miocene marine and continental strata gathered in the Eastern Cordillera (EC) and the Cucuta zone, at 
the junction between the Santander Massif and the Merida Andes of Colombia. The EC, widely investigated in the 
past for hydrocarbon exploration, is a NNE-trending double vergent intra-continental thick-skinned range inverting 
a Triassic-early Cretaceous rift zone. Twenty-three sites reveal no rotation (on average) of the EC range with respect 
to stable South America. Our data show that the EC inverted a NNE-oriented rift zone, and that the locations of the 
Mesozoic rift and the mountain chain roughly correspond. Surprisingly, magnetic lineations from AMS analysis do 
not trend parallel to the chain, but are oblique to the main orogenic trend. By also considering GPS evidence of a 
~1 cm/yr ENE displacement of central-western Colombia accommodated by the EC, we suggest that this belt arises 
from ENE oblique convergence reactivating a NNE rift zone. Oblique shortening was likely partitioned in pure 
dip-slip shear characterizing thick-skinned frontal thrust sheets (well-known along both chain fronts), and by range-
parallel right-lateral strike-slip fault(s), which have not been identified yet and likely occur in the axial part of the. 
Finally, the 35°±9° clockwise rotation observed in four post-Miocene magnetically overprinted sites from the Cucuta 
zone reflects late Cenozoic and ongoing right-lateral strike-slip displacement occurring along buried faults parallel to 
the Boconó fault system, possibly connected with the right-lateral faults inferred along the EC.

 
1.10-7 roCK MAGNetiC CyClostrAtiGrAphy: exAMples throUGh GeoloGiC tiMe

Kodama, K.p. 
Lehigh University
kpk0@lehigh.edu

Rock magnetic cyclostratigraphy is a new application of rock magnetism in which rock magnetic parameters can 
be used to identify orbitally-forced global climate cycles in sedimentary rock sequences. The technique does not rely 
on facies interpretations of lithologic variations in sedimentary sequences to observe global climate cycles, and like 
all rock magnetic measurements, is non-destructive and fairly fast and inexpensive. The identification of rock mag-
netically encoded Milankovitch cycles in sedimentary rocks allows assignment of high-resolution time to sedimen-
tary sections for geologic and tectonic studies. Our work has been able to push the successful application of the tech-
nique back in geologic time to the Neoproterozoic with nominally <20 kyr resolution at nearly 600 Ma. Examples 
of studies in which the rock magnetic parameters record orbitally-forced global cycles from rocks Plio-Pleistocene 
to Neoproterozic in age will be given. These studies include: Plio-Pleistocene marine marls from the Stirone River 
section in the Po valley of northern Italy in which susceptibility variations record obliquity and precession, Eocene 
marine marls from the Spanish Pyrenees in which ARM captures precession and eccentricity variations, Triassic 
carbonates from Latemar-equivalent rocks in the Italian Dolomites where susceptibility variations see long and short 
eccentricity, and Ediacaran carbonates from the Johnnie Formation in Death Valley, CA in which ARM, susceptibil-
ity, and IRM capture what appears to be eccentricity and precession. New work on the Missisippian Mauch Chunk 
fluvial red beds and the Neoproterozoic Kingston Peak Formation glacial diamictites showing that IRM variations 
can possibly record eccentricity and precession will also be presented.
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1.10-8 KiNeMAtiC CoNstrAiNts oN the dextrAl striKe-slip el tiGre fAUlt, ArGeNtiNe 
preCordillerA, oN the bAsis of pAleoMAGNetiC ANd MAGNetiC fAbriC stUdies
fazzito, sabrina y.; rapalini, Augusto e.; Cortés, José M.;  terrizzano, Carla M.
Area de Geofísica, IGEBA, UBA-CONICET
rapalini@gl.fcen.uba.ar

The El Tigre Fault, in the Western Precordillera of Argentina, is a 120 km long dextral strike-slip fault of 
Quaternary age. It is very well exposed and it is characterized by geomorphic markers of horizontal displacement as 
well as a conspicuous fault scarp in its central section that indicates a component of vertical movement. Several con-
troversies with respect to the geometry and kinematics of the fault have not yet been solved. We present the results 
of a combined paleomagnetic and magnetic fabric study on Miocene to Quaternary sediments exposed very close to 
the fault trace. The paleomagnetic study was performed on 442 samples collected at 31 sites on Middle Miocene-
Early Pliocene, Middle Pleistocene and Late Pleistocene sediments. The results show variable values of rotations 
around vertical axes, both clockwise and counterclockwise, that suggest that this section of the fault is segmented 
into several blocks. They can be modelled as forming a domino general pattern of rotations with strong drag both 
along the main as well as secondary faults. Magnitudes of rotation are related to the age of the studied sediments, 
reaching largest values in some sites of Miocene strata. The magnetic fabric study was carried out by means of an-
isotropy of magnetic susceptibility (AMS) on 19 sites. Most sites showed magnetic fabric with tectonic overprint, 
despite the fact that they were generally collected from subhorizontal strata of poorly consolidated sediments with no 
macroscopic evidence of internal deformation. A change in the main regional shortening direction from WSW-ENE 
to W- E between the Middle and Late Pleistocene is suggested by the AMS data.

1.10-9 stress ANAlysis ANd teCtoNiC treNds of the CeNtrAl eAsterN desert of eGypt, Us-
iNG ANisotropy of MAGNetiC sUsCeptibility CoNstrAiNs ANd poteNtiAl field dAtA 
ANAlysis.
saleh ,Ahmed; saleh, salah
National Research Institute for Astronomy and Geophysics (NRIAG)
ahmedsmmus@yahoo.com

The aim of the present work is to evaluate the stress direction and the tectonic trends of the study area using mag-
netic anisotropy and potential field data interpretations (Bouguer and aeromagnetic). The specific objective of the 
gravity and aeromagnetic interpretation is to establish the trend and depth of the structural configuration of the base-
ment rocks. Horizontal gradient techniques could to delineate directions of deep sources and enabled tracing several 
faults, lineaments and tectonic boundaries of basement rocks. The trend analysis shows NNW-SSE, N-S and NE-SW. 
However, Euler Deconvolution technique was applied using the aeromagnetic data to provide reliable information 
about penetrated source depth (100 m and _10.0 km) and trends of the subsurface sources (principally in NW and NE 
directions). Moreover, representative 236 oriented rock samples have been collected from 42 sites in the study area. 
The rock magnetic properties and magnetic anisotropy analysis have been determined for all the studied samples. 
The interpretation clearly defined magnetic lineation at all sites and anisotropy of magnetic susceptibility (AMS) 
parameters. The stress direction of the studied area has been evaluated using magnetic anisotropy and geophysical 
analysis. Generally the estimated geophysical data analysis (Bouguer and aeromagnetic) are well consistent with the 
AMS interpretations of this study. The results indicated that the directions of predominant faults and foliations are 
NNW-SSE (related to the Red Sea rifting) which indicate that the main stress and tectonic trend is ENE-WSW, which 
is more predominant in Eastern desert of Egypt region. Moreover, it is clear that, the studied area was affected also 
by less predominant sources trended in E-W and NW-SE directions. Finally, our results are extremely coincided with 
the previous stress directions derived from geological, seismological and tectonic analysis in northern Red Sea rift 
and Eastern desert of Egypt.

1.10-10 MAGNetostrAtiGrAphy of AN Upper CretACeoUs sUCCessioN of JAMes r
Milanese, florencia; Kirschvink, J.; olivero, e.; rapalini, A.
IGEBA-Universidad de Buenos Aires; CalTech; CADIC; IGEBA-Universidad de Buenos Aires
fnmilanese@gl.fcen.uba.ar

A magnetostratigraphic study was carried out in three sections of the Upper Cretaceous sedimentary succes-
sion exposed in James Ross and Snow Hill islands, Antarctic Peninsula. These sections are a) HN (200m, Lower 
Campanian), located to the North of Hamilton Point (64º19’ S; 57º23’ W). It comprises the informal members I and 
II of the Rabot Formation; b) Re (324m), exposed at Redonda Point (64º22’ S; 57º26’ W) and partly stratigraphically 
equivalent to HN and c) SC (250m, Upper Campanian), located in a nunatak in Snow Hill Island (64º 26’ 29.6’’ S, 
57º 12’ 9.6’’ W), which corresponds to the Sanctuary Cliffs Member of the Snow Hill Island Formation and is strati-
graphically younger than the other two. Anisotropy of magnetic susceptibility studies were carried out in all collected 
samples. The magnetic fabric parameters obtained from these rocks indicate a likely depositional origin (character-
ized by low anisotropy degrees, oblate ellipsoids and vertical K3 axes. From the information obtained from hys-
teresis loops and Lowrie-Fuller tests, Ti-poor PSD magnetite is interpreted as the characteristic remanence carrier.
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After combined AF+thermal demagnetization  a characteristic remanence was isolated in most samples which 
allowed us to build preliminary local magnetostratigraphic columns that will conribute to a better chronostratigraphy 
of the succession. Comparison with the GPTS suggests that chrones C33R, C33N, C32R? and C32N are represented 
in the studied sequences and allows further chronological constraints on the biostratigraphy of the study units. Mean 
paleomagnetic directions obtained from these Cretaceous units in the James Ross Basin suggest lack of meaningful 
tectonic rotations in the area since 80 Ma ago.

 
1.10-11 ANisotropy of MAGNetiC sUsCeptibility of the xiAGANChAiGoU forMAtioN ANd 

xiAyoUshAshAN forMAtioN sediMeNts froM the QAidAM bAsiN, Northwest ChiNA: 
A ClUe for the sediMeNtAry CeNter MiGrAtioN
yu, xiangjiang; Guo, zhaojie; huang, baochun; Guan, shuwei; yin, An; zhou, suping; Qiao, Qingqing; 
Cheng, feng; Cheng, xiang; zhang, tuo
Peking University (PU); (PU); (PU); Research institute of petroleum exploration & development; University of 
California, Los Angeles; Institute of Geology and Geophysics, Chinese Academy of Sciences; Qinghai Oilfield 
Company; (PU); (PU); Rice University
yxjcn1987@pku.edu.cn

Anisotropy of magnetic susceptibility (AMS) results are reported from 877 samples of Xiaganchaigou Formation 
and Xiayoushashan Formation sediments at eight locations (Xichagou, Gansen, Eboliang, Heishiqiu, Luluohe, 
Kushuiquan, Hong Shan and Gahai) within the Qaidam Basin, Northwest China. Rock magnetic measurement indi-
cates that these AMS samples are dominated by magnetite?except some samples from Gahai which are dominated 
by hematite. 16 lower hemisphere, equal area after bedding correction projections of the AMS data presents four 
sedimentary magnetic fabric projections, and 12 embryonic deformation magnetic fabric projections. Based on the 
AMS results, the Qaidam basin experienced an N-S compression no later than the Oligocene, which is much more 
intense in northern Qaidam basin than that in western Qaidam basin. The late NE compression which dominates the 
NW-trending folds in the modern Qaidam basin, is mainly recorded by AMS results in western Qaidam basin, indi-
cating that this epoch of tectonic is more intense in western Qaidam basin than that in northern Qaidam basin. The 
stress strength transition gives a reasonable explanation of the eastwards migration of the deposition center during 
the Cenozoic. Diagrams of F-L, Pj-T and lower hemisphere, equal area after bedding correction projections of the 
AMS data all suggest that Kushuiquan is the site which experienced the strongest early N-S compression, and linea-
tion degree and metamorphic degree decreases from Kushuiquan to both east and west sides.

1.10-12 riGid bloCK Model VersUs CoNtiNUoUs deforMAtioN withiN CoNtiNeNts - Gps 
 ANd pAleoMAGNetiC dAtA froM KyrGyzstAN, CeNtrAl AsiA

Kirscher, Uwe; zubovich, Alexander; Mikolaichuk, Alexander; Malservisi, rocco; hackl, Matthias; 
bachtadse, Valerian
Ludwig-Maximilians University Munich (LMU); CAIAG; CAGGA; USF; LMU; LMU
kirscher@geophysik.uni-muenchen.de

The exact deformational response of continental crust to stress is still a matter of debate. Mainly two end mem-
bers are discussed, concerning the geodynamic and tectonic behavior especially at plate boundaries. One approach 
delineates complex deformation response to global plate tectonics by a finite number of microblocks, which are rigid. 
All deformation is localized at the boundaries of these blocks. The other concept favors a more continuous deforma-
tion, which can occur also inside larger microblocks. 

A prominent example of intra plate deformation is the Central Asian Orogenic Belt (CAOB). Since the collision 
of Baltica with Siberia in the Late Paleozoic, the area has been exposed to almost continuous compressional defor-
mation. A large number of strike slip fault systems formed there throughout the Mesozoic until very recent times. 
The most prominent example is the Talas-Ferghana Fault (TFF), which is interpreted to be a reactivated Paleozoic 
fault structure. 

Late Paleozoic and Mesozoic paleomagnetic data indicate large counter-clockwise vertical axis rotations, which 
show large spatial variations, in the South-western segment of the CAOB. These rotational patterns cannot satisfy-
ingly be explained by a simple oroclinal bending model.

Large amounts of shortening caused by the India-Eurasia collision is taken up in the Tienshan Mountains (up 
to ~20 mm/yr in the Kyrgyzs Tienshan). Recent studies have proposed a small number of microblocks within 
Kyrgyzstan, which show relative rotations. 

To constrain the paleotectonic history of this accretionary orogen, we undertook a comparison between GPS and 
paleomagnetic data of the last ~20 Myrs. The dense velocity field allowed the derivation of a horizontal strain rate 
tensor field. Furthermore, analysis of the anti-symmetrical part of the deformation tensor provided an estimation 
of current rotational rates. There is a general agreement between present day rotation rates and rates in the recent 
geologic past.Results from the vicinity of the TFF indicate, however, a continuous deformational response as much 
as 20 km around the fault. 

We therefore interpret the area as a deformation zone, which can be mainly described by small microblocks, 
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which rotate, and where the deformation is concentrated on the boundaries. Additionally, faults, which are probably 
not all preserved, led to more continuous deformation in their vicinity.

1.10-32p reMAGNetizAtioNs Applied to UNrAVel lArGe-sCAle fold KiNeMAtiCs iN the 
CAMeros bAsiN (North spAiN)
García-lasanta C.; Villalaín J.J.; Casas-sainz A.; oliva-Urcia b.; speranza f.; Mochales, t.
Universidad de Zaragoza, Universidad de Burgos, Universidad de Zaragoza, IPE-CSIC, INGV, INGV
lasanta@unizar.es

The utility of paleomagnetism in tectonic studies has been demonstrated during the last decades, as it is a useful 
tool to detect tectonic deformations yielding variations in paleomagnetic directions. Particularly, remagnetizations 
haves been applied in studies for geometric reconstruction of inverted basins (Villalaín et al., 2003, Casas et al., 
2009, Soto et al., 2008, Soto et al., 2011).

When remagnetization occurs between the extensional and compressional stages in inverted basins, the restoring 
of the paleomagnetic vectors can be used as a tool to determine the geometry of the beds at the end of the extensional 
stage (Villalaín et al. (2003). This study was focused in the Early Cretaceous Cameros basin (Iberian Range, NE 
Spain), where former studies proposed a generalized remagnetization of syn-rift units, and bracketed its age after 
deposition of the main sequences and before the compressional stage.

The multidisciplinary work by Casas et al. (2009) in the same basin (including paleomagnetic analysis of the 
previously described remagnetization) defines its extensional geometry as a large-scale syncline developed over 
the major basement fault and roll-over anticlines at the contact between the pre-rift series against the normal fault 
limiting the basin. According to the inversion model, during the Tertiary compression, the main syncline at the basin 
centre moved northwards, undergoing a hinge migration process and becoming a monocline. However, the detailed 
unfolding of this central syncline is still a matter of debate, since both the geometry and mechanisms of unfolding 
are not clear. In this work, we try to disentangle the kinematics of basin inversion by a detailed paleomagnetic study 
in the central sector of the Cameros basin.The present work provides new data from 12 sites of the Cameros basin, in 
order to check the basin and inversion geometry proposed by Casas et al. (2009), as well as to verify the reliability 
of paleomagnetic techniques applied to studies of sedimentary basin development. Sites are located in red beds, grey 
marls, claystones and marly limestones from the Oncala and Urbion Groups of the Cretaceous basin (units older than 
those investigated in previous works).

1.10-33p MAGNetiC ANisotropy ANd pAleoMAGNetiC stUdy of diKes eMplACed iN the 
wAiANAe VolCANo, oAhU, hAwAii, UsA
herrero-bervera, emilio; henry, bernard
SOEST-HIGP, University of Hawaii; IPGP Paris
herrero@soest.hawaii.edu

The Waianae Volcano is the older of two shield volcanoes that make up the island of Oahu. Previous age determi-
nations suggest that the subaerial portion of the edifice erupted between approximately 3.7 and 2.7 Ma. The eroded 
Waianae Volcano had a well-developed caldera centered near the back of its two most prominent valleys and two 
major rift zones: a prominent north-west rift zone, well-defined by a complex of sub-parallel dikes trending approxi-
mately N52W, and a more diffuse south rift zone trending between S20W to due South. In order to investigate the 
volcanic evolution, the plumbing and the triggering mechanisms of the catastrophic mass wasting that had occurred 
in the volcano, we have undertaken a paleomagnetic and AMS study of 7 dikes from the volcano. We drilled the dikes 
paying special attention to the chilled margins and recovered a minimum of 8 and up to 23 samples per margin. The 
width of the dikes ranged between 0.5 to 4 m. In terms of the paleomagnetic results, at least 20 samples per intrusive 
were step-wise demagnetized by a.f. from 5 to 100 mT. Companion specimens from the same core were demag-
netized at 15 temperature steps. In both cases, demagnetization diagrams obtained with each technique showed a 
stable characteristic direction of remanence (ChRM) determined with no ambiguity. The ChRM was calculated using 
principal component analysis for the demagnetization diagrams, with a well-fined component trending to the origin. 
In addition, low-field susceptibility versus temperature (k-T) and SIRM experiments were able to identify magne-
tite at 575 degrees C and a low-temperature mineral phase at about 250-300 degrees C, which probably reflects the 
presence of titanomagnetite.  The determined directions of the intrusives resulted in normal and reversed polarities, 
indicating that such dikes were emplaced at different periods of time   covering a  time gap of 350 kyrs. Magnetic 
fabric studies of the dikes along  a NW-SE section across the present southwestern part of the Waianae volcano have 
been conducted. The flow direction was studied using the imbrication angle between the dike walls and the magnetic 
foliation (e.g. Geoffroy et al., 2002). At the dike scale, the magnetic zone axis, which underlines the intersection of 
the magnetic foliation from the two borders of the dike (i.e. a direction perpendicular to the flow), has yielded a pre-
cise orientation in three of the sites studied. The flow direction has been obtained in the seven studied dikes. For the 
majority of the cases, the maximum axis,  K1, appears to be perpendicular to the flow direction, and in some cases, 
with  a permutation with respect to the intermediate axis, K2, or even with respect to the minimum axis, K3. In ad-
dition, in one of the sites studied, the minimum axis, K3, is very close to the flow direction. In all cases, the magma 
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flowed along a direction with a moderate plunge. For six of the dikes, the interpreted flow was from the internal part 
of the volcano towards the volcano border, and corresponds probably to the inflation phase of the volcano. In two 
cases (dikes located on the northwestern side of the volcano), the flow is slightly downwards, possibly related to the 
distal extension due to inflation of the central part of the volcano. The seventh dike is located closer to the center of 
the volcano and is characterized by a slightly different orientation with respect to the other six dikes. It also revealed 
a downward flow that could correspond to another magma pulse that resulted from a flow-back during distension due 
to the collapsing of the Waianae volcano.  

1.10-34p CretACeAUs by the pAleoMAGNetiC dAtA of ArMeNiA
Minasyan, J.h.
institute of geophysics and Engineering Seismology (IGES) ,NAS of Armenia
julyaminas@yandex.ru

Cretaceaus by the paleomagnetic data of Armenia
In the Cretaceous sediments of Armenia allocated two complexes of large foraminifa. The ferst complex char-

acterizes campanian stage and is presented by two types -Arnaudiella grossouvrei Douville and Pseudosiderolites 
vidali. The second complex rich for types and sorts is also characteristic for maastrichtian. With orbitoides a lot of 
large foraminifera and primitive nummulitida are also found. The studied period is characterized also by the val-
ues Ka/Ar definitions: 88-93m.y. (Turonian - Coniacian), 135-137m.y. (Late Jurassic- Early Cretaceous), 158 m.y. 
(Oxfordian). The composition of ferromagnetic fraction defined by spectral x- ray structure and thermo magnetic 
analysis methods. The main carriers of magnetization are magnetite, titanomagnetite, maggemit. In sections of late 
jurassic normally and reversely magnetized zones are identified that testifies the alternating mode of Earth magnetic 
field of this period. In early cretaceous sediments reverse magnetized zones are identified that are compared with 
the normally polarity of C34 chron base. The studied late cretaceous sections are characterized exceptionally by 
normally polarity that is correlated with CNS (Cretaceous Normal Superchron) Superchron. By Tellie method on 
volcanogenic rocks of jurassic and cretaceous the values of intensity of Earth magnetic field are defined. Obtained 
the following preliminary data: 

Lat jurassic (NR polarity)  -  H/H0 = 0,99 Lat jurassic   early cretaceous (NR polarity) -   H/H0 = 0,62
Early cretaceous  (R  polarity) - H/H0 = 1,04 Late cretaceous   (NR  polarity) - H/H0 = 0,96

1.10-35p MUltiple eMplACeMeNt MeChANisMs for the lAte MioCeNe MoNte CApANNe plU-
toN (elbA islANd, NortherN tyrrheNiAN seA, itAly)
Minelli, liliana; Cifelli, francesca; rossetti, federico; Urru, Giorgia
Istituto nazionale di Geofisica e Vulcanologia (INGV), Università degli Studi Roma Tre
liliana.minelli@ingv.it

The Elba Island represents a key area to observe the host-rocks deformation joined to the dynamics of pluton 
emplacement at shallow crustal levels. The younger M. Capanne intrusion and its well cropping out thermo-meta-
morphic aureole offer the possibility to understand the interplay of different mechanisms during pluton emplacement 
and the relationship between the intrusion of this acid plutonic body and post-orogenic extension in the inner sector 
of the Appenninic chain during the Late Miocene. 

Many papers suggest pluton emplacement model getting insights from intrusive rocks (internal fabric analysis, 
petrographic composition). Otherwise In this paper, an integrated structural and magnetic fabric analysis in the 
metamorphic aureole was carried out in order to provide constraints about the pluton emplacement. Interpretation 
of wall rock deformation and igneous fabric together provides a more reliable picture of the multi-stage process of 
emplacement and assembly history, in which different mechanisms have interacted.

1.10-36p reCoNstrUCtioN of the eMplACeMeNt CoNditioNs of lAVA flows ANd pyroClAstiC 
deposits by MeANs of GeoMetriCAl ANAlysis of AMs dAtA. deCeptioN islANd (ANt-
ArCtiC peNiNsUlA, soUth shetlANd islANds).
pueyo-Anchuela, Óscar; Gil, Andrés; Gil, inmaculada; Galindo, Jesús; rey, Jorge; Maestro, Adolfo; soto, 
ruth; oliva, belén; lópez, Jerónimo
Universidad de Zaragoza (UNIZAR), UNIZAR, IGME, UGR, ESGEMAR, IGME, IGME, IPE, UNAM
opueyo@gmail.com

The analysis of recent volcanic systems can have handicaps in their analysis when the most recent eruptions 
hide part of the geological historythe geomorphological signals does not have univocal interpretations and when the 
abrupt topography linked to recent volcanic systems restricts the available places to perform detailed analyses. The 
study of Anisotropy of Magnetic Susceptibility (AMS) has been used to unravel the emplacement characteristics and 
flow direction distributions at recent and ancient volcanic systems. The sampling along the available and accessible 
outcrops around the island has permitted the unraveling of some of the geological processes involved in the evolution 
of the volcanic island. It has been identified a clear correlation between the anisotropy of the magnetic susceptibility 
ellipsoid, the pattern of the magnetic susceptibility axes distribution at the site scale, the type of magnetic fabrics and 
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the imbrication angle between the magnetic foliation and the emplacement surface. All these aspects are independent 
from the dip of the emplacement surface supporting the presence of a post-emplacement tilting of the studied volca-
nic deposits. In some of the sites, the shear plane (plane containing the Kmax and Kmin magnetic susceptibility axes 
and the flow direction) is incompatible from a kinematic point of view respect the dip of the emplacement surface, 
supporting their tilting at post-emplacement moments. The AMS results permit to constrain the recent evolution of 
the volcanic system through three stages involving a radial distribution of volcanic flows, a coaxial tilting of the ana-
lyzed deposits respect the main caldera during their collapse and the tectonic fracturation responsible of the tilting of 
the previous volcanic radial system and responsible of the nowadays distribution of the volcanic deposits. This study 
supports the potential application of AMS technique in order to unravel the recent evolution of complex volcanic 
systems of little accessible regions.

1.10-37p MAGNetiC fAbriCs ANd pAleoMAGNetisM of the AlKAliNe diKe wArM fr
raposo M., irene b. 
Institute of Geoscience, Universidade de São Paulo
irene@usp.br

At least three dike swarms with different chemical composition (tholeiitic, lamprophyre and alkaline) crop out 
in the Ilhabela island. Dikes from these swarms crosscut Proterozoic polymetamorphosed rocks of the Costeiro 
Complex and alkaline stocks, and they crop out side by side in the beaches and falls. They range from a few centime-
ters up to 5 m wide, and their trend is predominately N40o-50oE with vertical dips. All swarms are related to the pro-
cesses of separation between South America and Africa and, consequently, with the opening of Atlantic Ocean.  The 
alkaline swarm is thought t to be the youngest in age, and is related to the last stages of the Atlantic Ocean opening.

Magnetic fabrics were determined by applying both anisotropy of low-field magnetic susceptibility (AMS) and 
anisotropy of anhysteretic remanent magnetization (AARM). Rock magnetism properties indicate that pseudo-sin-
gle-domain grains of almost pure magnetite carry the magnetic fabrics. Normal AMS fabric acquired during magma 
flow is dominant in the swarms, and its Kmax-Kint plane is parallel to the dike plane whereas the magnetic foliation 
pole (Kmin) is perpendicular to it. The analysis of the Kmax inclination permitted to infer that the dikes were fed 
by horizontal (Kmax<30°), inclined (30°< Kmax<60°) and vertical (Kmax>60°) flows suggesting either distinct 
magmatic chambers or a small displacement of the South American plate during the dike emplacement. The AARM 
fabric is either coaxial or better defined than AMS fabric. Paleomagnetic studies show that the dikes registered both 
normal and reverse polarity of geomagnetic field indicating that the dikes were emplaced in two different episodes. 

1.10-38p MAGNetiC ANisotropies of the sediMeNtAry roCKs (AQUidAUANA  forMAtioN), MAto 
Grosso do sUl stAte, brAzil: preliMiNAry resUlts.
raposo M., irene b.; paranhos, Antonio
Universidade de São Paulo (USP); UFMS
irene@usp.br

The glaciogenic sedimentation (Carboniferous-Permian) in the Mato Grosso do Sul (Paraná Basin) is represented 
by reddish-brown strata of the Aquidauana Formation. Subsurface data suggest that this Formation is equivalent to 
the Itararé Group, which contains the most extensive lithological record of Gondwana glaciation in the world. This 
Formation is composed of a variety of types of sandstones, siltites, and mudstones. The magnetic studies were per-
formed on sites of undeformed reddish-brown sandstones, siltites, and mudstones. Magnetic fabrics were determined 
on oriented cylindrical specimens (2.54 cm x 2.2 cm) using anisotropy of low-field magnetic susceptibility (AMS). 
Rock-magnetic analyses reveal that both magnetite and hematite are the main magnetic minerals in the majority of 
the analyzed sites. Regarding the eingenvector orientations, the sites usually gave good results. The analysis at the 
individual-site scale defines two AMS fabric types. The first type shows Kmin perpendicular to the bedding plane, 
while Kmax and Kint are scattered within the bedding plane itself. This fabric is usually interpreted as primary (sed-
imentary-compactional), typical of undeformed sediments and is dominant among the sites. The second type shows 
good clustering of the AMS principal axes with Kmin still either perpendicular or sub-perpendicular to the bedding 
plane. This fabric type could be interpreted as a combination of sedimentary-compactional and tectonic contributions 
if some strain markers or evidence for tectonic deformation had been found in the studied area. On the other hand, 
the tight Kmax grouping in this fabric type could be explained by the action of currents since they cause Kmax to be 
aligned sub-parallel to the paleocurrent direction.
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sessioN 1.11
opeN sessioN oN pAleoMAGNetisM ANd roCK MAGNetisM

1.11-1 A sUperCooled therMAl deMAGNetizer ANd it AppliCAtioN
shaw, John; hodgeson, emma
University of Liverpool, University of Liverpool
shaw@liv.ac.uk

Thermal Demagnetizers are used to analyse samples in palaeomagnetic and palaeointensity experiments often 
using many temperature steps that involve heating, holding at temperature and cooling back to room temperature. Of 
the 3 stages in the thermal cycle the longest is the cooling time which follows Newton’s cooling curve and so the rate 
of cooling decreases exponentially towards room temperature. Using room temperature forced air cooling can reduce 
the cooling time but the curve is still exponential and getting down to room temperature can take hours.

We have developed a new Thermal Demagnetizer (MMTDSC, Magnetic Measurements Thermal Demagnetizer 
Super Cooled) that can heat samples very quickly (500oC in 10 minutes) with a temperature resolution of 0.1oC and 
uses cryocooled air to quickly cool the samples (500oC to 30oC in 15 minutes). A typical palaeomagnetic thermal 
cycle takes only 40 to 45 minutes and the repeatability of the temperature control is 0.2oC. The fast cycle greatly 
reduces experimental time and the high temperature resolution allows very small temperature steps to be used.

Examples of palaeomagnetic experiments using the new MMTDSC will be discussed.

1.11-2 oN the stAtistiCAl ChArACteristiCs of iNteNsity of VdM for the lAst 100 MA
shcherbakov, Valerii; sycheva, Natlia
Geophysical Observatory Borok of Russian Academy of Sciences
shcherbakovv@list.ru

Statistical analysis of the intensity of the geomagnetic dipole carried out for the time interval (5-100) Ma con-
firms the hypothesis of existence of a negative correlation between the mean VDM and reversal frequency fbut with 
the statistical confidence level 60-70% only. An attempt to analyze statistical characteristics of distribution func-
tion g(VDM) on intervals of constant polarity in the Cenozoic and Mesozoic was undertook. To be included in the 
statistics, at least three Thellier-type determinations with pTRM checks are required for an interval.  No correlation 
was found between the mean VDM and the length of the corresponding interval of constant polarity for the interval 
5-30 Ma, where the reversal frequency did not change much. We suggest that if the VDM-f correlation is real, it ex-
ists only on a larger time scale when the reversal frequency (geodynamo regime) considerably changes. A positive 
correlation between the mean and variance of the VDM calculated inside intervals of constant polarity was found 
with the confidence level 99%. The relevant g(VDM)can be approximated by the gamma or log-normal distribution 
functions. In contrast, g(VDM) for the Brunhes epoch is better described by the normal distribution. It is uncertain 
whether this difference is an artifact originated from systematic errors in empirical data, or it reflects the real geo-
magnetic field behavior. A similarity of these results to those of predicted by published yet geodynamo numerical 
modeling is discussed.

1.11-3 New iNsiGhts iNto the MAGNetiC properties of serpeNtiNized peridotites
Carlut, Julie; bonnemains, diane; Malvoisin, benjamin; escartin, Javier
IPGP; IPGP; ISTER; IPGP
carlut@ipgp.fr

In this study we focus on the production of magnetite during serpentinization reactions. The amount of magnetite 
produced during such reactions depends on reaction progress but also on reaction temperature and other factors as 
water/rock ratio and silica activity. A method using the magnetic properties was developed to monitor experimental 
serpentinization and investigate different parameters. The saturation remanent magnetization signal (Jrs) was measured 
during the course of experiments and show contrasted results depending on the experimental parameters in particular 
the temperature. In addition the magnetic properties of samples from serpentinized massif from contrasted contexts: 
the Atlantic ridge at 23°N (samples drilled during odp leg 153), the South West Indian ridge at 28°S (samples dredged 
during the Smooth Seafloor cruise) and the Pindos Ophiolite (outcrops from Northern Greece) were investigated.

1.11-4 A MUltiproxy stUdy of lAKe ANoNiMA, VeGA islANd, ANtArCtiCA
Chaparro, Marcos A.e.; Córdoba, francisco; lecomte, Karina l.; Gargiulo, José d.; Manograsso Czalbowski, 
Nadia t.; lirio, Juan M.; Chaparro, Mauro A.e.
Instituto de Física Arroyo Seco (IFAS, UNCPBA) -CONICET; Centro de Investigaciones en Ciencias de la Tierra 
(CICTERRA)-CONICET; Instituto Antártico Argentino (IAA)
chapator@exa.unicen.edu.ar

The Lake Anonima is a small closed hydrological basin, which is located over moraine deposits in a perigla-
cial ice free area from Vega Island (NE Antarctic Peninsula, 63.8°S; 57.3°W). In this contribution, sedimentary 
and hydrochemical processes in the lake and surroundings were investigated, focussing on magnetic proxies for 
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environmental processes, and their relation with the depositional dynamic (geology and geomorphology on modern 
depositional processes, lake currents, tributaries).

After a detailed bathymetry, lake sediments were collected from a grid of 61 sites, sub-sampled and studied 
using rock-magnetic (magnetic susceptibility, anhysteretic and isothermal remanent magnetisation), geochemical 
(TOC, TIC), sedimentological (grain size) and multivariate statistical techniques. In addition, some physicochemical 
characteristics of snow, river and lake water samples (pH, electrical conductivity, temperature, alkalinity, total dis-
solved solids and dissolved oxygen) were measured in situ and laboratory. The system shows high hydrological and 
hydrochemical dynamic behaviour during summer (e.g. changes in size and level). Physicochemical data and field 
observations indicate dominant evaporation processes over infiltration ones, as well as water input is mostly supplied 
by snow/ice meltwater rather than by streams. The multiproxy analysis suggests that tributaries around the lake basin 
contribute to the spatial sediment variations; e.g.: mass-specific magnetic susceptibility values (63.4-166.7 x10-8 m3 
kg-1) show the influence of a stream that develops a delta in the SW coast. In particular, magnetic proxies reveal 
differences between clay-silt, fine and medium sand fractions; as well as between depositional areas as consequence 
of bottom morphology and the influence of episodic inflow into this lake.

This multi parameter analysis not only contributes to understand the present day sedimentary processes, but also 
it can help to understand environmental and magnetic changes in the past.

1.11-5 spAtiAlly iNhoMoGeNeoUs MAGNetizAtioN iN ChiNese loess; ArtefACt or NAtUrAl?
loevlie, reidar
University of Bergen
reidar.lovlie@geo.uib.no

Recent in situ and laboratory experiments with material from Chinese loess unit 1 (L1) show that partial re-mag-
netization is imposed by the ambient seasonal temperature variation (during 17 months), or repeated thermal cycling 
between 5° to 30°C in the laboratory. Experiments were performed with blocks (~10 dm3) and slabs (~0.4 dm3) of 
loess that were subsequently cut into standard ~8 cm3 cubes. It was found that ca 50% of the sub-samples from the 
in situ blocks had not acquired any secondary magnetization and that thermal demagnetization did not resolve the 
components in the partially re-magnetized samples. However, alternating field (af) demagnetization decomposed 
the primary (i.e NRM) and secondary imposed magnetic directions in loess that had been thermally cycled under 
controlled conditions in the laboratory. In order to assess the spatial scale of this inhomogeneous magnetization, 
cubic samples (~8 cm3) were cut into 12 tiny bits (~6 mm3). Af demagnetization revealed spatially large variations 
of bits partially and completely re-magnetized. A further experiment was performed by gradually shaving off thin 
layers of loess from cubic samples, thus reducing the volume. These experiments showed that pristine loess carried 
a small spurious magnetization component that was removed after a weight reduction of some 30%, succeeded by a 
single component magnetization. Thermally cycled samples, however, carried a complex magnetization with partly 
overlapping volume-spectra. 

NRM of pristine loess is evidently spatially homogeneously distributed inside samples, and the complex mag-
netization in thermally cycled loess may thus either be an artefact caused by the removal of loess from its natural 
surroundings (unloading the overburden) or reflect a process that actually happens under natural conditions too, but 
that has reached an equilibrium state.

1.11-6 MAGNetiC ChArACteristiCs of iNdUstriAl dUsts froM differeNt soUrCes of 
pollUtioN
Magiera, tadeusz; szuszkiewicz, Marcin; Kapika, Ales; petrovsky, eduard
Opole University, Institute of Environmental Engineering of PAS, Geophysical Institute ASCR
tadeusz.magiera@ipis.zabrze.pl

We will report on measurements and analysis of magnetic parameters of various industrial dusts in order to distin-
guish dusts coming from different sources of emissions. The tested samples came from 4 branches of industry: power 
industry, cement, coke, ceramic industries as well as from biomass combustion. The following magnetic parameters 
were measured: mass-specific magnetic susceptibility (?), coercive force (Hc), coercivity of remanence (Hcr), satu-
ration remanent magnetization (Mrs), saturation induced magnetization (Ms) and Curie temperature (Tc). Moreover, 
S parameter was determined from the DC remagnetization of saturation remanence. The measured parameters were 
used to characterize the analyzed dusts in terms of composition, concentration and grain-size distribution of mag-
netic grains. In fly ashes from the combustion of hard coal, magnetite is the dominant magnetic phase, and in the case 
of lignite-combustion ashes maghemite and/or hematite has significant contribution. Ceramic dusts and ashes from 
biomass combustion are characterized by paramagnetic properties. The ashes from the combustion of wood have 
higher ? values than those from the combustion of straw. Coke dust revealed different values of S parameter from 
the other groups of industrial dusts, indicating more complex mineral composition of the magnetic phases, probably 
including also the contribution of iron sulphides. In cement dusts the leading magnetic mineral was magnetite or 
ferrimagnetic calcium ferrite. Magnetic properties of soil samples collected in the area of coking plant prove that 
they are determined by the properties of coke dusts accumulated in the organic horizon. The research proved that 
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industrial dusts from various industrial emissions have slightly different magnetic properties. Diagrams depicting the 
dependence of saturation remanence versus ? values and S parameter versus Mrs/? are an effective way to distinguish 
groups of dusts coming from the combustion of hard coal, as well as coke dusts, ceramic dusts and the dusts from 
the combustion of biomass.

1.11-7 MAGNetiC ChArACteristiCs of iNdUstriAl dUsts froM differeNt soUrCes of 
pollUtioN
Magiera, tadeusz; szuszkiewicz, Marcin; Kapika, Ales; petrovsky, eduard
Opole University, Institute of Environmental Engineering of PAS, Geophysical Institute ASCR
tadeusz.magiera@ipis.zabrze.pl

We will report on measurements and analysis of magnetic parameters of various industrial dusts in order to distin-
guish dusts coming from different sources of emissions. The tested samples came from 4 branches of industry: power 
industry, cement, coke, ceramic industries as well as from biomass combustion. The following magnetic parameters 
were measured: mass-specific magnetic susceptibility (?), coercive force (Hc), coercivity of remanence (Hcr), satura-
tion remanent magnetization (Mrs), saturation induced magnetization (Ms) and Curie temperature (Tc). Moreover, 
S parameter was determined from the DC remagnetization of saturation remanence. The measured parameters were 
used to characterize the analyzed dusts in terms of composition, concentration and grain-size distribution of magnetic 
grains. In fly ashes from the combustion of hard coal, magnetite is the dominant magnetic phase, and in the case of 
lignite-combustion ashes maghemite and/or hematite has significant contribution. Ceramic dusts and ashes from bio-
mass combustion are characterized by paramagnetic properties. The ashes from the combustion of wood have higher 
? values than those from the combustion of straw. Coke dust revealed different values of S parameter from the other 
groups of industrial dusts, indicating more complex mineral composition of the magnetic phases, probably including 
also the contribution of iron sulphides. In cement dusts the leading magnetic mineral was magnetite or ferrimagnetic 
calcium ferrite. Magnetic properties of soil samples collected in the area of coking plant prove that they are determined 
by the properties of coke dusts accumulated in the organic horizon. The research proved that industrial dusts from vari-
ous industrial emissions have slightly different magnetic properties. Diagrams depicting the dependence of saturation 
remanence versus ? values and S parameter versus Mrs/? are an effective way to distinguish groups of dusts coming 
from the combustion of hard coal, as well as coke dusts, ceramic dusts and the dusts from the combustion of biomass.

1.11-8 MAGNetiC bioMoNitoriNG UsiNG tillANdsiA reCUrVAtA l. iN AN UrbAN AreA froM 
MexiCo
Castañeda-Miranda, Ana Gabriela; Chaparro, Marcos A.e.; Chaparro, Mauro A.e., böhnel, harald N.
Centro de Geociencias, UNAM; Instituto de Física Arroyo Seco (IFAS, UNCPBA)-CONICET; Instituto de Física 
Arroyo Seco (IFAS, UNCPBA)-CONICET; Centro de Geociencias, UNAMagmiranda@geociencias.unam.mx

Passive natural collectors of contaminants have become important for monitoring urban and industrial pollution; 
in this contribution, the species Tillandsia recurvata L. was studied, specially, using magnetic measurements. This 
plant is able to absorb water, dusts and nutrients directly from the air; for this reason and because of its availability, 
the species was selected as a monitor of air pollution in the metropolitan area of Santiago de Querétaro, Mexico. 
Individuals were collected in sites that are subjected to different pollution degrees and sources.

Elements of interest were detected (including: Fe, O, Si, As, Sb, S, Cr, Mo, V, Zn, Ba, Pt, Cu) by ICP and particle 
morphologies by SEM-EDS analysis. Magnetic measurements include: hysteresis cycles, magnetic susceptibility 
(?), anhysteretic and isothermal remanent magnetization (ARM and IRM) and thermomagnetic studies. In industrial 
and heavy traffic sites, the highest values of magnetic concentration dependent parameters were observed (e.g.:  ? 
~ 186 x10-8 m3 kg-1, ARM ~ 387 x10-6 A m2 kg-1 and SIRM ~ 32 x10-3 A m2 kg-1), in contrast, sites with low 
vehicular traffic reached low values (e.g.:  ~ 1.1 x10-8 m3 kg-1, ARM ~ 11.1 x10-6 A m2 kg-1 and SIRM ~ 0.5 x10-3 
A m2 kg-1). Furthermore, the integrated magnetic analysis (King’s and Day’s plots, remanent parameters and ther-
momagnetic measurements) revealed the presence of ferromagnetic minerals, magnetite-like with fine grain sizes 
(0.1-5 microns). In order to analyze the pool of data, descriptive statistics like population indicators (mean, variance, 
etc) and correlation Pearson index were calculated. The relationship between magnetic and chemical variables was 
analyzed using fuzzy c-means clustering analysis.

These results demonstrate the usefulness of the species Tillandsia recurvata L. as a passive pollution monitor, 
with an affordable and immediate application.

1.11-9 pAlAeoMAGNetiC stUdy of el piNACAte VolCANiC field, soNorA, MexiCo
rodríguez-trejo, Alejandro; Alva-Valdivia, luis M.; Vidal-solano, Jesús; Cañón, edgardo; Calmus, thierry; 
Montes, osvaldo
Instituto de Geofísica-UNAM; Instituto de Geofísica-UNAM; UNISON; CICESE; Instituto de Geología-UNAM; IPN
alekz_igf@hotmail.com

The Pinacate Volcanic Field (PVF) was created by two eruptive events.The first one, the Pre-Pinacate, occurred 
during the middle Miocene, with reported ages between 15 Ma to 11 Ma (Vidal-Solano, 1998) and is formed by 
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calc-alkaline rocks, dominated by basalts and andesite-basalts. The second event, occurred during the Quaternary, 
the event Pinacate, with ages between 1.5 Ma to 10 Ka (Lynch, 1980), consisting of a mixture of monogenetic and 
polygenetic volcanism, centered on a volcanic shield that covers an approximated area of 1500 km ². During that 
eruptive episode, several volcanic structures were formed (at least 400), between cinder and scoria cones, maars and 
many lava flows. This work reports the analysis of 235 core specimens, belonging to 21 sites. Besides the paleodi-
rectional data, we performed magnetic experiments such as susceptibility vs. low and high temperature, hysteresis 
loop and FORC analysis. Based on these results we selected samples to perform paleointensity experiments (92 core 
specimens belonging to 11 sites), which were processed in the paleointensity oven by Thellier-Coe method. The 
results obtained were at least 25% successful, and the mean palaeointensity is to 28.31 ± 2.44 µT.

1.11-10 MAGNetiC MiNerAloGy of the K/pG boUNdAry withiN ChiCxUlUb iMpACt CrAter: 
hydrotherMAl siGNAtUre?
rebolledo-Vieyra Mario; Urrutia-fucugauchi Jaime
Centro de Investigación Científica de Yucatán (CICY); UNAM
marior@cicy.mx

Paleomagnetic analyses of core samples from the Chicxulub impact crater, yielded a rather homogeneous com-
position, titano-magnetites, within the impact breccias and the limestones that constitute the K/Pg boundary.  The 
homogeneous magnetic mineralogy contrasts with the heterogeneity of the magnetic inclination within the impac-
tites sequence.  While we expected a polarity consistent with the magnetochron 29R, all along the sequence, we 
found both polarities, reverse and normal, within a sequence generally accepted deposited within minutes, probably 
seconds.  Therefore, we conclude that the magnetic fabric and, therefore, the magnetic field recorded within the se-
quence, is the result of a hydrothermal system emplaced after deposition.  It is still not clear when and for how long 
this system was active.

1.11-11 MAGNetiC ANoMAlies oN io ANd their relAtioNship to the spAtiAl distribUtioN of 
VolCANiC CeNters
Knicely, Joshua; everett, Mark e.; sparks, david
Texas A&M University 
knicely_joshua@yahoo.com

The analysis of terrestrial magnetic anomalies has long proved useful for constraining crustal structure and 
dynamics. For example, satellite determination of the crustal magnetism of our planetary neighbor Mars suggests 
an early stage of plate tectonics, as evidenced by the presence of magnetic lineations and apparent transform faults. 
Here, we use Jupiter’s moon, Io, to apply this approach to a currently active body. We conduct forward modeling of 
the putative crustal magnetic anomaly distribution on Io, one of the moons of Jupiter. Io is the most volcanic body in 
the solar system due to tidal heating from its Laplace resonance with Europa and Ganymede, causing extensive sulfur 
and silicate volcanism. As non-magnetic sulfur volcanism occurs at cool temperatures, beneath the Curie point, it 
should not greatly affect the planetary magnetism and consequently is ignored in this paper. However, this extensive 
volcanism does result in a resurfacing rate that obscures surface features in 1 to 10 million years. 

Our first step is the development of a cylindrically symmetric model of the thermal evolution of an isolated 
volcanic center to obtain the distribution of the thickness of the magnetizable layer. The crustal rocks are presumed 
to be mafic or ultramafic in composition, based on their spectral signatures, the temperature of the silicate volcanic 
eruptions, and their rheology inferred from flow structures. Analysis of the 1997 Pillan eruption suggests a composi-
tion similar to lunar mare basalt or komatiite. The magnetic and thermal properties of lunar mare basalt have been 
well studied since the Apollo missions. Unaltered terrestrial ultramafics have been studied sufficiently to constrain 
their properties. 

A global model of the depth to the Curie isotherm based on the spatial distribution of volcanic centers and 
hotspots on Io can be inferred from our thermal volcanic eruption model to determine the portions of the crust that 
are likely to be magnetized by the ambient Jovian field, thereby enabling a prediction of the magnetic anomalies that 
should be observed at flyby or orbiting-satellite altitudes. 

1.11-12 pAleoiNtesity of sUbAeriAl obsidiANs of pleistoCeNe AGe froM ArMeNiA
frank, sandra; ferk, Annika; Kirscher, Uwe; leonhardt, roman,  Meliksetian, Khachatur; bachtadse, 
Valerian
Ludwig-Maximilians-University, Munich, Germany (LMU); LMU; LMU; ZAMG; NASRA; LMU
valerian@lmu.de

High quality paleointensity data is essential to investigate the variation of the Earth’s magnetic field and its 
consequences. Subaerial rhyolitic volcanic glass, i.e. obsidian, as found in Armenia has been suggested to be an 
ideal recording material for such information earlier, particularly in geologically young environments. Alteration 
processes like hydration, however, could be identified recently which falsify the stored paleonintensity information 
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and are difficult to detect. In order to investigate any time dependency in such processes and, ideally, to recover 
high quality records of the past magnetic field obsidians were sampled in Armenia which cover a long geologi-
cal history and different geological environments. Here we present paleointenisty data from 60 subareial obsidian 
samples taken from nine volcanic structures of Armenia covering age intervals of 0.5 to 0.65 up to ~6Ma,  Thermal 
and alternating demagnetization experiments reveal the single component character of magnetization of almost all 
samples with linear directional components trending directly toward the origin of projection. The predominant part 
of the collection is characterized by magnetization directions of normal polarity with the exception of 1.75 and ~6 
myr old obsidians carrying inverse magnetizations.   Detailed rock magnetic studies show that the magnetization of 
the material is controlled  by titanomagnetite with varying titanium content. Thermomagnetic experiments reveal the 
presence of to two Curie temperatures at 190 to 270°C and 530° to 570°C, respectively.  Almost all samples show 
reversible thermomagnetic curves underlining the thermal stability of the material.  Paleointensities were determined 
using the standard Thellier algorithm with pTRM checks and standard quality tests were applied.  The difference ra-
tion (DRAT, Selkin and Tauxe, 2000) is generally below 3.5% suggesting no or only minor alteration.  The resulting  
virtual axial dipole moments are  4.6*10E22 Am2 (0.5Ma), 8.6*10E22 Am2 (0.65Ma),  9.4*10E22 Am2 (1.5Ma), 
6.9*10E22 Am2 and 7.3*10E22 Am2 (~6 Ma).  The VADMs obtained so far for the obsidians of Pleistocene age 
agree rather well with published reference data (Channell et al. 2009).  This underlines the suitability of subaerial 
obsidians for detailed studies of the Earth magnetic field but also shows the potential of identifying the source area  
of prehistoric obsidian tools.

1.11-13 MiNerAloGiCAl ANd MAGNetiC ChArACterizAtioN of olMeC ilMeNite ArtifACts:  
tools to CreAte sCUlptUres?
Alva-Valdivia, luis M.; Cyphers, Ann; rivas-sanchez, Maria l.; zurita, Judith
Instituto de Geofisica, UNAM; I. Inv. Antropológicas, UNAM; Instituto de Geofisica, UNAM;  I. Inv. Antropológicas, 
UNAM
lalva@geofisica.unam.mx

San Lorenzo Tenochtitlán is the located at the southeastern part of the Veracruz state, Mexico. From 1800 to 
950 BC, it was the major center of the called mother pre-Hispanic Olmec culture in Mesoamerica, that flourishing 
between 1400 and 950 BC. Olmec people designed and created monumental structures of earthen and rock. San 
Lorenzo was home of governors dominant whom colossal stone portraits (heads) are actually the most recognized 
Olmec objects. 

One of the most important findings in San Lorenzo was a place of production (workshop) supported by the elite 
that contained six tons of ilmenite artifacts, which is an imported material to this site; the source of this mineral 
should be found at the distant Pre-Cambrian Terrane called Oaxaquia, specifically in Huitzo village, Oaxaca. These 
pieces were found in this factory, as well as filling large subsurface holes. 

The aim of this work is to characterize since the mineralogical and rock magnetic point of view the artifacts that 
seem to have been used as tools to create the Olmec sculptures and with these determine their probable provenience.

We did observations at distinct level of magnification (hand-sample, optical microscopy and scan electron mi-
croscopy) and made micro-geochemical analysis, using varied instruments. Rock magnetic analyses were: magnetic 
susceptibility as a function of low and high temperature, hysteresis parameters, isothermal remanent magnetization 
acquisition, backfield demagnetization curves and FORC analyses. Correlation between microscope and rock mag-
netic studies are very good, and comparison with the anorthosite massif samples, supposedly the rock source from 
Huitzo area, to verify their provenience is in progress.

1.11-14 MiNerAloGiCAl ANd MAGNetiC ChArACterizAtioN of olMeC ilMeNite ArtifACts:  
tools to CreAte sCUlptUres?
Alva-Valdivia, luis M.; Cyphers, Ann; rivas-sanchez, Maria l.; zurita, Judith
Instituto de Geofisica, UNAM; I. Inv. Antropológicas, UNAM; Instituto de Geofisica, UNAM;  I. Inv. Antropológicas, 
UNAM
lalva@geofisica.unam.mx

San Lorenzo Tenochtitlán is the located at the southeastern part of the Veracruz state, Mexico. From 1800 to 
950 BC, it was the major center of the called mother pre-Hispanic Olmec culture in Mesoamerica, that flourishing 
between 1400 and 950 BC. Olmec people designed and created monumental structures of earthen and rock. San 
Lorenzo was home of governors dominant whom colossal stone portraits (heads) are actually the most recognized 
Olmec objects. 

One of the most important findings in San Lorenzo was a place of production (workshop) supported by the elite 
that contained six tons of ilmenite artifacts, which is an imported material to this site; the source of this mineral 
should be found at the distant Pre-Cambrian Terrane called Oaxaquia, specifically in Huitzo village, Oaxaca. These 
pieces were found in this factory, as well as filling large subsurface holes. 

The aim of this work is to characterize since the mineralogical and rock magnetic point of view the artifacts that 
seem to have been used as tools to create the Olmec sculptures and with these determine their probable provenience.
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We did observations at distinct level of magnification (hand-sample, optical microscopy and scan electron mi-
croscopy) and made micro-geochemical analysis, using varied instruments. Rock magnetic analyses were: magnetic 
susceptibility as a function of low and high temperature, hysteresis parameters, isothermal remanent magnetization 
acquisition, backfield demagnetization curves and FORC analyses. Correlation between microscope and rock mag-
netic studies are very good, and comparison with the anorthosite massif samples, supposedly the rock source from 
Huitzo area, to verify their provenience is in progress.

1.11-15 ArChAeoMAGNetiC ANd therMolUMiNesCeNCe dAtiNG of historiCAl 
 KilNs froM N. GreeCe

Aidona, elina; polymeris, George; Kondopoulou, despina; ioannidis, Nikos; Makridis, panagiotis
Department of Geophysics, AUTh; School of Physics, AUTh; Department of Geophysics, AUTh; Department of 
Geophysics, AUTh; School of Physics, AUTh;
aidona@geo.auth.gr

Archaeomagnetism has continuously developed, especially the last two decades, in Greece. Several archaeo-
magnetic studies have been performed spanning the last 8 millennia and the variation of the three elements of the 
geomagnetic filed has been recorded resulting in the construction of the Greek Secular Variation Curves. The SVCs 
exhibit still several gaps in specific archaeological periods but can be considered as an alternative new dating tool for 
the archaeological sites. In this study we present archaeomagnetic and thermoluminescence datings from a histori-
cal archaeological site found in the city of Thessaloniki (N.Greece). The site consists of four kilns and is considered 
as ceramic workshop. An archaeomagnetic study has been performed in three of the above kilns in order to define 
the direction of the geomagnetic field during the last firing, accompanied with rock magnetic analysis of the studied 
material such as IRM curves, and variation of magnetic susceptibility with temperature. The dating of the site has 
been accomplished using both methods. The calculated ages and their standard deviation indicate the limits of the 
methods and the necessity of a multidisciplinary approach in order to define more accurately the last use of the fired 
structures. Finally the different age determinations using both techniques are discussed.

1.11-16 tUrKish ANd Cypriot ArChAeoiNteNsity dAtA ANd their iMpACt oN 
 ArChAeoMAGNetiC JerK theory

thomas, Megan; hill, Mimi; biggin, Andy; Greaves, Alan; ertepinar, pinar
Geomagnetism Laboratory, School of Environmental Sciences, University of Liverpool, UK; School of Archaeology, 
Classics and Egyptology, University of Liverpool, UK; Paleomagnetic Laboratory, Department of Earth Sciences, 
Utrecht University, The Netherlands
mlthomas@liverpool.ac.uk

Globally distributed archaeointensity data are required to understand geomagnetic behaviour on decadal to mil-
lennial timescales, to produce reliable field models, and to test hypotheses of geomagnetic-climate coupling during 
the Holocene.  Here, we will present new high quality data spanning the age range 2400 BC to 700 BC from Turkey 
and Cyprus.  The new intensity results and associated rock magnetic data were obtained from samples from Tell 
Atchana, Kilise Tepe (Bronze Age archaeological sites in Southern Turkey) and Marki Alonia (a Bronze Age site in 
central Cyprus).  These high quality archaeointensity results were gathered from 147 discreet samples from 16 dif-
ferent occupation levels of Tell Atchana, as well as 8 discreet samples from 4 different occupation levels of Kilise 
Tepe and 34 samples from 4 different archaeological time periods in Cyprus.  The intensity values calculated range 
from 31mT to 57mT.  The samples are mostly unoriented potsherds collected from different occupation levels but also 
include oriented pavement cores from a palace rebuilding phase in Tell Atchana.  The palaeointensity measurements 
were made using microwave and thermal techniques applying both the Coe and IZZI Thellier-type protocols.

The time period that the samples span and the location they were sourced from allows a direct comparison with 
the archaeointensity results of Gallet et al. (2006) obtained from Syrian and Iranian brick fragments. That study 
postulated the presence of archaeomagnetic jerks (sharp increases in field intensity) correlated with periods of cool-
ing in the North Atlantic and major cultural crises in the Middle East.  The implications of our new dataset for these 
intriguing potential links will be presented and discussed.

1.11-23p holoCeNe sediMeNtAry reCords of the KAtArrAKtes CAVe systeM (N. GreeCe): AN 
eNViroNMeNtAl MAGNetisM ApproACh
Aidona, Elina; Pechlivanidou, Sofia; Pennos, Christos
Department of Geophysics, AUTh; Dept. of Physical Geography, AUTh; Dept. of Physical Geography, AUTh
aidona@geo.auth.gr

The Katarraktes cave system is located in northern Greece and is a complex of a rockshelter and a cave formed on 
the south river bank of Krousovitis River canyon (Serres, Macedonia region). The archaeological site area located in 
the rockshelter is well known as one of the most important archaeological sites in SE Europe since it hosts numerous 
archaeological findings dating back to the Early Bronze Age. Detailed sampling was performed along three archaeo-
logical sections (in the rockshelter) and along a sedimentary sequence found inside the cave. Magnetic susceptibility 
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obtained in high and low frequency as well as remanence parameters, such as NRM, saturation isothermal remanent 
magnetization (SIRM) and S-ratio, were measured in all samples collected from the archaeological sections and 
inside the cave. Results indicate a significant variability in the magnetic signal stored in the sedimentary record of 
Kataraktes cave system distinguishing between natural and anthropogenic sequences. The results derived from the 
magnetic properties of the sediments in combination with the stratigraphic analysis give some first evidences for the 
palaeoenvironmental conditions dominating in the region during Holocene.

1.11-24p well to well CorrelAtioN bAsed oN the dsA of irM CUrVes
Aldana, M.; Andrade b.; Costanzo-Álvarez V., ramirez K.; bayona G.
USB; USB; USB; USB; ARES
maldana@usb.ve

A well to well correlation at two Venezuelan oil fields has been performed based solely on the decomposition of the 
IRM curves of the studied samples. Thus, we have determined and quantified the main magnetic phases present in well 
samples applying a Direct Signal Analysis (DSA) of the IRM curves. The samples were taken at shallow depth levels 
(first 1500 m) from wells that belong to two fields in Western and Eastern Venezuela. At some of these levels, magnetic 
susceptibility (MS) anomalies were observed and they have been related to hydrocarbon migration. Applying the DSA, 
we obtained bar plots showing the vertical relative variation of the amounts of the main magnetic minerals along the 
studied stratigraphic levels. The results suggest different diagenetic processes along the whole sedimentary column of 
the wells. The relative amounts of magnetite, pyrrhotite, hematite and goethite quantified along the studied profiles, 
reveals the dominant presence of magnetite in the sediments characterized by the anomaly of relatively high magnetic 
susceptibility associated with hydrocarbon migration. Nevertheless, the relative mineral proportions vary from well to 
well and even distinct minerals are observed at these anomalous levels. These bar plots, as well as those obtained after 
the relative normalization of the areas along the wells, were compared trying to test if this kind of quantification could 
serve as an additional stratigraphic marker. These plots showed a clear variability that also allowed, at each field, to 
carry out a lateral correlation between strata with the same magnetic composition and the same relative proportion. In 
some cases, it seems to be a partial relationship between lithology and magnetic mineral assemblages. Nevertheless, 
in most cases the differences in the magnetic composition between these wells indicate different authigenesis related 
to hydrocarbon migration. Hence, this analysis correlates depth levels where authigenesis could take place and that are 
related with hydrocarbon migration. The results of the western field were also compared with a relatively close well 
located at the Colombian Llanos foreland basin. In that Colombian well it was found a level, with only hematite and 
goethite according with the DSA results, which has been associated with a thoroughly documented global regression.

1.11-25p ideNtifiCAtioN of tsUNAMi deposits UsiNG MAGNetiC Methods off-shore sw iberiA
baptista, Maria Ana
Instituto Dom Luiz (IDL)
mavbaptista@gmail.com

Identification of tsunami deposits is a key point to assess tsunami hazard. Most studies on tsunami deposits focus 
on onshore deposits settle during tsunami inundation or in turbidite deposits recover in deeper waters, thus not sub-
jected to hydraulic action of coastal waves. In this work, we analyze 5 meter long cores, and perform detailed envi-
ronmental magnetic analyses supported chemical and Rare Earth Elements analyses on a five meters core collected 
at a depth of approximately 100 m and 15 km away from the southern Portuguese coast. This location was selected 
for the several reasons: i) sediments of shelf domains typically result from high sedimentation rate, what enables a 
high temporal resolution; ii) avoid the reworking of sediments by coastal waves; and iii) enables a detailed charac-
terization for the last 6 ka (period with stable water column height). Our results clearly shows a sedimentary horizon 
with a thickness of 4 cm that shows an abrupt change of several magnetic parameters that are accompanied by drop 
of iron content, by a significant increase of heavy rare earth elements and increase of the finer sedimentary fraction. 
According to the age model, this interval is contemporaneous of one of the major earthquakes and subsequent tsu-
nami ever documented, the 01.11.1755 earthquake. In spite of the fact, that temporal and spaa better temporal and 
spatial coverage are always desired, our results claim that sediments of the continental shelf (outside coastal waves 
influence), are potential natural records of tsunamigenic deposits.

This work was funded by: POPEI project (PDCT/MAR/55618/2004), and Estudo de avaliação do risco de tsu-
nami e perigosidade sísmica no Concelho de Cascais.

1.11-26p AssessMeNt of ANthropoGeNiC pollUtioN iN MArAMbio stAtioN (ANtArCtiCA) Us-
iNG MAGNetiC ANd GeostAtistiCAl Methods
Gargiulo, José daniel; Chaparro, Marcos A.e. 
Instituto de Física Arroyo Seco (UNCPBA) -CONICET
gargiulo@exa.unicen.edu.ar

Results of mass-specific magnetic susceptibility (?) measurement in soils from Marambio Station (Antarctica) 
and nearby areas are presented. Environmental magnetic studies have successfully carried out in a great number of 
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pollution studies, proving to be a very effective, fast and low cost method. However, it is mainly used for preliminary 
studies before applying conventional techniques.

Antarctic soils are interesting to evaluate new techniques because the low number of pollutions sources allows a 
direct link between source pollution type and measurement in receptors. Here, continuing previous works, the spatial 
distribution of ? was studied with the aim of describing the magnitude and extent of the anthropogenic impact in 
this area. A number of 278 topsoil samples were collected from 2004 in three Summer Antarctic Campaigns (SAC) 
2003/2004, 2004/2005 and 2005-2006. In the laboratory, the samples were prepared and different magnetics param-
eters were measured.

The study area was divided in zones for posterior statistical and geostatistical analysis, they were: Pristine Area 
(i.e. without or very low anthropogenic influence), whole Marambio Station and both Power Plant and Solid Waste 
Disposal inside the station. A statistic significant difference was found in ? parameter, between the Pristine Area 
(<?>= 14.1 x10-8 m3/kg, max 19.7 x10-8 m3/kg) and whole Marambio Station (<?>=31.7 x10-8 m3/kg, max 615.9 
x10-8 m3/kg). Two geostatistical data description tools were used: the Moran Index, and variograms for the same 
four zones. Each of these was fitted following an exponential variograms model and three fitting parameters were 
found: Sill, Range and Nugget effect. Hence, Kriging maps were obtained to assess the spatial distribution of mag-
netic carriers reflecting different pollutant sources.

1.11-27p the iMportANCe of reMANeNt MAGNetizAtioN iN MAGNetiC QUANtitAtiVe Model-
iNG of iroN ore deposits: A stUdy of ACAlpiCAN, lA CrUz ANd el VeNAdo ANoMAlies, 
iN lAs trUChAs MiNiNG distriCt, MiChoACAN, MexiCo.
Guerrero, paola; Alva-Valdivia, luis M.
Laboratorio de Paleomagnetismo, Instituto de Geofísica, UNAM
igf.pguerrero@gmail.com

Magnetic survey interpreters generally consider that an anomaly is due only to the induced magnetization. 
However, when dealing with lithology of high magnetic mineral content, problems with interpretation may arise 
in case of significant remanence. In these cases, the study of magnetic properties (magnetic susceptibility and re-
manence) is a useful tool for a correct interpretation of the anomalies, providing constraints for the model and thus 
obtaining better approximations of ore body distribution. Additionally, them provide information to understand the 
genesis and tectonics of the area.

The mining district of Las Truchas is located within the iron metallogenic province in the Michoacan state, west 
of Mexico, and is one of the largest and most productive deposits of the country. The aim of this work is focused 
on obtaining the iron-ore distribution pattern from magnetic data for Acalpican, La Cruz and El Venado anomalies, 
taking into account the values of susceptibility and remanent magnetization obtained previously from the sites (Alva-
Valdivia and Urrutia-Fucugauchi, 1998). Aeromagnetic data were provided by Arcelor-Mittal mining company.

In order to estimate geometry and depth of the magnetic sources, we performed the qualitative analysis of mag-
netic data, as: reduction to the pole, analytic signal and Euler deconvolution. Finally, we propose the quantitative 
models considering all together: geological units, magnetic properties and qualitative analysis results.

1.11-28p spot reAdiNG of  the AbsolUte pAleoiNteNsity  GeoMAGNetiC field  of potsherds 
(AGe CA. 1500 Ad) iN teotihUACAN,  MexiCo
herrero-bervera, e.; Guerrero-García, J.C.
SOEST-HIGP University of Hawaii at Manoa; Instituto de Geologia, UNAM, Mexico
herrero@soest.hawaii.edu

Archeointensity data have been obtained successfully using the Thellier-Coe protocol from thirteen potsherds 
recovered from the vicinity of the Piramide del Sol, Teotihuacan, Mexico.   In order to understand the magnetic 
behavior of the samples we have conducted low-field versus temperature (k-T) experiments to determine the mag-
netic carriers of the artefacts,  such as saturation Isothermal Remanent Magnetization (SIRM), as well as hysteresis 
loops and back-fields. The Curie temperatures indicate the presence of at least three magnetic mineral phases (i.e. 
238-276oC, 569-592oC, and 609-624oC).  The Curie temperatures for these samples are typical of magnetite. The 
presence of cation deficient (CD) magnetite was identified for some samples with Curie temperatures distributed 
in the range of  609-630oC. It is interpreted that the apparent absence of hematite (Curie temperature 675oC) may 
simply reflect its relative weak saturation magnetization, which is about two orders of magnitude less than that of 
magnetite. Therefore, when  a  significant portion of magnetite is present, the signal from hematite is swamped. The 
results of the magnetic grain size analyses indicate  that if the magnetic mineral in a sample  is only magnetite, the 
distribution on the Day et al.,  diagram yields specimens in the Single (SD), Pseudo (PSD) and Multidomain  (MD) 
ranges. The thirteen successful absolute paleointensity determinations using the Thellier-Coe protocol have yielded 
an average paleointensity of  39.76 ?-Tesla (s.d. +/-2.28). Thus, our  results correlate well with the  recently published 
CALS3K.4 curve and therefore the age of the artefacts correspond to the Late Postclassic-Historic Teotihuacan cul-
tural period.
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1.11-29p A MAGNetiC solUtioN to the MUpe bAy Mystery
emmerton, stacey; Muxworthy, Adrian;  sephton, Mark
Imperial College London; Imperial College London; Imperial College London; Universidad Simón Bolívar; 
Corporación Geológica Ares; University of Edinburgh
adrian.muxworthy@imperial.ac.ukd

An outcrop of Wealden beds at Mupe Bay (UK) is associated with a key piece of evidence for the timing of 
hydrocarbon migration in the Wessex Basin. A conglomeratic bed contains oil-stained clasts and matrix that appear 
different upon superficial observation. Conventional interpretations assign differences to the erosion and transport of 
oil-cemented clasts by Wealden rivers before their incorporation into a later stained conglomeratic bed. This scenario 
constrains the onset of oil migration in the basin to the Early Cretaceous, however, arguments have been put forward 
for single phase staining.

Magnetic information may provide new ways to examine the Mupe Bay record of oil migration. Migrating flu-
ids such as hydrocarbons have been shown to cause chemical conditions suitable for the alteration or formation of 
authigenic magnetite resulting in associated chemical remanent magnetization (CRM). Magnetic characterization re-
veals both the matrix and clasts contain multi-domain magnetite but abundant hematite only exists within the clasts. 
Hysteresis parameters show the matrix has more multi-domain and likely larger magnetic grains than the clasts.

Magnetic directions are different in the clasts and matrix supporting a two-phase oil-staining event. Moreover, 
paleomagnetic directions for the clasts after tilt correction are consistent with biodegradation processes in the Early 
Cretaceous. Consistent directions in separate clasts imply the biodegradation and magnetite formation took place 
following transportation and incorporation of the oil-cemented clasts into the conglomerate bed. Magnetic directions 
reveal that the Mupe Bay matrix has a viscous remanent magnetization (VRM) corresponding to today’s magnetic 
field, confirming the matrix represents an active oil seep. 

This study represents an unprecedented use of magnetic data to date the onset of oil migration in a basin. The 
classic two-stage oil-staining scenario which constrains the onset in the Wessex Basin to the Early Cretaceous is 
supported by our data.

1.11-30p biodeGrAdAtioN redUCes MAGNetizAtioN iN oil beAriNG roCKs: MAGNetizAtioN 
resUlts of A CoMbiNed CheMiCAl ANd MAGNetiC stUdy
emmerton, stacey; Muxworthy, Adrian; sephton, Mark; Aldana, Milagrosa; Costanzo-Álvarez, Vincenzo; 
bayona, German; williams, wyn
Imperial London; Imperial College London; Imperial College London; Universidad Simón Bolívar; Corporación 
Geológica Ares; University of Edinburgh
adrian.muxworthy@imperial.ac.ukd

Relationships between magnetization and hydrocarbons have been alluded to in the past; here we report a study 
that identifies a definitive connection between magnetic mineralogy and biodegradation within oil-bearing rocks. 
Samples from Colombia, Canada Indonesia and the UK were collected and magnetically characterized. A distinct 
decrease in magnetic susceptibility was correlated to decreasing oil quality (loss of aliphatic hydrocarbons). Further 
magnetic characterization revealed that the high quality, low biodegradation oils from Colombia have a higher mag-
netic susceptibility (10-3-10-4 m3kg-1) and are dominated by pseudo-single domain grains of magnetite. The lower 
quality oils i.e., the UK, Canadian and Indonesian samples, displayed decreased magnetic susceptibility (10-5-10-6 
m3kg-1) and pseudo-single domain to multidomain grains of magnetite and hematite. Magnetite and pyrrhotite 
framboidal material were found in all but the Canadian samples. Therefore, with decreasing oil quality there is a 
progressive dominance of multidomain magnetite as well as the appearance of hematite. The presence of hematite 
only within heavily biodegraded samples suggests a later stage of biodegradation at the surface due to oxidation of 
magnetite. We have identified a relationship between magnetization and the relative abundance of aliphatic organic 
compounds in oil. Biodegradation appears to remove both aliphatic hydrocarbons and magnetic susceptibility owing 
to influence of bacterial metabolic activity that uses ferric iron minerals as electron acceptors. These findings rein-
force the importance of bacteria within petroleum systems as well as providing a platform for the use of magnetiza-
tion as a hydrocarbon migration proxy and as an inexpensive and simple method to determine oil quality.

1.11-31p MiNerAloGiCAl ferroMAGNetiC ANd pArAMAGNetiC ANAlysis As A QUAlity CoN-
trol of briCK prodUCtioN
pueyo-Anchuela, Óscar; somovilla ion Ander; Gil imaz Andrés; Gisbert Aguilar Josep
Departamento de Ciencias de la Tierra, Universidad de Zaragoza
opueyo@gmail.com

Brick production requires detailed control of the source materials and the production conditions in order to obtain 
high quality products both for strength and appearance. In some cases, their color depends on the characteristics of 
the raw  materials and the  manufacturing process (temperature and oxidation conditions during burning), stabil-
ity of temperatures during the different production stages and their subsequent cooling conditions. In this work an 
analysis, based on magnetic properties, is carried out in order to analyze the origin of color changes in groups of 
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bricks undergoing the same production processes. These bricks exhibit changes from the expected white color, with 
red stains or pink colors are obtained. The presented study considers the analysis of the original composition of the 
raw materials, the production and material mixture processes, and the mineralogical composition of materials giving 
bricks with different colors at bricks located at the same production piles. The mineralogical analysis was carried out 
by means of XRD analysis and thermomagnetic susceptibility curves. Obtained results show uniform parageneses 
in the raw materials, with independence of the sedimentary characteristics (clays and marls), and a uniform min-
eralogical composition in bricks, with independence of their external color.  In all cases, the cooling curves from 
thermomagnetic treatments are similar, although the heating curves show distinctive characteristics between the raw 
materials and bricks. In the case of the analyzed bricks, similar heating curves are identified between white (revers-
ible) and pink-red bricks (non reversible) but original susceptibility of white and pink bricks is different (higher for 
the pink ones and a more paramagnetic susceptibility for white ones). This can be interpreted as the result of higher 
free-iron content in the pink bricks with respect to the white ones, where (i) bricks that remains stable at the highest 
temperature permit the formation of silicates (mainly augite)  that consume  free-iron thus giving a white color, while 
(ii)  bricks in which the temperature increasing is not uniform , high temperature silicates do not consume all the free-
iron from the samples, producing a remaining free-iron content that gives the reddish brick aspect during cooling.

1.11-32p therMoMAGNetiC ANAlyses of oCeANiC bAsAlts - testiNG A New ApproACh to differ-
eNtiAte oxidAtioN deGree froM the priMitiVe CoMpositioN of titANoMAGNetites
silva, p.f.; Almeida, f.; Madureira, p.; henry, b; petrovský, e.
ISEL/DEC and IDL (Universidade de Lisboa), Lisboa, Portugal; Universidade de Lisboa, IDL, Lisboa, Portugal;  
Centro de Geofísica de Évora and Departamento de Geociências, Universidade de Évora, Évora, Portugal; 
4Palaeomagnetism, IPGP and CNRS, Saint-Maur cedex, France; 5Institute of Geophysics, Academy of Sciences of 
the Czech Republic, Prague, Czech Republic
pmfsilva@fc.ul.pt

Low-field magnetic susceptibility as a function of temperature  ?(T) is one of the most powerful techniques to as-
sess the main magnetic mineralogy of rocks from distinct geological settings. For the specific case of titanomagnetite 
solid solution, the dependence of Curie temperature from their composition and oxidation degree, imposes limits to 
the application of thermomagnetic methods as a tool to assess independently one of the variables, i.e., the pristine 
composition and/or quantification of the oxidation degree. In order to overcome this ambiguity several authors re-
sorted to independent methods, like microprobe, scanning electron microscopy (SEM) and transmission electron mi-
croscopy (TEM) analyses. The study here presented seeks to establish a new approach able to correlate the oxidation 
degree with Tc variations of partially oxidized submarine basalts, only supported by the thermomagnetic analyses 
conducted between -190ºC and 650ºC. 40 thermomagnetic signatures were evaluated along cross-section profiles of 
four pillow-lavas, sampled from the Mid-Atlantic Ridge and from the Terceira Rift (Azores plateau). For each one 
was collected a lamellae with a thickness of 2 to 3 mm, along each centimeter of the profile. Our thermomagnetic 
curves of partially oxidized oceanic basalts are characterized by a peak of susceptibility between 300-350ºC and 520-
550ºC, which mostly results from the inversion of the thermally metastable titanomaghemite into a complex multi-
phase intergrowth. From our experiments, we were able to obtain a good linear correlation between the amplitude of 
this peak and the Curie temperature for each profile. With this correlation becomes viable a more accurate determina-
tion of the main pristine composition of basalts Fe-Ti oxides and permits a qualitative inference of oxidation degree. 
This work is a contribution to research project REGENA (PTDC/GEO-FIQ/3648/2012) funded by FCT (Portugal)

1.11-33p heAVy MetAl pollUtioN iN fArMlANd irriGAted with riVer wAter NeAr A steel 
plANt - MAGNetiC ANd GeoCheMiCAl siGNAtUre
zhang, Chunxia; Appel, erwin; Qiao, Qingqing
1.Key Laboratory of Cenozoic Geology and Environment, Institute of Geology and Geophysics, Chinese Academy 
of Sciences, Beijing 100029, China;1.Department of Geosciences, University of Tuebingen, Hoelderlinstr. 12, 72074 
Tuebingen, Germany;1.State Key Laboratory of Lithospheric Evolution, Institute of Geology and Geophysics, 
Chinese Academy of Sciences, Beijing 100029, China
cxzhang@mail.iggcas.ac.cn

The presence of heavy metals (HMs) in the environment is a major threat for humans. Magnetic proxies provide a 
rapid method for assessing the degree of HM pollution in environment. We have studied farmland soil irrigated with 
polluted river water in the vicinity of a steel plant in Loudi city (Hunan Province, China) in order to test the efficiency 
of magnetic methods for detecting the degree of HM pollution. Both magnetic and non-magnetic (microscopic, 
chemical and statistical) methods were used to characterize these farmland soils. Enhanced magnetic concentration 
values were found in the upper arable soil horizon (0-20 cm), which is related to the presence of spherical ~10 to 30 
um sized magnetite particles. The spatial distribution of magnetic concentration and HM contents in the farmland 
soils matches with the spatial pattern of these parameters in river sediments. These findings provide evidence that 
heavy metal pollution of the farmland soil is mainly caused by irrigation with wastewater. HMs Zn, Pb, Cu, Cd, Co, 
Ni, V are well correlate with magnetic susceptibility (x). The Pollution Load Index (PLI) of all nine anthropogenic 
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HMs (including also Cr and Mo) and log10(x) are significantly correlated. Using the resulting linear PLI-log10(x) 
function, values of ? can serve as a convenient tool for semi-quantifying the degree of HM pollution in the upper-
most ~20 cm of the studied farmland soils. These findings suggest that magnetic methods can generally serve as a 
convenient tool for detecting and mapping HM pollution in farmland soil irrigated with wastewater from sites nearby 
heavy industrial activities.

sessioN 1.12 
Applied roCK MAGNetisM: towArd A better UNder stANdiNG of CoNtrolliNG fACtors of 
eNViroNMeNtAl MAG NetiC proxies

1.12-1 MAGNetosoMAl GreiGite  ideNtified iN bAltiC seA sediMeNts ANd its eNViroNMeN-
tAl MAGNetiC siGNifiCANCe
snowball, ian; reinholdsson, Maja; zillén, lovisa
Uppsala University; Lund University; SGU
ian.snowball@geo.uu.se

We have conducted a detailed rock magnetic study of Baltic Sea sapropels that provides new and important 
information about the magnetic properties of greigite magnetofossils. TEM-EDS analysis of magnetic concentrates 
confirms that stable single-domain magnetosomal greigite (Fe3S4) is responsible for the magnetic enhancement of 
laminated sapropels, which formed in the Baltic Sea during periods of anoxia. The magnetic enhancement is signifi-
cant and causes rock magnetic concentration parameters to be two orders of magnitude higher than non-laminated 
sediments. The concentration of clastic magnetic minerals is negligible and we do not detect magnetosomal magne-
tite (Fe3O4).

The laminated sediments have a room temperature coercive force of 10-15 mT and FORC diagrams display a 
narrow central ridge that is characteristic of non-interacting single domain grains. In contrast, well characterized 
samples of considerably larger authigenic greigite that formed through inorganic processes have a coercive force 
between 40-60 mT and FORC diagrams that are consistent with magnetic interaction and/or anisotropy. The coercive 
force of the magnetite magnetofossils is approximately 30 mT, which is considerably more than our values for Baltic 
Sea greigite magnetofossils. The values of interparametric ratios considered to be diagnostic of magnetite magne-
tofossils, such as relatively high Xarm/SIRM, Xarm/arm and SIRM/X, appear to be common to our greigite mag-
netofossils. Thus, these values may imply a biogenic origin of the magnetic material, but they do not discriminate 
between magnetosomes made of greigite or magnetite, which probably form in very different geochemical environ-
ments. For example, the concentration of greigite magnetosomes in the Baltic Sea sediments is positively correlated 
to organic matter content and occurrences of hypoxia and anoxia, which are traditionally associated with magnetite 
dissolution caused by sulphate reduction. Further research needs to establish the type of bacteria that produced them, 
where they lived and at what depth the magnetofossils contribute to the natural remanent magnetization.

1.12-2 ChArACteriziNG MAGNetiC MiNerAls iN sUrfACe sediMeNts froM MAJor AsiAN dUst 
soUrCes ANd iMpliCAtioNs for trACiNG AeoliAN MAteriAl
liu, Qingsong; sun, youbin; Jiang, zhaoxia; hu, pengxiang; duan, zongqi; liu, zhifeng
State Key Laboratory of Lithospheric Evolution, Institute of Geology and Geophysics, Chinese Academy of 
Sciences;State Key Laboratory of Loess and Quaternary Geology, Institute of Earth Environment, Chinese Academy 
of Science.
liux0272@yahoo.com

The wind-borne mineral aerosol (dust) is an important component of the Earth’s climate system. To better deci-
pher the dust signal preserved in archives, the prerequisite is to determine the dust origin and characterize the dust 
from the source region. On the basis of the satellite data, the major dust source region is located at the Northern 
Hemisphere, and the Eastern Asia is one of the most important region to generate dust. Previous studies suggested 
that the potential dust source regions at the Eastern inland Asia covers a wide range of region including the Gobi and 
deserts, the Qaidam Basin, the Tibetan Plateau and it’s eastern areas, the Gansu Corridor. In this study, we systemati-
cally investigated surface samples from the potential dust regions in western China using environmental magnetic 
methods to better characterize and quantify the iron oxides in material from the dust source areas. The major objec-
tive of this study is to characterize and quantify the magnetic minerals in material from the dust source regions, and 
further test whether the magnetic properties are sensitive to changes in the local environments, and then be used to 
distinguish the dust sources. Results show that there exist three kinds of hematites in samples from the source regions 
and from the Chinese Loess Plateau in terms of the diffuse reflectance spectroscopy (DRS) band positions at 560, 
545, and 535 nm (named P650, P545, and P535). The group P535 is present dominantly in paleosols, and is inter-
preted as the hematite pigments formed via pedogenesis, and the Al content in relatively higher than the other two 
groups. The P560 component is present only in some samples from the source regions. This group is more pure and 
should correspond to the lithogenic hematites coming from the physical disintegration of the surrounding bedrock. 
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The group P545 is an intermediate phase, which is present both in the surface samples from the source region and 
in the loess with little alteration by pedogenesis. Compared to the group P535, the group P545 is relatively larger 
in size and less Al-substituted than the group P535, but definitely has higher Al substitution than the group P560. 
Results further show that the coarser-fraction of magnetic particles have been preferentially sorted out during the 
transportation processes and thus the average grain size of magnetic particles at the CLP is narrower and finer than 
the counterparts from the source region. By integrating the DRS pattern and concentration of hematite (indicated by 
the hard isothermal remanent magnetization, HIRM), dusts from the major sources region can be confidently distin-
guished. Therefore, this study provides great constraints on interpreting the dust signals.

1.12-3 MAGNetiC ChArACteristiC of CUrreNt roAdside pollUtioN froM experiMeNtAl 
MoNitoriNG plots loCAted iN differeNt CoUNtries.
wawer, Malgorzata; Magiera, tadeusz; Appel, erwin; ohja, Gobinda
Institute of Environmental Engineering PAS; Institute of Environmental Engineering PAS; Institute for Geoscience, 
University of Tuebingen; Institute for Geoscience; University of Tuebingen.
malgorzata.wawer@ipis.zabrze.pl

The aim of the study is a qualitative recognition of current roadside pollutants deposited on topsoils in areas 
located in close vicinity to roads with high traffic volume. So far, the determination of pollutant contents in soil 
samples has shown the amount of contaminants that have accumulated over long time periods, but at the same time 
it became clear that distinguishing roadside pollution from other industrial sources is difficult. In order to avoid 
this issue and recognize current threats originating from road traffic, monitoring plots had been installed in Poland, 
Germany, Finland, Tajikistan, Greece and China. For installation of monitoring plots ca. 7 cm of topsoil had been 
removed and replaced by boxes filled with clean quartz sand with known chemical composition and diamagnetic 
properties. This sand was considered as a neutral matrix for the accumulation of traffic pollution. Measurements of 
magnetic susceptibility and other magnetic parameters were conducted in the soil layer removed from the monitoring 
places and in the sand matrix after 12 and 24 months of exposure.

Highest values of magnetic susceptibility of removed soils were revealed in the plots from Poland, Germany and 
China. After 24 months of exposition magnetic susceptibility of the sand matrix were very diverse. Highest values 
were observed in Finland and China, however in most of monitoring plots magnetic susceptibility values were lower 
after 24 months than after 12 months of exposure. 

Thermomagnetic analyses (?T curves) of both the removed soil samples and the sand matrix after 12 and 24 
months of exposure showed that the main magnetic mineral is magnetite. Additionally, in almost all investigated 
samples an increase in ? values was observed in the heating curve shortly before reaching the Curie temperature of 
magnetite. We interpret this as a Hopkinson peak which is characteristic for magnetite grains occurring in a relatively 
homogeneous fraction.

1.12-4 MAGNetiC bioMoNitoriNG of Air pollUtioN iN A Middle-sized City froM ArGeNtiNA
sinito, A.; Marié, d.; Chaparro, M.; irurzun, M.; lavornia, J.
Universidad Nacional del Centro de la Provincia de Buenos Aires (UNCPBA); CONICET; Centro de 
Geociencias-UNAM,
asinito@exa.unicen.edu.ar

This study assesses the environmental pollution in an urban area (Tandil city) using lichens as biomonitors. 
Several lichen species -living on tree bark- are available in Tandil, where the main pollution source is the vehicular 
traffic, but there is also influence of metallurgical industries situated inside the urban area.

From different available species, the specie Parmotrema Pilosum was tested for being one of the most common 
in the study area. A two-way stratified sampling design was performed using density of trees as weight. A number 
of 410 sites from the central urban area were selected, from these sites, a total of 130 lichen samples were col-
lected and studied. The vegetation material was measured in laboratories from Argentina (IFAS, UNCPBA) and 
México (CGEO, UNAM). The magnetic properties were determined using rock-magnetic measurements: magnetic 
susceptibility, magnetic hysteresis loops, anhysteretic and isothermal remanent magnetization and thermomagnetic 
measurements.

The results show that magnetite-like minerals are the main magnetic carriers. The Day’s plot shows that the 
samples are located in PSD (pseudo-single domain) area and it suggests magnetite as the main magnetic fraction. 
Magnetic grain size estimations indicate clear differences between sample sites: presence of fine particles in sites 
with low vehicular traffic or park areas, while sites affected by pollution (high vehicular traffic or metallurgical in-
dustry influence) are characterized by coarser magnetic grain sizes.

Magnetic grain size and concentration dependent parameters were computed in 2-D contour maps, and it was 
possible to discriminate polluted and non-polluted areas. The distribution of magnetic values evidences areas with 
high vehicular influx and zones influenced by metallurgical industry.
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1.12-5 MeChANisM of trAffiC deriVed pollUtioN AloNG roAdsides
ojha, Gobinda; Appel, erwin; Magiera, tadeusz; wawer, Malgosia
University of Tübingen; Institute of Environmental Engineering PAS
gobinda.ojha@uni-tuebingen.de

In our present study we focus on typical traffic pollutants (heavy metals HM, platinum group elements, polycyclic 
hydrocarbons PAH) and investigate the use of magnetic parameters, in particular to discriminate the importance for 
the distribution of contaminants by surface runoff, splash-water and airborne transport. For monitoring we installed 
pillars at 1 m and 2 m distances to the roadside with samplers in different heights (ground-based, 0.5 m, 2 m) as well 
as 4 m long u-channels (surface and 2.5cm above ground) perpendicular to the road. Clean quartz sand was used as 
collector material. Significant differences of mass-specific susceptibility (?) were noticed in pillars and u-channels 
within one year of monitoring. Similar enhancement in ground-based and elevated samplers (0.5 m for pillars; 2.5 
cm for u-channels) suggests that surface runoff is of secondary importance. Magnetic results revealed that magnetite-
like phases are responsible for the enhancement of magnetic concentration. The concentration of pollutants (HM, 
PAH) also show a significant increase with time. A good correlation between ? and semi-volatile and particle-bound 
PAH phases suggests that ? can be used as a proxy for traffic derived PAHs pollution. SEM observations and energy 
dispersive X-ray analyses identified a dominance of angular and aggregates-shaped particles with composition of 
Fe-Cr-Ni-W derived from traffic-specific activities (abrasion of tyres, exhausts and brake linings). The results from 
our monitoring studies will be utilized to develop new innovative roadside pollution monitoring concepts.

1.12-6 MAGNetiC properties of sediMeNts froM the yANGtze deltA ANd eNViroNMeNtAl 
iMpliCAtioNs
zhang, weiguo; dong, yan; dong, Chenyin, yu, lizhong
State Key Lab. of Estuarine and Coastal Research,  East China Normal University
wgzhang@sklec.ecnu.edu.cn

Magnetic properties of modern and Holocebe sediments from the Yangtze Delta were explored and their implica-
tions for environmental processes stduy discussed. Magnetic propeties of modern sediments are strongly influenced 
by sediment particle size, which can be used to indicate hydrodynamic variations. After burial, diagenesis altered 
magnetic signatures, and sedimentation rate influence the diagenesis zone of sediments.Generally, oxisive diagenesis 
in tidal flat sediments lead to production of high-coercivity minerals, while reductive diagenesis occurs at deeper 
layer where sedimentation rate is higher. In the Holocene sediments, greigite is found widely at the transition zone of 
terrestrial and marine facies, and therefore a potential good marker of sea level. The vertical variations of magnetic 
properties provide a tool for stratigraphic correlation. Overall, magentic properties in combination with other sedi-
ment characterization methods, such as geochemcial and mineralogical analyses, can provide valuable information 
in the study of environmental processes and paleoenvironmental reconstruction.

1.12-7 oUt-of-phAse sUsCeptibility ANd tiMe-depeNdeNt ACQUisitioN of VisCoUs MAGNe-
tizAtioN: two iNterCorrelAtiNG MAGNetiC proxies iN MAGNetiC GrANUloMetry 
of sediMeNts ANd soils
Chadima, Martin; hrouda, frantisek; Kadlec, Jaroslav
Agico, Inc; Institute of Geology, ASCR, v.v.i.
chadima@agico.cz

The presence of the ultrafine superparamagnetic (SP) magnetic particles in rocks, soils and environmental materi-
als is traditionally investigated using the frequency-dependent (in-phase) magnetic susceptibility. In addition to that, 
modern instruments for measuring magnetic susceptibility in weak alternating fields are able to resolve the measured 
susceptibility into components which are in-phase and out-of-phase with respect to the applied field. Since there is a 
direct relationship between the frequency-dependent in-phase susceptibility and the out-of-phase susceptibility (pro-
vided that the latter is due to the viscous phenomena), the out-of-phase susceptibility alone may be used as a proxy 
parameter for magnetic granulometry. The advantage of the out-of-phase susceptibility compared to the frequency-
dependent susceptibility is that it does not require measurements at two or more frequencies. A combined use of the 
frequency-dependent and out-of-phase susceptibilities is demonstrated on loess/paleosol sequences located in the 
territory of the Czech Republic which belongs to the European loess belt. Increased concentration of the SP particles 
in the sections is supposed to indicate the pedogenic processes controlled by Pleistocene climatic oscillations. The 
variations in both frequency-dependent and out-of-phase susceptibilities correlate with the alternation of loess and 
paleosol horizons in the sections. The obtained trends are verified independently through investigation of the time-
dependent acquisition of viscous remanent magnetization. In addition, a simple test is proposed for checking that the 
out-of-phase susceptibility is solely due to the viscous phenomena and not due to electrical eddy currents or weak 
field hysteresis.

1.12-8 MiNerAl MAGNetiC properties of sediMeNts froM the NortherN slope of soUth 
ChiNA seA ANd their eNViroNMeNtAl siGNifiCANCe
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li, yongxiang, wang, shipeng, fu, shaoying, xiang, rong, hu, Jianfang, xia, zhen
Nanjing University; Guangzhou Marine Geological Survey; South China Sea Institute of Oceanography; Guangzhou 
Institute of Geochemistry
yxli@nju.edu.cn

As the largest marginal sea in the western Pacific realm, South China Sea (SCS) is often considered a key region 
that hosts abundant sedimentary archives for deciphering the coupling processes between terrestrial and marine sys-
tems. We carried out a detailed mineral magnetic study of a ~ 5.8 m long sediment core that was collected from the 
northern continental slope of SCS to investigate the environmental change history of the study area. The chronology 
is constrained with 10 AMS radiocarbon dates and the record of the core spans over the past 20 kyrs. Downcore vari-
ations in various magnetic parameters that characterize the abundance, type, and particle sizes of magnetic minerals 
show marked shifts that appear to be coeval with major climatic intervals such as the last glacial maximum (LGM), 
Bolling-Allerod warming (B/A), and the Younger Dryas (YD) events as recorded in both terrestrial and marine proxy 
records. Although the magnitude of variations of magnetic parameters during the Holocene is relatively subdued, the 
overall pattern seems in concert with that of the Asian monsoon proxy records from South China, suggesting that 
terrigenous inputs dominate the Holocene magnetic records of sediments from the northern slope of SCS. Examining 
the mechanistic link between variations in magnetic properties and major climatic events could potentially shed new 
light on the coupling processes between the terrestrial and marine systems.

1.12-9 the eNViroNMeNtAl MAGNetiC reCord ACross the 12.9 KA yoUNGer dryAs boUNdAry: 
eVideNCe for iMpACt?
feinberg, Joshua; Nadel Marcy; Goodyear iii, Al; Andersen ,derek
Institute for Rock Magnetism, Departments of Earth Sciences and Anthropology, University of Minnesota; Dept. 
of Geology, Macalester College, St. Paul, MN 55105; Center for the Study of the First Americans, Departments of 
Anthropology and Geography, Texas A&M University; Mississippi State University
feinberg@umn.edu

The cause/s of the onset of the Younger Dryas (YD) climactic event at 12.9 ka and the corresponding extinction 
of Pleistocene megafauna and changes in human subsistence patterns in the Americas remain a geologic mystery. 
Firestone et al. (2007) proposed a bolide impact on the Laurentide ice sheet to explain these dramatic environmental 
changes, citing an increase in the concentration of magnetic spherules (MSp) and magnetic grains, among several 
other parameters.  Here we present complete rock magnetic analyses across the YD at two well-dated archaeologi-
cal sites (Friedkin Site, TX and Topper Site, SC).  These measurements were conducted on bulk, unprocessed soil 
samples collected continuously across the YD boundary.  Rock magnetic techniques are one of the most sensitive 
means for detecting subtle changes in sediment source, grain size variation, and pedogenic development.  Our goal 
was to test whether there are any changes in sedimentation or pedogenesis at these sites consistent with a large bolide 
impact or airburst.  There is no evidence at either site of any magnetic change coincident with the YD boundary.

1.12-17p eNViroNMeNtAl MAGNetiC proxies: pAlAeoCliMAtiC iMpliCAtioNs for lAGUNA 
potroK AiKe
sinito, A.M.; irurzun M.A.; orgeira, M.J.; Gogorza C.s.; zolitschk b. 
CONICET; Universidad Nacional del Centro de la Provincia de Buenos Aires (UNCPBA); Universidad de Buenos 
Aires (UBA); University of Bremen; University Jena
asinito@exa.unicen.edu.ar

This study was carried out on three piston cores collected from Laguna Potrok Aike (51°57’S, 70°24’W), a deep 
maar lake in southern South America. Magnetic measurements (magnetic susceptibility at low and high frequency, 
anhysteretic remanent magnetisation, saturated isothermal remanent magnetisation, remanent coercivity) were per-
formed on sub-samples from about 15,500 cal. BP to the present and associated parameters like soft-IRM, S-ratio, 
ARM/???SIRM/? and ARM/ SIRM were also calculated. 

A simple model based on concentration of magnetic parameters, magnetic grain size and magnetic mineralogy is 
proposed in order to infer lake level and wind changes. Under consideration of similar magnetic mineralogy, when al-
lochthonous sediment dominated, variations of magnetic concentration and grain size indicate lake level fluctuations. 
High/low values of both parameters were found for high/low lake levels. Magnetic susceptibility shows the best fit 
with hydrological changes. In addition, during dry periods a low percentage of greigite is observed indicating lake 
stratification. Geochemical data and coarse magnetic grain size suggest an eolian sediment source for these periods. 
According to this study, Laguna Potrok Aike was stratified at least four times during the studied time interval, prob-
ably due to the weakening of the Southern Hemispheric Westerlies. More studies are needed in order to characterize 
the greigite that was identified in the sediment record and to establish the associated environmental characteristics.

Relationships between magnetic parameters, total organic carbon, total inorganic carbon, different elements, 
gastropods, pollen and diatoms were analysed to support our model. 
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1.12-18p MAGNetiC properties of the ANllÓNs riVerbed sediMeNts (Nw spAiN)
Costanzo, Vincenzo; lópez, diego; devesa, rosa; barral, María t.
Universidad Simón Bolívar (USB) Venezuela; Universidad Complutense de Madrid; Centro Universitario de la 
Defensa, Escuela Naval Militar, Universidad de Vigo, Marín (Pontevedra); Universidad de Santiago de Compostela
vcosta@usb.ve

We analyzed thermomagnetic curves and hysteresis loops of 13 samples from the Anllóns riverbed (northwestern 
Spain) and the association of rock magnetic properties to heavy metal contamination. Thermomagnetic curves show 
a phase transition at 250–350 °C that may indicate the inversion of maghemite to hematite. They also show a transi-
tion at 450–550 °C that is likely due to the transformation of hematite to a strong magnetic phase revealed by the 
highly irreversible cooling curve. In a Day plot, the tightly grouped Mrs/Ms and Hcr/Hc data for the Anllóns River 
lie in the middle range of the synthetic MD+SD mixing curves [1]. The Anllóns data also overlaps the clay frac-
tions (<2?m) of the Luochuan paleosols with a dominant maghemite fraction [2]. Bulk magnetic susceptibility was 
previously used in [3] as an indicator of pollution in these samples, showing a linear correlation with some heavy 
metals produced by mining and industrial activities.  However, the present study proves that there is not such a linear 
relationship between these metals and the Mrs/Ms ratios that increase as the grain sizes of magnetite decrease. The 
widely observed association between heavy metals and magnetic parameters may be due to the incorporation of 
contaminants into the crystalline structure of magnetite and/or hematite-rich fly ashes (?1?m) produced by anthropo-
genic sources. Therefore, the pollutant load released into the atmosphere and accumulated in soils, may sometimes 
be related to a fraction of fine-grained magnetic minerals. In these cases a link between heavy metals and magnetite 
grain size would be expected.  Conversely, this association may be also due to a later incorporation, via adsorption, 
of heavy metals on the surface of the magnetic carriers already present in the soils.  This mechanism could be the 
one that applies to this study since maghemite is usually a byproduct of weathering or low-temperature oxidation 
of detrital, pedogenic and/or anthropogenic magnetite. Thus, the pollutant load would be rather linked to the bulk 
magnetic susceptibility, a first order measure of the amount of ferrimagnetic minerals in soils and sediments. Ref. [1] 
Dunlop (2002) J Geophys Res, 107 (B3): EPM5-1-15; [2] Hao  et al. (2012) Geophys J Int, 191: 64-77; [3]  Devesa  
et al. (2006) MAGIBER IV Libro de Resumenes, 39-42.

1.12-19p MAGNetiC ANd diffUse refleCtANCe speCtroGrAphiC ChArACterizAtioN of 
heMAtite ANd Goethite iN tidAl flAt seQUeNCe iN CoAstAl plAiN of JiANGsU 
proViNCe, ChiNA
dong, yan; zhang, weiguo; dong, Chenyin; Ge, Can; yu, lizhong
State Key Lab. of Estuarine and Coastal Research,  East China Normal University, Shanghai 200062, China
lndyz@ntu.edu.cn

In this paper we present the results of research on a coastal lowland Holocene tidal flat sequence in order to ex-
plore the variations in magnetic mineralogy during the process of tidal flat sedimentation and subsequent land forma-
tion. Three cores (~6 m in length) were collected from the coastal plain in Jiangsu Province, China, and investigated 
with magnetic measurements, diffuse reflectance spectrograph (DRS) and free iron oxide (Fed) analyses. The tidal 
flat sequence shows a fining-upward trend, and the top ~2 m of each core with redoximorphic feature was interpreted 
to be a salt marsh facies in origin. Unmixing of isothermal remanent magnetization acquisition curves identify mag-
netite and maghemite as well as high-coercivity hematite and goethite, with the latter iron oxides confirmed by DRS 
analysis. Enrichment of goethite, hematite and maghemite occurs in the salt marsh deposits in comparison to the 
lower intertidal and subtidal deposits, with goethite being the dominant iron oxide. The changes in hard isothermal 
remanent magnetization acquired in field above 100 mT field (HIRM100) and the S-100 ratio largely reflect the pres-
ence of medium-coercivity maghemite in absolute content and relative proportions, respectively. The approach used 
for iron oxide characterization may offer an efficient diagnostic tool for recognizing sediments or soils subjected to 
redox condition oscillation elsewhere and contribute to studies of iron cycling in (paleo-)environmental researches.

1.12-20p preliMiNAry pAleoCliMAtiC dAtA froM sediMeNts of lAGUNA ChAltel
irurzun, M. Alicia; Gogorza, Claudia; sinito, Ana; fey, Michael;
Universidad Nacional del Centro de la Provincia de Buenos Aires (UNCPBA)-CONICET; Universidad Nacional del 
Centro de la Provincia de Buenos Aires (UNCPBA)-CONICET; Universidad Nacional del Centro de la Provincia de 
Buenos Aires (UNCPBA)-CONICET; GEOPOLAR
airurzun@exa.unicen.edu.ar

Sequences of lake sediments are excellent paleoclimatic archives because they provide continuous records 
of magnetic parameters and detailed multiproxy information on paleoclimatic changes. This study was carried 
out on sediments collected with a gravity corer from Laguna Chaltel, an almost circular crater lake located in 
Patagonia,Argentina (49.9º S 71º W). 

Magnetic mineralogy, concentration and magnetic grain size measurements were made to all the samples. On 
selected samples, hysteresis curves were measured and HCR/HC and MRS/MS were calculated. The main magnetic 
carrier is magnetite in the pseudo-single domain range with noticeable variations on concentration and mineralogy 
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particularly from 4700 to 2900 cal. BP.
A model using magnetic grain size, concentration and mineralogy, previously applied to Laguna Potrok Aike to 

infer lake level changes, was a used for Laguna Chaltel. The results indicate an increasing trend in the water lake 
level from 3950 to 500 cal. BP with few pulses of relative higher lake level between 3900 and 3000 cal. BP. A high 
concentration of low coercivity minerals with coarse magnetic grain size is observed at 4000 cal. BP, suggesting that 
this is the time of the driest event with the lowest lake level during the last 4700 years in this area.

1.12-21p MilleNiAl-sCAle roCK MAGNetiC VAriAtioNs iNdiCAtiNG iNstAbility of North 
AtlANtiC eNViroNMeNts dUriNG iNteNsifiCAtioN of NortherN heMisphere 
GlACiAtioN
ohno, Masao; sato, Masahiko; Kuwahara, yoshihiro; hayashi, tatsuya; Miyagawa, Chizuru; Kita, itsuro
Kyushu University; Kyushu University; Kyushu University; Mifune Dinosaur Museum; Kyushu University; Kyushu University
mohno@scs.kyushu-u.ac.jp

We have investigated millennial-scale environmental changes in the subpolar North Atlantic after the intensifica-
tion of Northern Hemisphere glaciation through multi-proxy analyses of a sediment core drilled at IODP Site U1314 
(southern part of the Gardar Drift; 2820 m water depth). In this study, we have performed Ice-rafted detritus (IRD) 
counts, XRD measurement, rock-magnetic analysis of the sediments at every 100~200 years (at every 2cm intervals) 
from 2.55 to 2.50 Ma, including the period of marine isotope stage (MIS) 100.

During MIS 100, eight IRD events occurred with a periodicity of three- to five-thousand years. The analysis of 
XRD data indicates that quartz is the most dominant component of the IRD. The rock-magnetic analysis demon-
strates that quick decrease associated with IRD events and succeeding gradual recover was observed in Mr/Ms (satu-
ration remanence/ saturation magnetization) and Hc (coercive force). These results indicate that magnetic grain size 
increased associated with IRD arrivals and subsequently decreased gradually. It is highly possible that the observed 
variation in magnetic grain size reflects the variation in bottom current with little affection by IRD input, because Mr 
of IRD layers is so low that the magnetization of IRD material may be negligible. The sediments in Icelandic source 
have finer magnetic grain size than any other sediments that may contribute as the source of sediments in the Gardar 
drift. Therefore, the coarser magnetic grain size associated with IRD events probably indicates relatively low inten-
sity of sediment transport by ISOW (Iceland-Scotland overflow water) that transport sediments with fine magnetic 
grain size from Icelandic sources to the Gardar drift variation in bottom current with little affection by IRD input, 
because Mr of IRD layers is so low that the magnetization of IRD material may be negligible. The coaser magnetic 
grain size associated with IRD events is interpreted to be relatively low intensity of sediment transport by ISOW 
(Iceland-Scotland overflow water) that transport sediments with fine magnetic grain size from Icelandic sources to 
the Gardar drift, because the sediments in Icelandic source has finer magnetic grain size than any other sediments 
that may contribute as the source of sediments in the Gardar drift.

1.12-22p eNViroNMeNtAl MAGNetisM iN CUltiVAted soils froM pAMpeAN plAiN, ArGeNtiNA
orgeira, María Julia; rouzaut, sabrina; sanabria, Jorge
UBA/CONICET, UNC/CONICET, UNC
orgeira@gl.fcen.uba.ar

Results of a comparison of magnetic parameters measured in samples collected in native vegetation and culti-
vated soil profiles from Pampean plain are presented. Both these soils are found within the same geomorphological 
region, with the same climate and have similar topographic attitude and drainage. A correlation is found between 
agricultural activity and the magnetic properties. Natural uncultivated soils showed a slight enrichment of magnetic 
particles. In agreement with the hypothesis of the generation of the magnetic signature used in this contribution, it is 
suggested that this increase is related to the generation of magnetite and the preservation of detritic titanomagnetite.

One of the cultivated soils showed enrichement in magnetic particles whilst another a  slightly impoverished. 
This could be due to different factors linked to agricultural practices. One hypothesis suggests that the disparity could 
be a consequence of the state of growth of the crop, and/or the time under no-till farming. Another hypothesis sug-
gests that the use of different fertilizers in the studied areas could be the cause of the different magnetic signature.

1.12-23p AssessMeNt of heAVy MetAl CoNtAMiNAtioN of dUstfAll iN NortherN ChiNA froM 
iNteGrAted CheMiCAl ANd MAGNetiC iNVestiGAtioN
Qiao, Qingqing; huang, baochun; zhang, Chunxia; piper, John d.A.
Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences;Institute of Geology and Geophysics, 
Chinese Academy of Sciences; School of Earth and Space Sciences, Peking University; Department of Earth and 
Ocean Sciences, University of Liverpool
qqqiaon@hotmail.com

Magnetic phases are a common component of dustfall samples and mineral magnetic studies have been in-
creasingly exploited for air quality studies in recent years to assess the source and spatial-temporal distribution of 
anthropogenic magnetic particulates and associated heavy metals. Here we report a comparative study of magnetic 
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and chemical properties of atmospheric particulate deposits from rural areas of Inner Mongolia and urban regions 
of Hebei and Beijing. The sample sets were collected at 13 monitoring stations by the gravimetric method between 
April 2009 and March 2010. At the rural sites paramagnetic clays, complemented by hematite and goethite recog-
nized by Isothermal Remanent Magnetism (IRM) and Diffuse Reflectance Spectra (DRS) investigations, accompany 
fine grained magnetite as an important fraction. Although present as a residual phase in samples from the urban 
regions, coarse-grained magnetite of anthropogenic origin dominants the magnetic signatures in these latter environ-
ments. Systematic variations with local anthropogenic activity including traffic, the mining of ores and a range of 
industrial emissions are identified, together with a seasonal signature in the Beijing area. We use correlations be-
tween magnetic concentration-related parameters, notably magnetic susceptibility, and the Pollution Load Index to 
demonstrate how magnetic parameters can be used as a practical tool for mapping degrees of heavy metal pollution 
and tracing the sources of pollutants in dustfall samples.

sessioN 1.13
theoretiCAl ANd experiMeNtAl roCK MAGNetisM

1.13-1 CAN psd GrAiNs ACCUrAtely reCord the ANCieNt field
Muxworthy, Adrian; Krasa, david; williams, wyn
Imperial College; Univ. of Edinburgh; Univ. of Edinburgh
adrian.muxworthy@imperial.ac.uk

Pseudo-single domain (PSD) behavior is ubiquitous in nature, yet quantifying the magnetic behaviour of PSD 
grains is particularly difficult due the problems in synthesing samples with controlled grain size distributions and 
controlled grain separation: most synthesis methods produce distributions of grain sizes that span the single domain 
through to the multidomain grain size range, with no or little control over inter-grain spacing. However, using the 
technique of electron beam lithography (EBL), we have synthesized thin-films of arrays of near-identical magnetite 
particles with controlled inter-grain spacings. Such samples are ideal for testing PSD responses. In this paper we 
report the response of a suite of EBL-produced PSD samples to a synthetic Thellier-Thellier-Coe palaeointensity 
experiment.

1.13-2 AtoMiC ANd MAGNetiC order iN NANosized Goethite obtAiNed by Co-p
Krezhov, Kiril
Institute for Nuclear Research and Nuclear Energy, BAS
krezhov@inrne.bas.bg

Among iron oxy hydroxides goethite (?-FeOOH) is the most stable one occurring in nature and plays a signifi-
cant role in science and technology. It is a common weathering product in rocks and a major inorganic component 
in terrestrial soils, sediments and ore deposits so that it happens to give them its characteristic yellowish-to-reddish 
brown to deep brown colour. The compound has long been known as pigment in the industry and as one of the major 
corrosion products that make up rust layers on atmospherically exposed steels. Its strong uptake capacity for toxic 
metals and radioactive cations has attracted recent interest for use as a sorbent of high potential for environmental 
protection. Due to the mostly acicular shape synthetic goethite particles are best known as the most frequently used 
precursor among the various starting substances for preparation of acicular particles (e.g. ? -Fe, maghemite ?-Fe2O3) 
for use in magnetic particulate recording media and ultra-high density data storage devices. In this last respect ap-
propriate methods have been developed for synthesis of high quality nanoparticle material so that nowadays acicular 
goethite nanoparticles can be produced with optimised aspect ratio and narrow size distributions.

On the route to understand natural nanomaterials and the effects arising on the nanometer scale of particle size, 
the aim of the present work was to characterise thermal treatment effects on the short and long range atomic and 
magnetic order of goethite material of different origin.  Natural samples, containing well-defined natural goethite 
from five localities (chemical composition, crystallite size and grain size are known), and fine particle acicular goe-
thite with high axial ratio 8:1  prepared by co-precipitation route were studied using x-ray and neutron diffraction, 
electron microscopy, Mössbauer spectroscopy and magnetisation measurements. Full profile analysis of diffraction 
patterns was performed. The results are discussed in the light of previous structural investigations of synthetic and 
natural goethites reporting on the transitions of goethite to iron oxides. 

1.13-3 tsUNAKAwA-shAw pAleoiNteNsity experiMeNts oN bAKed ClAy sAMples tAKeN 
froM the reCoNstrUCted ANCieNt KilN
yamamoto, yuhji; Masayuki, torii; Nobuyoshi, Natsuhara; tadashi, Nakajima
Kochi University; Okayama University of Science; Natsuhara Giken; University of Fukui
y.yamamoto@kochi-u.ac.jp

In 1960-1970s systematic oriented-sample collections were made from baked clay at many archeological sites 
in Japan. Paleomagnetic directions had been intensively measured from these samples. As a next step, we plan 
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paleointensity measurements from these samples. To test how reliable paleointensity results we can obtain, we have 
conducted paleointensity experiments on baked clay samples taken from the reconstructed ancient kiln, which was 
completely imitated to that of an excavated kiln of the 7th century (Nakajima  et al., 1974). 

The reconstruction experiment was conducted on January 1972 (Nakajima  et al., 1974). After the experiment, 
baked clay was taken from (1) the floor surface and (2) the level 20 cm below the floor, with orientation using plaster. 
Nakajima  et al. (1974) conducted partial alternating field (AF) demagnetization up to 20-40 mT on the baked clay 
samples and reported that mean paleomagnetic directions are generally consistent with the in-situ geomagnetic field 
measured prior to the reconstruction.

Tsunakawa-Shaw (LTD-DHT Shaw) paleointensity method (Shaw 1974; Rolph and Shaw 1985; Tsunakawa and 
Shaw, 1994; Yamamoto  et al., 2003) mainly utilizes AF demagnetization and it can be applicable to partially AF 
demagnetized samples in previous. Mini specimens (about 1.7cm cube) cut from 12 baked clay samples were sub-
jected to the Tsunakawa-Shaw paleointensity experiment. Nine results passed selection criteria and they give mean 
paleointensity and its standard deviation as 45.9 +/- 7.4 micro-T.

\Mini specimens giving the nine successful results consist of seven red-colored ones taken from (1) and two gray-
colored ones taken from (2). If we exclude results from the two gray-colored specimens, mean paleointensity and its 
standard deviation results in 46.1 +/- 3.5 micro-T (N=7). The standard deviation becomes smaller. Considering the 
in-situ geomagnetic field measured prior to the reconstruction (46.4 micro-T), it can be concluded that archeointen-
sity can be estimated by the accuracy within 10 per cent of the mean using red-colored baked clay specimens taken 
from a kiln floor, with the application of the Tsunakawa-Shaw method.

1.13-4 the stUdy of the doMAiN strUCtUre of NAtUrAl ferriMAGNets hoUGht the iN-
strUMeNtAlity of MAGNetoACoUstiC eMissioN.
ivanchenko, Viktor; Glukhikh, igor
Institute of Geophysics Ural Branch of the RAS
Ivanchenko_05@mail.ru

The Institute of Geophysics, Ural Branch of the Russian Academy of Sciences was constructed a special equip-
ment complex, which for several years conducted research on the effect magnetoacoustic emission of natural fer-
rimagnets. When  the magnetic samples place in an variable magnetic field, there is a rearrangement of the domain 
structure at different induction level, which is accompanied by electromagnetic radiation (the Barkhausen noise) 
and acoustic emission (magnetoacoustic emission). Barkhausen noise quickly fades away in depth because of the 
electromagnetic type. Unlike the Barkhausen noise, which permits studying only the surface of the sample,  acoustic 
radiation can take information about rearrangement  of the domain structure for the entire volume remagnetized. The 
most clearly  difference in the domain structures manifested magnetoacoustic emission of pyrrhotite. Samples are 
magnetized at a frequency of 0.1 Hz. This frequency was chosen to avoid the echo-impulses.  Reception frequency 
of acoustic signals are from 10 kHz to 150 kHz. Magnetizing  field value is changed from - 150kA / m to + 150kA / 
m. In order to study the anisotropy of the samples   were prepared in the form of  cubes  24x24x24 mm. Samples of 
ores magnetite and pyrrhotite  of various origins were subjected study. Studies have revealed a definite patterns in 
the modification of the domain structure associated with the conditions for the formation of different type of rocks 
and ores. Various conditions  the formation of ferrimagnetic minerals affect the shape and amplitude of signals mag-
netoacoustic emission. The presence in the sample of several generations of natural ferromagnets leads to additional 
peaks on the curve signal of the magnetoacoustic emission   from the magnetizing field. We research the influence of 
heat up and applied pressure by the magnetoacoustic emission effect.

In addition, has been studied the frequency spectrum of the emitted acoustic signal model, which also provides 
information on the domain structure. The anisotropy on rock samples gives the information of the magnetic texture 
of the samples. The presence of the magnetic texture indicates on physical-chemical processes applied to the sample 
after it is formed. The study of magnetostriction on the same samples allowed to associate the signal amplitude mag-
netoacoustic emission with magnetostriction.

1.13-5 A preisACh ApproACh to CooliNG rAte CorreCtioNs: A CAse stUdy  the lAte-Ar-
ChAeAN Modipe GAbbro, botswANA
Muxworthy, Adrian; evans, ted; King, James
Imperial College London; Univ. of Alberta; Univ. of Botswana
adrian.muxworthy@imperial.ac.uk

A Preisach approach to cooling rate corrections: A case study from the late-Archaean Modipe Gabbro, Botswana.
During most palaeointensity experiments, the thermoremanence acquisition process is replicated in the labora-

tory in a known field. The cooling rate of thermoremanence acquisition is known to influence the resultant thermo-
remanence intensity, and as such it is important to quantify how differences in cooling rate may affect palaeointensity 
estimations. This is particularly important for intrusive rocks like gabbro, which may have cooling times as long as 
one million years. Current estimates for cooling rate corrections are based on non-interacting single domain theory 
for thermoremanence acquisition. 
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In this paper, we present a Preisach approach to estimating the cooling rate correction, which includes inter-grain 
interactions. The Preisach distribution is determined through measurement of first-order reversal curve (FORC) data. 
The new Preisach approach is used to determine the cooling rate correction for each partial thermoremanence during 
a Thellier-Thellier-Coe palaeointensity estimation: the cooling rate correction is applied before Arai plot analysis, 
not post as has been the case up until now. 

The new approach is applied to a collection of new samples from the 2.78 Ga Modipe Gabbro of Botswana. 
The magnetic properties of these samples are very favourable, leading to an unusually high success rate and a well-
constrained result of 36-40 ?T (95% confidence interval). Whereas pure single-domain (SD) corrections often lead 
to quite large decreases in paleointensity estimates (sometimes exceeding 50%), we find a modest increase of about 
10%. 

1.13-6 tCrM ANd pAleoiNteNsity deterMiNAtioNs
shcherbakov, Valerii; Gribov, sergei, smirnova, radmila; dolotov, Andrei
Geophysical Observatory Borok; Sankt-Petersburg University
shcherbakovv@list.ru

Basaltic samples containing TM with Tc around 300 °C were heated in air in fields (50-100) mT at temperatures 
Th between 400 and 500 °C for times as long as 200 hrs with the purpose to impart the TCRM. Products of the 
oxidation were monitored by thermomagnetic and hysteresis properties measurements completed with the analysis 
of X-ray spectra obtained on different stages of the reaction. For short runs gradual oxidation of TM to titanoma-
ghemite results in increase of Tc to (450-550) °C and widening spinel X-ray spectral lines. For runs about a few hrs 
duration near-magnetite SPM grains appear leading to increase of Ms. For longer runs hexagonal phase in X-ray 
spectra emerges. Pure TCRM and TCRM+pTRM(Th,Troom)  acquired under various conditions were subjected to 
Thellier-type experiments with help of  a fully automated vibrating and/or rotating sample thermomagnetometers. 
The resulting Arai CRM-TRM and TCRM-TRM plots crucially depend on the stage to which the oxidation pro-
ceeded. For short runs the Arai plots are mostly nonlinear and show obvious marks of ongoing chemical alterations 
(single- and/or hetero-phase oxidations). If the hexagonal component is present (exsolution develops), the plots 
become quite linear over the majority of the TRM blocking temperature range. However, pTRM checks in this case 
are not perfect when the high Tb are considered and this observation can be used for the detection of possible TCRM 
presence in practice. An apparent strength of the acquisition field of TCRM inferred from these diagrams is usually 
underestimated. 

1.13-7 testiNG the siMplified Core-shell Model iN AssessiNG the size of sUperpArAMAG-
NetiC MAGheMite/MAGNetite pArtiCles
petrovsky, eduard; Marsenic, Alexandra; horak, daniel; Kapicka, Ales
Institute of Geophysics ASCR; Institute of Macromolecular Chemistry ASCR
edp@ig.cas.cz

Superparamagnetic magnetite/maghemite grains play important role in the studies of various environmental 
samples. Estimation of their size is of great importance for the interpretation of their origin and fate, as well as 
environmental conditions at which they evolved. Although scanning electron microscopy gives a good estimate of 
total grain sizes, its application is rather limited and, for example, does not provide information on relative volume 
portion of ferrimagnetic particles on total sample volume. Therefore, other physical approaches are desirable. In 
our contribution, we test a simplified core-shell model based on the assumption of spherical particles composed of 
superparamagnetic core with induced magnetization determined by Langevin function and para/diamagnetic shell of 
constant and/or relative thickness. We examined four different samples of synthetic superparamagnetic maghemite, 
one of them being pure, other two coated by silica, and the last one representing maghemite precipitated within the 
pores of poly(styrene-co-divinylbenzene) microspheres of narrow grain-size distribution. The model was adjusted to 
curves of measured induced magnetization by the least-square approach using Excel Data Solver. Our preliminary 
results suggest that the core-shell model fits well the experimental curves of induced magnetization. Even the limit 
case of uniquely sized particles can provides a reasonable estimate of the grain size, as compared to that determined 
using the SEM observations.

1.13-8 how do speleotheMs beCoMe MAGNetized? AN eleCtroN MiCrosCopiC ANd roCK 
MAGNetiC stUdy of the MAGNetiC MiNerAl AsseMblAGe iN speleotheMs
strauss, becky; deGree, Jennifer h.; feinberg, Joshua M.; penn, r. lee
UMN
strau204@umn.edu

Speleothems are an attractive alternative to traditional geomagnetic recorders, due to their continuous deposi-
tion, sub-annual resolution, and resistance to alteration. Calcite speleothems, especially stalagmites, have been the 
subject of paleomagnetic research since the 1970s, demonstrating their ability to record geomagnetic variations at 
multiple timescales. However, in spite of recent advances in magnetometer technology and a resurgence of interest 
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in speleothem magnetism, the mechanisms of magnetic recording in stalagmites are still poorly characterized. To 
address this oversight, we conduct a tandem magnetic and microscopic study of five stalagmites from four caves 
across the United States, integrating rock magnetic techniques with SEM and TEM analysis of magnetic extracts. 
Preliminary results show a variety of magnetic mineral assemblages heavily dominated by detrital material, with 
little (if any) evidence for the precipitation of magnetic grains in situ. The magnetism of samples with flood layers 
is typically dominated by magnetite and other low-coercivity minerals, while those without flood layers show more 
significant contributions from goethite. The grain size of magnetic material in speleothems is also controlled by 
flooding; speleothems with flood layers include magnetic grains ranging from submicron to tens of microns in diam-
eter, whereas those without are typically limited to submicron grains. Microscopic analysis of speleothems both with 
and without flood layers reveals the presence of titanomagnetites, some with etched exsolution textures, providing 
evidence for the allochthonous sourcing of magnetic material in cave formations.

1.13-9 AtoMiC sCAle stUdy of MAGNetiC phAse trANsitioNs iN (Co,ti;sC) s
Krezhov, Kiril; svab, erzsebet
INRNE; Wigner Research Centre
krezhov@inrne.bas.bg

BaFe12O19 and related isostructural (M-type) hexaferrites derived by single or double cation substitution for 
Fe3+ with preservation of the formal valence are a recognized group of oxides for their remarkable properties. The 
magnetic interactions may be tuned by suitable substitutions resulting in notable magnetic properties utilized exten-
sively for permanent magnets, microwave devices and perpendicular recording media. 

We report on the magnetic structure evolution accompanying the magnetic anisotropy change, from a com-
bined magnetic (SQUID), x-ray and neutron diffraction, and magnetic field dependent 57Fe Mössbauer study on 
BaFe12O19 at selected cation substitutions. The short and long range atomic and magnetic order in powder samples 
of nanosize particles prepared by soft chemistry routes were studied and compared with own and literature data for 
the parent BaFe12O19 compound prepared by solid state reaction.

Refinements based on diffraction data show that the magnetic structures of BaFe12-xXxO19 (X=Co,Ti; Sc) 
hexaferrites are largely temperature and substitution dependent. Between 200 and 300K the (Co,Ti)-hexaferrites 
(x=0.4, 0.7, 0.8, 0.85) display ferrimagnetic structures where the canting of the magnetic moments depends on the 
substitution rate. When lowering the temperature the magnetic structure for x=0.45 remains ferrimagnetic down to 
10 K, while for x=0.7 and x=0.8 a complex conical magnetic structures is finally established. For x=0.85 significant 
distortions in the local oxygen surrounding of ferric cation sites were established, while the grain-size effect on the 
structural parameters was considerably smaller. The thermal expansion coefficient exhibits a strong anisotropy. The 
refined magnetic moments are considerably lower than the theoretical spin only moments, especially for the 4e and 
12k sites, indicating a local noncollinearity with short-range ordering.

The five-cation sublattice collinear ferrimagnetic structure of uniaxial type known as Gorter type for BaFe12O19 
remains effective also for BaFe10.4Sc1.6O19 at room temperature and below it down to about 190 K. Below 190 K 
it gradually transforms into a complex canted structure with spins pointing out of the axial direction so that at 10 K 
the complex arrangement of magnetic moments could be described in terms of an incommensurate complex block-
type conical structure.

1.13-10 the effeCts of ANisotropiC ANd NoN-liNeAr trMs oN thellier-type pAleoiNteN-
sity dAtA
paterson, Greig A. 
Institute of Geology and Geophysics, CAS
greig.paterson@mail.iggcas.ac.cn

A recently developed stochastic model of single domain (SD) paleointensity behaviour is expanded to investigate 
the effects that anisotropic and non-linear thermoremanent magnetizations (TRMs) have on the paleointensity results 
and the parameters used to select data. The model results indicate that before applying any form of correction these 
non-ideal factors can produce results that are self-consistent, but highly inaccurate. The methods that are currently 
used to correct for anisotropic and non-linear TRMs are effective and greatly increase the likelihood of obtaining 
accurate results. The corrections, however, do not restore the results to those of ideal SD samples measured with 
the same laboratory-to-ancient field ratio, but the data are restored to those of ideal SD samples with the equivalent 
laboratory-to-ancient magnetization ratios (MLab/MAnc). The simulations indicate that non-linear and anisotropic 
TRM have no or only a weak influence on the parameters commonly used to select paleointensity data, which means 
that these non-ideal factors are effectively undetectable. Given the high self-consistency and highly inaccurate re-
sults that anisotropic and non-linear TRM can yield, it is essential to test for such effects and all Thellier-type paleo-
intensity studies must include tests for anisotropic and non-linear TRM to assert the reliability of the data obtained.
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1.13-11 hydrostAtiC pressUre effeCt oN MAGNetiC hysteresis pArAMeters of MUltido-
MAiN MAGNetite: iMpliCAtioN for CrUstAl MAGNetizAtioN
sato, Masahiko;yamamoto, yuhji; Nishioka, takashi; Kodama, Kazuto; Mochizuki, Nobutatsu; tsunakawa, 
hideo
Department of Environmental Changes, Faculty of Social and Cultural Studies, Kyushu University; Center for 
Advanced Marine Core Research, Kochi University; Graduate School of Integrated Arts and Sciences, Kochi 
University; Center for Advanced Marine Core Research, Kochi University; Priority Organization for Innovation 
and Excellence, Kumamoto University; Department of Earth and Planetary Sciences, Tokyo Institute of Technology
sato.masahiko.146@m.kyushu-u.ac.jp

To investigate the source of magnetic anomalies observed on the Earth and planets, it is necessary to understand 
the magnetic properties of deep crustal rocks. Magnetic hysteresis parameters (saturation magnetization, Ms; satura-
tion remanence, Mrs; coercivity, Bc; coercivity of remanence, Bcr) provide the fundamental information concerning 
magnetic behaviors. Especially, these parameters are related to the relaxation time of remanent magnetization, which 
is poorly understood with respect to the deep crustal rocks. Since pressure and temperature increase with depth, it is 
crucial to evaluate their effects on the hysteresis parameters. However, there have been few studies conducting the 
in-situ hysteresis measurement under hydrostatic pressure because of the difficulty in experimental techniques. In the 
present study, using a high-pressure cell specially designed for a Magnetic Property Measurement System (MPMS), 
we have conducted the in-situ magnetic hysteresis measurements on multidomain (MD) magnetite under high pres-
sure up to 1 GPa. With special attention to hydrostatic condition and sample preparation, pressure dependences of 
its magnetic hysteresis parameters are revealed as follows: (1) Bc monotonically increases with pressure at a rate of 
+91 %/GPa, (2) Ms is constant under high pressure up to 1 GPa, and (3) the changes in ratios Mrs/Ms and Bcr/Bc 
correlate with each other, resulting in systematic movement of data point in the Day plot. Taking into account new 
results of the pressure dependences, we quantitatively estimate change in the relaxation time of magnetic remanence 
with depth for MD magnetite. Our estimate suggests that the relaxation time monotonously decreases with depth in 
the continental crust, and a preexisting remanence must be overwritten by a viscous remanent magnetization acquir-
ing over the Brunhes epoch. In the continental areas, it is suggested that MD magnetite in deep crustal rocks can 
contribute to a source of magnetic anomaly mainly in viscous and induced magnetization, which is parallel to the 
present ambient geomagnetic field direction.

1.13-12 MAGNetiC ChArACterizAtioN of syNthetiC titANoMAGNetites
Almeida, trevor; Muxworthy, Adrian; williams, wyn
Imperial College; Imperial College: Univ. of Edinburgh
adrian.muxworthy@imperial.ac.uk

We report the characterization of synthetic igneous rock analogues, to assess their ability to record the geo-
magnetic field. The titanomagnetite-rich samples were synthesized using the glass-ceramic method, under carefully 
selected conditions so that they are abundant in pseudo-single domain material, very much like those found within 
igneous rocks. Various methods have been used to characterise the samples including: in situ XRD, the TEM tech-
nique of off-axis electron holography, various high- and low- temperature magnetic techniques including first-order 
reversal curve (FORC) analysis. Their response to synthetic Thellier-Thellier-Coe palaeointensity investigation is 
also reported.

sessioN 2.1
 eQUAtoriAl spreAd-f ANd f3-lAyer stUdies dUriNG Geo MAGNetiC QUiet ANd distUrbed 
periods

2.1-1 reCeNt deVelopMeNts iN the UNderstANdiNG of f3 lAyer
balan, N.; patra, A.K. 
ISS, NCU; NARL
b.nanan@sheffield.ac.uk

A brief review of the physical mechanisms and observations of an additional stratification of the daytime equato-
rial F region, called the F3 layer, under magnetically quiet and active conditions is presented. Following this, the 
paper reports the first simultaneous observations of the F3 layer and vertical ExB drift velocity made in an Indian 
station Gadanki (6.5o mag. lat) during the low solar activity period 2008-2009, and SUPIM. The observations con-
firm the frequent occurrence of the F3 layer in summer months compared to winter months; the layer is also clear 
and distinct in summer though such layer occurs occasionally in winter also. In addition to a threshold ExB velocity, 
its time integrated value is found to be important in the formation of the F3 layer. The model results qualitatively 
reproduce the observations; and show that irrespective of season the formation of the F3 layer is centered on that side 
of the equator where equatorward neutral wind reduces the downward field-aligned flow of plasma, and the latitude 
band of the layer can extend to the opposite hemisphere, especially when the upward ExB velocity is large.
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2.1-2 is the eQUAtoriAl plAsMA bUbble More strUCtUred At the top thAN NeAr the 
eQUAtoriAl f lAyer peAK
bhattacharyya, Archana; Kakad, bharati; sriapthi, samireddipalle
Indian Institute of Geomagnetism
abh@iigs.iigm.res.in

Observation of significant L-band scintillations near the crest of the equatorial ionization anomaly (EIA) region, 
when L-band scintillations are absent in the dip equatorial region, although strong scintillations on a VHF signal are 
recorded there, has been attributed to the higher ambient plasma density near the EIA crest. This was demonstrated 
theoretically by considering intensity scintillations produced by Gaussian irregularities, and it was concluded that 
the coherence time scale computed from VHF scintillation data could be used to represent the strength of the ir-
regularities when scintillations were saturated (S4 ? 1). However, consideration of irregularities with a power-law 
spectrum shows that the coherence scale of the ground scintillation pattern of intensity for saturated scintillations 
is strongly dependent on the irregularity spectrum. Recorded scintillations are an integrated effect of all the irregu-
larities in the path of the signal, with maximum contribution from the F layer peak. Here it is explored whether the 
evolution of the irregularity spectrum in the magnetic east-west direction, near the equatorial F layer peak plays a 
role in the absence of L-band scintillations in the dip equatorial region. The coherence scale and also the random 
velocity, which is a measure of the decorrelation of spaced receiver signals, are computed from equatorial spaced 
receiver measurements of intensity scintillations on a VHF signal transmitted from a geostationary satellite, to study 
the evolution of intermediate scale (~100 m to few km) structure in equatorial plasma bubbles (EPBs) near the F 
peak region, under different ambient conditions. Results show that for saturated scintillations on the VHF signal, the 
intermediate scale irregularity power-law spectrum attains its shallowest form after 22 LT, when the spaced receiver 
signals are generally well correlated on magnetically quiet days. A possible explanation for the observation of fairly 
strong L-band scintillations near the EIA crest before 22 LT, could be that the equatorial irregularities that map down 
to the EIA crest region are present near the top of the EPBs, where ion-neutral collisions are infrequent and inertial 
effects dominate, resulting in an irregularity spectrum, which is shallower than that near the equatorial F layer peak.

2.1-3 sporAdiC e-lAyer ANd eQUAtoriAl spreAd-f: Are they CoNNeCted?
batista, i.s.; Abdu, M.A.; Carrasco, A.J.; resende, l.C.A.
Instituto Nacional de Pesquisas Espaciais (INPE); INPE; Universidad de Los Andes, Venezuela (ULA); INPE
inez@dae.inpe.br

The equatorial spread-F is a manifestation of the plasma irregularities that occur in the equatorial F region.  The 
spread-F development is strongly connected to the post sunset rise of the F-layer due to the eastward electric field 
enhancement from F-region dynamo and to the strong gradients in conductivity that are set at the sunset terminator. 
The sporadic E-layers at low-latitudes are formed mainly due to the action of electric fields and winds. The winds 
and electric fields present around sunset can affect the sporadic E-layers development, which, in turns, can modify 
the ambient conductivity. The possible connection between sporadic E-layers and equatorial spread-F has been ad-
dressed in some works in the literature and sometimes they are controversial. Some of these works will be reviewed 
and model results will be used in order to try to explain the observational results and to better understand the physics 
involved in the process.

2.1-4 esf oCCUrreNCe oVer tirUNelVeli At low solAr ACtiVity iN 2007-09
yadav, V.; surve, G.; emperumal, K.; sripathi, s.; Kakad, b.
IIG
virendray.iig@gmail.com

Equatorial spread F (ESF) shows large variation in day-to-day, seasonal, solar cycle and magnetic activity depen-
dent occurrence. The current study presents the occurrence characteristics of ESF over the Indian equatorial station 
Tirunelveli (8.7°N, 77.8°E, dip latitude 0.6° N) using CADI ionogram data for the extremely prolonged solar mini-
mum period during 2007-2009. The ionograms used are recorded at 15 minute interval. Preliminary investigation of 
the data reveals anomalous peaks in the monthly percentage occurrence of ESF during winter months. In addition to 
this, some of the usual equinoctial month peaks are found to be missing. Comparison of h•F variation on ESF and 
non-ESF nights doesn’t show any regular pattern. The study looks at the possible reasons of this anomaly.

2.1-5 oN the role of lsws ANd pssr iN triGGeriNG of esf - A stAtistiCAl stUdy bAsed oN 
dip eQUAtoriAl obserVAtioNs froM iNdiA
Narayanan, V. lakshmi; sukanta, sau; emperumal, K. ; Gurubaran, s. 
EGRL-IIG, IIG
narayananvlwins@gmail.com

Cause of day-to-day variability in the occurrence of equatorial spread-F (ESF) continues to be a challenging and 
interesting low latitude aeronomy problem. Among the factors contributing to the triggering of ESF, Post sunset 
rise (PSSR) of bottom side F-region due to pre-reversal enhancement of electric fields is long believed to be very 
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important. Recently, the role of large scale wave-like structures (LSWS) in triggering of the equatorial spread F is 
gaining wider attention. In this study we examine the importance of both LSWS and PSSR in triggering of ESF based 
on ionosonde observations made from dip equatorial site Tirunelveli (8.7oN; 77.8oE; 1.1odip latitude). Ionospheric 
soundings were carried out at 5 minute cadence between March 2008 and February 2009. We utilize this data to study 
the presence of ESF, strength of PSSR and precedence of LSWS before ESF onset. LSWS is identified with the help 
of satellite traces in ionograms. The study shows that PSSR is not a controlling factor in the formation of ESF, at 
least during solar minimum conditions. In addition, the study reveals that the LSWS do not trigger ESF whenever it 
is present. There are several occasions in which LSWS signatures are observed without subsequent formation of ESF. 
This implies that the onset of ESF is a complex phenomenon whose prediction requires information on parameters 
other than PSSR and LSWS.

2.1-6 loNGitUdiNAl stAtistiCs of the topside ioNosphere plAsMA bUbbles: possible ef-
feCt of the solAr therMAl tides
sidorova, larisa; filippov, sergey
Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radiowave Propagation (IZMIRAN)
lsid@izmiran.ru

He+ density depletions, considered as originating from equatorial plasma bubbles, are involved in this study. 
They are usually detected in the topside ionosphere (~1000 km) deeply inside the plasmasphere (L~1.3-3) [Sidorova, 
ASR, 2004, 2007].

(a) He+ density depletions were considered in connection with equatorial F-region irregularities (EFI), equato-
rial F-spread (ESF) and equatorial plasma bubbles (EPB). Their longitudinal statistics, calculated for all seasons and 
both hemispheres (20?50?INVLAT), were compared with EFI statistics taken from AE-E [McClure  et al., JGR, 
1998], OGO-6 [Basu  et al. RS, 1976], ROCSAT [Su  et al., JGR, 2006] observations. ESF, EPB statistics taken from 
[Maruyama, Matuura, JGR, 1984; Watanabe, Oya, JGG, 1986] based on ISS-b and Hinotori data were also used for 
comparison. It was revealed that the main statistical maxima of the equatorial F-region irregularities are well enough 
reflected in the statistical plots of the He+ density depletions (PHe+) of the both hemispheres. The best conformity 
was obtained for equinoxes, the worst one - for solstices, when the most dramatic insolation differences take place in 
the different hemispheres. It was validated once again that He+ density depletions may be considered as an indicator 
of topside plasma bubble presence or as fossil bubble signatures [Sidorova and Filippov, JASTP, 2012]. 

(b) The most of the PHe+ plots have wave-like structure with well-defining four peaks. The peaks are the most 
pronounced in the NH during March equinox/December solstice and in the SH during March equinox/June solstice. 
Similar wave number 4 longitudinal structure has recently been found in the low-latitude ionosphere density distri-
bution [e.g., Immel  et al., GRL, 2006; England  et al., GRL, 2006; Jin  et al., JGR, 2008; Fang  et al., JGR, 2009]. 
It is assumed that the longitudinal plasma density variations appear due to the modulated vertical ?×? drift. It is sup-
posed that solar thermal tides excited in the troposphere induce zonal perturbation electric fields, which are added 
to the background F-region dynamo field, modulating the ionosphere fountain process. According to [Immel  et al., 
GRL, 2006, Kil  et al., JGR, 2008] the 4-peaked density structure is also observed in the topside ionosphere during 
the day and at night some seasons. If the hypothesis about an equatorial origin of He+ density depletions is true, we 
can suppose that such 4-peaked structure projected to the topside ionosphere are reflected in the longitudinal statis-
tics of the topside ionosphere plasma bubbles seen as He+ density depletions. Perhaps this idea can be very useful 
for explanation of the obtained results.

2.1-6 oN the ChArACteristiCs of Meter-sCAle f-reGioN irreGUlArities obserVed by 
the sAo lUis rAdAr dUriNG low solAr flUx CoNditioNs
rodrigues, f.s.; de paula, e.r.; heelis, r.A.
UT Dallas; INPE; UT Dallas
fabiano@utdallas.edu

The 30 MHz coherent backscatter radar installed in the equatorial observatory of Sao Luis, Brazil (2.59 deg. S, 
44.21 deg. W, -2.35 deg. dip lat) has been in operation since December 2000. The radar has allowed observations of 
5-meter scale size equatorial E- and F-region irregularities in the Eastern American Sector. Recently, in August 2010, 
we made a few small but significant changes in the data acquisition system used to collect the observations made 
by the Sao Luis radar. These changes allowed more continuous observations than previously possible. For instance, 
full 24-hour continuous soundings were made for the first time by the Sao Luis system. The changes also allowed a 
more efficient/quicker analysis of the measurements. In this presentation we will describe results of our analysis of 
the measurements of F-region irregularities made by the Sao Luis radar between August 2010 and February 2012, a 
period of relatively low solar activity conditions.  We will describe the seasonal variability in the generation, vertical 
development, and lifetime of the quiet-time irregularities observed by the Sao Luis radar. Our analysis of the vari-
ability is aided by measurements of ionospheric vertical plasma drifts near the Sao Luis site made by the IVM (ion 
velocity meter) instrument onboard the C/NOFS satellite.
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2.1-8 strAtifiCAtioN of the low-lAtitUde ANd NeAr-eQUAtoriAl f2 lAyer:
Klimenko, M.; Karpachev, A.; Klimenko, V.; zhao, b.; Nosikov, i.
WD Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radiowave Propagation (IZMIRAN); IZMIRAN; 
WD IZMIRAN; KSLSW CAS; BFU
maksim.klimenko@mail.ru

(1)West Department of Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation, 
RAS, Kaliningrad, Russia, e-mail: maksim.klimenko@mail.ru

A large number of researches have been devoted to the occurrence of additional layers in the F region of the 
equatorial ionosphere. The occurrence of such layer was originally named as stratification of equatorial F2 layer. The 
additional layer above regular F2 layer later was renamed as the F3 layer. The physical mechanism of the F3 layer 
formation is clearly formulated for the morning-noon period in the near-equatorial region. The theoretical researches 
have shown that in this case the F3 layer is formed by E x B vertical plasma drift with assistance of meridional com-
ponent of thermospheric wind and field-aligned plasma diffusion. However, as has been shown in the recent publica-
tions, the stratifications of the F2 layer is also observed at other local times. This report presents a brief review of the 
additional layer researches, and describes the current progress of these researches. The characteristics of the F2 layer 
stratification and its dynamics have been greatly clarified by recent observations and model studies, but there are still 
several remaining questions. One such big question regards the seasonal, latitudinal, and longitudinal dependence of 
the F3 layer. The second problem needing to be clarified is the relationship between the topside ledge and ground-
based F3 and F1.5 layers. One of the interesting issue is the occurrence of the multilayer pattern in vertical profiles 
of electron density. Another important question concerns the formation mechanisms of the F2 layer stratification in 
quiet and storm-time period at different local times. In addition we need to clarify the relationship between the every 
process in the lower atmosphere and the occurrence probability of the F2 layer stratification and its development. We 
would briefly consider all these issues in our report. 

These investigations were carried out at financial support of Russian Foundation for Basic Research (RFBR) 
Grant No. 12-05-00392 and 12-05-312171.

2.1-9 forMAtioN pAtterN of the f3 lAyer At ChiNA’s soUtherNMost stAtioN sANyA
zhao, biqiang; wan, weixin; Ning, baiqi
IGGCAS
zbqjz@mail.iggcas.ac.cn

In southernmost of China Sanya (dip latitude 12.6°N), inside the equatorial ionospheric anomaly (EIA) region, A 
DPS-4D digisonde has been equipped and operated since April 2011. Here we report some new features regarding the low 
latitude F2 layer stratification based on the 2-year Sanya data. First, the well-known F3 layer mechanism at low latitude 
near the magnetic equator proposed by Balan  et al. [1995], is due to combination of zonal electric field and summer-
to-winter meridional wind. While at Sanya, quite considerable cases of the F2 layer stratification was due to the upward 
gravity waves (GWs) propagation which was also observed at EIA region by Fagundes  et al. [2007] in Brazil. Thus both 
the electric field and GWs should be considered in producing the F2 layer stratification at Sanya. Second, the distribution 
of two formation patterns (pattern A and pattern B are defined with increasing F3 peak density and with nearly constant or 
decreasing F3 peak density respectively as the peak moving upward around the onset of the F3 layer’s occurrence) of the 
F3 layer is investigated based on statistics of formation patterns of the F3 layer in Sanya and Kwajalein (3.8°N) in 2011. 
The ideal equinoctial distribution (without the summer-to-winter neutral wind) of those patterns is symmetrical about 
magnetic equator with pattern A in magnetic low-latitude region and pattern B near magnetic equator. When taking the 
summer-to-winter neutral wind which helps plasma resist (enhance) diffusion to higher latitude in the windward (leeward) 
into consideration in a solstice, pattern A could be observed near magnetic equator in summer hemisphere and pattern B in 
magnetic low-latitude region in winter hemisphere compared with the ideal distribution in the equinox.

2.1-10 Vhf rAdAr obserVAtioNs of the f-reGioN field-AliGNed irreGUlArities oVer 
iNdoNesiA
otsuka, y.; shiokawa, K.; Nishioka, M.; effendy
STEL, Nagoya Univ.; STEL, Nagoya Univ.; NICT; LAPAN
otsuka@stelab.nagoya-u.ac.jp

A VHF backscatter radar with operating frequency 30.8 MHz has been operated at Kototabang (0.20°S, 100.32°E; 
dip latitude 10.4°S), Indonesia, since February 2006. We analyzed F-region field-aligned irregularities (FAIs) ob-
served by this radar from February 2006 to December 2012, and found that FAIs appeared frequently at the post-
midnight sector between May and August during a solar minimum period. Five-beam measurements by the radar 
revealed zonal propagation of the F-region FAIs. The present paper reports statistics of the zonal propagation veloc-
ity of the post-midnight FAIs. Between May and August, 46% (14%) of the post-midnight FAIs propagated west-
ward (eastward), and zonal propagation was not discernible for 40% of the post-midnight FAIs. Average velocity 
was approximately 50 m/s westward. The post-midnight FAIs were likely associated with either plasma bubbles or 
medium-scale traveling ionospheric disturbances (MSTIDs).
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2.1-11 sAMi3/esf Model stUdies UsiNG three ApproAChes for eleCtrostAtiCs
Aveiro, h.C.; huba, J.d.
U.S. Naval Research Laboratory
henrique.aveiro.ctr.br@nrl.navy.mil

We present a study of the evolution of equatorial F region irregularities using the NRL SAMI3 model. Three dif-
ferent solutions for the ionospheric electrostatic potential are used: (a) one based on the equipotential magnetic field 
line approach, (b) a 3-D solution with no forcing along the magnetic field, and (c) a full 3-D solution. The results 
show that the generalized Rayleigh-Taylor instability, which has maximum growth rate near the F peak, is not af-
fected by the choice of approach for the potential solution. However, differences are observed in the plasma flows at 
the bottomside of F region, where the collisional-shear instability plays a major role, pointing out that 3-D effects are 
important during the first stages of evolution of equatorial F region plasma irregularities.

2.1-12 f3-lAyer forMAtioN dUe to dowNwArd MoVeMeNt of f lAyer plAsMA
Nayak, C.K.; bhattacharyya, A.; Kakad, b.; sripathi, s.; emperumal K. 
IIG, India; IIG, India; IIG, India; EGRL, India.
physics642@gmail.com

In the paper we present the observations of ionospheric F3 layer occurrence over equatorial station Tirunelveli 
(77.8 E, 8.7 N, dip lat. 0.7 N) under extremely prolonged low solar activity period during 2007-2009. The diurnal and 
seasonal dependence of the F3 layer has been investigated along with the solar activity dependence. As suggested 
by Balan  et al. (1998), the F3 layer mainly occurs in the pre-noon period due to the combined effect of vertically 
upward E x B drift and the equatorward neutral wind. In this paper we report the behavior of F3 layer occurrence 
with respect to the equatorial electrojet (EEJ). It is found that the layer occurs preferably during the time when the 
EEJ attains the peak value of the day. This can be explained on the basis that the EEJ can be used as a proxy for the 
eastward electric field. So when EEJ attains its maximum value, the eastward electric field is in increasing phase and 
so is the vertically upward E x B drift. So this creates a favorable condition for the formation of the F3 layer. But this 
may not be entirely true during the afternoon period. During the afternoon periods, the F3 layer has been observed 
to occur in the presence of counter electrojet (CEEJ) which corresponds to westward electric field and hence down-
ward E x B drift. At the same time the height of the F3 layer is found to move downwards. So this points towards 
the possibility that the F3 layer is formed due to the vertically downward movement of the plasma instead of the 
usual upward movement. This is a first report of F3 layer formation due to the downward movement of plasma. But 
such a behavior is observed only during afternoon period and not in the morning period. This may be due to the fact 
that the afternoon ionosphere is relatively broader as compared to the prenoon ionosphere. A more detailed study is 
presented in the paper.

2.1-13 eQUAtoriAl ANd low lAtitUde spreAd-f iN the brAziliAN seCtor.
fagundes, p.r.; de Abreu, A.J.; de Jesús r.
Universidade do Vale do Paraíba (UNIVAP)
fagundes@univap.br

Spread-F at equatorial and low latitude is usually related with large-scale equatorial irregularities. These large-
scale equatorial irregularities are generated in the bottom side of the equatorial F-region just after sunset and are 
nearly aligned along the Earth´s magnetic field lines. As soon as irregularities reach higher altitudes in the equatorial 
region, they grow poleward, due to the high conductivity along the Earth´s magnetic field.  Then, after sometime, 
these irregularities can be observed at low latitude. In this work we show the importance of taking into account the 
planetary wave effects on the modulation of the F-region postsunset height rise during the electric field pre-reversal 
enhancement (PRE) and consequently on the generation and evolution of large scale ionospheric irregularities.

2.1-24p zoNAl ioNospheriC plAsMA drifts iN brAziliAN seCtor dUriNG the lAst extreMe 
low solAr ACtiVity
Coelho, flavia elaine; Abalde, José ricardo; fagundes, paulo roberto; de Jesús rodolfo; sahai, yogeshwar; 
pillat, Valdir
Universidade do Vale do Paraíba (UNIVAP)
abalde@univap.br

Transequatorial F region plasma bubbles are large-scale ionospheric depleted regions that develop in the bot-
tomside of equatorial F region due to plasma instability processes. All-sky imaging observations of the OI 630.0 nm 
nightglow emissions were done at low-latitude region (Sao Jose dos Campos 23.21°S, 45.86°W; dip latitude 17.6°S 
- hereafter SJC) and near equatorial region (Palmas 10.28°S, 48.33°W; dip latitude 6.7°S - hereafter PAL), Brazil, 
during the years 2008 and 2010, a period of extremely low solar activity (LSA). Because the OI 630.0 nm emission 
results from excitation mechanisms by dissociative recombination of O2+ + e ? O + O*(1D) and afterwards O*(1D) 
? O(3P) + h?(630.0 nm) this emission is closely related with electronic density and consequently with the ionospheric 
electrodynamics. In this work we present and discuss the nighttime F region zonal plasma drift velocities inferred 
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using OI 630.0 nm emissions imaging, during the occurrence of a plasma bubble. We investigated the nighttime zon-
al plasma drift variations using fixed emission peak altitudes at 280 km, used by earlier investigators, as well as emis-
sion peak altitudes based on simultaneous ionospheric sounding observations for both observatories. The nighttime 
pattern is similar to those observed during high solar activity (HSA). However, the maximum and minimum zonal 
plasma drift are lower than those observed during HSA. In addition, the zonal plasma drift was calculated using two 
different methodologies, fixed height (280 km) and variable height (based on ionosonde data measurements). The 
maximum and minimum average zonal plasma drift velocities using fixed emission peak altitudes for SJC are 119 ± 
6 m/s and 58 ± 10 m/s and for PAL are 111 ± 5 m/s and 85 ± 10 m/s. The peak emission height based on simultaneous 
ionospheric observations for SJC are 116 ± 7 and 57 ± 15 m/s and for PAL are 119 ± 6 and 58 ± 10 m/s), respectively.

2.1-25p iNVestiGAtioN of ioNospheriC respoNse to two ModerAte GeoMAGNetiC storMs 
UsiNG Gps-teC MeAsUreMeNts iN the soUth AMeriCAN ANd AfriCAN seCtors dUriNG 
the AsCeNdiNG phAse of solAr CyCle 24
de Abreu, Alessandro José: fagundes, paulo roberto; Gende, Mauricio; bolaji, olawale segun; sahai, 
yogeshwar; de Jesus, rodolfo; brunini, Claudio
Universidade do Vale do Paraíba (UNIVAP); UNIVAP; UNLP; ICTP
abreu.alessandro@gmail.com

In this paper, responses of the ionospheric top-side parameter during two moderate geomagnetic storms have 
been investigated. The first moderate geomagnetic storm around 1500 UT on 02 May, 2010 has a Dst index value 
of -64 nT and on 29 May, 2010, the second moderate geomagnetic storm Dst index at 1400 UT was -85 nT. One 
of the moderate storms that occurred on 28 May, 2010 was later characterize by a smaller intensity of geomagnetic 
storm during ascending phase of the solar cycle 24. The responses of vertical total electron content (VTEC) and 
phase fluctuations (in TECU/min) from Global Positioning System (GPS) observations due to these disturbances 
(geomagnetic storms), covering from the equatorial to mid-latitude regions in the South American and African sec-
tors were investigated. The results obtained during these two moderate geomagnetic storms from both sectors show 
an expressive positive phase at the equatorial, low- and mid-latitude regions. The wind extreme movement towards 
the equator and the electric field strength were strong indicating mechanisms responsible for these expressive posi-
tive phases at these regions. The traveling ionospheric disturbances (TIDs) were also observed to contribute similar 
mechanical effects as the wind moves toward the equator. A pre-storm event was observed at African sector from 
low- to the mid-latitude regions on 01 May, 2010. Our results reveal that geomagnetic storm from 02 to 04 May, 2010 
suppresses equatorial ionospheric irregularities.

2.1-26p A CoMpUtAtioNAl tool for ioNosoNde CAdi’s ioNoGrAM ANAlysis
pillat, V.G.; Guimarães, l.N.f.; fagundes, p.r.; da silva, J.d.s.
UNIVAP; IEAv; UNIVAP; INPE
valdirgp@univap.br

The purpose of this work is to present a new computational tool for ionogram generated with a Canadian 
Advanced Digital Ionosonde (CADI). This new tool uses the fuzzy relation paradigm to identify the F trace and 
from this form extract the parameters foF2, h0F, and hpF2. The tool was very extensively tested with ionosondes 
that operate at low latitudes and near the equatorial region. The ionograms used in this work were recorded at São 
José dos Campos (23.21 S, 45.91 W; dip latitude 17.61 S) and Palmas (10.21 S, 48.21 W; dip latitude 5.51 S). These 
automatically extracted ionospheric parameters were compared with those obtained manually and a good agreement 
was found. The developed tool will greatly expedite and standardize ionogram processing. Therefore, this new tool 
will facilitate exchange of information among many groups that operate ionosondes of the CADI type, and will be 
very helpful for space weather purposes.

2.1-27p effeCts obserVed iN the eQUAtoriAl, low-, Mid- ANd hiGh-lAtitUde f reGioN iN the 
AMeriCAN seCtor dUriNG the iNteNse GeoMAGNetiC storM oN 26 ANd ModerAte 
GeoMAGNetiC storM oN 27-28 septeMber 2011 ANd CoMpArisoN with the GsM tip 
Model resUlts
de Jesús, rodolfo; sahai, y.; fagundes, p.r.; Klimenko, M.V.; Klimenko, V.V.; bessarab, f.s.; Correia 
e.; bertoni, f.C.p.;de Abreu, A.J.; brunini, C.; Gende, M.; bittencourt, J.A.; pillat, V.G.; Vorobjov, V.G.; 
yagofkina, o.i. 
Universidade do Vale do Paraiba (UNIVAP); IP & D, Urbanova; IZMIRAN RAS; INPE; CRAAM; UNP; 
PGIKSCRAS
jesus.rodolfo@hotmail.com

We present studies on geomagnetic disturbance effects and the corresponding responses of the ionospheric 
F-region at the American sector, during the intense storm event occurred on 26 September, 2011, which was fol-
lowed by another moderate geomagnetic storm on 27-28 September 2011. In this work, we have used F-region 
ionospheric parameters such as the  critical frequency (foF2) and the minimum virtual height (h´F) from ionograms 
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registered at São José dos Campos station (SJC, 23.2º S, 45.9º W; dip latitude 19.1º S; a low-latitude station located 
under the Southern crest of the Equatorial Ionization Anomaly), Brazil, and Estação Antártica Comandante Ferraz 
(EACF, 62.1º S, 58.4º W; dip latitude 37.8º S; a high-latitude station), Antarctica.  We also present data from iono-
sonde stations at Jicamarca (JIC; 12.0º S, 76.8 º W, dip latitude 0.13º S; equatorial station), Peru, and Port Stanley 
(PST; 51.6ºS, 57.9ºW, dip latitude 31.5ºS; mid-latitude station), UK. The GPS observations from 16 receiver sta-
tions spread over the American sector were used to obtain the measurements of the Vertical Total Electron Content 
(VTEC) and phase fluctuation (rate of TEC). In addition, these data sets are also compared with simulations obtained 
with the Global Self-Consistent Model of the Thermosphere, Ionosphere and Protonosphere (GSM TIP). The using 
of GSM TIP model allowed us to investigate the role of different formation mechanism of ionospheric response on 
geomagnetic storms. Salient features from these observations will be presented and discussed.

sessioN 2.2 
diV ii/iCMA eleCtrodyNAMiCs ANd eNerGetiCs of the Middle AtMosphere ANd lower 
therMosphere: the loCAl ANd GlobAl piCtUre

2.2-1  tidAl siGNAtUres iN Middle AtMosphere teMperAtUre dAtA obtAiNed by lidAr   
Gerding, Michael; Kopp, Maren; höffner, Josef; lübken, franz-Josef  
Leibniz-Institute of Atmospheric Physics (IAP)  
gerding@iap-kborn.de  

Tidal waves play an important role in coupling of the lower and upper atmosphere. At the mid-latitude station 
of Kühlungsborn/Germany (54°N, 12°E) we combine a new RMR lidar for continuous, day and night, temperature 
soundings in the mesosphere with a K lidar for temperature soundings in the mesopause region. By this, temperature 
tidal amplitudes and phases can be measured in the altitude range of 40-100 km. Soundings are performed on a rou-
tine basis since March 2011 with some additional data in summer 2010. For tidal analysis about 100 h (~4 days) of 
temperature data are required for suppression of gravity wave effects and retrieval of tidal parameters. Case studies 
during clear sky periods allow examination of short-term tidal variability. During less favourable weather conditions 
a composite of all observations within a particular two or four week period is formed to derive the average tidal wave 
structure. During most of the year we found a dominating diurnal variation in the lower mesosphere (~1–2 K), while 
in the mid-mesosphere (65–70 km) diurnal, semi- and terdiurnal variation all have amplitudes of ~1–2 K. Around 
90 km altitude again the diurnal variation is typically dominating with amplitudes of ~6 K in the monthly average. 
Short-term amplitudes in the whole mesosphere are partly much higher, especially for the terdiurnal variation.

We will show some examples of lidar temperature soundings during day and night. A first seasonal variation of 
diurnal, semi- and terdiurnal wave amplitudes and phases in the mesosphere will be presented. The observations 
are compared with results of the MERRA re-analysis dataset. Furthermore we will discuss the effect of temperature 
variation on the diurnal and semidiurnal variation of noctilucent cloud (NLC) occurrence rates observed simultane-
ously at our mid-latitude site.

2.2-2   first resUlts of potAssiUM deNsity ANd teMperAtUre profiles by A resoNANCe 
sCAtteriNG lidAr for ANtArCtiC obserVAtioN   
ejiri, Mitsumu K.; tsuda, takuo t.; Abo, Makoto; Kawahara, taku d; Nakaura, takuji  
National Institute of Polar Research; Graduate School of System Design, Tokyo Metropolitan University; Faculty of 
Engineering, Shinshu University  
ejiri.mitsumu@nipr.ac.jp  

The National Institute of Polar Research (NIPR) is leading a six year prioritized project of the Antarctic research 
observations since 2010. One of the sub-project is entitled ”the global environmental change revealed through the 
Antarctic middle and upper atmosphere”. Profiling dynamical parameters such as temperature and wind, as well as 
minor constituents is the key component of observations in this project, together with a long term observations us-
ing existent various instruments in Syowa, the Antarctic (39E, 69S). As one of instruments in this project, we are 
developing a new resonance scattering lidar system with multiple wavelengths and plan to install and operate it at 
Syowa (69S), Antarctica. The lidar transmitter is based on injection-seeded, pulsed alexandrite laser for 768-788 
nm (fundamental wavelength) and a second-harmonic generation (SHG) unit for 384-394 nm (second harmonic 
wavelength). The laser wavelengths are tuned in to the resonance wavelengths by a wavemeter that is well calibrated 
using a wavelength-stabilized laser. The lidar will measure temperature profiles using resonance scatter of atomic 
potassium (K, 770 nm) and density variations of minor constituents such as atomic iron (Fe, 386 nm) and K, calcium 
ion (Ca+, 393 nm), and aurorally excited nitrogen ion (N2+, 390-391 nm). Currently, the laser pulses are transmitted 
with approximately 120 mJ/pulse at 25 Hz and the backscattered signal is received with a 35 cm diameter telescope. 
We got the first light from the K layer on January 28, 2013 and have started test operation to measure K density and 
temperature profiles at NIPR in Japan. We will show the primary observation results and discuss nightly variations 
of K density and temperature profiles.
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2.2-3   step-liKe ANd loNG reCoVery eArly Vlf pertUrbAtioNs CAUsed by   
haldoupis, Christos  
Department of Physics, University of Crete, Heraklion, Crete, Gr  
chald@physics.uoc.gr  

Sub-ionospheric VLF (very low frequency) recordings are investigated in relation with intense cloud to ground 
(CG) lightning data. The study identified a new early-type VLF signature that is due to long-lasting ionization 
changes in the uppermost D region ionosphere caused by powerful ± CG lightning electromagnetic pulses (EMP), 
which are also known to generate elves. The perturbations appear in narrowband VLF signal amplitudes as abrupt 
jumps which usually show no imminent recovery thus offsetting the signal level for long times (often > 30 min), 
while in other cases they can gradually recover back to pre-onset levels within times ranging from several to many 
minutes. These events are seen when VLF transmissions in the Earth-Ionosphere waveguide pass in the vicinity of 
thunderstorms that produce lightning strokes carrying very intense peak-currents. The perturbations are triggered 
instantly (early) by either a positive or negative polarity discharge of a large CG peak current (usually > 250 kA) 
when the discharge is located within ~250 km from the great circle path (GCP) of a VLF transmitter-receiver link. 
The probability of occurrence increases with lightning stroke intensity, and approaches unity for (rare) discharges 
with peak currents higher than ~300 kA. These phenomena occur during nighttime, when ionospheric conductivity 
is low and thus VLF reflection occurs in the uppermost D region, and preferentially during winter when strong ± 
CG discharges are more frequent and more intense. This new signature is the VLF fingerprint of elves, apparently 
because powerful EMPs emitted by ± CG discharges can energize free electrons to impact on neutrals and produce 
both airglow emissions (elves) and ionization changes in the upper D and lower E region ionosphere.

2.2-4   reANAlysis of roCKet-borNe tUrbUleNCe MeAsUreMeNts UsiNG 100 M resolUtioN 
speCtrAl Model teChNiQUe.   
szewczyk, Artur; strelnikov, boris; luebken, franz-Josef; rapp, Markus  
Leibniz Institute of Atmospheric Physics;Leibniz Institute of Atmospheric Physics;Leibniz Institute of Atmospheric 
Physics;Deutsches Zentrum für Luft- und Raumfahrt, Institut für Physik der Atmosphaere  
szewczyk@iap-kborn.de  

In the last decades a series of sounding rockets was launched at high northern latitudes to investigate the me-
sosphere and lower thermosphere (MLT) region. Among other things the payloads were equipped with the TOTAL 
(the name emphasizes that total number densities are measured) or CONE (COmbined measurements of Neutrals 
and Electrons) instruments to measure neutral air density with very high precision and spatial resolution. The CONE 
measurements allow us to analyze tiny relative density fluctuations of ~0.05 % magnitude at very small spatial 
scales of a few centimeters. Spectral analysis of those small-scale density fluctuations allows us to derive turbulent 
energy dissipation rates based on a spectral model technique. Results of in-situ turbulence measurements up to the 
years 1997 and 2001 were published by Luebken 1997 and Luebken et al. 2002 for winter and summer seasons, 
respectively. All those data were analyzed using a spectral model technique based on Fourier spectral analysis which 
yielded energy dissipation rates with an altitude resolution of 1 to 5 km.

In recent years, a new spectral analysis tool, the wavelet analysis, has increasingly been applied to get insight into 
the temporal and spectral evolution of geophysical phenomena. An advanced spectral model technique based on the 
wavelet analysis of the measured density fluctuations yields energy dissipation rates with an altitude resolution of 
~100 m. We have performed a reanalysis of the old density fluctuations data using the new technique and increased 
the turbulence measurements database by adding results of 12 new rocket soundings.

In this paper we show the new results of turbulence measurements in the MLT region and discuss new geophysi-
cal implications. Some of the findings include: turbulence is highly intermittent, most of the turbulence layers are 
much thinner than 1 km, turbulent energy dissipation rates are highly variable both in winter and summer. Also, 
localized values of the dissipation rates of thin turbulence layers can exceed those derived by the conventional tech-
nique by several orders of magnitude.

2.2-5   properties of trAiNs of preliMiNAry breAKdowN pUlses oCCUriNG prior to the 
first stroKe of NeGAtiVe CloUd-to-GroUNd liGhtNiNG   
Kolmasova, ivana; santolik, ondrej; Uhlir, ludek; lan, radek  
Institute of Atmospheric Physics, Prague; Institute of Atmospheric Physics, Prague & Charles University in Prague; 
Institute of Atmospheric Physics, Prague; Institute of Atmospheric Physics, Prague  
iko@ufa.cas.cz  

We study the characteristics of the trains of preliminary breakdown pulses (PBP) occurring prior to the first 
return strokes of negative cloud-to-ground lightning discharges.  These trains are believed to be connected with 
initial breakdown processes, but it is not understood yet how these pulses are generated. Several conductive chan-
nels are probably formed inside the cloud during the preliminary breakdown. One of the channels evolves in the 
stepped leader. The train of PBP could then identify the beginning of the stepped leader development.  The detailed 
analysis of the train properties can therefore contribute to our understanding of the lightning initiation. We measure 
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waveforms of the magnetic-field derivative using a newly developed broad-band analyzer with a sampling interval 
of 12.5 ns. The analyzed frequency band goes from 5 kHz to 37 MHz.  We use numerically integrated waveform 
records for the analysis of the properties of the trains. Our dataset consists of 17 trains of magnetic-field preliminary 
breakdown pulses measured during one single thunderstorm, which occurred close to Rustrel, France in October 
2012 and lasted about three hours. Observed trains of PBP were followed by return strokes. The lightning detection 
network METEORAGE identified these return strokes as negative cloud-to-ground discharges located at a distance 
of 14-57 km from the receiving station. We estimate the duration, the number of pulses and the inter-pulse intervals 
for each individual train. We calculate the ratio between the amplitude of the largest pulse in the train and the peak of 
the following return stroke. We estimate also the time distance between the last pulse in the train and the peak of the 
following return stroke. We study the variability in the pulse shapes and the occurrence of different types of pulses 
in different parts of the train.

2.2-6   tle obserVAtioNs iN brAzil ANd the deVelopMeNt of the leoNA NetworK iN soUth 
AMeriCA   
são sabbas, fernanda  
Instituto Nacional de Pesquisas Espaciais - INPE  
fsaosabbas@gmail.com  

South America’s combination of intense thunderstorm activity and geomagnetic characteristics creates a unique 
natural laboratory for investigating a variety of atmospheric phenomena and their possible coupling. Its large lati-
tudinal extent, from ~12o N to ~55o S, encompass equatorial, tropical and subtropical regions with meteorological 
conditions that makes South America the second most active thunderstorm and lightning, and consequently one of 
the most active Transient Luminous Events (TLEs) region of the globe. TLEs are optical emissions from transient 
plasma discharges excited in the upper atmosphere by the electromagnetic field of underlying lightning flashes from 
thunderstorms. Since 2002, five different campaigns have been performed in Brazil to make TLE observations, more 
than 700 events, mainly sprites, have been recorded over South American thunderstorms during Brazilian campaigns 
so far. During the first campaign, in 2002/2003, 18 sprites were recorded above Minas Gerais State in two different 
nights; 11 sprites from 3 different storms above Goias and Mato Grosso States was the total recorded on a single 
night of the second campaign, in 2005. The third campaign, in 2006, had the impressive record of more than 600 
TLEs from two thunderstorms, over Argentina and Paraguay, in different nights. In 2007 we recorded 27 sprites 
from a single system above Uruguay, and in 2008, 13 TLEs were registered above one convective system over Rio 
Grande do Sul State. This paper will review the main results of these observations. It will also introduce the Transient 
Luminous Event and Thunderstorm High Energy Emission Collaborative Network in Latin America – LEONA. The 
network has two prototype observation camera system already installed in Brazil and will be developed to cover the 
whole South America.

2.2-7   ANAlysis of rAdio obserVAtioNs of liGhtNiNG proCesses AssoCiAted with terres-
triAl GAMMA-rAy flAshes   
Cummer, steven A.; lu, Gaopeng; briggs, Michael s; Connaughton, Valerie; xiong, shaolin; fishman, 
Gerald J.; dwyer, Joseph r.  
Duke University; Duke University; University of Alabama in Huntsville; University of Alabama in Huntsville; 
University of Alabama in Huntsville; NASA MSFC; Florida Institute of Technology  
cummer@ee.duke.edu  

The discovery of terrestrial gamma-ray flashes (TGFs) and modeling of gamma-ray generation that followed 
have shown with near certainty that the basic process of relativistic runaway breakdown is driven by thunderstorms 
and lightning on Earth.  Determining what processes are responsible for creating the potential drop of tens of mega-
volts and also seeding the breakdown with high-energy electrons, and understanding the conditions under which 
those processes occur, have proven much more challenging.  Radio emissions are among the only observables that 
provide a view into the electrodynamics of the region of gamma-ray production.  It is generally agreed that most 
and perhaps all TGFs are produced during the early, upward leader stage of normal polarity IC lightning flashes.  
Recent observations have indicated that at least some TGFs are simultaneous with a distinct low frequency pulse that 
is likely produced by the electron acceleration process that also generates the TGF itself.  We will describe recent 
coordinated observations of lightning and terrestrial gamma-ray flashes that provide new insight into the detailed 
processes that generate this thunderstorm-driven high-energy radiation.  Our goals are to confirm the presence of 
this distinct TGF radio signature in a larger number of events, and to quantify the current and charge motion before, 
during, and after the TGF on a range of time scales from several microseconds to several milliseconds.  This effort 
employs TGF measurements from the GBM instrument on the Fermi satellite and multiple magnetic field sensors 
deployed at locations across the US.
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2.2-17p   iNVestiGAtioN of GlobAl liGhtNiNG ANd the ioNosphere UsiNG sChUMANN 
resoNANCes As MeAsUred by hiGh freQUeNCy iNdUCtioN Coil MAGNetoMeters iN 
the UK   
beggan, Ciaran; Allmark, Claire; swan, Anthony; flower, simon; thomson, Alan  
British Geological Survey (BGS); Univ. of Edinburgh; BGS; BGS; BGS  
ciar@bgs.ac.uk  

In June 2012, the British Geological Survey Geomagnetism team installed two high frequency (100 Hz) induc-
tion coil magnetometers at the Eskdalemuir Observatory, in the Scottish Borders of the United Kingdom. The induc-
tion coils permit us to measure very rapid changes of the magnetic field. 

The Eskdalemuir Observatory is one of the longest running geophysical sites in the UK (beginning operation in 
1904) and is located in a rural valley with a quiet magnetic environment. The data output from the induction coils are 
digitized and logged onsite before being collected once per hour and sent to the Edinburgh office via the Internet. We 
intend to run the coils as a long term experiment. 

We present initial results from the first year of data. Analysis of spectrograms and power spectral density plots in 
the frequency band of 3-40 Hz from the coils show diffuse bands of peak power around 7.8 Hz, 14.3 Hz, 20.8 Hz, 
27 Hz, 34 Hz and 39Hz related to the global Schumann resonances. We also detect a strong narrow peak at 25 Hz, 
which is a sub-harmonic of the UK electrical power system. 

We investigate the diurnal and seasonal variation of the Schumann resonances and comparisons with other atmo-
spheric phenomenon such as the Madden-Julian Oscillation. We also examine pulsation and low frequency activity 
during recent geomagnetic storms.

2.2-18p   siMUltANeoUs MeAsUreMeNts of rAiNfAll iNteNsity, therMAl NeUtroNs ANd 
GAMMA rAdiAtioN iN são José dos CAMpos, sp, brAzil   
Martin, inacio;  Alves, Mauro; Gomes, Marcelo; ferro, Marco; pinto, Marcos; Antonio, flavio  
Instituto Tecnologico de Aeronautica; UNITAU; IAE  
martin@ita.br  
ABSTRACT:

The project aims to study the correlation between the presence and intensity of rainfall and X- and gamma radia-
tion and low thermal neutrons at one specific location to determine cause-effect relationships between changes in the 
intensities of the different types of radiation and meteorological phenomena.
INTRODUCTION:

Ionizing radiation is present near Earth’s surface. This radiation is produced by the natural decay of radioactive 
isotopes that exist on the ground, water and atmosphere as well as the continuous bombardment of cosmic rays. This 
radiation is variable in latitude, and its maximum values are measured at the poles and minimum at the equator; in 
addition, its intensity varies with altitude, reaching a peak value between 13-17 km, and from this height up to 40 km 
the radiation intensity decreases almost linearly with altitude (Martin, I.M, 1970). Above this height, radiation origi-
nates outside Earth. The radiation from land/soil depends on the local geology and is comprised of alpha particles, X- 
and gamma radiation and neutrons. The gas radon (Rn-222) is a radioactive isotope that contributes significantly to 
the intensity of such radiation at ground level. Another possible source of X-radiation, gamma and thermal neutrons 
are atmospheric electrical discharges (Moore C. B. et al., 2001). Measurements of radiation produced by electrical 
discharges are very difficult to carry out because it is not possible to predict where such discharges might occur; 
moreover, detectors for measuring radiation produced by electrical discharges should have good radiation efficiency 
and operate with extremely short time resolution, in the order of milliseconds (Dwyer, J. R, 2003, 2004). 
METHODS:

Rainfall was measured with a rain gauge placed on a pole 3 meters high and 3 meters away from the neutron and 
X-ray and gamma detectors. Measurements of gamma radiation were performed using a portable system based on a 
scintillator of sodium iodide doped with Thallium (NaI(Tl)). The scintillator crystal and photomultiplier are housed 
in an aluminum casing. A portable and compact electronic module (PMI, Aware Electronics, USA) was used for 
digital acquisition and high-voltage source. Measurement of thermal neutrons were carried out using by an He-3 gas 
tube (25311 tube, LND Inc., USA) with internal pressure of 6 atmospheres. Inside the tube, thermal neutrons col-
lide with He-3 atoms of gas; proton and tritium resulting from such collisions produce electrical pulses, which are 
measured. The high-voltage source and digital acquisition system is the same as that of the NaI(Tl) scintillator. All 
instruemnts collected data continuously at 1-minute intervals. The collected data were stored in laptops for further 
analysis. The system was previously calibrated using standard laboratory radioactive sources. Measurements were 
performed in the Department of Physics of the ITA and in the tower of the Institute of Aeronautics and Space, São 
José dos Campos, SP, from 1 January 2013 until 30 March 2013.
RESULTS AND DISCUSSION:

In the period from early January to March 2013 rainfall was above average. The integrated intensity of X- and 
gamma radiation (0.030 to 10.0 MeV) was very sensitive to rainfall. However, measurements of thermal neutrons 
showed no correlation with measured local rainfall. Some events when radiation levels increased above the normal 
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background noise at the measurement location seem to be related to lightning discharges. Measurements of X- and 
gamma radiation show a periodic oscillation with a period of exactly 24 hours, with the maximum occurring around 
11:00-13:00 hours. Thermal neutrons data also show an oscillation with a period of 24 hours, but with maxima oc-
curring between 22:00-01:00 hours. During the rainy season, these periodicities were perturbed. The periodicities 
were analyzed taking into account the correlation with meteorological phenomena.
CONCLUSIONS:

The main results of this study were the observation of the correlation between rainfall intensity with the intensi-
ties of X- and gamma radiation at the study location, and  the observed 24-hour periodicities in the intensities of X- 
and gamma radiation and thermal neutrons. However, the maximum count of neutrons occurs around local midnight, 
while the maximum in the intensity of X- and gamma radiations occurs around local noon. This is a new discovery 
and the object of much study to explain the cause of this reversal of patterns occurs. The solar modulation of cosmic 
rays shows a periodic oscillation whose maximum coincides with the maximum of neutron counts at around local 
noon). It also appears that during heavy or continuous rainfall these oscillations are perturbed. Measurements of 
these radiations during drier periods (less rainfall) will show more details about periodicities of X- and gamma radia-
tion monitored continuously in the region.

Keywords: X-radiation, gamma and thermal neutron rains correlation.
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2.2-19p   obserVAtioNs of AtMospheriC eleCtriC disChArGes ANd their CorrelAtioN 
with MeAsUreMeNts of x- ANd GAMMA rAdiAtioN At GroUNd leVel iN são José dos 
CAMpos, sp, brAzil.   
Martin, inacio;  Gomes, Marcelo; Alves, Mauro; ferro, Marco; pinto, Marcos; Antonio, flavio  
Instituto Tecnologico de Aeronautica; UNITAU; IAE  
martin@ita.br  
ABSTRACT: 

The aim of this work was to determine qualitatively whether there is a correlation between measurements of X- 
and gamma radiation and the occurrence of atmospheric electric discharges in the region of São José dos Campos, 
SP, Brazil.  First, we determined the intensity of the background noise of the X- and gamma radiation (30 keV to 10 
MeV) at ground-level. With this “background” fully known, we determined the increase of counts of X- and gamma 
radiation during the occurrence of intense lightning over the region where the detector is located.
INTRODUCTION: 

The intense electric field inside a storm cloud (of the order of 105 V/m) can accelerate electrons to relativistic 
velocities. The electron avalanche resulting from this process may start from a lightning discharge. However, this 
mechanism is still unknown with respect to the type of radiation created. Experiments with detectors placed on air-
craft and stratospheric balloons registered an increase of gamma radiation during the production of lightning (EACK, 
1996). Detectors located in high mountains recorded events in which gamma rays with energy above 1 MeV were 
produced during lightning (MOORE, 2001).  Rocket-borne detectors also recorded increases in the intensity of 
X- and gamma radiations during lightning (DWYER, 2003, 2004). From observations made by satellites, Fishman 
(FISHMAN, 1994) found that gamma-ray emissions coincided with the position of storms. In 2007, a group of 
researchers measured gamma ray events with energies up to 10 MeV during storms and lightning (ENOTO, 2008). 
MATERIAL AND METHODS: 

In this study we analyzed data continuously collected between 02/19/2013 to 04/02/2013 (sampling interval of 
1 minute) at the Atmospheric Phenomena Observation Tower of the Institute of Aeronautics and Space, in São José 
dos Campos, SP, Brazil. Measurements of X- and gamma radiation with energies from 30 keV to 10 MeV (counts / 
unit time) and atmospheric electric field were recorded simultaneously and compared with lightning strike records. 
For measurements of X- and gamma radiation, we used a scintillation crystal of sodium iodide activated with thal-
lium NaI (Tl) coupled to a photomultiplier, with energy resolution better than 15%. Records of lightning strikes 
were provided by the Brazilian Lightning Detection Service (BrasilDat) operated by Instituto Nacional de Pesquisas 
Espaciais, INPE).

Results and Discussion: During the study period, we observed that there was a strong temporal correlation be-
tween the increase in the magnitude of the atmospheric electric field due to the presence of storm clouds and increase 
in X- and gamma radiation counts. Variations in the electric field caused by the presence of electrified clouds over 
the study region coincided with an increase in radiation counts. Although it was not possible to quantify the contri-
bution of lightning discharges, increases in gamma radiation counts were recorded during the occurrence of storms. 
To clarify this problem, it will be necessary to collect additional data on atmospheric electric field variations and 
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the spectra of gamma radiation resulting from the radioactive decay of radon gas before, during and after rainfall 
because radon is an important source of environmental radiation. Preliminary studies of the profiles of the peaks of 
gamma radiation as a function of time indicate that there is a difference between the profiles that were recorded dur-
ing rainfall and the occurrence of lightning compared with periods when there is no rain. When there is rainfall and 
lightning, the profiles of the lines tend to have a symmetric Gaussian shape. During lightning storms the profiles of 
the peaks are describe by an asymmetric double sigmoid function. But, it was also observed that some of the peaks 
have  shapes that can be fit by  a Voigt function. 
CONCLUSION: 

In the study period, we observed that variations in the atmospheric electric field caused by the presence of electri-
fied clouds over the study region, were correlated with increases in the X- and gamma ray counts. This result is in 
agreement with those previously reported in the literature. The correlation between variations in the X- and gamma 
rays counts and changes in the atmospheric electric field as well as changes in the profiles of gamma ray count peaks 
in the presence and absence of lightning activity associated with  storms suggests that lightning probably play an 
important role in the production of X- and gamma radiation during of storms. 
Keywords: atmospheric electric discharges X- and gamma radiation correlation
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2.2-20p   iMpACt of the extrAordiNAry solAr ACtiVity of oCtober/NoVeMber 2003 oN the 
Upper boUNdAry of the eArth-ioNosphere CAVity resoNAtor   
satori, Gabriella;  Melnikov, Alexander; barta, Veronika  
Research Centre for Astronomy and Earth Sciences;  Department of Geophysical, Atmospheric and Planetary 
Sciences, Tel Aviv University;  Research Centre for Astronomy and Earth Sciences,
gsatori@ggki.hu  

The upper boundary of the Earth-ionosphere cavity is the ionospheric D-region. The upper part of this region is  
ionized by  the solar UV, EUV, Lyman-? (121,6 nm) and Lyman-? (102,6 nm) as well as  the soft (1-10 nm) and hard 
(<1 nm) X-ray in the sunlit site of the cavity. In the lower part of the D-region, the galactic cosmic rays are responsi-
ble for the ionization. A series of dramatic solar activity events occurred in October and November of 2003. The hard 
solar X-ray flux increased by more than two orders of magnitude already in October 18 and lasted until November 4 
while the 10.7 cm radio flux indicating the 2-3 fold variations of EUV radiation maximized only in October 28. The 
time evolution of the disturbances of these two ionization sources was quite different. At the end of October and the 
beginning of November 2003 two active regions produced a series of extremely energetic solar eruptions. In con-
nection with the flare on October 28, 2003, a coronal mass ejection was emitted at a high speed directly towards the 
Earth and caused a dramatic Forbush decrease. The effects of these events have been studied by Schumann resonance 
(SR) parameters measured at Nagycenk, Hungary and in Mitzpe Ramon in Israel.  SR frequency increased simulta-
neously with the increase of the hard solar X-ray flux in October 18, 2003 and followed it in case of the 1st and 2nd 
Ez modes both at Nagycenk and in Mitzpe Ramon until November 4, 2003. Neither the increased EUV radiation with 
maximum at October 28, 2003 and nor the huge Forbush-decrease between October 28 and November 4, 2003 left 
any  signature on SR frequencies. This result supports that the hard solar X-ray has an important role in conditioning 
the Earth-ionosphere cavity at the heights of ~ 90km -100 km as shown on the 11-year solar cycle and during short 
solar X-ray bursts (Sátori et al., 2005). 

2.2-21p   MoNitoriNG of ioNiziNG rAdiAtioN froM rAdoN GAs (rN 222) iN the são José dos 
CAMpos - brAzil reGioN.   
silva, franklin; Martin, inácio; Victor, Kaique.  
UNITAU/CNPq PIBIC ITA; UNITAU/ITA; UNITAU.  
franklin.silva@unitau.com.br  
INTRODUCTION

Ionizing radiations are present in our daily lives, they are originated by nature or manmade. This job presents 
results of ionizing radiation dose from Radon gas (Rn 222). Radon is a natural gas that originates by the decay series 
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of Uranium and Thorium, it is in all locations of the earth’s crust. The isotope Rn 222 is alpha and gamma emitter 
and a half-life of 3.82 days (E?=5.49 MeV), from its decay originate Po 218 and Po 214 which are responsible for 
around 50% of natural ionizing radiation on Earth. According to the American Journal of Epidemiology (2002), ra-
don gas must cause lung cancer in humans, if exposure to large amounts of gas, experimentally proven with tests on 
animals. However, a study published in 2003 by the journal German Springer Verlag proves the therapeutic proper-
ties of Radon, in which patients are exposed to small amounts of gas in deactivated uranium mines to reverse cases 
of arthritis and skin diseases. These facts become relevant to observe the dynamics of this type of ionizing radiation, 
it can directly affect the structure of our DNA.
METHODS

Gamma radiation measurements was realized with a crystal scintillator of NaI(Tl) mounted in an aluminum cell 
and connected to a photomultiplier tube (Aware Electronics, USA). This detector was coupled to a PC for storing the 
data series. The scintillator, coupled to the photomultiplier and associated electronics, was previously calibrated only 
in energy range using standard radioactive in a laboratory. The background radiation measurement is collected each 
minute uninterruptedly during one day or until three months. The methods used to study the data sets are statistics 
and Fourier analysis.
RESULTS AND DISCUSSION

Measurements of gamma radiation were performed at the Physics Department of the ITA in São José dos Campos-
Brazil, from January 1st to March 25th 2013 with a count interval of 1 in 1 minute throughout this period. From the 
monitoring of precipitation and radiation, noted a positive correlation between the rainfall intensity during this peri-
od and gamma radiation intensity (0.30 to 10.0 MeV) at the same location. Gamma radiation dose is highly sensitive 
to relative humidity, rainfall and dry weather. There are higher concentrations of radon gas when heavy rains occur 
mainly those resulting from the cold fronts. Furthermore, well-defined one cycle in 24 hours at a dose of radiation.
CONCLUSION

Due to the fact ionizing radiation directly affect the life of the whole planet, it is essential monitoring and ana-
lyze ionizing radiation concentration in the environment and correlation between natural phenomena and its dose. 
This branch of research is scarcely studied in Brazil, however with the sponsorship of the Institute of Technology 
Aeronautics (ITA) and National Counsel of Technological and Scientific Development (CNPq), it was possible to 
monitor the concentration of ionizing radiation on the Earth’s surface using the equipment most suitable for this 
purpose.
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2.2-22p   oN sodiUM AtoM lAyer VAriAtioN iNdUCed by AUrorAl pArtiCle preCipitAtioN   
tsuda, t.t.; Nozawa, s.; Kawahara, t.d.; Kawabata, t.; saito, N.; wada, s.; ogawa, y.; oyama, s.; hall, 
C.M.; tsutsumi, M.; ejiri, M.K.; suzuki, s.; takahashi, t.; Nakamura, t.   

National Institute of Polar Research, Japan (NIPR); Nagoya Univ.; Shinshu Univ.; Nagoya Univ.; RIKEN; 
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Sodium atom layer is generally distributed at 80-100 km. One of mysterious subjects on high-latitude sodium 

layers is relationship between auroral particle precipitation and sodium atom layer variation. A previous study sug-
gested a sodium column density decrease during a geomagnetic active period due to that the particle precipitation 
accompanied by electron density enhancement could induce ionization of sodium atom through their ion-molecule 
chemistry. Another study pointed a possibility of sodium density increase. For this reason, it is suggested that auroral 
precipitating particle bombardment on meteoric smoke particles can sputter sodium atoms from the smoke particles. 
On the other hand, ionospheric electric field, which may become more significant near auroral precipitating regions, 
could induce ion motions (i.e. can generate sodium ion convergence and/or divergence), and then also could affect 
generation and/or loss processes of sodium atoms through their ion-molecule chemistry. Thus, for the examination 
of the causarity, it is vitally important to distinguish the effects of auroral particle precipitation and ionospheric elec-
tric field. Using a sodium lidar (which was installed in early 2010) and European incoherent scatter (EISCAT) radar 
at Tromsoe, Norway (69.6 deg N, 19.2 deg E), we have investigated, for the first time, that the actual effect of the 
particle precipitation to the sodium density variations without electric filed injection. In the nighttime observation 
on 24-25 January 2012, we detected a significant decrease of sodium atom density coincied with electron density 
enhancements (implying strong particle precipitations) and low ion temperatures (implying no electric field injec-
tions). These results strongly suggested that auroral particle precipitations induced sodium atom density decrease.  
Furthermore we discuss observed time response in the sodium density decrease.
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sessioN 2.3
diV ii/iCMA CoUpliNG proCesses iN the AtMosphere- ioNosphere systeM

2.3-1 VertiCAl CoUpliNG of the AtMosphere-ioNosphere systeM obtAiNed by the GAiA 
Model siMUlAtioN
Miyoshi, yasunobu; Jin, hidekatsu; fujiwara, hitoshi; shinagawa, hiroyuki
Kyushu University; NICT; Seikei University; NICT
miyoshi@geo.kyushu-u.ac.jp

Behaviors of gravity waves in the thermosphere/ionosphere are studied by using a general circulation model that 
includes the region from the ground surface to the upper thermosphere with high horizontal resolution (about 1 degree 
longitude by 1 degree latitude). The dominant period of the simulated gravity waves in the thermosphere becomes shorter 
at higher altitudes due to dissipation processes, such as molecular viscosity and ion drag force, indicating that gravity 
waves with a larger horizontal phase velocity (larger vertical wavelength) can penetrate into the thermosphere. We also 
investigate the longitudinal and seasonal variations of gravity wave activity in low latitudes and upward propagation of 
gravity waves from the lower atmosphere to the thermosphere/ionosphere. Our results clearly indicate that the longitudinal 
variation of the gravity wave activity in the mesosphere and thermosphere is closely related to the cumulus convective 
activity in the tropics, indicating vertical coupling between the lower and upper atmospheres. We are developing a higher 
horizontal resolution version (about 1 degree longitude by 1 degree latitude) of the atmosphere-ionosphere coupled model 
(GAIA). Using the high resolution version of the GAIA, we are planning to investigate upward propagation of gravity 
waves from the lower atmosphere to the thermosphere and its impact on the ionospheric variability.

2.3-2 AtMospheriC diUrNAl tides froM the NUdGed exteNded CANAdiAN Middle 
AtMosphere Model – CMAM20
du, Jian; ward, william; beagley, stephen
University of Louisville, US; University of New Brunswick, Canada; York University, Canada
jian.du@louisville.edu

2.3-3 epp-iNdUCed AtMospheriC CoMpositioN ChANGes: CoMpArisoN betweeN Model 
siMUlAtioNs ANd obserVAtioNs withiN heppA-MMi
funke, b. 
Instituto de Astrofísica de Andalucía, CSIC
bernd@iaa.es

The High Energy Particle Precipitation in the Atmosphere model vs. measurement intercomparison initiative 
(HEPPA-MMI), as part of the SPARC SOLARIS-HEPPA activitity, brings together scientists involved in atmo-
spheric modeling using state-of-the art CCMs and CTMs on one hand and scientists involved in the analysis and 
generation of satellite data on the other hand. The objective of this community effort is (i) to assess the ability of 
state-of-the-art atmospheric models to reproduce composition changes induced by energetic particle precipitation 
(EPP), (ii) to indentify and - if possible remedy model deficiencies related to chemistry, dynamics, and ionization 
schemes, and (iii) to serve as a platform for discussion between modelers and data producers. This is achieved by a 
quantitative comparison of observed and modeled species abundances during selected periods of pronounced par-
ticle forcing, as well as by inter-comparing the simulations performed by different models.   The past HEPPA-I study 
has focused on the inter-comparison of MIPAS/Envisat data obtained in the aftermath of the Halloween SPE (26 
October  30 November 2003) with simulations performed by a large number of CCMs and CTMs, allowing for the 
evaluation of the overall ability of atmospheric models to reproduce observed atmospheric perturbations generated 
by SPEs, particularly with respect to NOy, Cly, and ozone changes. The recently launched HEPPA-II intercompari-
son study focuses on the evaluation of EPP indirect effects  (i.e., the descent of EPP-generated odd nitrogen from 
the MLT into the stratosphere)  during the Arctic winter 2008/2009.  This talk will give an overview of the results 
obtained and ongoing progress of these activities. exercise. 

2.3-4 GeoMAGNetiC ANd solAr ACtiVity effeCts oN preCipitAtioN
heredia, teresita; elias Ana G.
Universidad Nacional de Tucuman, FACET, Dpto. de Fisica, UNT; CONICET
theredia@herrera.unt.edu.ar

The long-term variability of precipitation in different regions is analyzed in order to detect possible geomagnetic 
and solar activity effects. Monthly time series of precipitation over the Northwestern region of Argentina, Sydney 
and some regions of India, together with Rz and aa index were used. A correlation analysis reveals different types 
of associations which could be understood as no association at all or as the presence of two or more interacting 
mechanisms which imply opposite effects. Adhering to this approach, we consider two mechanisms. The first one is 
through cosmic ray effects which are modulated directly by the solar wind. This mechanism supports a negative cor-
relation between precipitation and solar/geomagnetic activity. The second mechanism consists of a link of processes 



173

IAGA Meeting 2013 

beginning in the upper atmosphere, which indirectly induce shifts in the atmospheric circulation patterns in the tro-
posphere and would support a positive correlation.

2.3-5 eleCtrodyNAMiC CoUpliNG of the AtMosphere-ioNosphere systeM dUriNG A Geo-
MAGNetiCAlly QUiet tiMe ANd ssw CoNditioNs
Maute, Astrid; hagan, Maura e.; richmond, Arthur d.; roble, raymond G.; pedatella, Nicholas M.; 
Goncharenko, larisa p.
NCAR; NCAR; NCAR; NCAR; NCAR; MIT
maute@ucar.edu

Observations of the F-region ionosphere in the last 10 years have shown that the ionosphere is highly variable on 
different spatial and temporal scales, and that part of the F-region ionospheric variability is due the coupling  of the 
ionosphere to the atmosphere below. One of the proposed coupling mechanisms is via the ionospheric electrodynamo 
which generates electric fields and ExB plasma drifts in response to tides and waves which propagate up from the   
atmosphere into the lower thermosphere. Observations support this claim by illustrating similar signals in vertical 
ExB plasma drifts and F-region plasma densities, especially during geomagnetically quiet periods when the influ-
ence of the lower atmosphere on the F-region ionosphere can be important.

In this presentation we focus on periods of Stratospheric Sudden Warmings (SSW) which are driven by major 
lower atmospheric dynamical disturbances. Tides that propagate through the middle atmosphere into the thermo-
sphere can be strongly altered by a SSW and the associated changes in the background atmosphere. In this study we 
use the National Center for Atmospheric Research (NCAR) thermosphere-ionosphere-mesosphere-electrodynamics 
general circulation model (TIME-GCM) to simulate the  SSW periods with realistic meteorological and geospace 
variability, and we address how variability in the different tidal and planetary-wave components is linked to the 
variability in the equatorial vertical plasma drift. We quantify SSW effects on the tides by comparing with a control 
simulation, and suggest mechanisms which might cause the tidal changes. We characterize and quantify the changes 
in the vertical drifts due to the SSW events. Through numerical experiments we evaluate the importance of the differ-
ent wave and tidal components in generating the temporal variation in the vertical drift. Finally, we assess the SSW 
simulations of the vertical drift and the ionospheric signal in the context of the ionospheric observations.

2.3-6 ioNospheriC respoNse to A sUddeN strAtospheriC wArMiNG At hiGh solAr ACtiVity
fuller-rowell, tim; fang, tzu-wei; wang, houjun; wu, fei; Akmaev, rashid
CIRES University of Colorado; SWPC NOAA
tim.fuller-rowell@noaa.gov

The recent solar minimum has been an ideal opportunity to study the impact of lower atmosphere dynamics on the 
thermosphere and ionosphere. During January 2009, for instance, the response to a particularly large sudden strato-
spheric warming revealed large changes in the vertical plasma drift at the magnetic equator. The response in total 
electron content showed a 50% increase in the morning hours and a 50% decrease in the afternoon, compared to the 
typical diurnal variation. Modeling the period enable the physical processes to be unraveled. The change appeared to 
be in part due to a change in phase of the upward propagating semi-diurnal migrating tide. Numerical simulations have 
been performed to determine the likely response of the upper atmosphere if this particular stratospheric warming had 
occurred at higher solar activity. Theory might suggest the wind fields reaching the lower thermosphere dynamo region 
would be similar, so the changes in the electric fields would be more controlled by the plasma density and conductivity 
changes. The numerical simulation shed light on the likely response and whether the changes if plasma density would 
likely be discernable from other sources of solar and geomagnetic variability at high solar activity.

2.3-7 CoUpliNG betweeN the lower AtMosphere ANd therMosphere As reVeAled iN 
GoCe ACCeleroMeter MeAsUreMeNts
forbes, Jeffrey M.; zhang, xiaoli; doornbos, eelco; bruinsma, sean l.
University of Colorado; University of Colorado; Delft University of Technology; Centre National d’Etudes Spatiales
forbes@colorado.edu

In recent years, accelerometer measurements from the CHAMP and GRACE satellites have revealed evidence for 
the penetration of non-migrating (longitude-dependent) solar tides into the 400-500 km region of the thermosphere. 
These tides are generated for the most part in the troposphere by solar radiation absorption and latent heating; they 
propagate vertically, grow exponentially with height, and undergo dissipation in the thermosphere. Accelerometer 
measurements from the GOCE satellite provide the opportunity to view the nature of these tides in middle thermo-
sphere (ca. 250 km) densities and winds and with improved precision compared with, e.g., CHAMP. However, the 
Sun-synchronous orbit of GOCE presents a new challenge in terms of identifying and separating the different tidal 
components. On the other hand, the combination of both wind and density measurements adds additional informa-
tion to the problem. In this paper we demonstrate how the GOCE data can be analyzed to extract waves of inter-
est, validate the GOCE data against co-planar CHAMP measurements, and provide new science results from this 
methodology.
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2.3-8 GlobAl distribUtioN of the terdiUrNAl tide seeN iN Gps rAdio oCCUltAtioN spo-
rAdiC e oCCUrreNCe rAtes.
fytterer, tilo; Jacobi, Christoph; hoffmann, peter; Arras, Christina; wickert, Jens
University of Leipzig; University of Leipzig; PIK; GFZ; GFZ
jacobi@uni-leipzig.de

Global Positioning System (GPS) radio occultation (RO) measurements by the FORMOsa SATellite mission-3/
Constellation Ob¬serving System for Meteorology, Ionosphere and Climate (COSMIC) satellites were used to anal-
yse the behaviour of the zonally averaged signature of the terdiurnal tide (TDT) in sporadic E (Es) layers. According 
to theory, the occurrence of Es is expected when the vertical zonal wind shear, which is mainly owing to solar tides, 
is negative. 4-year averages, based on 3-monthly mean zonal means from December 2006 - November 2010, were 
constructed for the terdiurnal oscillation in the occurrence frequency of Es. Comparison of the results at midlatitudes 
(43°N - 63°N) with VHF meteor radar wind observations of the TDT and the 8-hour oscillation in the vertical zonal 
wind shear at Collm, Germany (51.3°N, 13°E) shows a clear correspondence between the 8-hour signature in Es and 
wind shear. In particular zonal wind shear and Es phases agree well. Furthermore, the seasonal cycles of the 8-hour 
Es and 8-hour wind shear amplitudes closely correspond with each other. On a global scale, the seasonal and latitu-
dinal distribution of the 8-hour occurrence rate amplitudes in Es shows good agreement with results of TDT analyses 
from numerical models and observations in the literature.

2.3-9 sMAll-sCAle GrAVity wAVes iN the therMosphere dUriNG A sUddeN strAtospheriC 
wArMiNG
yiit, erdal; Medvedev, Alexander s.
University of California, Berkeley; Max Planck Institute for Solar System Research
erdal@ssl.berkeley.edu

Small-scale gravity waves in the thermosphere during a sudden stratospheric warming

Lower atmospheric gravity waves (GWs) play an important role for the structure of the middle atmosphere. Their 
role for the thermosphere above the turbopause has been studied to a much lesser extent due to a series of limita-
tions in models, gravity wave parameterizations, and observations. Yi?it et al. (2008) developed for the first time a 
parameterization that can estimate the effects of subgrid-scale GWs in whole atmosphere models extending from the 
lower atmosphere to the upper thermosphere. This talk presents the first general circulation modeling results with 
the Yi?it et al. (2008) scheme on the propagation and dissipation of lower atmospheric GWs in the thermosphere 
during a sudden stratospheric warming. The SSW occurrence modulates GW propagation and the resulting circula-
tion feedbacks remarkably up to the upper thermosphere (Yi?it and Medvedev, 2012). Gravity wave-induced root 
mean square increases by a factor of three above the turbopause during the warming. Compared to the non-warming 
period, GWs propagate to much higher altitudes during the SSW and produce large forcing. These results indicate 
that GW propagation from the lower atmosphere to the thermosphere during transient events plays an even greater 
role for the vertical coupling. 
Yiit, E., A. D. Aylward, and A. S. Medvedev (2008), Parameterization of the effects of vertically propagating 
gravity waves for thermosphere general circulation models: Sensitivity study, J. Geophys. Res., 113, D19106, 
doi:10.1029/2008JD010135.
Yiit, E., and A. S. Medvedev (2012), Gravity waves in the thermosphere during a sudden stratospheric warming, 
Geophys. Res. Lett., 39, L21101, doi:10.1029/2012GL053812.

2.3-10 CoMpArisoN of the NeUtrAl dyNAMiCs of the 2009 ssw siMUlAted by differeNt 
whole AtMosphere Models
pedatella, Nicholas; liu, hanli; sassi, fabrizio; fuller-rowell, timothy; Jin, hidekatsu
National Center for Atmospheric Research; National Center for Atmospheric Research; Naval Research Laboratory; 
National Oceanic and Atmospheric Administration; National Institute of Information and Communications 
Technology
nickp@ucar.edu

Different model simulations of the 2009 sudden stratosphere warming (SSW) are compared in order to gain insight 
into the global dynamical changes that occur throughout the middle and upper atmosphere in response to the SSW. 
The models considered are the Ground-to-topside model of Atmosphere and Ionosphere for Aeronomy (GAIA), the 
Whole Atmosphere Community Climate Model eXtended version(WACCM-X), and the Whole Atmosphere Model 
(WAM). Large differences are found in the changes in the zonal mean atmosphere, and these become particularly ev-
ident at higher altitudes where the models are no longer constrained by observations or reanalysis. These differences 
are primarily attributed to the use of different gravity wave schemes in the different models. The different treatment 
of gravity waves is shown to not only impact the model response to the SSW, but also the zonal mean climatology 
in the middle and upper atmosphere. The changes in the atmospheric tides during the SSW are also investigated. 
Comparison of the tides in the different models reveals some similarities in the tidal response to the SSW. However, 
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significant differences are also apparent in the magnitude and timing of the tidal variability. The comparison of the 
GAIA, WACCM-X, and WAM simulations clearly illustrates the similarities and differences in the modeled response 
to the 2009 SSW. The aspects that are similar in the model simulations are considered to be robust features of the dy-
namical changes that occur in the middle and upper atmosphere in response to the 2009 SSW. The differences serve 
to illustrate that there is also significant uncertainty in aspects of the modeled response to the 2009 SSW.

2.3-11 ioNospheriC distUrbANCes iNdUCed by ACoUstiC wAVe exited by MeGA-eArthQUAKes
Kakinami, yoshiro; watanabe, shigeto; Kamogawa, Masashi
Kochi University of Technology, JAPAN; Hokkaido University, JAPAN; Tokyo Gakugei University, JAPN
kakinami.yoshihiro@kochi-tech.ac.jp

After large earthquake, ionosphere disturbances are often observed because acoustic and gravity waves are ex-
cited by a vertical sudden displacement of the ground and sea surface caused by the earthquake and tsunami and then 
disturb ionospheric plasma. The M 9.0 Tohoku earthquake (Tohoku EQ) was a megathrust-type which occurred on 
March 11 of 2011 at 0546 UT in the western Pacific Ocean. After the Tohoku EQ, many types of ionospheric dis-
turbances such as acoustic resonance and gravity wave were observed. Furthermore, large plasma depletion named 
tsunamigenic ionospheric hole was observed [Kakinami et al., 2012]. Similar plasma deletions were also found in 
the 2010 M8.8 Chile and the 2004 M9.1 Sumatra earthquakes. This occurs because plasma is descending at the lower 
thermosphere where the recombination of ions and electrons is high through the meter-scale downwelling of sea 
surface at the tsunami source area, and is highly depleted due to the chemical processes.

Two types of coseismic ionospheric disturbance (CID) were also found after the Tohoku EQ [Kakinami et al., 
2013]. A faster CID propagated at ~3.0 km/s only in the west-southwest, while a slower CID propagated concentri-
cally at 1.2 km/s or slower from the tsunami source area. The faster CID was associated with a Rayleigh wave but 
the slower CID was associated with an acoustic or gravity wave. The north-south asymmetry of the CID related to 
the Rayleigh wave suggests that the Rayleigh wave did not act as a point source of the acoustic wave because a point 
source propagating in all directions produces CID in all directions. Therefore, a superimposed wave front of acous-
tic waves excited by the Rayleigh wave produced the north-south asymmetry of the faster CID due to the magnetic 
inclination effect.
REFERENCES
Kakinami et al., 2012, Geophys. Res. Lett., doi:10.1029/2011GL050159
Kakinami et al., 2013, J. Geophys. Res., doi:10.1002/jgra.50099.

2.3-12 VAriAbility stUdy of ioNospheriC ANd NeUtrAl AtMospheriC pArAMeters
Koucká Kníová, petra; Jaková,  Katerina; Kouba, daniel; Mona, zbyek
Institute of Atmospheric Physics, ASCR
pkn@ufa.cas.cz

The purpose of our study is to describe the temporal and spatial variability of the ionosphere together with the 
behavior of the neutral atmosphere in midlatitudes. We focuse on atmospheric wave activity at different atmospheric 
heights. By mean of spectral analyses (especially wavelet transformation) we search for coherent wave bursts and 
further trace these coherent wave burts from lower atmospheric regions upwards. In our previous analysis we de-
tected coherent wave-like burts within time series of stratospheric and ionospheric parameters. Such coherent wave 
bursts occured on the planetary wave periods. Here, we present the extension of the study.

2.3-13 tidAl ANd plANetAry wAVe CoUpliNG of the eQUAtoriAl Mesosphere-lower 
therMosphere-ioNosphere reGioN
Gurubaran, subramanian; sathishkumar, sundararaman
Indian Institute of Geomagnetism, Navi Mumbai, India; Equatorial Geophysical Research Laboratory, Indian 
Institute of Geomagnetism, Tirunelveli, India
gurubara@iigs.iigm.res.in

Planetary-scale atmospheric waves play an important role in the dynamics of the mesosphere-lower thermosphere 
(MLT) region. It has been hypothesized in the past that if a global-scale wave with large amplitude and fairly long 
vertical wavelength propagates into the ionosphere from below, it should drive an electric current system through 
the dynamo action with a period of the global-scale wave. This wave-like perturbation in current system causes 
perturbations in geomagnetic field that could be recorded on ground. Part of these variabilities during magnetically 
quiet times could very well be due to the variabilities of tides and other planetary-scale waves but what conditions 
exist in the MLT region that permit these large-scale waves to reach the dynamo heights and have an influence on 
the ionospheric variabilities there and higher above are not known. One of the ongoing studies carried out by us aims 
to delineate the role of atmospheric tides and planetary waves in driving the day-to-day variabilities of ionospheric 
current systems at low latitudes (Sq and EEJ). 

In this work we make use of the long-term (two decades) observational data set from the tropical MLT radar site, 
Tirunelveli. Unusually larger tidal and planetary wave amplitudes during the deep solar minimum (2006-2009) have 
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indicated solar cycle influence. We focus on this period to investigate how tides and planetary waves drive the day-
to-day variabilities of ionospheric current systems and contribute to the ground magnetic field variations.

2.3-14 CoUpliNG of the AtMosphere-ioNosphere systeM by plANetAry wAVes
pancheva, dora; Mukhtarov, plamen
National Institute of Geophysics, Geodesy and Geography-BAS
dpancheva@geophys.bas.bg

With the recent accumulation of the satellite ionospheric measurements the attention is now directed towards 
investigating the impact of wave forcing from the lower atmosphere. The periods of time when the level of so-
lar and geomagnetic activity is very low are particularly appropriate for investigating the vertical coupling of the 
atmosphere-ionosphere system by atmospheric waves. In this study the signs of potential upward planetary wave 
coupling are examined by using the following global-scale observations: (i) in order to clarify the source region of 
the planetary waves (troposphere or stratosphere) the UK Met Office reanalysis fields are used; (ii) temperature mea-
surements from the Sounding of the Atmosphere using Broadband Emission Radiometry (SABER) instrument on the 
Thermosphere-Ionosphere-Mesosphere-Energetics and Dynamics (TIMED) satellite have been analyzed to derive 
the global spatial structure and temporal variability of the main atmospheric waves from the lower stratosphere to 
the lower thermosphere (20-120 km) and at latitude range of ±50°; (iii) total electron content (TEC) results from 
the GNSS derived global ionosphere maps define overall ionospheric variability at planetary wave time scales, and 
(iv) the six-satellite Constellation Observing System for Meteorology, Ionosphere and Climate (COSMIC) electron 
density measurements over the entire globe have been used for clarifying particularly the altitude structure of the 
ionospheric response to the planetary wave forcing from below for altitudes between 100 km and 800 km. Two case 
studies are considered in detail.

2.3-15 QUAsi-two-dAy wAVes iN the eQUAtoriAl Meteor wiNds ANd ioNospheriC dAtA
lima, lourivaldo M.; Alves, edvaldo de o.; silva, Maxwelton da s.;  takahashi, h.; batista, paulo p.; 
batista, inez s.
Universidade Estadual da Paraiba (UEPB); UEPB; UEPB, INPE; INPE; INPE
lourivaldo_mota@yahoo.com.br

2.3-16 iNVestiGAtioN of After-storM effeCt oN AtMospheriC eleCtriCity At hiGh 
lAtitUde
Jeni Victor, N.; panneerselvam, C.; Johnson Jeyakumar, h.; Nair and Cp Anil Kumar
INDIAN INSTITUTE OF GEOMAGNETISM, INDIA
jenivictor@gmail.com

One of the problems in the study of variations of atmospheric electric field is that of separating the sources of 
these variations on the external and internal. Variations in the atmospheric near-surface vertical electric field compo-
nent (EZ) measured at the Indian Antarctic station Maitri (70°45’52’’S, 11°44’3’’E, 117 m above mean sea level) in 
2006 is analyzed in terms of finding the effect of before and after geomagnetic storm. To reinvestigate the latitudinal 
effect on EZ one more high latitude station Vostok (78°5’ S, 107° E) had been taken to discuss. Total of 12 events 
have been listed under this category in the solar near minimum year which show feeble solar activity helps to extract 
the solar dynamo contribution to the global electric circuit. The storm day is considered as a key day and followings 
days are counted as event days. All the above selected events, the key day holds the behaviours of geomagnetic storm 
and high/ sudden ionospheric absorption in D region of the ionosphere. The key day may not show any signature of 
storm rather the following event days, minimum 4 days & maximum 8 days, show the UT dependences of EZ varia-
tions irrespective of season. Maitri station is crossing dusk boundary at 23 UT - 5 UT which allows the particle from 
the terrestrial magnetotail, verified with GEOTAIL satellite data, to the auroral ionosphere in high latitudes.  The 
same injection is also possible in Vostok station when it crosses over dusk at 08 UT- 16 UT. The measured EZ from 
these stations show the enhancement in event days as per dusk boundary crossing as a result of electrical coupling 
from ionosphere. The detailed mechanism will be discussed in this paper.       

2.3-17 whAt sCieNCe of tle CAN be doNe with JeM-eUso
blecki, Jan; slominska, K.; slominski, J.; Garipov, G.; Klimov, p. 
jblecki @cbk.waw.pl

The main goal of the JEM EUSO experiment  are studies of the extremely high energetic cosmic rays(1019-
1021eV), but method which will be used (registration of the secondary light emissions induced by cosmic rays in the 
atmosphere) allows to study other luminous phenomena. Our paper will consist of four parts: review of the present 
knowledge on the TLE, presentation of the results of the simulations of the images of TLEs in JEM EUSO telescope, 
results of Russian experiments Tatiana 1 and Tatiana 2 and discussion of the possible progress of the science in this 
field with use JEM EUSO and possible cooperation with other space projects devoted to study of TLEs- TARANIS 
and ASIM.<ooo>Studies of the TLE became one of the main physical problems in the atmospheric physics. They 
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were discovered in  1989. In years 1992- 1994 the registrations from space shuttle were done and recently from 
International Space Station. These events have short duration (milliseconds) and small scales (km to tens of km) and 
appear at altitudes 50 – 100km . Their nature is still not clear and each new experimental data can be useful for better 
understanding of these mysterious phenomena. 

2.3-39p CoUpliNG betweeN solAr rotAtioN ANd lUNAr tide osCillAtioNs iN the eQUAto-
riAl eleCtroJet oVer hUANCAyo
Gasperini, federico; forbes, Jeffrey M
University of Colorado at Boulder
federico.gasperini@colorado.edu

To first order the ground magnetic signature of the equatorial electrojet (EEJ) reflects the height integral of 
J=sigma*E where sigma is a conductivity and E represents some combination of the global dynamo-generated elec-
tric field and an electric field due to local winds.  Day-to-day variations in the conductivity are strongly controlled by 
the solar flux, while E depends on solar and lunar tides, planetary waves, and the disturbance dynamo. In this study 
we seek a deeper understanding of how the residual noontime horizontal magnetic field (delta-Hn) varies from day 
to day, and in particular how the quasi-27-day variation in solar flux interacts with the 14.5-day lunar tide to produce 
complexity in the variability of ?Hn, through interactions between these two waves and their sidebands.  Towards 
this end, we analyze magnetometer data from the Huancayo observatory for the years 2002-2005 and 1989-1990 
when solar rotation effects and the lunar tide are prominent. In addition, we employ EUV irradiances from TIMED/
SEE in addition to the F10.7 radio flux to gain better insight into the solar flux effects on ?Hn. We demonstrate how 
peaks in the delta-Hn spectrum arise through interaction between the ~27-day and 14.5-day oscillations and their 
sidebands, and illustrate how these translate to differences between solar flux variability and delta-Hn in the time 
domain. As a result of this exercise, we gain a much better understanding of the origins of day-to-day variability of 
the equatorial-region ionosphere in the wider context.

2.3-40p lUNAr seMidiUrNAl tide loNGitUdiNAl VAriAtioN obserVed iN sAber  
 teMperAtUre dAtA

paulino, A.r.; batista, p.p.; batista, i.s
National Institute For Space Research (INPE)
anaroberta@dae.inpe.br

Lunar Tide theory suggests that the migrating components are much larger than the non-migrating ones. However, 
non-migrating modes are capable of introducing longitudinal variations. So, the non-migrating components must be 
important for the global distribution of this tide. The existence of non-migrating components might be due to ocean 
and solid Earth tidal forcing that propagate vertically or due to nonlinear interaction between stationary planetary 
waves and the migrating modes. In order to study the longitudinal variability of the atmospheric lunar semidiurnal 
tide ten years of temperature data collected by the TIMED/SABER satellite have been used. The amplitudes and 
phases have been calculated by performing least mean square fit in a dataset of about 60-day interval (combining 
ascending and descending data together) in latitude/longitude box. In this study a clear longitudinal variability was 
observed at three altitudes (81, 90 and 108 km) in March, June, September and December, but most pronounced at 90 
and 108 km. The lunar semidiurnal tide amplitude at each latitude and longitude also presented a seasonal variability.

2.3-41p CoMpetitioN betweeN wiNds ANd eleCtriC fields iN the forMAtioN of blANKet-
iNG sporAdiC e lAyers
resende Araújo, laysa Cristina; denardini, Clezio Marcos; batista, inez staciarini;  Carrasco,  Alexander 
José;  Moro, Juliano; Chen, sony su;
National Institute For Space Research (INPE); INPE; INPE; INPE; INPE; INPE/UNITAU
laysa@dae.inpe.br

This paper studies the competition between tidal winds and electric fields in the formation of blanketing sporadic 
E layers (Esb) over São Luís, Brazil (2o 31’ S, 44o 16’ W, dip=-2.3). The analysis is carried out using the maximum 
electronic density, which we estimate from the Esb layer top frequency (ftEs) obtained by a digital ionosonde. The 
data selected for the present analysis covers the entire solar cycle 23 and extends up to 2012. To investigate the com-
petition between winds and electric fields, we have used an ionospheric E-region model that includes the sporadic 
E layer (Carrasco et al., JGR, 112, 2007), which allows to evaluate the influences of the electric field and the winds 
in the formation of Esb layers. The experimental and theoretical results are compared and discussed considering the 
influences of the aforementioned mechanisms: the electric fields and the tidal winds.
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2.3-42p UpwArd eleCtriCAl CoUpliNG betweeN lower ANd Middle AtMosphere At eQUAto-
riAl lAtitUdes by MesosCAle pheNoMeNA - Model stUdy
tonev, peter; Velinov, peter
Institute for Space Research and Technology, Bulgarian Academy of Sciences
ptonev@bas.bg

Electrical sources in the lower troposphere, such as single thunderstorms, mesoscale convective systems and 
squall lines, typhoons, etc., can produce strong quasi-electrostatic fields in the middle atmosphere and lower iono-
sphere which can cause changes in these such as heating and changes of ionospheric characteristics. Similarly, 
earthquake related processes, can possibly cause a quasi-electrostatic coupling between the lower, middle and up-
per atmosphere. Therefore, it is useful to perform a model for investigation of the quasi-static electric fields and of 
their effects in the middle atmosphere and lower ionosphere above mesoscale structures of electrical sources in the 
lower atmosphere. The quasi-electrostatic fields generated in the lower ionosphere (60-100 km) by such underlying 
electrical sources of mesoscale horizontal dimensions (from tens to few hundred kilometers) located at equatorial 
latitudes are studied by modeling. The modeled electric fields are derived as a solution of the continuity equation for 
the Maxwell current. Our model takes into account self-consistently changes of ionospheric conductivity caused by 
the electric field. The solution is numerically obtained through a spatial approximation where a dramatic reduction 
of the complexity is achieved by simplified representation along north-south direction. It is shown by the model that 
mesoscale electric sources in the lower atmosphere by nighttime conditions can generate quasi-static electric fields 
in the lower ionosphere large enough to cause heating, and, in specific cases, to generate streamers. At equatorial 
latitudes a thin layer above ~85 km is formed where large horizontal currents and related strong vertical electric 
fields are generated. In the case of squall lines these electric fields are able to produce effects, such as heating and 
excitation of the atmospheric molecules, as well as vertically developing streamers. These last can cause one or a 
group of red sprites, which can be significantly horizontally shifted (in some cases, by tens of kilometers) from their 
causative lightning in the troposphere, according to actual observations.

2.3-43p GeNerAtioN, iNteNsifiCAtioN ANd self-orGANizAtioN of iNterNAl-GrAVity wAVe 
strUCtUres iN the ioNosphere with sheAr flow
Kharshiladze, oleg; Chargazia, Khatuna
Tbilisi State University
khatuna.chargazia@gmail.com

A study is made of the generation and subsequent linear and nonlinear evolution of internal-gravity wave (IGW) 
structures in the dissipative ionosphere in the presence of a nonuniform zonal wind (a sheared flow). The efficiency 
of the linear amplification of IGW structures in their interaction with a nonuniform zonal wind is analyzed. When 
there are sheared flows, the operators of linear problems are non-self-conjugate and the corresponding eigenfunc-
tions are nonorthogonal, so the canonical modal approach is poorly suited for studying such motions and it is neces-
sary to utilize the so-called nonmodal mathematical analysis. It is shown that, in the linear evolutionary stage, IGW 
efficiently extract energy from the sheared flow, thereby substantially increasing their amplitude and, accordingly, 
energy (by several orders). The criterion for instability of a sheared flow in an ionospheric medium is derived. As 
the shear instability develops and the perturbation amplitude grows, a nonlinear self-localization mechanism comes 
into play and the process ends with the self-organization of nonlinear, highly localized, solitary IG vortex structures. 
The system thus acquires a new degree of freedom, thereby providing a new way for the perturbation to evolve in a 
medium with a sheared flow. Depending on the shape of the sheared flow velocity profile, nonlinear structures can 
be either purely monopole vortices or vortex streets against the background of the zonal wind. The accumulation of 
such vortices can lead to a strongly turbulent state in an ionospheric medium.

sessioN 2.4 
diV ii/iCMA ANd CAwses-ii/sCostep loNG- ANd short-terM solAr iNflUeNCes iN the Middle 
ANd Upper AtMosphere

2.4-1 solAr effeCts oN the Upper AtMosphere froM solAr CyCle to solAr flAre tiMe sCAles
Qian, liying; solomon, stanley C.
National Center for Atmospheric Research
lqian@ucar.edu

Solar irradiance is the primary energy input to the thermosphere/ionosphere system. The thermosphere absorbs 
solar irradiance in XUV (the soft X-ray ultra-violet, 1–30 nm), EUV (extreme ultra-violet, 30–120 nm), and FUV 
(far ultra-violet, 120–200 nm). The solar EUV ionizes, dissociates, and excites the thermospheric constituents, cre-
ates the ionosphere, and heats the thermosphere. In this presentation, we discuss solar irradiance variations from 
solar cycle to solar flare time scales, and their effects on the upper atmosphere, from the perspective of modeling and 
data results of thermosphere neutral density due to these variations in solar irradiance. We will discuss variations in 
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neutral density include solar-cycle variation, annual/semiannual variation, solar-rotational variation, diurnal varia-
tion, and abrupt changes with a time scale of minutes to hours due to solar flare. The neutral density data sets include 
neutral density observed by the accelerometers onboard the Challenging Mini-satellite Payload (CHAMP), neutral 
density at satellite perigees, and global-mean neutral density derived from thousands of orbiting objects. Modeling 
results are from the National Center for Atmospheric Research (NCAR) thermosphere-ionosphere-electrodynamics 
general circulation model (TIE-GCM), and from the NRLMSISE-00 empirical model.

2.4-2 AdVANCes iN solAr treNds iN Mlt-reGioN teMperArtUre
beig, Gufran
INDIAN INSTITUTE OF TROPICAL METEOROLOGY, PUNE INDIA
beig@tropmet.res.in

As the newer data sets are becoming available on the temperature of MLT region, some new trends are emerg-
ing which are contrary to the earlier perceptions. It is also becoming increasingly clear that until the solar-related 
changes in the long term temperature series are well understood and quantified in the mesosphere, there is little 
hope of separating out changes due to longer-term secular variability caused due to human induced changes at the 
surface, much less gaining any insight into their causes. The discrepancy in the solar signal of temperature obtained 
by experimental data and the model results over the equatorial regions are still unresolved. The solar signal near 
the mesopause region is the most challenging task and we have relatively much better data coverage as compared 
to mesosphere. A diverse results from polar region to equator is observed for solar signal in the temperature which 
need to be understood properly. The instrumental uncertainity in most widely used measurement technique namely 
OH-airglow is now narrowing down with various groups. In this talk, an update of solar signal in temperature of the 
region from 50-100 km has been made based on available understanding.

2.4-3 solAr CyCle depeNdeNCe of Middle AtMosphere teMperAtUres
forbes, Jeffrey M.; zhang, xiaoli; Marsh, dan
University of Colorado; University of Colorado; National Center for Atmospheric Research
forbes@colorado.edu

TIMED/SABER temperature measurements between 20 and 100 km during the declining phase of solar cycle 23 
(2002-2007), through the deep minimum of 2008-2009, and the upswing of solar cycle 23 (2010-2012) are analyzed 
to extract the dependence on level of solar activity.  Separate analyses are performed for the latitude range between 
±50° latitude where the measurements are nearly continuous, and for higher latitudes (±50-80°) that are only visited 
during certain months in each hemisphere due to satellite yaw maneuvers.  Most results are for 60-day-zonal-mean 
temperatures centered on the 15th of each month, in order for complete local time sampling to be accomplished; this 
removes most tidal and planetary wave contributions to the temperatures.  The monthly means are then averaged to 
obtain a composite year, and monthly temperature residuals are computed by subtracting the composite year from 
each individual year. This step removes the average intra-annual variations, i.e., annual, semiannual and so forth.  
The residuals are then averaged in 10-km altitude bins and over latitude ranges ±10°, ±10-30°, and ±30-50°, and 
annual-mean values are also calculated.  The mean temperature residuals defined above are subjected to regression 
analysis to establish a linear relationship with the 81-day mean F10.7 solar radio flux.  As some typical preliminary 
results, we find the change in annual-mean equatorial-region temperature per 1 s.f.u. in solar flux  is .048 K at 90-
100 km and .023 K at 60-70 km altitude, at the 95% confidence level. Values at higher latitudes are not too different, 
although the solar dependence appears to be more robust during some months.

2.4-5 the iNflUeNCe of eNerGetiC pArtiCles oN the AtMospheriC CheMistry ANd 
CliMAte.
rozanov, eugene
PMOD/WRC and IAC ETHZ
e.rozanov@pmodwrc.ch

The solar magnetic activity variations influence the deposition of energy in the Earth`s atmosphere modulating 
the energy spectrum and fluencies of different energetic particles. Precipitating magnetospheric electrons are able 
to produce substantial amount of nitrogen oxides (NOx) in the lower thermosphere over the high latitudes. Due 
to relatively long life time in the absence of strong solar UV radiation NOx can be transported down by diffusion 
and/or vertical advection into the stratosphere inside polar vortexes which is the most pronounced after the sudden 
stratospheric warming (SSW) events. The level of the reactive nitrogen and hydrogen oxides can be further enhanced 
after strong solar proton or radiation belt electron precipitation events leading to the ozone destruction in the upper 
stratosphere over the high latitudes. In the lower stratosphere and upper troposphere the ozone mixing ratio can be 
also modified by nitrogen and hydrogen oxides produced by galactic cosmic rays. The direct effects of these forcing 
consists of the alternation of the heating rates in the atmosphere leading to the changes of temperature distribution 
and circulation pattern in the stratosphere. The reconfiguration of the stratospheric wind pattern can penetrate further 
down influencing the wave properties and surface air temperature distribution. This chain of the physical processes 
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is characterized by downward propagation and can be detected either from the surface temperature field or from the 
depression of Brewer-Dobson circulation. Modeling of these processes requires application of sophisticated numeri-
cal models which include all relevant processes and their interaction. In this review talk I will discuss all involved 
mechanisms and their representation in the state-of-art models. Different features of the modeled atmospheric re-
sponse to energetic particle precipitation will be presented and compared with the observation data. The implications 
of the potential weakening of the solar activity in the future will be also discussed.

2.4-6 short-terM solAr iNflUeNCes oN the polAr AtMosphere
Mironova, irina
St. Petersburg State University
irini.mironova@gmail.com

The Earth’s atmosphere is a very complicated system affected by numerous internal and external factors. The role 
of solar variability as well as external space factors in atmospheric variability is an important topic for scientific and 
societal communities. Whilst the direct effects of the solar irradiance can be adequately modeled, other mechanisms 
of solar influence on the atmosphere remain poorly represented. 

One potential external driver is related to energetic particles of solar and space origins. Such energetic particles 
are one of the main sources of the ionization of the whole atmosphere; however the importance of particles of differ-
ent energies depends on altitude, as well as on latitude. By means of case studies of solar protons events with differ-
ent energies of particles and their influence on various atmospheric parameters, it is possible to evaluate the effect of 
solar energetic particles (SEP) on polar microphysical processes. The case studies of the extreme SEP events show 
their possible applications for natural variations of the mesosphere and stratosphere parameters. However, the effect 
of the additional ambient air ionization on the microphysical processes is minor, in comparison with temperature 
effect, and can take place only in the cold polar atmospheric conditions. 

The presented here results are obtained in the frame of the CAWSES-II Task 1 Project 1: What is the effect of 
transient solar events on the middle and lower atmosphere?

2.4-7 how to oVerCoMe persisteNt biAses iN the CoMposite ANAlyses: AN exAMple with 
CosMiC rAys ANd CloUd CoVer
Čalogović, Jaša; laken, Benjamin A.; Dunne, Eimear M.; Pierce, Jeffrey r.
Hvar Observatory, Faculty of Geodesy, University of Zagreb; Instituto de Astrofísica de Canarias, Department 
of Astrophysics, Faculty of Physics, Universidad de La Laguna; Finnish Meteorological Institute, Kuopio Unit, ; 
Department of Atmospheric Science, Colorado State University
jcalogovic@geof.hr

The main purpose of superposed epoch (composite) analysis is to resolve significant signal to noise problems, 
identifying responses to particular events that may otherwise be obscured by unrelated variations at similar time 
scales. This technique has been frequently employed to examine a hypothesized link between solar activity and the 
Earth’s climate following Forbush decrease events, during which strong reductions in the background cosmic ray 
flux occur. However, numerous studies using composites to test a link between cosmic rays and cloud properties 
arrived at a range of conflicting results. In this work, we argue that minor methodological differences in the manner 
in which composites have been both constructed and analyzed could provide an explanation for different results. 
Using extensive Monte Carlo simulation techniques and the two most widely used satellite cloud datasets (ISCCP, 
MODIS) we provide details on how a composite may be objectively constructed to maximize signal detection, to 
robustly identify statistical significance, and to quantify the lower-limit uncertainty related to hypothesis testing. 
Additionally, we also demonstrate how convincing false-positive results may be obtained from non-significant data, 
e.g. by using a small number of events in a composite, and by calculating anomalies against a base period, and/or 
by using traditional statistical tests (e.g. the Student’s T-test) which are based on wrong assumptions in the case of 
cloud data.

2.4-8 solAr CyCle VAriAtioNs of MesospheriC teMperAtUre
Ammosova, Anastasia; Ammosov, petr; Gavrilyeva, Galina; Kotlovskoi, igor
Yu.G. Shafer ICRA
tenuka@rambler.ru

Observations of the hydroxyl nightglow emission with a scanning spectrometer at Maimaga station,Yakutsk, 
Russia (63°N,129°E), have been maintained since 2000. The current 13 year record allows tentative estimation of the 
atmospheric response in the mesopause region to solar cycle forcing and the underlying long?term linear tempera-
ture trend. Temperature generally has a positive response to changes in solar flux F10.7. A analysis mean hydroxyl 
temperatures yields a solar cycle coefficient of 6.1 ± 3.6 K/100 solar flux units (SFU) and a linear long-term cooling 
coefficient of 3,2 ± 2,1 K/decade. A distinct seasonal variation in trend coefficients is found in 30 day sliding window 
or monthly trend analyses. The largest solar activity response (?8 K/100 SFU) is measured in autumn (September-
October), and there is little or no solar response in spring (March-April).
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2.4-9 differeNCes iN hiGh-lAtitUde plAsMA drifts ANd NeUtrAl wiNds betweeN the 
NortherN ANd soUtherN heMisphere: the role of MAGNetiC field AsyMMetry
foerster, Matthias; Cnossen, ingrid; haaland, stein
GFZ German Research Centre for Geosciences Potsdam; BAS Cambridge; MPS Lindau-Katlenburg
mfo@gfz-potsdam.de

The non-dipolar portions of Earth’s main magnetic field constitute substantial differences between the geomagnetic 
field configurations of both hemispheres. They cause in particular different magnetic field flux densities in the oppo-
site polar regions and different offsets of the invariant poles with respect to the rotation axis of the Earth. The offset is 
presently considerable larger (factor ~2) in the Southern Hemisphere compared to the Northern, which has substantial 
implications for the coupled magnetosphere-ionosphere-thermosphere system under the influence of external drivers.

Recent observations have shown that the ionospheric/thermospheric response to solar wind and IMF depen-
dent processes in the magnetosphere can be very dissimilar in the Northern and Southern Hemisphere. We present 
statistical studies of both the high-latitude ionospheric convection and the upper thermospheric circulation pat-
terns obtained from almost a decade of measurements starting in 2001 of the electron drift instrument (EDI) on 
board the Cluster satellites and an accelerometer on board the CHAMP spacecraft, respectively. Using the Coupled 
Magnetosphere-Ionosphere-Thermosphere (CMIT) model, on the other hand, we simulated a 20-day spring equinox 
interval of low solar activity with both symmetric dipole and realistic (IGRF) geomagnetic field configurations to 
prove the importance of the hemispheric differences for the plasma and neutral wind dynamics.

The survey of both the numerical simulation and the statistical observation results show some prominent asym-
metries between the two hemispheres, which are likely due to the different geographic-geomagnetic offset, or even 
due to different patterns of geomagnetic flux densities. Plasma drift differences can partly be attributed to differing 
ionospheric conductivities. The forthcoming Swarm satellite mission will provide valuable observations for further 
detailed analyses of the North-South asymmetries of plasma convection and neutral wind dynamics.

2.4-10 iNterpretiNG tidAl VAriAbility iN the MesopAUse reGioN: AN explorAtioN UsiNG 
the exteNded CANAdiAN Middle AtMosphere Model.
ward, william e.; du, Jian
University of New Brunswick, Canada; University of Louisville
wward@unb.ca

Short term tidal variability has often been reported as typical of single site ground based observations. The cause 
of this variability, however, has not been clearly identified. Since ground based observations provide the amplitudes 
and phases of the superposition of migrating and non-migrating components of a particular period it seems plausible 
that this variability is associated with short term variations in these components. This variability could be in their 
amplitudes or phases. Implicit in the examination of this variability are assumptions about the time scale required to 
unambiguously identify the character of a particular tidal component. In this paper, tidal components diagnosed from 
a run of the extended Canadian Middle Atmosphere model are used to examine the nature of the tidal variability in 
the model. This variability is examined in terms of phasor summations. This analysis provides some insights into the 
nature and complexity of the variability and suggests that in many cases this variability must be characterized in a 
statistical manner rather than as a linear superposition of well-defined components.

2.4-11 iNterANNUAl VAriAbility of QUAsi 16 dAy wAVe iN the tropiCAl Mes
sathishkumar, s.; Gurubaran, s.
Indian Institute of Geomagnetism
sathishmaths@gmail.com

The zonal wave number 1 planetary wave with period of 12-20 days with westward propagating phase and it 
is robust feature in the tropical mesosphere and lower thermosphere region.  This is global scale phenomenon of 
tropospheric origin and it becomes quit important in the equatorial latitude as they exhibit unique propagation char-
acteristics. In the present work, the MLT wind observations from medium frequency (MF) radars at Pameungpeuk 
(7.6oS, 107.6o E), Tirunelveli (8.7oN, 77.8oE), Hawai (19.5oN, 155.5oW) are used to investigate the interannual 
variability of 16 day wave during 1993-2012. It is observed that the 16 day wave amplitude maximize primarily in 
the equinox season and secondary maximum in summer season. Besides, the enhanced wave activity is associated 
with El-Nino Southern Oscillation events.  It is suggested that the lower atmospheric large-scale convective systems 
originating over the western Pacific region in response to the El Nino Southern Oscillation (ENSO) amplifies the 16 
day wave in the equatorial MLT region. The results of the present study along with earlier numerical studies suggests 
that the lower atmospheric large-scale convective systems originating over the western Pacific region in response to 
the ENSO could be a reason for the amplification the quasi-16-day wave in the tropical MLT region.
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2.4-12 eUV MoNitoriNG with solACes dUriNG hAlf of A solAr CyCle
Jacobi, Christoph; Unglaub, Claudia; Nikutowski, bernd; brunner, raimund; erhardt, Christian; schmidtke, 
Gerhard
University of Leipzig; University of Leipzig; IPM; IPM; IPM; IPM
jacobi@uni-leipzig.de

The continuous monitoring of the solar irradiance with highest possible accuracy is important for investigations 
of the impact of solar irradiance variability especially on the thermosphere/ionosphere system that are pursued in 
the TIGER program. Since the successful launch with the shuttle mission STS-122 on February 7th, 2008, SolACES 
as a part of the ESA mission SOLAR recorded the EUV irradiance. SolACES consists of three grazing incidence 
planar grating spectrometers and two three-signal ionisation chambers, each with exchangeable band-pass filters to 
determine the absolute EUV fluxes repeatedly. To enable in-flight calibration, the two double ionisation chambers 
of SolACES, can be re-filled with three different gases for each recording, allow the recalibration of the efficiencies 
of the three SolACES spectrometers from time to time. SolACES recorded the solar EUV variations during the ex-
tended solar activity minimum and during the period of increasing solar activity in the first part of solar cycle 24. We 
present EUV variations together with ionospheric TEC and thermospheric parameters during the SolACES mission 
as a contribution to solar-terrestrial coupling studies.

2.4-13 solAr forCiNG oN the wiNter preCipitAtioN iN the westerN bAltiC reGioN
leal-silva, Carmen
Posgrado Facultad de Ingeniería, Universidad Nacional Autónoma de México
vmv@geofisica.unam.mx

Changes in climate patterns in the Baltic region are leading to a general increase in annual precipitation and 
affecting the ice formation. The solar activity variations can contribute to natural climate variations. In the present 
work we study the variability of Winter Precipitation reconstructed time series in the Baltic Sea since the 15th century 
and its possible connection with solar activity, based in a method for finding and measuring amplitude-phase cross-
frequency coupling in time series.  The results suggest that the Winter Precipitation in the Baltic Sea is modulated by 
solar activity in several frequency bands. According to our model a strong coupling between the 11 yrs periodicity in 
the Winter Precipitation time series and the secular periodicity of solar activity is present. We found that the Winter 
Precipitation is strongly modulated by solar activity at the 11 yrs periodicity. We also found that the 180 year period-
icity of the Barycentre Motion modulates the amplitudes of the 8 yrs periodicity of the Winter Precipitation. We also 
use the partial coherence transform in order to find the main contributor to the variance of precipitation time series. 
We found that solar activity is the main contributor to the variance in the climatic parameters.

2.4-14 Meteor heiGhts hAVe deCreAsed dUriNG the reCeNt solAr MiNiMUM
Jacobi, Christoph
University of Leipzig
jacobi@uni-leipzig.de

Average meteor heights has been observed using a SKiYMET VHF radar at Collm (51.3N, 13.0E) since late 
summer of 2004. Initially, the daily mean height was about89.5 km. Since that time, average meteor heights have 
decreased. A linear fit gives a descent rate of -60 m/year. This is consistent with earlier results from the literature 
and from earlier results of low-frequency reflection height changes measured at Collm. During the recent solar mini-
mum 2008/2009 the meteor heights further decreased, so that at that time they were 400m lower than 2004/2005. 
Assuming that meteor heights, on a long-term average, refer to a level of constant pressure, this decrease can be 
converted to a mean middle atmosphere temperature decrease of 1.6 K between 2005 and 2009.

2.4-15 the CorrelAtioN of plANetAry wAVes iN the strAtosphere with solAr ACtiVity
Guryanov, Vladimir
Kazan Federal University
vv1@ksu.ru

Studies of the relationship solar activity with planetary zonal and meridional wind wave amplitudes with wave 
numbers 1 and 2 according to the UK Met Office data for the period 1992-2012 were carry out. Because of limited 
sampling of correlation were calculated for calendar seasons.

Analysis of the correlation dependence of amplitudes of zonal wind with Wolf numbers showed that the cor-
relation is strongly influenced by altitude, latitude, and season. In winter for the amplitude of the wave number 1 
in the stratosphere of the Northern Hemisphere is dominated by positive correlations. Summer in the stratosphere 
of both hemispheres for the first harmonics have significant negative relationship. Temporal and spatial distribution 
of second harmonic pretty much has the opposite disposition. For it the greatest positive correlation observed in 
summer and in winter - the negative. Spring and autumn throughout the stratosphere cramped correlation for both 
the harmonics have lower values. The exception is the Equatorial latitudes in the upper stratosphere, where there is 
negative correlations -0.45.
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A character correlation in the field of the meridional circulation is lower values compared to a zonal wind. For 
both of the meridional wind harmonic notes that a more extensive areas of negative correlation.

However, in all the seasons are opposite of dynamic parameter dependency of correlation with solar activity, as 
for the height and latitude. This reflects the presence of compensatory mechanisms for Sun-Earth’s atmosphere. As a 
result over a long period of time is not a noticeable accumulation of quantitative changes of dynamic parameters of 
one sign, due to variations in solar activity.

2.4-48p MesospheriC ANd low therMospheriC dyNAMiCs oVer 22.7°s dUriNG solAr CyCle 23
Araújo, luciana r.; lima, lourivaldo M.; batista, paulo p.; Clemesha, barclay r.; takahashi hisao
UEPB; UEPB; INPE; INPE; INPE
lucianarodriggues@uol.com.br

In this study we used wind observation data from mesosphere and lower thermosphere region (MLT), obtained 
from meteor radar measurements at Cachoeira Paulista (22.7° S, 45.0° W) from March 1999 to October 2008 to 
investigate the MLT dynamics during the solar cycle 23. From the spectral and harmonic analysis it was possible to 
identify presence of planetary-scale oscillations in the mean winds to study their transient character, which allowed 
to elaborate a climatology of planetary oscillation signatures. In this paper, we discussed the possible relationship 
between the signatures of solar and the planetary wave activities.

2.4-49p CorrelAtioN preVAiliNG wiNd with solAr ACtiVity iN the rANGe of 0-100 KM 
AltitUde
Gyryanov, Vladimir
Kazan Federal University
antonina.fahrutdinova@ksu.ru

According to the UK Met Office data for the period 1992-2012 and radio meteor data sensing for the period 
1986-2012 for region Kazan (56N, 49E) the analysis of the height-term structure of zonal and meridional circulation 
and the intensity of its wave disturbances in the range 0-100 km altitude were carry out. Correlations were calculated 
annual average values, amplitudes of annual and semi-annual oscillations of the zonal and meridional wind behind, 
as well as its intensity to solar activity for the period from 1986 to 2012.

Built high-altitude profiles calculated values of correlation of temporal variations of zonal and meridional wind 
to solar activity for altitudes 0-63 km and 80-100 km. A thin high-rise structure correlation values up to the change 
of character height. Also changes of angle dependency of correlation in the zonal and meridional winds at altitudes 
of the upper Mesosphere-lower Thermosphere are detected. Such a change in slope of the high-altitude profile for the 
zonal and meridional winds causes found to us to reduce solar effects in temporary variations of the average kinetic 
energy of the flow at these altitudes compared to kinetic energy of zonal and meridional circulation.

2.4-50p sMAll pArAMetriC Model of three typhooN GeNerAtioN with VAriAtioNs of wiNd 
speed iN tropiCAl CyCloNes
erokhin, Nikolay; zolnikova, Nadezhda; Mikhailovskaya, lyudmila; shkevov, rumen
Space Research Institute of Russian Academy of Sciences
shkevov@space.bas.bg

sessioN 2.5 
Middle AtMosphere sCieNCe

2.5-1 teMperAtUre treNds iN the Mesosphere
luebken, franz-Josef; berger, Uwe; baumgarten, Gerd
IAP
luebken@iap-kborn.de

Trend studies in the mesosphere in the period 1961-2009 have been performed applying the LIMA model (Leibniz-
Institute Middle Atmosphere model) which is based on ECMWF below approximately 40 km and adapts temporal 
variations of CO2 and O3 according to observations. There is general agreement between LIMA and observations. 
Temperatures in the mesosphere/lower thermosphere vary non-uniformly with time, mainly due to the influence of 
ozone. We have therefore separated the influence of CO2(t) and O3(t) when determining trends. It is important to 
distinguish between trends on pressure altitudes, z_p, and geometric altitudes, z_geo, where the latter includes the 
effect of shrinking due to cooling at lower heights. Maximum total temperature trends reach approximately -1,3K/
dec at z_p~60km and -1.8K/dec at z_geo~70km, respectively. Carbon dioxide is the main driver of these trends in the 
mesosphere, whereas ozone contributes approximately one third, both on geometric and pressure heights. Depending 
on the time period chosen, the ozone effect on trends can be significantly smaller or larger. Temperature trends on 
geometric and pressure altitudes can differ by as much as -0.9K/dec in the mesosphere. The altitudes of pressure 
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levels in the mesosphere decrease up to several hundred meters. The shift maximizes at mesopause levels where it 
accumulates to more than 1km. Most of the shrinking occurs in the mesosphere and a smaller fraction (~20%) in the 
stratosphere. For the first time, we have performed long term runs with LIMA applying the 20th Century Reanalysis 
from NCEP/NCAR dating back to 1871. Again, trends are non-uniform with time. Since the late 19th century tem-
peratures in the mesosphere have dropped by approximately 5-7K on pressure altitudes, and up to 10-12K on geo-
metric altitudes. This is much more then typical trends in the troposphere and stratosphere. It is therefore justified 
to summarize that the mesosphere (at least in summer and at middle latitudes) reacts substantially more sensitive to 
climate change compared to lower altitudes. As will be shown, the mesospheric temperature trends are consistent 
with long term variations of noctilucent clouds observed by satellites and lidars. We have extended our trend analysis 
starting from the late 19th century. As will be shown, carbon dioxide plays the major role in cooling the mesosphere. 

2.5-2 obserVAtioNs of teMperAtUres ANd dyNAMiCs dUriNG the sUMMer/fAll trANsi-
tioN iN the ArCtiC MesopAUse reGioN
williams, bifford p.; fritts, david C.; dunker, tim; hoppe, Ulf-peter
GATS, Inc.; GATS, Inc.; Dept. of Physics and Technology, University of Tromso; Dept. of Physics and Technology, 
University of Tromso
b.p.williams@gats-inc.com

The sodium lidar at ALOMAR observatory (69N, 16E) measures temperature, winds, and sodium density from 
~80-100 km altitude with day and night capability using large aperture (1.8m) telescopes. Recent improvements have 
yielded possibly the highest signal daytime Na lidar measurements to date, allowing the measurement of almost the 
full gravity wave spectrum during day and night when the sodium abundance starts increasing at the end of summer.  
We will present the temperatures, winds, and wave dynamics from measurements in August and September from 
2010 to 2012. This includes 50 hours of data over 6 nights in Aug/Sep 2011 and a 40 hour continuous data set from 
August 13-15, 2012 showing a highly variable Na layer due to wave dynamics with 5 min to 24 hour periods, peri-
odic sporadic Na layers repeating near midnight, and late-season noctilucent cloud formation during a temperature 
minimum.

2.5-3 oN the oVershoot ChArACteristiC CUrVe of the polAr Mesosphere sUMMer 
eChoes MeAsUreMeNts dUriNG ArtifiCiAl hf heAtiNG
pinedo, henry; la hoz, Cesar; havnes, ove; rietveld, Mike
UiT; UiT; UiT; EISCAT Ramfjordmoen
henry.pinedo@uit.no

This work is a study of VHF radar observations of the artificially modified Polar Mesosphere Summer Echoes 
(PMSE) by HF radio waves. The data stem from high occurrence days between the years 2008 and 2012. From a 
total of around 45 days of experimental campaigns, we have not found the expected instantaneous overshoot effect 
at Bragg wavelengths of 2.67m (MORRO radar) and 0.67m (EISCAT VHF). Surprisingly, only in less than 10% of 
the observed days a weaker and delayed overshoot immediately after the heater on period was found. Even the PMSE 
weakening during the heater on-period sometimes was not present. The absence of the expected overshoot character-
istic curve (OCC) of current VHF radar observations could most probably imply that the large heating effect in most 
cases  occurred below the PMSE region. Due to the absence of PMSE echoes at Bragg wavelengths of 0.16m cor-
responding to the EISCAT UHF radar (930 MHz), incoherent scatter radar (ISR) signals at this radar frequency allow 
useful estimation of the plasma parameters at PMSE altitudes. We will evaluate the corresponding levels of electron 
temperature enhancement at PMSE altitude by fitting the UHF measured spectra to theoretical spectra with different 
collision frequency models. The typical low signal to noise ratio of current ISR measurements in the mesosphere 
and the important contribution of collisions between plasma particles and neutrals in this lower region, are the most 
challenging factors to be overcome in order to get reliable estimation of the plasma parameters.

2.5-4 MUlti-sCAle GrAVity wAVe dyNAMiCs iN the Mesosphere ANd lower therMosphere
fritts, dave; wang, ling; laughman, brian; lund, tom; werne, Joe
GATS; NWRA
dave@gats-inc.com

Multi-scale superpositions of gravity waves and mean or low-frequency wind and temperature structures are 
ubiquitous throughout the atmosphere. In the MLT, such multi-scale dynamics exhibit a variety of interactions and 
effects. High-resolution direct numerical simulations (DNS) are employed to explore these dynamics for various 
initial conditions. Results include strong wave-wave interactions and spectral energy transfers, induced and localized 
small- and larger-scale instabilities and turbulence, and evolution of sheet and layer structures in the temperature and 
wind fields at smaller scales. In several areas, DNS results agree very well with available observations.
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2.5-5 seAsoNAl VAriAtioNs of ozoNe iN the Upper Mesosphere
smith, Anne K.; lopez-puertas, Manuel; funke, bernd
NCAR; IAA; IAA
aksmith@ucar.edu

We use observations from the SABER and MIPAS satellite instruments and simulations with the WACCM model 
to investigate the processes responsible for seasonal variations of ozone at the secondary maximum, about 90-95 
km. Ozone is approximately in photochemical equilibrium during both day and night. Its distribution depends on the 
photolysis rate, the temperature, and the distributions of atomic hydrogen and oxygen. Interannual variability in high 
northern latitudes is associated with disturbances in the lower and middle atmosphere, particularly sudden strato-
spheric warmings. Seasonal variations in atomic hydrogen drive out of phase variations in nighttime ozone. There 
are large diurnal variations superimposed on the season cycle; as a result the apparent seasonal variation changes 
with local time.

2.5-6 NA lidAr obserVAtioNs CoMpAred with wACCM siMUlAtioNs 
 At 80 ~ 100 KM ANd 69°N

dunker, tim; hoppe, Ulf-peter; feng, wuhu; plane, John M. C.; Marsh, dan r.
UiT; UiT; University of Leeds; University of Leeds; NCAR
tim.dunker@uit.no

The ALOMAR Weber Na lidar is located on the Norwegian island Andøya (69°N, 16°E). We use Na column 
densities and temperature profiles 80 to 100 km altitude from 2004 until 2012. We will explain the principle of Na 
density and temperature measurements, with emphasis on possible systematic errors. Metal chemistry has recently 
been implemented into the Whole Atmosphere Community Climate Model (WACCM). We report on first results of 
a comparison between Na column density observed by ground-based lidar and WACCM output for high latitudes. 
For the comparison, we use two nudged WACCM runs, one with ECMWF ERA-Interim reanalyses, and one with 
output from the Goddard Earth Observing System model, version 5 (GEOS 5). The WACCM model was nudged up 
to an altitude of 60 km with temperature and air density values from ECMWF and GEOS 5 to approximate the actual 
values as best as we know them. Above 60 km, WACCM was free-running. The results from WACCM nudged with 
GEOS 5 agree better with the lidar observations than WACCM nudged with the ECMWF ERA interim reanalysis. 
The results show that, in general, WACCM models a larger Na density compared to the Na lidar by 20%, sometimes 
more. The best agreement is reached close to the equinoxes. The seasonal cycle of Na density is represented well by 
WACCM, with the minimum Na density during the summer months. The year 2009 is different from the other years 
in the time period: The lidar observes quite large Na column densities (about 3 x 10E13   m-2 ) during summer. The 
ECMWF run shows a similar behaviour, but overestimates this deviation from the other years. The GEOS 5 run, on 
the other hand, shows 2009 very similar to the other years in the period. We investigate the centroid height of the Na 
layer, the layers' peak altitude and peak Na density, and neutral temperature.

2.5-7 ANNUAl iNflUx of MeteoriC NA At 69º N estiMAted froM 
 lidAr obserVAtioNs

hoppe, Ulf-peter; dunker, tim; williams, bifford p.
University of Tromso, University of Tromso, GATS, INC
Ulf-Peter.Hoppe@ffi.no

Sodium (Na) lidars making use of resonance fluorescence by free Na atoms in the upper mesosphere and lower 
thermosphere have been operated since 1969. The source of Na in the 80 to 110 km height region is the ablation 
of meteors which contain Na among many other elements. We use data from the Weber Na Lidar that has been in 
operation at 69º N 16º E since August 2000. The Na layer is always present and displays seasonal, daily and faster 
variations down to scales of 15 s. Most of these variations are the consequence of chemical processes modifying the 
sources and sinks for atomic Na, dynamic processes that transport and compress or decompress air parcels containing 
Na, as well as presumably the variation of the average influx of Na with ablating meteors. We occasionally observe 
brief localized enhancements of Na density that are clearly too short and too localized to be classified as sporadic 
Na layers, also called sudden Na layers, which are often related to sporadic E layers. For instance, we observed two 
such events during 40 hours of lidar measurements in November and December 2010. We present the results from a 
systematic search for such events 2004 to 2012 and a careful analysis of the detection threshold, calibration and sta-
tistics of these observations. The result is a good estimate of the annual amount of Na entering the atmosphere with 
meteors at this location, and possibly information on the variation through the year and during a typical day. Based 
on assumptions published in literature about the global distribution of meteors, we can extrapolate to the probable 
annual global influx of Na with meteors. If we knew the average Na content in the meteors parent bodies, we could 
estimate the total flux of meteoric material entering the atmosphere.
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2.5-8 iNterANNUAl VAriAbility iN MeteoriC sodiUM ANd the role of strAtospheriC sUd-
deN wArMiNGs
Marsh, daniel r.; Janches, diego; feng, wuhu; plane, John M.C.; Chu, xinzhao; huang, wentao; 
Collins, richard; yuan, tao
NCAR; GSFC/NASA; University of Leeds; University of Leeds; University of Colorado; University of Colorado; 
University of Alaska; Utah State University
marsh@ucar.edu

Seasonality of sodium constituents near the mesopause that originate from the ablation of meteoroids is driven 
to a large extent by variations in transport via the mean meridional wind.  In particular, the summer to winter hemi-
sphere flow leads to the highest sodium species concentrations and loss rates occurring over the winter pole.  It is 
known that stratospheric sudden warmings can dramatically affect the circulation of the mesosphere, and in some 
cases can lead to a short-term reversal of the meridional wind and mesospheric cooling over the winter pole.  We 
use a global model of meteoric sodium to investigate the response of these constituents to SSWs and their role in 
their interannual variability.  The model is forced with stratospheric and tropospheric winds from reanalysis and can 
reproduce the observed mesospheric circulation response.  We simulate dramatic fluctuations in the atomic sodium 
abundances and compare these model predictions with recent ground-based sodium lidar measurements conduced 
in Colorado, Utah and Alaska.

2.5-9 Mesosphere-strAtosphere CoUpliNG ViA eNerGetiC pArtiCle preCipitAtioN
funke, bernd
Instituto de Astrofísica de Andalucía, CSIC
bernd@iaa.es

Polar winter descent of odd nitrogen produced by energetic particle precipitation (EPP-NOy) represents an impor-
tant vertical coupling mechanism transferring the solar signal from the mesosphere and lower thermosphere down to the 
polar stratosphere  and possibly below. While production mechanisms of EPP-NOy and dynamical processes affecting 
its downward transport are qualitatively well understood, uncertainties remain, however, with respect to their quantita-
tive assessment. This talk summarizes recent progress in constraining these processes by observational data with par-
ticular emphasis on the analysis of the 10-years record of global NOy obtained from MIPAS-Envisat during 2002-2012.  

2.5-10 MAJor sUddeN strAtospheriC wArMiNG eVeNts ANd eNerGetiC pArtiCle preCipitA-
tioN effeCts
holt, laura; randall, Cora; peck, ethan; smith, Anne; Marsh, dan
CU Boulder/LASP; CU Boulder/LASP; CU Boulder/LASP; NCAR; NCAR
holt@lasp.colorado.edu

The main source of stratospheric NOx (NO+NO2) is N2O from the troposphere. Another source of stratospheric 
NOx in the polar region is energetic particle precipitation (EPP). EPP produces NO in the mesosphere and lower 
thermosphere (MLT). During the polar night the EPP-produced NOx (EPP-NOx) can be transported to the strato-
sphere without being photochemically destroyed. The process whereby EPP-NOx is transported to the stratosphere 
from the MLT is referred to as the EPP indirect effect (EPP IE). In the Southern Hemisphere the EPP IE is highly 
correlated with the level of EPP; however, in the Northern Hemisphere (NH) interannual variability in dynamics 
is an important factor controlling the EPP IE. In the most recent decade we have ample observational evidence of 
the importance of dynamics. January 2004, 2006 and 2009 had major sudden stratospheric warming (SSW) events 
followed by a reformation of the stratopause at an altitude characteristic of the mesosphere. This is known as an el-
evated stratopause (ES) event. Multiple satellite instruments have shown strong descent of NOx into the stratosphere 
following the ES event in all three years even though the level of EPP was relatively low during the 2005-2006 and 
2008-2009 NH winters. In the work presented here we investigate the effects of SSW and ES events on the magni-
tude of the NH EPP IE using the Whole Atmosphere Community Climate Model. We find a very strong relationship 
between the seasonal timing of major SSW and ES events and the strength of the EPP IE.

2.5-11 CorrelAtioNs betweeN wiNd ANd AirGlow obserVAtioNs iN the polAr Mesosphere 
ANd lower therMosphere
ward, william e.; Kristoffersen, samuel; Vail, Chris; Akpanya, Christian
University of New Brunswick; University of New Brunswick; University of New Brunswick; University of New 
Brunswick
wward@unb.ca

Observations of wind and airglow variations using a field widened Michelson interferometer (ERWIN II) and an 
all sky imager have taken place at the Polar Environment Atmospheric Research Laboratory (PEARL) at Eureka, 
Nunavut (80N, 86W) for the past four winter seasons. The all sky imager provides the means to follow disturbances 
across the full sky and ERWIN II provides wind and airglow observations in the four cardinal directions and zenith. 
The temporal cadence of these measurements is ~2 minutes. Variability in the wind and airglow observations at 
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temporal scales of the order of an hour up to 24 hours have been examined. Often the vertical wind is correlated with 
the airglow variations when variations associated with similar freqencies are examined. The phase difference is close 
to a quarter period as would be expected for vertical motion. Correlations between the wind and airglow variations 
in the cardinal directions are also correlated with the vertical observations but are more difficult to interpret in terms 
of linear gravity wave theory. In this paper, these wind and airglow observations are presented and the nature of the 
correlations between various directions discussed.

2.5-12 ModeliNG ANd obserVAtioNs of Co ANd Co2 iN the Mlt
Garcia, rolando; lópez puertas, Manuel; funke, bernd
National Center for Atmospheric Research; Instituto de Astrofisica de Andalucia; Instituto de Astrofisica de Andalucia
rgarcia@ucar.edu

We have used the Whole Atmosphere Community Climate Model (WACCM) to model the distribution and 
seasonal evolution of CO and CO2 in the mesosphere and lower thermosphere, and we have compared the model 
results with recent observations of these species made by the MIPAS and ACE space-borne instruments from the 
stratopause to the lower mesosphere (~1 to 0.0001 hPa). WACCM includes the effects of molecular diffusion and 
diffusive separation, as well as CO2 losses (and CO sources) due to extreme ultraviolet photolysis of CO2 and re-
action of CO2 with O+.  The model is able to reproduce the sharp fall-off of CO2 above about 0.01 hPa (~80 km), 
as well as the rapid increase of CO in the lower thermosphere, and the calculated seasonal cycles of these species 
are in general agreement with observations. Model CO2 mixing ratios above 0.001 hPa (~100 km) are, if anything, 
somewhat lower than observed by ACE, which suggests that vertical mixing due to parameterized gravity waves 
may be underestimated in the model. Modeled CO mixing ratios above 0.001 hPa are also systematically smaller 
than observed, by as much as 20% at at all latitudes and in all seasons compared to both ACE and MIPAS. Possible 
reasons for the discrepancies between modeled and observed CO and CO2 are examined.

2.5-13 diUrNAl VAriAtioNs of MiNor CoNstitUeNts iN the Middle AtMosphereAs reVeAled 
by the sUperCoNdUCtiNG sUbMilliMeter-?wAVe liMb-eMissioN soUNder (sMiles)
shiotani, Masato; sMiles mission team
Research Institute for Sustainable Humanosphere, Kyoto University
shiotani@rish.kyoto-u.ac.jp

The Superconducting Submillimeter-Wave Limb-Emission Sounder (SMILES) aboard the Japanese Experiment 
Module (JEM) of the International Space Station (ISS) made atmospheric measurements of minor species in the 
stratosphere and mesosphere for about six months from October 2009 to April 2010. High-sensitivity measure-
ments of SMILES had been performed by a receiver using superconductor- insulator-superconductor (SIS) mixers, 
cooled to 4.5 K by a compact mechanical cryocooler. Thus global and vertical distributions of about ten atmospheric 
minor constituents related to the ozone chemistry are derived. Since the ISS took the non-sun-synchronous orbit, 
the SMILES measurements can be used to capture the diurnal variation of atmospheric minor constituents such as 
O3, ClO, HO2 and BrO. In this talk, we will introduce an overview of the SMILES measurements and show some 
observational results in association with middle atmospheric chemistry and dynamics. To support the SMILES ob-
servational results, we used outputs from nudged chemistry-climate models (MIROC3.2-CTM and SD-WACCM) in 
a complementary way. Particular attention is paid on the diurnal variations of several minor constituents such as O3, 
ClO, HO2 and BrO in the middle atmosphere. Through these comparisons we found that the SMILES observational 
data clearly showed the global pattern of diurnal variations of the minor constituents. These results demonstrate the 
SMILES high sensitivity measurements are expected to provide further insights into atmospheric chemistry.

2.5-14 the Mid-lAtitUde Mesosphere’s respoNse to sUddeN strAtospheriC wArMiNGs As 
deterMiNed froM rAyleiGh lidAr teMperAtUres
sox, leda; wickwar, Vincent b.; fish, Chad; herron, Joshua p. 
CASS, USU; CASS, USU; SDL, USU; SDL, USU
leda.sox@gmail.com

The original Rayleigh-scatter lidar that operated at the Atmospheric Lidar Observatory (ALO; 41.7°N, 111.8°W) 
in the Center for Atmospheric and Space Sciences (CASS) on the campus of Utah State University (USU), collected 
temperature data for 11 years, from 1993 through 2004. The temperatures derived from these data extended over the 
mesosphere, from 45 to 90 km. Recently, they were combined with other observations to examine the mid-latitude 
responses to Sudden Stratospheric Warmings (SSWs) in the polar regions. (The other observational instruments be-
ing an ionosonde, a meteor wind radar, a Na lidar, and a satellite.) Extensive Rayleigh lidar observations were made 
during a dozen SSW events.  In order to look for effects of the SSWs, comparisons were made between the tempera-
ture profile on individual nights during an SSW event and the climatological temperature profile for that night of 
the year. An overall disturbance pattern was observed in the mesospheric temperatures during northern hemisphere 
SSWs.  It included coolings (sometimes very significant) in the upper mesosphere and warmings in the lower meso-
sphere. Examples of the effects in the mesosphere from southern hemisphere SSWs are also given.
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2.5-15 CirCUlAtioN ChANGes iN the Mesosphere dUriNG strAtospheriC 
 sUddeN wArMiNG eVeNts

hirooka,toshihiko; iida, Chihiro; eguchi, Nawo
Department of Earth and Planetary Sciences, Kyushu University; D; Research Institute for Applied Mechanics, 
Kyushu University
hirook@geo.kyushu-u.ac.jp

Stratospheric sudden warming (SSW) events are considered to be caused by enhanced planetary waves propa-
gating from the troposphere. On the other hand, recent satellite observations show the appearance of easterly winds 
in the upper mesosphere just before the occurrence of the SSW event in the upper stratosphere in January 2009 
(Manney  et al. 2009). This is considered to be strong manifestation of stratosphere-mesosphere dynamical coupling; 
in order to understand this phenomenon, the accumulation of detailed investigation of SSW events would be neces-
sary for the region throughout the atmosphere up to the mesopause level. In this study, we make dynamical analyses 
for wind and temperature fields up to the mesopause level during the recent SSW events by the use of Aura MLS data 
since 2004. It is found that easterly winds in the mesosphere do not always appear before SSW easterlies of the up-
per stratosphere. For the appearance of preceding easterlies in the upper mesosphere, wave driving due to internally 
formed or refracted large-scale waves may be necessary in that region; the enhancement of such waves seems to be 
owing to changing background wind structure of the lower mesosphere prior to the SSW occurrence.

2.5-16 MUlti-yeAr obserVAtioNs of Mid-lAtitUde Middle AtMospheriC wiNds, wAVes, ANd 
teMperAtUre AssoCiAted with sUddeN strAtospheriC w

 ArMiNG eVeNts oVer NortherN UtAh
fish, Chad
Space Dynamics Lab - Utah State University
chad.fish@sdl.usu.edu

We investigate the behavior of 14 years of wind, wave, and temperature observations in the middle atmosphere over 
northeastern Utah, USA during periods of sudden stratospheric warming events. This systematic review of the impacts 
of sudden stratospheric warming events on the middle atmosphere at a northern mid-latitude site is conducted using 
ground based measurements from imaging Doppler interferometry and meteor wind radar and Na and Rayleigh lidar 
and space based measurements made by the Sounding of the Atmosphere Using Broadband Emission Radiometry sen-
sor onboard the NASA sponsored Thermosphere Ionosphere Mesosphere Energetics Dynamics mission.

2.5-17   distUrbANCes of the wiNtertiMe polAr Upper strAtosphere ANd lower Meso-
sphere: obserVAtioNs , ModeliNG, ANd MeChANisMs   
Greer, Katelynn  
University of Colorado at Boulder, Department of Aerospace Engineering Sciences 

2.5-18   CoUpliNG effeCts betweeN the lower ANd Upper AtMosphere iN CMAt2:  
preliMiNAry resUlts UsiNG NewtoNiAN relAxAtioN teChNiQUes   
Johnson, david; Aylward, Alan, Jackson, david  
University College London (UCL); UCL; UK Met Office  
djohnson@star.ucl.ac.uk  

The first step in producing a weather forecast is to determine the state of the atmosphere at any one time (‘t = 0’).  This 
is undertaken through a process called ‘data-assimilation’, the combination of model-calculated variables (tempera-
ture, moisture etc) with asynoptic experimental observations.  By assimilating observations periodically (typically 
every six hours), we can constrain the trajectory of model variables, and estimate a ‘best-guess’ of Meteorological 
parameters.  Then the model can be run forward in time to produce a forecast.

These techniques have been developed within the field of Meteorology, but they can theoretically be used in 
middle/upper-atmosphere research and the relatively young field of whole-atmosphere modeling.  One of the pri-
mary driving forces of the Thermosphere-Ionosphere system is winds and waves generated below by meteorological 
processes.  As these processes are predictable several days in advance, their inclusion and representation in upper-
atmosphere models provides the possibility to forecast various ‘Space-Weather’ effects.

In order to investigate this possibility, we examine the response of an upper-atmosphere model (UCL’s CMAT2) 
coupled to various lower atmosphere Meteorological models/reanalysis through a simple data assimilation technique 
called Newtonian relaxation.  This technique compares mutual variables within the co-located middle atmosphere 
region, and nudges the CMAT2 variables towards that of the Meteorological model, thereby simulating Stratospheric 
and Mesospheric ‘weather’ within CMAT2. 

It has been shown that perturbations in the lower atmosphere (such as Sudden Stratospheric Warmings), can 
have upwardly propagating effects on the coupled Thermosphere-Ionosphere system.  By obtaining a more realistic 
representation of lower atmosphere circulation and temperature, we simulate various lower atmosphere weather 
phenomena within CMAT2, and show the effects on MLT dynamics, chemistry, and electrodynamics.
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2.5-19   CoMpArisoN of loCAl seVere storM siMUlAtioNs UsiNG wrf-Arw ANd wrf-NMM 
Models- A CAse stUdy   
sarker, Md. Majajul Alam; ferdousi, Nazlee; das, Mohan Kumar  
SAARC Meteorological Research Centre (SMRC)  
masarker@saarc-smrc.org  

Simulation of severe thunderstorm events which occurred over Bangladesh and adjacent area are performed 
using ARW and NMM dynamic cores of fine grid version of the Weather Research and Forecasting (WRF) model-
ing system. The thunderstorms are typical mesoscale systems dominated by intense convection, is one of the most 
incredible weather phenomena in the atmosphere. They frequently occur over Bangladesh and adjoining regions 
during hot and humid weather conditions of pre-monsoon season (March to May). These storms are also known as 
Nor’wester (locally called “Kalbaishakhi”), as they usually travel from northwesterly direction. Mesoscale models 
are essential for the accurate prediction of such high-impact weather events. In the current research, an attempt 
has been made to compare the simulated results of a thunderstorm event on 3rd May 2012 using ARW and NMM 
model core of WRFV3.3 with 4 km horizontal resolution and validated the model results with observations. Both 
models performed well in capturing stability indices which are indicators of severe convective activity. Comparison 
of model simulated radar reflectivity imageries with observations revealed that NMM model has simulated well the 
propagation of the squall line than ARW model. It is also observed that model simulated spatial plots of cloud top 
temperature, NMM model captured the genesis, intensification, and propagation of thunder squall little better than 
ARW model. The outcomes of these studies show that the high resolution WRF_NMM model has better capability 
for simulating the thunderstorms in comparison with WRF_ARW model.   
Keywords: Mesoscale model, thunderstorm, Nor’wester, stability indices, reflectivity, cloud top temperature.

2.5-20   MidlAtitUde, rAyleiGh-Mie-rAMAN lidAr for obserVAtioNs froM 15 to 120 KM   
wickwar, Vincent b.; sox, leda; herron, Joshua p.; emerick, Matthew t.   
Center for Atmospheric and Space Sciences (CASS) of Utah State University (USU); CASS, USU; SDL, USU; 
CASS, USU  
vincent.wickwar@gmail.com  

The original Rayleigh scatter lidar system that ran from 1993-2004 at the Atmospheric Lidar Observatory 
(ALO; 41.7° N, 111.8° W) in the Center for Atmospheric and Space Sciences (CASS) on the campus of Utah State 
University (USU) has undergone a series of upgrades to transform it into a Rayleigh-Mie-Raman (RMR) scatter 
lidar, the final stages of which are being completed.  The original lidar covered the mesosphere from 45 to 90 km.  
The scientific impetus for these upgrades was to extend the observing altitude range both higher and lower than the 
previous Rayleigh lidar system, which was achieved by increasing the sensitivity by 70 times.  This will enable for 
measurements of relative densities and absolute temperatures throughout the stratosphere, mesosphere and lower 
thermosphere, from approximately 15 to 120 km.  The intent, as was done with the original Rayleigh lidar, is to 
observe as often as possible.  This will provide an extensive data set for many types of analyses.  Initially, it will 
provide good information about the poorly observed region between 90 and 120 km.  By normalizing the relative 
densities to NCEP or radiosonde densities below 30 km, an absolute density profile will be obtained up to 120 km.  
So far, we have found significant temperature differences at the highest altitudes when compared to the MSISe00 
empirical model.  By examining densities or temperatures on varying time scales, we will also be able to study waves 
of different time periods as they propagate through the stratosphere then through the mesosphere and then into the 
thermosphere.  By comparing the new observations with those from the existing 11-year data set from the original 
ALO Rayleigh lidar, we will be able to examine temperature trends in the mesosphere. We will present early results 
from this new, much more sensitive system.

2.5-21   reCeNt proGress of GroUNd-bAsed obserVAtioNs of the Middle ANd Upper AtMo-
sphere oVer syowA stAtioN, ANtArCtiCA (69s, 39e)   
Nakamura, takuji; sato, Kaoru; tsutsumi, Masaki, yamanouchi, takashi; ejiri, Mitsumu K., Abo, Makoto; 
tsuda, takuo t.; Kawahara, takuya, d., suzuki, hidehiko, h., sato, toru; tomikawa, yoshihiro; Nishimura, 
Koji; Mizuno Akira; Nagahama, tomoo; yamagishi, hisao; Akira s. yukimatsu;  Kohma, Masashi; Matsuda, 
takashi; Nishiyama, takanori  
National Institute of Polar Research (NIPR); U of Tokyo; NIPR; NIPR; NIPR; TMU; NIPR; Shinshu U.; Rikkyo U.; 
Kyoto U.; NIPR; NIPR; Nagoya U.;Nagoya U.; NIPR; NIPR; U. of Tokyo; NIPR; NIPR  
nakamura.takuji@nipr.ac.jp  

Japanese Antarctic Research Expedition (JARE) has started the VIII-th six-year mid-term project in 2010, and 
the 52nd JARE departed in November 2010 commenced observations of the six-year project. The middle and upper 
atmosphere study in the VIII-th therm, named as `Global environmental change revealed by observing the Antarctic 
middle and upper atmosphere’, is one of the sub-projects of the prioritized research project entitled “Global warming 
revealed from the Antarctic”. PANSY (Program of the Antarctic Syowa MST/IS) radar, and a Rayleigh/Raman lidar 
system have been newly installed besides the existing radio and optical instruments such as an MF radar, HF radar 
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(SuperDARN radar), ionosondes, an OH spectrometer and an all-sky airglow imager in Syowa station, in order to 
clarify variabilities in the atmosphere from the ground to the upper atmosphere. A millimeter wave spectrometer for 
profiling minor constituents was also collocated and installed. 

PANSY radar is a 47 MHz VHF radar with 500 kW output power and 20,000 m2 antenna array. The radar ob-
serves wind velocities from the troposphere to the mesosphere, as well as plasma parameters in the ionosphere. Three 
groups of antena (1/18 of full system) was installed during summer operation of the 52nd JARE. Operation was 
expanded with 12 groups of antenna (about 1/4), and continuous scientific observation started in April 2012 and the 
tropospheric and lower stratospheric winds has been measured without a long data gap. Mesospheric echoes were 
also observed during summer and winter months. The Rayleigh/Raman lidar observes temperature and clouds in the 
mesosphere, the stratosphere and part of the troposphere, and providing data of gravity wave characteristics in the 
middle atmosphere, as well as high altitude clouds of PMC (polar mesospheric clouds) and PSC (polar stratospheric 
clouds) . In order to extend the height coverage to include mesosphere and lower thermosphere region, and also to 
extend the parameters observed, an external laser system for multi-wavelength resonance scatter lidar measurement 
is being developed. The millimeter spectrometer measures density profiles of O3 and other species. Since January 
2012, NO density has been measured in order to observe day-to-day variation, in order to investigate NO variations 
due to high energy particles and electrons. Analyses of observations by an all-sky airglow imager, recently concen-
trating to sodium airglow, an OH spectrometer for temperature measurement, and and MF radar are also ongoing. 
Recent results will be presented.

2.5-22   tUrbUleNCe iN the strAtosphere: CoMpArisoN of three litos-fliGhts ANd relA-
tioN to the riChArdsoN NUMber   
Gerding, Michael; schneider, Andreas; haack, Anne; lübken, franz-Josef  
Leibniz-Institute of Atmospheric Physics (IAP)  
gerding@iap-kborn.de  

The stratosphere influences the whole middle atmosphere by transmission and filtering of waves typically excited 
in the troposphere. Several experimental and modeling studies show that a distinct amount of wave energy is already 
dissipated within the stratosphere, but quantitative results are rare. We have developed the balloon-borne instrument 
LITOS (Leibniz-Institute Turbulence Observations in the Stratosphere), resolving structures in the atmospheric wind 
and temperature field down to the scales of millimeters, i.e. covering both the inertial and viscous subrange of the 
turbulent spectrum. By this, LITOS allows the direct calculation of energy dissipation rates from the transition to 
the viscous subrange. Depending on instrument configuration, both kinetic and thermal energy dissipation can be 
observed up to ~30 km altitude. We will show results from three soundings during different BEXUS campaigns 
at Kiruna/Sweden (68°N, 21°E). The LITOS-BEXUS flights reveal a typical thickness of turbulent layers of only 
20–200 m. The energy dissipation rate varies often by several orders of magnitude within only a few meters vertical 
distance, with an average value of 5–40 mW/kg in the stratosphere (depending on flight). Typically, the turbulent 
layers are thinner in the tropopause region compared to the mid-stratosphere, and thinner in the temperature field 
compared to the wind field. Even though the largest turbulent layers have been found in a region of dynamic instabil-
ity (observed by a simultaneous radio-sounding), generally the relation between turbulent layers and stratospheric in-
stabilities is weak. We will compare different available flights in terms of dissipation rate profiles and their particular 
relation to the background stratospheric wind and temperature field. Additionally, we will compare the results of our 
very high-resolved data with the method of Thorpe analysis that has recently been adapted for standard radiosonde 
profiles.

2.5-23   NortherN wiNter CliMAte ChANGe: UNCertAiNty iN CMip5 proJeCtioNs relAted to 
strAtosphere - troposphere CoUpliNG   
Manzini, elisa; Karpechko, Alexey yu.   
Max Planck Institute for Meteorology, Hamburg, Germany; Finnish Meteorological Institute, Helsinki, Finland  
elisa.manzini@zmaw.de  

Stratospheric climate change and its potential to influence surface climate change as simulated by the Coupled 
Model Intercomparison Project – phase 5 (CMIP5) model ensemble are assessed. We focus on Northern winter 
climate projections for the period 1961 to 2100, RCP8.5 scenario.  It is found that for about 70% of the CMIP5 
models, polar stratospheric zonal winds will weaken at high latitudes and strengthen at low latitudes by the end of 
the century. While the weakening of the polar stratospheric zonal winds is in agreement with previous single model 
studies carried out with models with tops above the stratopause, within the CMIP5 model set it is found that the loca-
tion of the model top and better performance of stratospheric variability at all time scales are not good predictors of 
the polar stratospheric zonal wind response to anthropogenic climate change. A multiple linear regression analysis 
used to isolate the implications of the spread in the polar stratospheric wind response shows that there is a consider-
able inter-model spread in sea level pressure change that can be associated with the inter-model spread of the Arctic 
winter stratospheric change.
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2.5-24   ChANGes iN the brewer-dobsoN CirCUlAtioN iN CMip5 Models   
Calvo, N.; palmeiro, f.; hardiman, s.; Garcia, r.; butchart, N.   
Universidad Complutense de Madrid; Universidad Complutense de Madrid; Met Office Hadley Center; National 
Center for Atmospheric Research; Met Office Hadley Center  
nataliac@fis.ucm.es  

Recent studies have shown an acceleration of the Brewer Dobson circulation under increasing greenhouse gases. 
These works mainly focused in the lower stratosphere and used climate models with prescribed sea surface tem-
peratures (SSTs) from other atmosphere-ocean models. In fact, the role of tropical SSTs in driving future changes in 
tropical upwelling in the lower stratosphere has also been recognized. 

We characterize the vertical and latitudinal structure of the shallow and deep branches of the Brewer Dobson cir-
culation in models participating in the CMIP5 activity with a well resolved stratosphere and a coupled ocean. Results 
shown that the strength of the tropical mass upwelling is found to increase at all altitudes throughout the stratosphere 
in relation to climate change. However, the width of the tropical upwelling region narrows below around 20hPa and 
widens above this level, suggesting different mechanisms driving these changes. A detail analysis of the role of dif-
ferent waves in forcing changes in the BDC is presented for CESM1(WACCM). Differences in the seasonality of the 
changes in both branches of the BDC are also discussed. 

2.5-25   ModeliNG of the AtMospheriC CheMistry ANd CliMAte respoNse to the loNG-
terM speCtrAl solAr irrAdiANCe VAriAbility.   
rozanov, eugene  
PMOD/WRC and IAC ETHZ  
e.rozanov@pmodwrc.ch  

The solar magnetic activity variations influence the deposition of energy in the Earth`s atmosphere modulating 
the solar spectral and total irradiance. The direct effects of this forcing consist of the alternation of the heating rates 
and ozone content in the atmosphere leading to the changes of temperature distribution and circulation pattern in the 
stratosphere. The reconfiguration of the stratospheric winds can propagate downward or influence the tropospheric 
wave pattern leading to a shift of the surface air temperature distribution. This chain of the physical processes can 
be detected either from the surface temperature field or from the depression of Brewer-Dobson circulation. The ab-
sorption of the solar visible and infrared radiation at the surface is also able to alternate the energy balance and tem-
perature fields at the surface which can penetrate upward influencing the atmosphere. Modeling of these processes 
requires application of sophisticated numerical models which include all relevant processes and their interactions. In 
this review talk I will discuss most of the involved mechanisms and their representation in the state-of-art climate-
chemistry models. Different features of the simulated atmospheric response to solar irradiance variability will be 
presented and compared with the observation data. The implications of the potential weakening of the solar activity 
in the future will be also discussed.

2.5-26   possible iMpACts of A fUtUre GrANd solAr MiNiMUM oN reGioNAl sUrfACe CliMAte ()   
Maycock, Amanda  
Centre for Atmospheric Science, University of Cambridge Department of Chemistry, University of Cambridge, 
acm204@cam.ac.uk  

2.5-27   polAr ozoNe depletioN, CliMAte ChANGe, ANd the Key role of the tropiCAl west 
pACifiC   
rex, Markus  
Alfred Wegener Institute for Polar and Marine Research  
Markus.Rex@awi.de  

The degree of chemical loss of ozone in the Arctic is very variable and is typically much smaller than in the 
Antarctic. But based on data from a large network of ozone sounding stations the presentation will show that the 
degree of Arctic ozone loss continued to increase, a development that cumulated in spring 2011 when unprecedented 
Arctic ozone depletion reached values so far only know from Antarctic ozone holes. It will be shown that increasing 
degrees of Arctic ozone loss are due to long term changes in the climatic conditions in the Arctic lower stratosphere. 
The presentation will discuss the degree of our theoretical understanding of the ozone loss process and how mature 
global chemistry transport models are in reproducing the observed polar ozone loss, highlighting the advantages of 
a fully lagrangian model architecture. The important role of tropical processes for modeling polar ozone loss will be 
discussed.
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2.5-28  the respoNse of ArCtiC ozoNe to fUtUre CliMAte ChANGe   
langematz, Ulrike; Ayarzagüena, blanca; Meul, stefanie; oberländer, sophie; Abalichin, Janna; Grunow, 
Katja; romanowsky, erik  
Institut fuer Meteorologie, Freie Universitaet Berlin  
ulrike.langematz@met.fu-berlin.de  

In spring 2011, the polar stratosphere was characterized by a well developed polar vortex with unusually low 
temperatures and severe ozone depletion in the Arctic lower stratosphere. This development seemed to confirm 
observational studies that found an enhanced polar stratospheric cooling in dynamically undisturbed winters of the 
past decades. It was hypothesized that this cooling might be due to increased greenhouse gas (GHG) concentrations.  
Consequently, more northern winters with extremely low polar stratospheric temperatures and associated severe 
Arctic ozone depletion should be expected in the future.

Simulations with global climate and chemistry-climate models (CCMs) however tend to project an enhanced 
dynamical forcing of the polar winter stratosphere in a future climate, leading to more frequent stratospheric sudden 
warmings and counteracting the global GHG induced radiative cooling of the stratosphere.

Here we investigate the effect of increasing GHG concentrations on the future evolution of the northern polar 
stratosphere in winter. In particular, we study the question which effect of increasing GHGs is more relevant: the 
radiative effect on the background stratospheric climatology or the enhancement of dynamic activity due to increased 
sea surface temperatures. We analyze results from transient simulations of the ECHAM/MESSy (EMAC) CCM of 
the period 1960-2100 including ozone depleting substances and different future GHG scenarios (RCP4.5 and RCP 
8.5) according to the CCMI recommendations. The focus of our analyses is on stratospheric dynamical variability, 
such as the frequency of stratospheric warmings, as well as changes in the occurrence of strong vortex events with 
extremely low temperatures. With the help of time-slice simulations with individual forcings we isolate the effect of 
GHG increases on the future polar meteorology and the conditions for Arctic ozone depletion.

2.5-23p  MesospheriC deNsity CliMAtoloGies deterMiNed At MidlAtitUdes UsiNG rAyleiGh 
lidAr   
barton, david; wickwar, Vincent b.; sox, leda; herron, Josh p.   
Center for Atmospheric and Space Sciences (CASS) of Utah State University (USU); CASS, USU; CASS, USU; 
SDL, USU  
snowbart17@gmail.com  

The original Rayleigh-scatter lidar that operated at the Atmospheric Lidar Observatory (ALO; 41.7°N, 111.8°W) 
in the Center for Atmospheric and Space Sciences (CASS) on the campus of Utah State University (USU), collected 
11 years of data between 1993 and 1994. From Rayleigh lidar photon-count returns, relative densities throughout 
the mesosphere, from 45 to 95 km, were determined. Using these relative densities, three climatologies are derived, 
each using a different density normalization method at 45 km: the first method normalized the relative densities to 
a constant; the second normalized them to the NRLMSISe00 empirical model; and the third normalized them to the 
NCEP reanalysis model, a first principles, assimilative, meteorological model. From there, the average density pro-
file for each night of the composite year is found by averaging the nighttime density profiles in a multi-year, 31-day 
window centered on that particular night. From these three density climatologies, some different and many common 
features in the mesospheric densities are evident. In the future, with improvements to the lidar, it will be possible to 
provide an absolute normalization for future profiles.

2.5-24p   NeAr tropopAUse o3 – VAriAbility ANd CliMAte iMpliCAtioN   
Kilifarska, Natalya  
National Institute of Geophysics, Geodesy and Geography; Bulgarian Academy of Sciences  
nkilifarska@geophys.bas.bg  

Unlike the current understanding for prevailing dynamical control over the lower stratospheric ozone distribu-
tion, some resent research [1] show that simulated by climate-chemistry models E39/C and MAECHAM4/CHEM 
local ozone concentration is dominated by local ozone production at most stratospheric regions. This result and some 
other peculiarities in lower stratospheric ozone distribution motivated our thorough analysis of the ion-molecular 
chemistry, initiated in the lower stratosphere by galactic cosmic rays. We will show that there is another source of 
ozone − an autocatalytic cycle − continuously producing O3 in the lower stratosphere. The efficiency of this source 
depends on the intensity of GCR, which is modulated by solar magnetic field in heliosphere, and geomagnetic field 
in Earth’s atmosphere.  The real foundation of this mechanism is supported by the discovered 22 year periodicity and 
geomagnetic control inserted on the spatial-time variations of lower stratospheric O3.    

An important implication of these findings is that they offer a new understanding for factors and mechanisms 
influencing climate variability. We present a mechanism through which the near tropopause ozone variability could 
affect the near surface air temperature.    

This mechanism is especially effective at middle and high latitudes and consists of modulation of temperature 
profile and thermodynamical stability of the air near the tropopause. Thus cooling of the tropopause reduces stability 
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allowing more water vapour to propagate upward into the lowermost stratosphere, while warming - increases sta-
bility and blocks vapour propagation upward. The radiative efficiency of this super cold H2O vapour is very high, 
due to its very small emissivity, and has a dramatic non-linear impact on Earth’s radiation balance, as was shown 
previously.

2.5-25p   relAtioNship betweeN strAtospheriC AGe of Air ANd frACtioNAl ChloriNe 
releAse   
Meul, stefanie; oberlaender, sophie; langematz, Ulrike  
Institut fuer Meteorologie, Freie Universitaet Berlin  
ulrike.langematz@met.fu-berlin.de  

In the stratosphere the inorganic chlorine loading is crucial for the distribution of ozone. In spite of equal bound-
ary conditions for chlorine source gases, model simulations show differences in the stratospheric distribution of 
inorganic chlorine and hence in ozone. As it is known from previous studies, the fractional chlorine release depends 
on the residence time of air masses in the stratosphere and on the altitude they are transported to. In models the 
stratospheric age of air is a suitable proxy for the residence time.

This study is based on timeslice simulations with the chemistry-climate model EMAC under present and future 
conditions. To explain the horizontal and vertical distribution of inorganic chlorine the age of stratospheric air is ana-
lyzed. With the help of the age spectrum it is possible to specify the probability of different ages, indicating pathways 
of various length in the stratosphere. In addition to the understanding of present-day conditions the impact of climate 
change on the connection between the age of stratospheric air and the fractional release of chlorine is addressed. Due 
to the future strengthening of the Brewer-Dobson Circulation a reduction of the age of stratospheric and therefore a 
decrease in the fractional chlorine release is expected.

2.5-26p   stAtistiCAl ANAlysis of GrAVity wAVes obserVed by AirGlow iMAGiNG At syowA 
stAtioN (69s,39e), ANtArCtiCA   
Matsuda, takashi; Nakamura, takuji; ejiri, Mitsumu K.; tsutsumi, Masaki; suzuki, shin; shiokawa, Kazuo  
The Graduate University for Advanced Studies; National Institute of Polar Research; Solar-Terrestrial Environment 
Laboratory, Nagoya University  
ejiri.mitsumu@nipr.ac.jp  

Atmospheric gravity waves (AGWs), which are generated in the lower atmosphere, transport significant amount 
of energy and momentum into the mesosphere and lower thermosphere and cause the mean wind accelerations 
in the mesosphere. This momentum deposit drives the general circulation and affects the temperature structure. 
Observational techniques, such as radar, lidar, airglow imaging, and so on, have been used for investigating AGWs. 
Especially airglow imaging is useful for investigating the horizontal structures of AGWs at around 90 km altitude. 
However, in Antarctica observations of airglow imaging are very limited because of the lack of observation site. 
The Japanese Antarctic Research Expedition (JARE) have operated airglow imagers at Syowa Station (69S, 39E), 
Antarctica in 2002 and between 2008 and 2012. We perform statistical analysis of image data in 2011. 81 wave 
events in the sodium airglow images were picked up from 71 clear sky nights while observation had been made 
from March to September for 139 nights. We determined horizontal characteristics such as propagation direction, 
horizontal phase speed, horizontal wavelength, and observed period. The distributions of horizontal wavelength, 
and observed period are similar to those obtained by the other imaging observations at middle and low latitudes, but 
the distributions of propagation direction, horizontal phase speed show east-west anisotropy and seasonal variation. 
The observed waves propagating eastward have faster phase speed (0m/s-150m/s) than these propagated westward 
(0m/s-60m/s) and faster waves (30m/s-150m/s) were only observed in July and August. The anisotropy of the phase 
velocity distribution to the east could be explained if wave sources are located at the eastward wind such as strato-
spheric polar night jet.

2.5-27p   iMpACts of fUtUre CoMpositioN ChANGes oN strAtospheriC rAdiAtiVe dAMpiNG 
rAtes iN the UM-UKCA Model   
hitchcock, peter; Maycock, Amanda; pyle, John  
Centre for Atmospheric Science, University of Cambridge  
acm204@cam.ac.uk  

Previous studies have evaluated the approximation of local linear relaxation to a reference temperature state (i.e., 
“Newtonian cooling”) in the middle atmosphere in models and observations. Here we evaluate the validity of this 
approximation for both longwave and shortwave heating rates in the UM-UKCA model for the first time. We also in-
vestigate the impacts of projected future composition changes (e.g. Antarctic ozone recovery and increases in carbon 
dioxide concentrations) on radiative damping rates in the middle atmosphere. We present evidence for potentially 
important changes in the net radiative damping rates under increased greenhouse gas concentrations, particularly in 
the upper stratosphere. We further elucidate the sources of these changes using offline radiation codes and analysing 
species dependent heating rates from the online model.
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2.5-28p   oi 5577, o2 ANd oh AltitUde profile represeNtAtioNs froM iNteGrAted GroUNd-
bAsed AirGlow MeAsUreMeNts At brAziliAN eQUAtoriAl seCtor   
Almeida, sergiana l.; lima, lourivaldo M.; buriti, ricardo; paulino, Ana roberta; takahashi; hisao  
Universidade Estadual da Paraiba (UEPB); UEPB; UFCG; INPE; INPE  
sergianalucas@gmail.com  

Quasi-simultaneous integrated volume emission rate measurements of OI 557.7 nm, O2 (0,1) Atmospheric Band 
and OH (6,2) Meinel Band nightglow carried out at São João do Cariri (7.4° S, 35° W), Brazil, by a multi-channel 
tilting filter photometer, have been used to represent their altitude profiles. In order to recover the vertical profile of 
the emissions, we had applied an approximation for the distribution of atomic oxygen density in the MLT region, 
which considers a Chapman function and a background atmosphere from the MSISE-90 model. In this study, the 
nocturnal and seasonal behavior of the altitude profiles of atomic oxygen density and nightglow emissions are pre-
sented and discussed.

2.5-29p   resUlts of 15 yeArs CoNtiNUoUs rAdAr obserVAtioNs of Mid-lAtitUde Mesosphere 
sUMMer eChoes   
zecha, M.; hoffmann, p.; bremer, J.; latteck, r.  
Institute of Atmospheric Physics Kühlungsborn  
zecha@iap-kborn.de  

The very strong radar returns from the upper mesospheric heights in polar and mid-latitude regions during the 
summer months are observed by VHF radars for several years.  These echoes are connected to the very low tempera-
tures at these regions resulting in the formation of ice clouds. Charged ice particles prevent, by an effective reduc-
tion of the electron diffusivity, the normal fast destruction of irregularities of the refraction index of half the radar 
wavelength by viscous forces, and radar waves are backscattered.

Mesosphere summer echoes at mid-latitudes (MSE) are remarkably more seldom and therefore a less prominent 
research object than the mesosphere echoes at polar latitudes (PMSE). Nevertheless the study of these signals com-
ing from the mesosphere outside the more extreme conditions in the polar regions could be crucial to understand the 
existence and lifetime of the mesosphere ice clouds.

Beginning in 1998 mid-latitude MSE were observed with the OSWIN VHF radar in Kühlungsborn (Germany). 
Based on a nearly continuous operation of the radar a large data set with altogether more than 1000 hours of MSE 
detections has been obtained.

We present and discuss the results of these observations. MSE and PMSE are characterized by very strong radar 
returns with high aspect sensitivity and a restriction to the summer mesosphere. Beside these analogies their main 
differences will be discussed too. MSE occur in a shorter time interval in the summer months and normally only dur-
ing daytime. They are still observable although the low temperatures and the sufficient degree of saturation necessary 
for the existence of ice particles cannot be reached at all times. We show the diurnal and seasonal MSE distribution, 
scattering characteristics, aspect sensitivity, winds and turbulence characteristics during the occurrence of MSE.

2.5-30p   GlobAl MeChANisMs iN the eArth AtMosphere Models  ANd ANGle MoMeNtUM 
bAlANCe:   AtMospheriC CirCUlAtioN, teleCoNNeCtioN ANd rAdio-wAVeGUides.   
Mansarliyskii, Valery  
Odessa State Environmental University - OSENU Ukraine  
mansmet@mail.ru  

The satellite data and data of observing the radio-waveguide parameters (especially in the low troposphere lay-
ers) by means of radio-technical devices (in the ultra short-wave diapason) is the informative basis of the modern 
atmosphere long-term forecasts. As any water quantities in atmosphere are formed on the basis of the cycle- and 
front-genesis  (or in the convective non-stability lines) one can introduce the corresponding model on the basis of 
thermodynamics and hydro-mechanics of the corresponding processes. For example, physics of these processes can 
coincide with the a soliton mechanics, which has the long-periodical basis of the energy support. The action mechan-
ics of such a soliton defines the key thermo-hydro-dynamical parameters of the atmosphere ultra-short-wave radio-
waveguide. We present principally new methods of monitoring the Earth system  low-frequency scale processes on 
the basis of observing some summated contributions of low frequency oscillations for geophysical factors. They base 
on the energy and angle moment balance relations and new scheme for calculation of the macro-turbulence regime in 
typical atmospheric processes, which are known as atmospheric circulation forms [1,2]. The balance analysis allows 
to predict the large-scaled atmospheric transformations and teleconnection phenomena and to give their quantitative 
description. We carried out a series of the computer experiments at the Pacific ocean region in order to study global 
mechanisms in the atmospheric models and check the seasonal sequences of the conservation (or disbalance) of the 
Earth atmosphere angle momentum and to provide new predictors for the long-termed and super long-termed fore-
casts of the low frequency atmospheric processes. The current function (complex velocity) fields are calculated for 
typical atmospheric circulation?s forms. The experiments allowed quantitatively defining a direct link between an 
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atmospheric turnover and atmospheric circulation forms through the front divider position and typical low frequency 
process of conservation of the angle moment balance. Besides, we have adapted the modified theory of the macro-
turbulence for possible using the atmosphere radio-waveguides as a special effective predictors in the long-termed 
plan. 
[1]. Glushkov A.V. etal Water resources in Asia Pasific Region.- Kyoto, Japan .-2003.-P.1355-1358; Nonlinear  Proc. 
in Geophys. 11, 285 (2004);    
[2]. Glushkov A., Khokhlov V., Loboda N., Quart.J.Royal Met..Soc. 132, 447 (2006); Glushkov A., Loboda N., 
Khokhlov V., Lovett L., Journ. Hydr.322, 14 (2006)

sessioN 3.1
Ulf wAVes spACe-GroUNd CoordiNAtioN

3.1-1   oCCUreNCe ChArACteristiCs of UltrA-low freQUeNCy wAVes iN lAGos,   
olugbon , busola; oyeyemi, elijah; Adeloye, Adebowale; Kas, AntoN  
University of Lagos, Lagos, Nigeria (UNILAG); UNILAG; UNILAG; IRA;  
bolugbon@unilag.edu.ng  

Investigations for the presence of geomagnetic field pulsations and simultaneous Doppler variations in iono-
spherically reflected high frequency radio waves have been carried out in Lagos (GG: 3.4°E, 6.5°N; L-shell value = 
0.98). Pc 4-5 pulsations were mostly observed and so are reported in this work. A total of 24 correlated events were 
observed from data collected between February 2011 and March 2012. Results obtained gave Kp index during cor-
related events as less than 3, showing that geomagnetic pulsations and corresponding Doppler variations happened 
during periods of low magnetic activity. Phase measurements showed the Doppler variations mostly out of phase 
with the H-component of geomagnetic field pulsations and amplitude ratio of Doppler variations to geomagnetic 
pulsations was in the range 0.06 – 0.6 Hz/nT.  

Observations from this study also showed that the amplitude of variations in the H – component was higher 
than in the D-component when correlated with Doppler variations. Phase difference between the longitudinally 
spaced magnetometers showed Abuja H-component leading Ilorin H-component by about 60 degrees while Ilorin 
D-component led Abuja D-component by approximately 4 degrees. The amplitude of the H-component geomagnetic 
pulsation at Abuja was higher than that at Ilorin.

The time-of-day of occurrence of these events showed a peak appearing between 0600 and 0700 UT followed 
by a decline, and then a steady rise up till noon. The gradual rise in occurrence of events from 0700-1200 Hrs fol-
lows the diurnal variation of electron density in the ionosphere. Good correlation was found between simultaneous 
ionospheric variations and geomagnetic pulsations with oscillations in solar wind bulk speed. From our results we 
conclude that the occurrence of ULF waves with periods in the Pc4-5 frequency range, occurring in the daytime 
equatorial ionosphere, is directly linked with the presence and movement of electrons in the ionosphere which gives 
rise to currents. Currents in the ionosphere produce perturbations that can be sensed at the ground and in the iono-
sphere. For future work we will investigate the possibility of other mechanisms, besides the presence of electrons in 
the ionosphere, being responsible for the peak of ULF wave events appearing at 0600-0700 Hrs UT.

3.1-2   UsiNG GroUNd-bAsed MAGNetoMeters to prediCt spACe-bAsed eleCtriC fields   
rae, i. Jonathan; Mann, ian r; Murphy, Kyle r; ozeke, louis G; Chan, Anthony A  
Mullard Space Science Laboratory/University College London; University of Alberta; Rice University  
jonathan.rae@ucl.ac.uk  

Traditionally, identifying both the duration and location of wave activity is difficult to do with either ground- or 
space-based instrumentation only.  In-situ measurements provide the most precise method to determine in-situ elec-
tric field, though only at specific times and in specific locations.  On the ground magnetometers are widely available, 
but there are several assumptions to be made to use these measurements as a TV screen of what is happening in the 
magnetosphere in even the most advanced mapping techniques (e.g., Ozeke et al., 2009; Sciffer and Waters, 2011).  
In this talk we compare specific case studies of the ground-based magnetic fields and mapped electric fields, with 
measured space-based electromagnetic fields.  We further present a statistical characterisation of ground-based Ultra-
Low Frequency (~1-15 mHz) magnetic wave power spectral densities (PSDs) as a function of latitude (correspond-
ing to dipole L-shells from L~2.5-8), local time and solar wind speed.  We then map the ground-based magnetic ULF 
wave power measurements into electric fields in the equatorial plane, and compare and contrast these findings with 
CRRES and THEMIS electric fields across a wide range of L-shells.

3.1-3   estiMAtiNG the lAtitUdiNAl profiles of the flr freQUeNCy ANd the resoNANCe 
width by UsiNG the iMproVed hodoGrAph Method ANd the ApGM Method   
Kawano, h.; pilipenko, V.A.; Mann, i.r.; Milling, d.K.; saita, s.; Kitamura, K.; yumoto, K.   
ICSWSE, Kyushu Univ., Japan; Inst. Earth Phys., Russia; Dept. Phys., Univ. Alberta, Canada; Dept. Phys., Univ. 
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Alberta, Canada; TRIC/ROIS, Japan; Tokuyama Coll. Tech., Japan; ICSWSE, Kyushu Univ., Japan  
hkawano@geo.kyushu-u.ac.jp  

There are methods called the improved hodograph method (IHM below) and the amplitude-phase gradient meth-
od (APGM below) that are used to obtain the latitudinal profiles of the field-line-resonance (FLR) frequency and the 
resonance width by using data from two ground magnetometers latitudinally separated by ~100km.  The both meth-
ods apply FFT to the two magnetometers’ data, and calculate the amplitude ratio and the cross phase from the two 
stations’ data as functions of the frequency.  From there the two methods use different approaches: IHM fits a curve to 
the obtained ratio (as a complex number including both the amplitude ratio and the cross phase) on the complex plane 
to separate out the non-FLR signal in the data, while APGM assumes that the obtained amplitude ratio and cross 
phase include FLR signal only and obtains the FLR frequency and the resonance width in an algebraic manner.  In 
this paper we apply the two methods to the Scandinavian BEAR stations and a station pair of Wadena (belonging to 
MAGDAS) and Weyburn (belonging to CARISMA), show that IHM can properly estimate the latitudinal profile of 
the resonance width (which is the improved point of IHM over the original hodograph method), compare the results 
of applying IHM and APGM, and see how the latitudinal profile of the resonance width differs between geomagneti-
cally quiet times and active times.

3.1-4   ModUlAtioN of totAl eleCtroN CoNteNt by Ulf wAVes   
pilipenko, Viacheslav; belakhovsky, Vladimir; Murr, david; engebretson, Mark  
Space Research Institute, Moscow; Polar Geophysical Institute, Apatity; Augsburg College, Minneapolis  
pilipenko_va@mal.ru  

The intriguing effect was found while analyzing the small-scale variations of total electron content (TEC) derived 
from global positioning system (GPS) signals. This effect is seen in TEC variations observed in association with 
intense global Pc5 pulsations with period about few mHz during the recovery phase of the strong magnetic storm 
on Oct. 31, 2003. Earlier studies demonstrated that the GPS-TEC technique is a very powerful method to study the 
propagation pattern of transient disturbances in the ionosphere, generated by seismic or internal gravity waves. This 
technique has turned out to be unexpectedly sensitive to ULF waves as well.  During periods with intense Pc5 geo-
magnetic wave activity very clear pulsations with the same periodicity were found in the TEC data from high-latitude 
GPS receiving stations in Scandinavia. Moreover, the relative amplitude of TEC periodic fluctuations ?TEC/TEC 
was about the same or even larger than the relative amplitude of geomagnetic variations ?B/B. So far, the effect of 
TEC modulation by Pc5 waves has not been well understood and is still a challenge for MHD wave theory.

3.1-5   spAtiAl ANd teMporAl phAse distortioNs of spACe to GroUNd eleCtroMAGNetiC 
siGNAls dUe to Ulf wAVes.   
sciffer, Murray; waters, Colin; lysak, robert  
University of Newcastle, Australia;University of Newcastle, Australia; University of Minnesota, USA  
murray.sciffer@newcastle.edu.au  

Temporal and spatial variations in the electron content of the ionosphere alter the propagation characteristics of 
electromagnetic (EM) radiation. For frequencies above a few megahertz (MHz) variations of the ionosphere electron 
content influence highly sensitive, ground based spatial measurements such as those used in radio astronomy and 
Global Positioning System (GPS) applications. In this work the associated time delay of MHz signals introduced 
by variations in the ionosphere electron density caused by the natural spectrum of ultra-low frequency (ULF) wave 
activity that originates in near-Earth space is modelled.  The temporal and spatial characteristics of the associated  
time delays on MHz signals is explored using a multidimensional, time dependent model of ULF plasma waves in 
the magnetosphere. The model includes a height distributed conductances (and electron) profiles as well as a field 
aligned electric field. The time delays and associated phase shifts are shown to depend on the temporal  development, 
spatial structure, amplitude, ULF wave mode mix and the arrival angle of the MHz signal.

3.1-6   stAtistiCAl stUdy of Ulf wAVes obserVed by ChAMp ANd oN the GroUNd   
heilig, balazs; sutcliffe, peter; pilipenko, Vyacheslav A.; lühr, herman; Vellante, Massimo  
Geological and Geophysical Instituteof Hungary, MFGI; South African National Space Agency(SANSA); Space 
Research Institute (RAS); GFZ German Research Centre for Geosciences; University of L’Aquila UNIVAQ  
heilig.balazs@mfgi.hu  

Based on magnetic field measurements from the satellite CHAMP, a detailed picture could be obtained of the 
compressional and shear Alfvén waves in the topside ionosphere. The low, near-polar orbit of CHAMP, covering all 
local times, allows the global distribution of these types of pulsation to be revealed. The observations from space 
are compared to observations made at the European Meridional Magnetometer Array (EMMA). Low latitude com-
pressional Pc3s were identified as waves of upstream origin entering near the subsolar point of the magnetosphere. 
Their spatial distribution was found to be modified by the geomagnetic field topology.  According to space-ground 
comparisons compressional waves in the topside ionosphere have large (6-10 000 km) coherence length.

Due to the fast movement of CHAMP across the narrow resonance regions, FLRs are Doppler shifted and not 
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easily detected. However, on a statistical basis, their average features could be clearly established. Comparison with 
ground observations made possible the estimation of their Doppler-shift. Using a simple model the resonance width 
of FLRs (in the topside ionosphere) could also be obtained. The well-known 90° rotation as a result of transmission 
of Alfvén waves through the ionosphere was also investigated.

Some promising possibilities yielded by the upcoming SWARM mission are also discussed briefly.

3.1-7   eMpiriCAl Model of pC3 ACtiVity bAsed oN solAr wiNd iNpUts   
lotz, stefan; heilig, balázs; sutcliffe, peter  
South African National Space Agency (SANSA); MFGI; SANSA  
slotz@sansa.org.za  

Since the first in situ measurements of the solar wind plasma became available, statistical analyses employing 
linear fits of solar wind data to ground based measurements have shown that certain solar wind plasma and magnetic 
parameters control the occurrence and intensity of Pc3 pulsations (regular oscillations of the geomagnetic field in the 
22 – 100 mHz band).  We use a large data set of solar wind and geomagnetic field measurements at 1 minute resolu-
tion from a middle latitude station to develop a non-linear empirical model capable of predicting 5 minute running 
means of Pc3 intensity from solar wind-based input parameters. This is the first model of its kind employing such a 
high time resolution.  A robust, iterative process is followed to find and rank the set of solar wind input parameters 
that optimally predict Pc3 activity. According to the parameter selection process the input parameters are, in order 
of importance: solar wind speed, inter-planetary magnetic field orientation, solar wind density and local solar zenith 
angle. 

It is observed that Pc3 activity ceases when the density in the solar wind is very low, even while other conditions 
are favourable for the generation and propagation of ULF waves. 

The influence that solar wind density has on Pc3 activity is studied by analysing six years of solar wind and Pc3 
measurements at one minute resolution. It is suggested that the pause in Pc3 activity occurs due to two reasons: 
firstly, the ULF waves that are generated in the region upstream of the bow shock does not grow efficiently if the 
solar wind density is very low; and secondly, waves that are generated cannot be convected into the magnetosphere 
because of the low Mach number of the solar wind plasma.

3.1-8   stAtistiCAl stUdy of GlobAl Modes oUtside the plAsMAsphere: A CoMpArisoN be-
tweeN iN sitU ANd GroUNd bAsed obserVAtioNs of GlobAl Modes   
hartinger, Michael; Angelopoulos, Vassilis; Moldwin, Mark b.; takahashi, Kazue; Clausen, lasse  
U of Michigan; UCLA; U of Michigan; APL; U of Oslo  
mdhartin@umich.edu  

Global modes, trapped fast mode magnetohydrodynamic (MHD) waves in the Earth’s magnetosphere, may ex-
hibit a monochromatic frequency spectrum even in the presence of a driver with a broadband frequency spectrum 
and can drive standing Alfvén waves at discrete frequencies via field line resonance (FLR). Direct observations of 
global modes are limited to a few case studies due to unique challenges associated with detecting them in situ. In this 
study, we use electric field, magnetic field, and plasma data from multiple THEMIS spacecraft as well as ground-
based observations to identify and characterize global modes outside the nominal plasmapause location, finding 72 
events. We use this event ensemble to find a lower bound of 1.0% for the occurrence rate of global modes in the 3 to 
20 mHz range; we also examine how the occurrence rate depends on different solar wind driving conditions. Finally, 
we compare the in situ observations with ground magnetometer observations in several case studies, and we discuss 
how these comparisons can inform the interpretation of ground magnetometer observations in future studies.

3.1-9   soUrCes of pC 1-2 wAVes At hiGh lAtitUdes   
engebretson, Mark; lessard, Marc  
Augsburg College;  University of New Hampshire  
engebret@augsburg.edu  

Waves in the highest range of the ULF frequency band, denoted Pc 1-2 waves (0.1 to 5 Hz), are  understood to 
be generated by the electromagnetic ion cyclotron (EMIC) instability.  Although the most commonly studied source 
region for these waves is in the inner magnetosphere, often near or just outside the plasmapause, equatorial satellite 
studies have found that their occurrence probability increases with increasing L values toward the dayside magne-
topause.   Pc 1-2 waves have also often been observed in ground data near the ionospheric footpoint of the dayside 
cusp, and early studies suggested that the cusp itself might be an additional source region.  Although spacecraft 
observations  have shown that the cusp itself is not a source of Pc 1-2 waves that reach the ground, they have also 
revealed additional source regions both slightly poleward and slightly equatorward of the cusp.  Polar and Cluster 
observations as well as detailed ground-based observations have identified the plasma mantle, poleward of the cusp, 
as an unexpected source of quasi-monochromatic Pc 1-2 waves, generated by tailward-streaming, highly anisotropic 
protons during intervals of strong dayside reconnection.  In addition, recent low-altitude satellite and radar obser-
vations, in conjunction with ground-based magnetometers and auroral imagers, have located Pc 1-2 emissions on 
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magnetic field lines just equatorward of the open-closed field line boundary, in association with traveling convection 
vortex (TCV) events, which themselves are triggered by dayside transients occurring near the subsolar bow shock.  
Although these latter emissions are likely to be generated near the magnetic equator, recent theoretical and simula-
tion studies have also suggested a source of EMIC waves in ions executing Shabansky orbits, which can lead to 
trapping at high latitude field line minima on closed dayside field lines near the exterior cusps, and we review early 
evidence of such effects. 

3.1-10   eleCtroMAGNetiC ioN CyClotroN (eMiC) wAVes AssoCiAted with trAVeliNG 
CoNVeCtioN VortiCes (tCV): iNitiAl resUlts froM the 40-deGree MAGNetiC 
MeridiAN CoNJUGAte MAGNetoMeter NetworK   
Kim, hyomin; Clauer, C. robert; engebretson, Mark; lessard, Marc; sibeck, david; stolle, Claudia  
Virginia Tech; Virginia Tech; Augsburg College; University of New Hampshire; GSFC NASA; Technical University 
of Denmark  
hmkim@vt.edu  

A magnetometer array has recently been established in Antarctica to provide measurements conjugate to the 
Greenland west coast magnetometer chain along the 40-degree magnetic meridian. Currently, there are four con-
jugate pairs in operation. Utilizing the ground magnetometer network together with THEMIS satellites near the 
dayside magnetopause, we present interhemispheric conjugate measurements of two transient events initiated by 
sudden increases in solar wind dynamic pressure.  Simultaneous with the inward displacement of the magnetopause 
produced by the increase in dynamic pressure, we observed the generation of a pair of ionospheric traveling convec-
tion vortices (TCV) in both polar ionospheres propagating away from local noon. The conjugate ground network also 
observed ULF Pc1 waves identified as electromagnetic ion cyclotron (EMIC) waves in association with the initiation 
of the TCVs. The spectral features of the wave events are compared between the ground conjugate points in relation 
to the solar wind and magnetospheric conditions to investigate the relationship between solar wind dynamic pressure 
pulses and the generation of EMIC waves.

3.1-11 pC2 eMiC wAVes GeNerAted hiGh off the eQUAtor iN the dAyside oUter 
MAGNetosphere
liu, y.h.; fraser, b.J.; Menk, f.w.
Polar Research Institute, Shanghai; University of Newcastle, Australia
fred.menk@newcastle.edu.au

It is generally accepted that electromagnetic ion cyclotron (EMIC) waves are generated in the minimum field 
region near the equator where there will be minima in the parallel energetic trapped keV particle energy and the 
wave group velocity, favorable for triggering the ion cyclotron instability.  The waves then propagate along field 
lines to the conjugate ionospheres.  However, this picture neglects field line distortion in the outer magnetosphere 
which results in minimum field regions located higher off the equatorial plane.  These are sites for particle trapping 
in Shabansky orbits, which can lead to temperature anisotropies off the equator.  We use data from the Cluster space-
craft constellation to examine a Pc2 EMIC wave event detected near magnetic noon near the cusp, around L~13, 
over 13 - 20 degrees magnetic latitude north of the equator.  The event was not associated with any solar wind related 
magnetospheric compression.  Wave packet energy propagated dominantly along the geomagnetic field direction, 
confirming this was a traveling EMIC wave.  The energy packets propagated in alternating directions rather than 
unidirectionally from the equator, implying the satellites were located within a high latitude wave source region 
away from the equator, where a minimum in the B field is located. The CIS-CODIF H+ ion data provided evidence 
that the waves were generated locally via the ion cyclotron instability.  We believe the off equatorial region may be 
an important site for the generation of EMIC waves observed by spacecraft and on the ground in the polar regions.

3.1-12 iNterACtioN of the loNG-period Ulf wAVes with the ioNosphere: CoMbiNed rA-
dAr ANd MAGNetoMeter obserVAtioNs ANd ModeliNG
pilipenko, Viacheslav; fedorov, evgeny; teramoto, Mariko; belakhovsky, Vladimir
Institute of Physics of the Earth, Moscow; Solar-Terrestrial Environment Laboratory, Nagoya University;  Polar 
Geophysical Institute, Apatity
pilipenko_va@mail.ru

Pc5 and Pi2 pulsations are examined using ground magnetometer data and SuperDARN/EISCAT radar data. To 
identify the physical nature of Pc5 pulsations and to determine the relative contributions of different MHD modes 
into their structure, we applied the method of apparent impedance. An approximate analytical relationship from the 
theory of ULF wave transmission through the thin ionosphere has been compared with the measured ratio between 
the simultaneous EISCAT ionospheric electric field data and ground magnetic fields data.  The calculated apparent 
impedance of Pc5 waves indicates that the global Pc5 pulsations above the ionosphere are predominantly composed 
of Alfven waves with a small contribution of fast compressional mode waves. Comparison of magnetometer data 
with the ionospheric parameters from EISCAT shows a significant (up to 60%) modulation of the electron density, 
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height-integrated conductance, and ion temperature by Pc5 pulsations, even in the absence of quasi-periodic electron 
precipitation. Comparing the combined SuperDARN - magnetometer observations of Pi2 waves with theoretical pre-
dictions, we suggest that the conception of a cavity mode is not sufficient to explain the mechanism of mid-latitude 
Pi2 waves;  it require a contribution from an Alfvén mode.

3.1-13 CoordiNAted stUdies of Ulf wAVes with sUperdArN ANd spACeCrAft
fenrich, frances; Nedie, Abiyu; Mazzino, laura
University of Alberta; University of Alberta; University of Alberta
ffenrich@ualberta.ca

This talk will present our recent studies of ULF wave event conjunctions between ground-based observations 
made with the Super Dual Auroral Radar Network (SuperDARN) and  spacecraft at the magnetopause boundary and 
in the solar wind.    Various case studies will be presented.  Key results to be highlighted include: 1) SuperDARN 
observation of the discrete driver wave in the polar cap region associated with field line resonances (FLRS); 2) ULF 
waves in the solar wind directly driving discrete ULF waves in the magnetosphere; 3) in-situ observation of magne-
topause boundary oscillations associated with FLRs within the magnetosphere; and  4) Kelvin-Helmholtz instability 
analysis of ULF oscillations observed at the magnetopause boundary.

3.1-14 properties of Ulf wAVes obserVed iN hf oVer-the-horizoN rAdAr doppler dAtA
waters, C.l.; Norouzi-sedeh, l. 
University of Newcastle, University of Newcastle
colin.waters@newcastle.edu.au

High Frequency (HF; 3-30 MHz) coherent scatter radars probe the F-region ionosphere where plasma motion 
imposes Doppler velocity shifts on the backscattered signal. ULF waves incident from the magnetosphere perturb 
the ionosphere electron density introducing ULF wave induced Doppler clutter on radar returns. The SuperDARN 
is an international network of HF over-the-horizon radars that ring the northern and southern auroral zones, provid-
ing experimental data on the motion of the ionosphere plasma. Data recorded over 2006-2009 using the Australian 
SuperDARN radars, located in Tasmania and south New Zealand, have been analysed using statistical and case 
studies. We present the diurnal occurrence, latitude dependence and ULF frequency properties of the radar data that 
contained ULF signatures. These results will be discussed within the context of favored, discrete ULF frequencies, 
and magnetosphere boundaries such as the plasmapause.

3.1-15 ModeliNG GroUNd ANd ioNospheriC siGNAtUres of Ulf wAVes At hiGh ANd 
Mid-lAtitUdes
lysak, robert; sciffer, Murray; waters, Colin
University of Minnesota; University of Newcastle; University of Newcastle
bob@fields.space.umn.edu

A new model to describe the propagation of ULF waves in the dipolar regions of the magnetosphere has been 
developed.  This model includes distributed Hall, Pedersen and parallel conductivities in the ionosphere, allowing 
for a realistic description of electric fields in this region.  The ground magnetic fields are calculated assuming a per-
fectly insulating atmosphere and a perfectly conducting Earth.  This model will be used to describe the ionospheric 
and ground signatures of waves trapped in the ionospheric Alfvén resonator, in the Pi1 and Pc1 bands, as well as Pi2 
pulsations generated during substorms.  Particular attention will be given to the transmission of ULF waves between 
the ionosphere and neutral atmosphere both from magnetospheric sources and atmospheric sources

3.1-31p   iNVestiGAtiNG the iMf CoNe ANGle CoNtrol of pC 3-4 pUlsAtioNs obserVed oN the 
GroUNd At hiGh lAtitUdes   
owusu, Nana; bier, elianna; engebretson, Mark; posch, Jennifer; lessard, Marc  
Augsburg College; Augsburg College; Augsburg College; Augsburg College; University of New Hampshire  
engebret@augsburg.edu  

Many previous studies have shown that narrowband Pc3-4 pulsations are observed during daytime hours on the 
ground at high latitudes when the cone angle of the interplanetary magnetic field (IMF) is below 45°.  To further 
investigate this IMF dependence, associated with the generation of “upstream waves” in the ion foreshock, data from 
June 2010 to June 2011 from Svalbard, Norway (74.2° to 76.3° GMLAT, local noon ~ 0900 UT) and Halley Bay, 
Antarctica (-62.2° GMLAT, local noon ~ 1445 UT) were examined for the presence of Pc3-4 pulsations.  Values of 
the IMF cone angle and empirically predicted frequency (f ~0.06 x BIMF), calculated from OMNI data, were then 
compared to Fourier spectrograms displaying the pulsations.  It was discovered that the presence of Pc3-4 pulsations 
did not completely correlate with cone angles below 45°.  Ten days of very good agreement with the hypothesis at 
both stations and ten days of large disagreement with the hypothesis at both stations were selected.  These days were 
then analyzed to see whether widening the criteria to include cone angles of up to 60° explained the discrepancy 
between the observed results and the above expectations; it did not. The cone angle from OMNI was then compared 
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to upstream data from ACE, Cluster, Geotail, THEMIS, and Wind.  In both the days of agreement and the days of 
disagreement there were times when OMNI cone angles completely matched the values at all other available space-
craft, and times when OMNI angles differed from those at other spacecraft.  The frequencies of the waves always 
closely matched the predicted values even when the cone angles did not.  In approximately half of the days with large 
disagreement one or more of the upstream spacecraft had data that differed from OMNI and showed cone angles 
below 45°.  To attempt to relate the observation of Pc3-4 waves to other parameters, the components of the magnetic 
field vector and the flow pressure were examined during periods of agreement and disagreement.  Thus far no pattern 
has been found.  However, these data suggest the difficulty of characterizing the upstream IMF during conditions 
conducive to the generation of upstream waves.  

3.1-32p   siMUltANeoUs trAVeliNG CoNVeCtioN Vortex (tCV) eVeNts ANd pC 1 wAVe bUrsts At 
CUsp lAtitUdes obserVed iN ArCtiC CANAdA ANd sVAlbArd   
posch, Jennifer; engebretson, Mark; Murr, david; lessard, Marc; Johnsen, Magnar; singer, howard; 
hartinger, Michael  
Augsburg College; Augsburg College; Augsburg College; University of New Hampshire; University of Tromso; 
NOAA Space Weather Prediction Center;  University of Michigan  
engebret@augsburg.edu  

Traveling convection vortices (TCVs), which appear in ground magnetometer records at near-cusp latitudes 
as solitary ~5 mHz pulses, are a signature of dynamical processes involving the interaction of the solar wind with 
Earth’s bow shock and magnetosphere.  These interactions can generate instabilities in the ion foreshock just up-
stream of Earth’s bow shock that can subsequently stimulate transient compressions of the dayside magnetosphere.  
These compressions can also sharply increase the growth rate of electromagnetic ion cyclotron (EMIC) waves, 
which also appear in ground records at near-cusp latitudes as bursts of Pc1 pulsations.  In this study we have iden-
tified TCVs and simultaneous TCV – Pc1 burst events occurring from 2008 through the first 7 months of 2010 in 
Eastern Arctic Canada and Svalbard, using a combination of fluxgate magnetometers (the MACCS and IMAGE 
arrays) and search coil magnetometers in each region.  During 16 of the 73 of the TCV events in Arctic Canada 
(22%) a simultaneous Pc1 burst occurred; these combined events were more tightly clustered near local noon than 
the population of all TCV events.  We attribute the low occurrence percentage of combined events, (much lower than 
that found in two earlier studies using data from this same region) to the unusually low EMIC wave activity during 
this deep solar minimum interval.   Magnetometer observations at GOES 12 are also used to characterize the strength 
of the magnetic perturbations near the magnetic equator at geosynchronous orbit.  A correlation to changes in total 
magnetic field at GOES 12 was found in 57% of the Canadian events. 

3.1-33p   hiGh-lAtitUde soUrCe driVes GlobAl pi2 ANd flr   
Keiling, A.; Marghitu, o.; Amm, o.; bunescu, C.; Constantinescu, V.; frey, h.; hamrin M.; Karlsson t.; 
Nakamura r.; Nilsson h.; semeter J.; sorbalo e.; Vogt J.   
University of California - Berkeley (UCB); ISS; FMI; ISS; UCB; UMEA; KTH; IWF; SIS; BU; JUB  
keiling@ssl.berkeley.edu  

Global geomagnetic pulsations, such as field line and cavity resonances, are eigenmodes of the system. Ground 
observations of global Pi2s in the nightside have been attributed to a broadband pressure pulse, launched during 
substorm onset, that excites such resonances. Here we report two consecutive events that were observed over more 
than 10 hrs MLT and from low to high latitudes. Such “super” global Pi2s have not been satisfactorily explained yet. 
Using in-situ data from THEMIS and GOES, it was found that the pulsations are a combination of various modes 
including field line resonance, cavity mode, and possibly transient Alfvén waves. Furthermore, it is shown that the 
source of the pulsations, providing energy and periodicity, lies in the plasma sheet, ruling out the broadband-driven 
global mode mentioned above. Possible mechanisms will be discussed.

3.1-34p   possible siGNAtUres of fAst Mode resoNANCes obserVed iN GroUNd-bAsed ANd 
sAtellite MAGNetoMeter dAtA   
sutcliffe, peter; heilig, balázs  
South African National Space Agency (SANSA); Tihany Geophysical Observatory, Geological and Geophysical 
Institute of Hungary  
psutcliffe@sansa.org.za  

Ground-based magnetometer data recorded at the MM100 stations in Europe and fluxgate magnetometer data 
from the CHAMP low Earth orbit satellite are used to study the spectral structure of Pc3-4 pulsations observed at 
low and mid-latitudes.  The results of our analysis suggest that at least three mechanisms contribute to the spectral 
content of Pc3-4 pulsations typically observed at these latitudes.  We confirm that Pc3-4 pulsations typically contain 
a field line resonance (FLR) contribution, with latitude dependent frequency, and an upstream wave (UW) contribu-
tion, with frequency proportional to the IMF magnitude BIMF, as previously reported. However, besides these con-
tributions, the Pc3-4 pulsations consistently contain signals at other frequencies which are independent of latitude 
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and BIMF.  We suggest that the most likely explanation for these additional frequency contributions is that they are 
fast mode resonances (FMRs) related to cavity, waveguide, or virtual modes. We compare our observations with 
numerical simulations of MHD eigenmodes published in the literature.

sessioN 3.2
Ulf wAVes iN the iNNer MAGNetosphere

3.2-1 MeANs of Ulf wAVe eNerGy trANsfer froM the solAr wiNd to the iNNer MAGNeto-
sphere: iNVestiGAtiNG the freQUeNCy ANd spAtiAl depeNdeNCe of the poyNtiNG 
VeCtor
hartinger, Michael; Moldwin, Mark b.; Angelopoulos, Vassilis; takahashi, Kazue
U of Michigan; U of Michigan; UCLA; APL
mdhartin@umich.edu

Ultra Low Frequency (ULF) waves create a number of different pathways for energy to be transferred through 
the inner magnetosphere. For example, substorms and solar wind dynamic pressure pulses generate fast mode waves 
which couple to standing Alfvén waves in the inner magnetosphere via the field line resonance (FLR) mechanism; 
these Alfvén waves in turn transfer energy into the ionosphere via processes such as Joule dissipation. The electro-
magnetic energy flux (Poynting vector) associated with ULF waves is a useful diagnostic tool for determining which 
energy transfer mechanisms are most important for different frequencies/regions/external driving conditions. It can 
also be used to directly compare with other energy transfer mechanisms in the inner magnetosphere and thus place 
the ULF wave energy transfer rates in context. In this study, we use THEMIS spacecraft observations to statistically 
analyze the Poynting vector in the frequency domain. We consider the 2-80 mHz frequency range and all local time 
sectors.

3.2-2 Ulf wAVes As diAGNostiCs for iNNer MAGNetospheriC dyNAMiCs
rae, i. Jonathan; Murphy, Kyle r.; watt, Clare e.J.; Mann, ian r.
MSSL/UCL; University of Alberta; University of Reading; University of Alberta
jonathan.rae@ucl.ac.uk

Standing Alfven waves (FLRs) are a specific manifestation of ULF waves in the magnetosphere.  The action of 
the solar wind under a variety of guises can drive both discrete frequency compressional ULF waves and discrete 
frequency FLRs. Magnetospheric FLRs are most often studied at dayside local times, where they can be prevalent 
on the flanks.  However FLRs have also been seen on the nightside (e.g., Takahashi  et al. 1988; Nose  et al., 1998; 
Keiling  et al., 2003; Zheng  et al., 2006). We present case studies of dayside driven ULF wave activity and relate 
it to solar wind driving conditions.  Furthermore, we use the same basic framework to investigate the prevalence of 
FLRs in the nightside magnetosphere and apply tested ground-based analysis such as cross-phase to space-based 
data in order to demonstrate that FLRs can provide crucial information on the whereabouts of substorm onset, whilst 
also representing a viable candidate for triggering the substorm process itself.  

3.2-3 GlobAl ??5 pUlsAtioNs dUriNG stroNG MAGNetiC storMs: exCitAtioN MeChANisMs 
ANd eQUAtorwArd expANsioN
Marín, Julio; pilipenko, Viacheslav; Kozyreva, olga; Vega, pedro; stepanova, Marina; zesta, eftyhia
La Serena University, Chile; Space Research Institute, Moscow; Institute of Physics of the Earth, Moscow; La 
Serena University, Chile; University of Santiago de Chile (USACH), Chile; NASA Goddard Space Flight Center
jmm@dfuls.cl

The dynamics of global Pc5 waves during the magnetic storms on 29-31 October 2003 are considered, using data 
from the trans-American and trans-Scandinavian networks of magnetometers nearly in the opposite MLT sectors. 
We study the latitudinal distribution of spectral characteristics of the  Pc5 waves with the purpose to determine how 
deep into the magnetosphere these Pc5 waves can extend and what is the wave energy transmission mechanism. In 
particular, we examine whether the self-excited Kelvin-Helmholtz instability could serve as an excitation mechanism 
for the global Pc5 waves. Examination of the spatial structure of geomagnetic Pc5 pulsations has prompted that the 
physical mechanisms of intense Pc5 pulsation on October 29 and October 31 are different. The first Pc5 event is pro-
duced by the resonant excitation of Alfvenic oscillations at the magnetospheric field lines. When during the October 
31 event resonant features were very weak, and this event is better described as a result of the magnetospheric wave-
guide excitation. The rigid excitation of magnetospheric waveguide modes is produced by the enhanced fluctuations 
of the solar wind density. When the waveguide regime is excited, MHD wave can penetrate much deeper into the 
magnetosphere. The described features of Pc5 wave activity during recovery phase of strong magnetic storm are to 
be taken into account during the modeling of the relativistic electron energization by ULF waves.
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3.2-4 AziMUthAl oCCUrreNCe ANd Mode strUCtUre of pC5 Ulf wAVes, ANd iMpliCAtioNs 
for rAdiAtioN belt dyNAMiCs
elkington, scot r.; sarris, theodore; Ali, Ashar; Chan, Anthony A.; wiltberger, Michael
LASP, University of Colorado; Democritus University of Thrace; LASP, University of Colorado; Rice University; 
HAO/NCAR
scot.elkington@lasp.colorado.edu

Global Pc5 waves, ULF oscillations with frequencies at mHz time scales, can effectively transport and energize 
trapped energetic radiation belt particles through a drift-resonant interaction.  Quantitatively, the drift resonance con-
dition depends on the azimuthal mode structure of the waves driving the transport; rates of radial transport depend 
also on the azimuthal extent of the waves along a particle drift path.  However, the limited availability of in situ 
observations makes it difficult to unambiguously determine both the global mode structure and azimuthal occurrence 
for a given population of Pc5 waves.  In this work we describe efforts to characterize these quantities based on the 
available distribution of in situ and ground based measurements, and from global simulations of the solar wind/mag-
netosphere interaction.  We discuss the adequacy of commonly-used assumptions about the dominant mode numbers 
in the magnetosphere, and examine implications of limited azimuthal occurrence of ULF waves for particle transport 
in terms of the effect of externally-driven wave populations.

3.2-5 solAr ACtiVity depeNdeNCe of the relAtioNship betweeN the solAr wiNd ANd pC5 
Ulf wAVes
takahashi, Kazue; yumoto, Kiyohumi; Claudepierre, seth G.; sánchez, ennio r.; troshichev, oleg A. ; 
Janzhura, Alexander s. 
The Johns Hopkins University Applied Physics Laboratory; Kyushu University; The Aerospace Corporation; SRI 
International; Arctic and Antarctic Research Institute; Arctic and Antarctic Research Institute
kazue.takahashi@jhuapl.edu

We have studied the dependence of the amplitude of magnetic field variations in the Pc5 band (1.6-6.7 mHz) on 
the solar wind and solar activity. Solar wind parameters considered are the bulk velocity Vsw and the variation of 
the solar wind dynamic pressure dPsw. The solar activity dependence is examined by contrasting observations made 
in 2001 (solar activity maximum) and 2006 (solar activity declining phase). We calculated hourly Pc5 amplitude us-
ing data from geostationary satellites at L = 6.8 and ground stations covering 1 < L < 9. The amplitude is positively 
correlated with both Vsw and dPsw, but the degree of correlation varies with L and magnetic local time. The Vsw  
(dPsw) dependence of the amplitude, as measured by the correlation coefficient, is higher on the dayside than on the 
nightside and it is higher at higher (lower) L, with the transition occurring at L ~ 5. We attribute the Vsw control to 
the Kelvin-Helmholtz instability on the magnetopause, occurring both at high and low latitudes, and the dPsw con-
trol to buffeting of the magnetosphere by variation of solar wind dynamic pressure. The GOES amplitude is higher at 
the solar maximum at all local times and the same feature is seen on the ground in the dawn sector at L > 6. A radial 
shift of the fast mode wave turning point, associated with the solar cycle variation of magnetosphere mass density, is 
a possible cause of this solar activity dependence.

3.2-6   rbsp obserVAtioNs of MoNoChroMAtiC poloidAl Ulf wAVes ANd drift-resoNANCe 
with riNG CUrreNt ioNs   
dai, lei; takahashi, Kazue; wygant, John r.; bonnell, John; Cattell, Cynthia A.; Kersten, Kris; breneman, 
Aaron; schroeder, peter; tao, Jianbao; thaller, scott; dombeck, John; tang, xiangwei; Kletzing, Craig; 
baker, daniel N.; blake , J. bernard; funsten, herbert o.; reeves, Geoff; spence, harlan e.   
University of Minnesota (UM); Johns Hopkins University (JHU), Applied Physics Laboratory; UM; Space Science 
Laboratory, University of California, Berkeley (UCB); UM; UM; UM; UCB; UCB; UM; UM; UM; University of 
Iowa (UI); Laboratory for Atmospheric and Space Physics, University of Colorado (UC); The Aerospace Corporation; 
ISR Division, Los Alamos National Laboratory (LANL); Space Science and Applications Group, LANL; University 
of New Hampshire (UNH)
dai@physics.umn.edu  

The Van Allen probes (RBSP), with their near-equator orbits covering the region from L~1.1 to ~6, are well 
suited to study ULF waves in the inner magnetosphere. Here we present the first RBSP observation of poloidal ULF 
waves and their drift-resonance with ring current ions on Oct 23th 2012. Intense azimuthal electric field (E_{\\phi}) 
oscillations as large as 15mV/m are observed in association with radial magnetic field (B_{r}) oscillations by the 
RBSP spacecraft in the dawn-noon sector near the southern vicinity (-17<Mlat<-11) of the magnetic equator from 
L=4.7 to 5.6 outside the plasmasphere. The intense azimuthal wave electric field and a high E_{\\phi}/B_{r} ratio 
(~4,000km/s) indicate an anti-node of the E_{\\phi} in combination with a node of B_{r} at the equator for the ob-
served ULF waves. Such an equatorial anti-node of the electric field along with the observations of the wave period 
(65-80s) and the 90 degrees phase lag from B_{r} to E_{\\phi} are all consistent with the identification of fundamen-
tal (n=0) poloidal standing waves. Evidence from particle flux show that the observed fundamental poloidal waves 
are in drift resonance with ~90 keV ions. A minor decrease in the DST index occurred in this event. The ions injected 
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into the ring current may account for the free energy source for the poloidal waves. In general, the azimuthal electric 
fields of the fundamental poloidal ULF waves allow for a strong resonance between the waves and drifting particles. 
The overall effect of such drift-resonance on the ring current evolution remains an interesting subject to be evaluated.

3.2-7   estiMAtioN of the AziMUthAl wAVeNUMber of hiGh-M Ulf wAVes obserVed by MUl-
tiple low-AltitUde sAtellites   
Chi, peter J.; le, Guan  
UCLA; NASA  
pchi@igpp.ucla.edu  

The ultra-low-frequency (ULF) waves in the inner magnetosphere with small azimuthal scale lengths, large 
azimuthal wavenumbers (m) have important implications in identifying the condition of wave-particle interactions. 
These high-m waves are invisible to ground magnetometers due to ionospheric screening, and the estimation of 
m using multi-satellite observations is often difficult because of the stringent requirements in satellite separation. 
Recently Le et al. [2011] discovered that the Pc 2-3 waves frequently observed by the ST-5 satellites at low altitudes 
were in fact Doppler shifted high-m waves with much lower frequencies (Pc 5) in the Earth’s frame. In this study we 
develop a simple model of the high-m waves in the inner magnetosphere to predict the expected waveform observed 
by low-altitude satellites. We compare the model waveforms with the observations by ST-5 satellites in a string-of-
pearl configuration and estimate the m number and the carrier frequency of waves. Our results based on the data-
model comparison show that the estimated wave numbers for the available wave events range from 40 to 250. We 
also discuss how the expected waveform can vary with the trajectory of the low-altitude satellite.

3.2-8   theMis obserVAtioNs of CoMpressioNAl pUlsAtioNs. wAVe strUCtUre   
Korotova, Galina; sibeck, david  
IZMIRAN, UMD; GSFC/NASA  
gkorotov@umd.u  

We present results from a statistical study of compressional pulsations with periods ranging from 3 to 15 min in 
the dawn magnetosphere. We employ publicly available THEMIS magnetic field, plasma, and energetic particle ob-
servations to determine the occurrence patterns and properties such as amplitudes, periods, spectral characteristics, 
duration and spatial extent as a function of local time, L shell, latitude, and geomagnetic and solar wind conditions 
for the compressional waves. We compare velocities obtained by the finite Larmor radius method with those from 
timing consideration for pairs of satellites separated in the azimuthal directions and show that the compressional 
pulsations in the dawn sector of the magnetosphere propagate sunward. No azimuthal wave propagation was ob-
served when two satellites were located very close to each other. We show how the amplitude of the second harmonic 
changes in dependence on the latitude and radial distance.

3.2-9   CoMpressioNAl hiGh-M pC5 Ulf wAVes iN the MAGNetosphere: theoretiCAl 
CoNsiderAtioNs   
Klimushkin, d. yu.; Mager, p.N.; Kostarev, d.V.  
Institute of solar-terrestrial physics of the Siberian Branch of the Russian Academy of Science, Irkutsk, Russia  
klimush@iszf.irk.ru  

The compressional Pc5 waves with hight azimuthal wave numbers (m>>1) are often observed in the magneto-
sphere at high level of the geomagnetic activity. The four ULF modes were suggested as a possible explanation of 
these waves: Alfven ballooning mode, slow magnetosonic mode, drift compressional mode, and drift mirror mode. 
These modes are considered for the following issues: field aligned structure, transverse structure, generation mecha-
nism, instabilities. Both MHD and kinetic approaches are used. It is concluded that the most probable modes are 
Alfven ballooning and drift compressional modes coupled with each other. In a gyrokinetic framework, these modes 
are described by a system of two integro-differential equations. This system takes into account drift-bounce wave-
particle interaction, finite plasma pressure, plasma and magnetic field inhomogeneity along field lines and transverse 
to magnetic shells, and mode coupling due to field line curvature. The conditions of the stablity of these modes and 
their spatial structure are studied.

3.2-10   Ulf wAVes ANd disCrete AUrorA   
streltsov, Anatoly V.   
Embry-Riddle Aeronautical University  
streltsa@erau.edu  

Localized packages of intense electromagnetic waves with frequencies of several mHz are frequently observed 
in the near-Earth space environment in the vicinity of discrete auroral arcs. One of the main questions which remain 
unanswered for a number of years is how and where these waves are generated. Results from our numerical studies 
suggest that they can be generated in the process of electromagnetic coupling between the ionosphere and the mag-
netosphere, and parameters of these waves (in particular, frequencies and perpendicular wavelengths) are defined 
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by the sates of the magnetosphere and the ionosphere. The wave dynamics becomes particularly interesting inside 
density cavities produced in the low-altitude magnetosphere and the ionosphere by intense ultra-low-frequency 
magnetic field-aligned currents associated with the discrete auroral arcs. Our studies demonstrate that these cavi-
ties 1) localizes the development of the instability in the direction across the ambient magnetic field; 2) saturate the 
amplitude of the ULF waves and corresponding density perturbations and 3) broaden the spectrum of the generated 
waves. We discuss relations between our numerical results and observations.

3.2-11   Ulf wAVe properties: resUlts froM Mhd siMUlAtioNs with reAlistiC ioNosphere 
boUNdAries   
waters, C.l.; sciffer, M.d.; lysak, r.l.  
University of Newcastle, University of Newcastle; University of Minnesota  
colin.waters@newcastle.edu.au  

ULF plasma waves transfer energy from the magnetosphere to the ionosphere, particularly through resonance 
mechanisms such as the field line resonance. Recent experimental studies have compared ULF magnetic field data 
obtained from ground magnetometers with instrumentation in space. Measurements from space have been obtained 
from low Earth orbit (e.g. CHAMP) while others have come from further out (e.g. THEMIS). Reconciling the ground 
and space data is challenging, mostly due to the dynamics and spatial properties of the intervening ionosphere. This 
paper will present results using experimental data and outputs from a time dependent, 2 1/2-D MHD simulation. The 
simulation results reveal the complex interplay between field line resonances and plasmasphere cavity quasi-resonce 
structures which then interact with the ionosphere Hall conductance to give the ground signal. ULF wave structures 
such at dayside Pc4 and nightside Pi2 are discussed.

3.2-12   loCAl-tiMe VAriAtioNs of Ulf Mode freQUeNCies iN the AsyMMetriC plAsMAsphere   
Choi, Jiwon; lee, dong-hun; Kim, Khan-hyuk; lee, ensang  
School of Space Research, Kyung Hee University  
jw.choi@khu.ac.kr  

The plasmaspheric density (or the Alfven speed) distribution plays a crucial role in determining the characteristic 
mode frequencies of the geomagnetic ULF pulsations such as plasmaspheric virtual resonances (PVR) and field line 
resonances (FLR). We have performed three-dimensional MHD simulations to examine how the asymmetry in the 
plasmasphere affects both of compressional and transverse modes in the Earth’s inner magnetosphere. Local-time 
density variations are applied so that the plasmapause is located close to the Earth at dawn and bulges out at the dusk 
region. Our results show that the mode frequencies increase near the dawn and decrease near the dusk. It suggests 
that the radial density structure of the Earth’s plasmasphere is able to significantly affect the peak frequencies of the 
geomagnetic ULF pulsations, which are recently confirmed in observations.

3.2-13   trApped Modes of CoMpressioNAl Mhd wAVes iN the MAGNetosphere   
yu, dae Jung; lee, dong-hun; Kim, Khan-hyuk; lee, ensang  
Kyung Hee University  
djyu@khu.ac.kr  

It has been suggested that the excitation of virtual resonances is the strong candidate for the Pi2 pulsations in the 
magnetosphere, on the sidelines of the cavity mode excitation. When the coupling to transverse mode is included, the 
situation is more complicated. We study the transport characteristics of MHD compressional waves incident on the 
plasmasphere from the outer region and their resonant absorption into transverse mode via mode conversion where 
the Alfven speed has a typical non-monotonic profile owing to the presence of the inner plasmasphere and plasmas-
pause. By using invariant imbedding method (IIM) which allows numerically exact calculations, we find that the 
excitation of virtual resonance modes can be closely related to the strong mode coupling with the transverse modes. 
Our results indicate that Pi2 modes may appear as mainly trapped fast modes, but also excite field line resonances at 
certain locations, which are consistent with the recent observational feature.

3.2-14   the relAtioNship betweeN dipolArizAtioN froNts, bUrsty flows ANd pi2 
pUlsAtioNs: AN Mhd CAse stUdy   
ream, Jodie b.; walker, raymond J.; Ashour-Abdalla, Maha; el-Alaoui, Mostafa; Kivelson, Margaret G.; 
Goldstein, Melvyn l.  
UCLA; NSF; UCLA; UCLA; UCLA; NASA GSFC  
jodiebt@ucla.edu  

Using global magnetohydrodynamic (MHD) simulations of substorm events that occurred on October 23-24, 
2002 and September 14, 2004 we investigate Pi2 perturbations at 6 RE and their relationship to dipolarization fronts 
(DFs) and bursty flows in the plasma sheet.  We demonstrate that the simulations contain both DFs and fluctuations 
at Pi2 frequencies. The DFs are accompanied by fast earthward flows and originate from a neutral line at ~15-30 RE.  
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Pi2 period fluctuations are identified in total pressure, velocity and magnetic field components at -6 RE only after a 
DF disrupts and penetrates the braking region boundary, the boundary between dipole field lines and stretched tail 
field lines. This indicates that the DFs are driving the Pi2 perturbations in the inner magnetosphere.

 
3.2-35p   MUlti-spACeCrAft obserVAtioN of A Ulf wAVe freQUeNCy trANsitioN dUriNG the 

hAlloweeN 2003 MAGNetiC storM   
daglis, ioannis; balasis, Georgios; Georgiou, Marina; papadimitriou, Constantinos; zesta, eftyhia  
University of Athens; National Observatory of Athens (NOA); NOA; NOA; NASA Goddard Space Flight Center  
daglis@noa.gr  

We present and discuss a rare simultaneous multi-spacecraft and ground observation of Pc3 and Pc4-5 wave 
activity during a period of intense radiation belt enhancement. We have examined the ULF wave activity in the Pc3 
(22--100 mHz) and Pc4-5 (1--22 mHz) frequency bands within a short time interval of the Halloween 2003 magnetic 
storm, using data from the Geotail, Cluster and CHAMP spacecraft, and the Fort Yukon and Dawson ground mag-
netometer stations in Alaska and Canada respectively. The Cluster and CHAMP spacecraft and the ground stations 
were in good local time conjunction. The spectral analysis of the measurements shows a remarkably clear transition 
of the wave frequency into a higher regime within the Pc3 range, which was simultaneously detected in the mag-
netosphere (Cluster), topside ionosphere (CHAMP) and on the ground. The commonly observed wave parameters 
(i.e., onset, duration and frequency content) at various locations suggest that we are, indeed, observing the same 
phenomenon and offer insights into the energy transfer traced all the way from the solar wind through the magneto-
sphere and ionosphere to the ground. The work leading to this paper has received funding from the European Union’s 
Seventh Framework Programme under grant agreement no. 284520 for the MAARBLE (Monitoring, Analyzing and 
Assessing Radiation Belt Energization and Loss) collaborative research project. This paper reflects only the authors’ 
views and the Union is not liable for any use that may be made of the information contained therein.

sessioN 3.3
wAVe ANd pArtiCle dyNAMiCs iN the rAdiAtioN belts ANd riNG CUrreNt

3.3-1 bANded ChorUs: theory, siMUlAtioNs, ANd obserVAtioNs froM the 
 VAN AlleN probes

Gary, s. peter; friedel, reinhard h.w.; fu, xiangrong; larsen, brian A.; liu, Kaijun; 
Macdonald, elizabeth A.; reeves, Geoffrey d.; skoug, ruth M.
SSI; LANL; LANL; LANL; Auburn; LANL; LANL; LANL
pgary@spacescience.org

Whistler fluctuations in the terrestrial magnetosphere are often observed in two distinct bands separated by a 
gap at approximately one-half the equatorial electron cyclotron frequency.  A number of possible explanations for 
this peculiar phenomenon have been advanced [See Liu  et al., Geophys. Res. Lett., 38, L14108 (2011)].  The re-
search described here addresses the hypothesis that the upper and lower frequency bands are driven by two, distinct, 
anisotropic (in the sense of T_perp > T_parallel) electron components corresponding to warm (< ~1 keV) and hot
(> ~5 keV) temperatures, respectively [Li  et al., J. Geophys. Res., 115, A00F11 (2010)].

The recently launched two-spacecraft Van Allen Probes mission has become a rich source of observations of both 
particles and fields in the Earth’s radiation belts.  Our research will follow a four-step procedure to test the above-
stated hypothesis:  (1)  We will examine wave instrument data to identify events corresponding to clearly-defined 
observations of banded chorus.  (2) We will use measurements from the HOPE instrument to establish electron com-
ponent parameters during these banded chorus intervals.  (3) We will insert the observed parameters from the first 
two steps into a full linear kinetic dispersion theory [Gary  et al., J. Geophys. Res., 117, A07203 (2012)] to estimate 
growth rates of both upper band and lower band whistler instabilities.  (4) We will use the linear theory results to 
define and carry out particle-in-cell (PIC) simulations to determine the fully nonlinear properties of both instabili-
ties.  If the PIC simulations confirm the conclusion of Liu  et al. (2011) that the two instabilities act independently of 
each other, we will then attempt to generalize the results of MacDonald  et al., J. Atmos. S-T Phys., 70, 1789 (2008), 
which provide an estimate for the upper bound of the temperature anisotropy of a single hot electron component, to 
the more realistic case of a two-component (warm + hot) electron velocity distribution.

3.3-2 eleCtroN ACCelerAtioN by wAVe-pArtiCle iNterACtioNs 
 iN the heArt of the VAN AlleN rAdiAtioN belts

reeves, G.d.; spence, h.e.; henderson, M.G.; friedel, r.h.w.; funsten, h.o.; baker, d. N.; Kanekal, s.G.; 
blake, J.b.; fennell, J.f.; Claudepierre, s.G.; thorne, r.M.; turner, d.l.; Kletzing, C.A.; Kurth, w.s.; 
larsen, b.A.; Niehof, J.t.; Morley, s.K.
LANL; UNH; LASP; GSFC; Aerospace; UCLA; UI
reeves@lanl.gov
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Since the discovery of the Van Allen Radiation belts in 1958, a fundamental unanswered question has been how 
electrons are accelerated from typical energies of a few thousand electron volts (keV) to relativistic energies of many 
millions of electron volts (MeV). Current controversy involves two classes of processes: transport and acceleration 
of electrons by radial diffusion from a source population located outside the radiation belts (“radial acceleration”); 
or, in situ acceleration of lower-energy electrons to relativistic energies by resonant wave-particle interactions (“local 
acceleration”). Previous studies have provided evidence for local acceleration but have allowed enough ambiguity 
that significant debate continued to exist. Some past limitations included limited spatial coverage, limited energy 
coverage or resolution, orbital limitations that confine analysis to only small equatorial pitch angles, etc. The or-
bital configuration and instrumentation on NASA’s Van Allen Radiation Belt Storm Probes (RBSP) mission were 
designed specifically to remove such potential ambiguities and to provide definitive evidence for or against local 
acceleration of radiation belt electrons. We report here on multi-satellite measurements from RBSP and other satel-
lites of the temporal evolution of radial profiles of phase space density. The phase space density profiles observed in 
an event in October 2012 provide unambiguous evidence for local acceleration with the rapid formation of a radial 
peak in phase space density centered around L*=4.2 [Reeves  et al., 2013]. These observations prove that local ac-
celeration is a viable mechanism for relativistic electron acceleration in the radiation belts. However radial diffusion 
remains a key process and we discuss the relative roles of both processes.

3.3-3 whistlers iN the rAdiAtioN belt
streltsov, Anatoly; woodroffe, Jesse
ERAU
streltsa@erau.edu

Propagation of whistler-mode waves (whistlers) in the magnetosphere and interactions between these waves and ener-
getic electrons in the Earth’s radiation belts is one of the most important and interesting problems of modern geophysics. 
Currently, this problem is the main focuses of the NASA Van Allen Radiation Belt (RBSP) mission. We present results 
from the numerical study of propagation of whistler-mode waves in the magnetosphere with strong transverse gradients of 
the background plasma. Our results demonstrate that such gradients can significantly modify spatiotemporal characteris-
tics of the waves. In particular, the transverse inhomogeneity of the background plasma can 1) convert moderately oblique 
whistlers to highly oblique whistlers, and 2) efficiently guide whistlers along the ambient magnetic field. The last effect is 
particularly important when the ambient magnetic field has a transverse gradient in the same direction as the plasma. These 
results provide a new explanation for the observations of whistler waves in the radiation belt.

3.3-4 CoNstrUCtiNG the freQUeNCy ANd wAVe NorMAl distribUtioN of whistler-Mode 
wAVe power
watt, Clare e.J.; degeling, Alexander w.; rankin, robert
University of Reading; University of Alberta; University of Alberta
cejwatt@gmail.com

Wave-particle interactions in the outer radiation belts result in transport, energisation and loss of particles. The 
balance of these three processes is critically important for modeling the behaviour of energetic particles in the 
magnetosphere. One type of wave that can mediate the energisation and loss of plasma is the whistler-mode wave. 
State-of-the-art models of the radiation belts describe the wave-particle interaction as a diffusive process, and re-
quire the frequency and wavenormal spectra of whistler-mode waves in order to calculate the diffusion coefficients. 
However, whistler-mode waves grow in amplitude over large distances as they travel through the magnetosphere, 
and so predictions of the wave distribution are challenging. Instead, simple mathematical functions (e.g. Gaussian 
distributions) are commonly used to approximate the spectra of whistler-mode waves. We describe a new non-local 
method to model whistler-mode wave spectra that result from temperature anisotropy in the magnetosphere. Our 
new method utilizes a combination of raytracing and the equations of radiation transfer, and can provide amplitude 
spectra of growing waves at any location as a function of frequency and wavenormal angle, using only the magneto-
spheric plasma conditions as input. The waves are assumed to grow from isotropic background noise. For observed 
quiet-time plasma conditions, we predict that the wave distribution resembles a Gaussian distribution in frequency 
close to the equator, but a skew normal distribution at higher latitudes. As a function of wavenormal angle, the wave 
distribution always resembles a skew normal distribution, regardless of distance from the equator, and most impor-
tantly does not peak for wavenormals parallel to the magnetic field, but for small angles (~10-15°). We compare our 
theoretical predictions with observed whistler-mode wave distributions.

3.3-5 strUCtUre of lArGe AMplitUde ChorUs eleMeNts: MeAsUreMeNts froM the 
ClUster wbd ANd VAN AlleN probes eMfisis iNstrUMeNts
santolik, o.; pickett, J.s.; Gurnett, d.A.; Kletzing, C.A.; Kurth, w.s. ; hospodarsky, G.b.; bounds, s.r.
Institute of Atmospheric Physics and Charles University  in Prague; University of Iowa; University of Iowa; 
University of Iowa; University of Iowa; University of Iowa; University of Iowa;
os@ufa.cas.cz
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Cluster electric field measurements revealed fine structure of chorus wave packets.  Sub-packets with a wide 
range of amplitudes were observed  at time scales of less than 40 ms. For amplitudes larger than 15 mV/m, the occur-
rence rate was, however, below 0.1%. Subsequent observations by the Stereo and Themis missions have shown that 
whistler-mode waves with electric fields of a few hundreds mV/m can also exist in the inner magnetosphere. These 
large-amplitude waves can have consequences for acceleration of energetic electrons in the outer Van Allen radiation 
belt through microscopic wave-particle interactions.

Analysis of observations of high resolution magnetic field waveforms by the four Cluster spacecraft shows that 
magnetic field fluctuations linked specifically to chorus wave packets can reach amplitudes of a few per cent of the 
background field.  During a very intense event, these sub-packets with amplitudes larger than 1 nT are again found 
with an occurrence rate below 0.1%.

Multicomponent waveform measurements recorded by the Van Allen probes EMFISIS instrument show similar 
amplitudes of chorus and allow us to estimate propagation parameters at the time scales of the sub-packet structure. 
This leads to new results on variations of wave vector directions during generation of chorus wave packets, challeng-
ing our current theoretical understanding of this process.

3.3-6 New perspeCtiVes oN the role of the ioN foreshoCK iN driViNG Ulf wAVes
hartinger, Michael; turner, drew l.; plaschke, ferdinand; Angelopoulos, Vassilis; singer, howard; Moldwin, 
Mark b.; takahashi, Kazue; Clausen, lasse;
U of Michigan; UCLA; Austrian Academy of Sciences; UCLA; NOAA; U of Michigan; APL; U of Oslo
mdhartin@umich.edu

The ion foreshock drives ultra-low frequency (ULF) waves in the Earth’s magnetosphere, and it is usually consid-
ered most important for driving waves with frequencies above the Pc5 (2-7 mHz) range. Several studies have estab-
lished a clear link between ion cyclotron waves in the ion foreshock and both fast mode and standing Alfvén waves in 
the Earth’s magnetosphere, but there are other potential energy sources in the ion foreshock. We present results from 
three studies which explore the relationship between the ion foreshock and ULF waves in the magnetosphere from 
different perspectives: multipoint in-situ observations (THEMIS, GOES, and Cluster), multipoint ground-based ob-
servations, and statistical results from individual satellite observations (THEMIS). Using multipoint in-situ observa-
tions, we find that transient ion foreshock phenomena are an important energy source for Pc5 ULF waves. Using 
multipoint in-situ and ground-based observations, we find a statistical relationship between the ion foreshock and the 
occurrence of global modes, or trapped fast mode waves, for frequencies above the Pc5 range. This result builds on 
earlier case studies establishing this relationship. Finally, we present results from a statistical study of the ULF wave 
Poynting vector to determine how energy from the ion foreshock enters the magnetosphere via ULF waves and to 
explore the role energy from the ion foreshock plays in ring current/radiation belt interactions.

3.3-7 field-AliGNed strUCtUre of CoMpressioNAl pC5 wAVes obserVed by polAr NeAr 
the GeoMAGNetiC eQUAtor
Capman, emma; engebretson, Mark; pilipenko, Viacheslav; russell, Christopher; peterson, bill; wygant, John
Augsburg College, Minneapolis Institute of the Physics of the Earth, Moscow; IGPP, UCLA; LASP, University of 
Colorado, Boulder; University of Minnesota, Minneapolis
pilipenko_va@mail.ru

While the field-aligned structure of azimuthally large-scale toroidal ??5 pulsations has been well modeled as 
field line Alfven oscillations, the field-aligned structure of azimuthally small-scale poloidal Pc5 pulsations is still 
practically unknown. These pulsations are observed during the recovery phase of magnetic storms in the region of 
injected ring current protons and are commonly attributed to ballooning modes. During 2002, the orbits of Polar 
satellite nearly coincided with the magnetic field lines in the vicinity of the magnetospheric equator. During these 
times Polar observed several compressional Pc5 waves in the dusk sector. Thus, using Polar observations a possibil-
ity to resolve undoubtedly the field-aligned structure ambiguity in storm-time compressonal Pc5 waves has emerged. 
Most events exhibited the 1-st and 2-nd harmonics near the equator with node/antinode at the geomagnetic equator. 
The ~10 keV/e hydrogen ion flux varied in anti-phase with the total magnetic field oscillations. The amplitude-phase 
field-aligned structure of each harmonic has been constructed with the use of analytical signal method. The theoreti-
cal modeling was applied to the interpretation of Pc5 wave  observations by the Polar satellite during its passes along 
a field line. Ballooning modes are described by coupled MHD equations for Alfven and slow magnetosonic modes. 
Using the self-consistent Voigt model of the finite-pressure plasma immersed in a curved magnetic field the spectral 
characteristics and field-aligned structure of various ballooning modes have been calculated. This modeling shows 
the possibility of different field-aligned scales for compressional and transverse magnetic components. However, a 
very narrow Pc5 wave localization near the magnetospheric equator, with a scale much less than the expected Alfven 
wave length, is still a challenge for ULF wave theory.

3.3-8 NAtUres GrANd experiMeNt: liNKs betweeN solAr wiNd speeds, sUbstorMs, ANd 
the rAdiAtioN belts
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rodger, Craig J.; Cresswell-Moorcock, Kathy; Clilverd, Mark A.
Department of Physics, University of Otago; British Antarctic Survey (NERC)
crodger@physics.otago.ac.nz

The last solar minimum was unusually deep and long-lived. In the later stages of this period the electron fluxes in 
the radiation belts dropped to very low levels over most of the year 2009. Energetic electrons (>100 keV) decreased 
by several orders of magnitude, while the flux of relativistic electrons (>1 MeV) dropped below instrument thresh-
olds both for spacecraft located in geostationary orbits (e.g., GOES) and also those low-Earth orbit (e.g., SAMPEX, 
POES). This period has been described as a "grand experiment" allowing us to test our understanding of basic radia-
tion belt physics and in particular the acceleration mechanisms which lead to enhancements in relativistic electrons 
in the radiation belts.

In this study we will report on the relationship between high speed solar wind streams, substorm occurrence and 
radiation belt electron flux enhancements. We demonstrate that while individual substorms are clearly linked to ra-
diation belt electron flux variation, it is the occurrence rate of substorms (which is itself controlled by the solar wind 
speed), that is the primary controlling factor in this time period. This is consistent with the idea that multiple rapidly 
occurring substorms provide the particle populations to trigger waves which then accelerate radiation belt electrons 
to relativistic energies. 

3.3-9 peNetrAtioN of solAr wiNd driVeN Ulf wAVes iNto the eArth’s iNNer 
MAGNetosphere: role iN rAdiAtioN belt ANd riNG CUrreNt dyNAMiCs
Mann, ian; Murphy, Kyle; rae, iain J.; ozeke, louis; Milling, david
The University of Alberta
imann@ualberta.ca

Ultra-low frequency (ULF) waves in the Pc4-5 band can be excited in the magnetosphere by the solar wind. 
Much recent work has shown how ULF wave power is strongly correlated with solar wind speed. However, little 
attention has been paid the dynamics of ULF wave power penetration onto low L-shells in the inner magnetosphere. 
We use more than a solar cycle of ULF wave data, derived from ground-based magnetometer networks, to examine 
this ULF wave power penetration and its dependence on solar wind and geomagnetic activity indices. In time do-
main data, we show very clearly that dayside ULF wave power, spanning more than 4 orders of magnitude, follows 
solar wind speed variations throughout the whole solar cycle � during periods of sporadic solar maximum ICMEs, 
during declining phase fast solar wind streams, and at solar minimum, alike. We also show that time domain ULF 
wave power increases during magnetic storms activations, and significantly demonstrate that a deeper ULF wave 
power penetration into the inner magnetosphere occurs during larger negative excursions in Dst. Interestingly, we 
also show that both ULF wave power and SAMPEX MeV electron flux show a remarkable similarity in their penetra-
tion to low-L, which suggests that ULF wave power penetration may be important for understanding and explaining 
radiation belt dynamics. We further show results from radial diffusion transport models of the dynamics of MeV 
electrons using statistical characterisations of ULF wave power (Ozeke  et al., JGR, 2012) and compare them to in-
situ observations. The correlation of ULF wave power with Dst, which peaks at one day lag, also suggests the ULF 
waves might also be important for the inward transport of ions into the ring current, in addition to the role they play 
in radiation belt electron dynamics.

This work has received funding from the European Union under the Seventh Framework Programme (FP7-
Space) under grant agreement n 284520 for the MAARBLE (Monitoring, Analyzing and Assessing Radiation Belt 
Energization and Loss) collaborative research project.

3.3-10 eQUAtoriAl Noise: propAGAtioN direCtioNs obserVed by the ClUster spACeCrAft 
ANd iMpliCAtioNs for the soUrCe loCAtioN
Nemec, frantisek; santolik, ondrej; pickett, Jolene s.; parrot, Michel; hrbackova, zuzana; Cornilleau-
wehrlin, Nicole
Faculty of Mathematics and Physics, Charles University in Prague; Institute of Atmospheric Physics, Academy of 
Sciences of the Czech Republic; Department of Physics and Astronomy, University of Iowa; LPC2E/CNRS Orleans; 
Laboratoire de Physique des Plasmas, Ecole Polytechnique, CNRS, Palaiseau; LESIA, Observatoire de Meudon
frantisek.nemec@gmail.com

We present results of a systematic analysis of propagation directions of equatorial noise (EN) determined using 
the data measured by the Cluster spacecraft. EN emissions are electromagnetic waves at frequencies between the 
proton cyclotron frequency and the lower hybrid frequency routinely observed within a few degrees of the geomag-
netic equator at radial distances from about 2 to 6 Earth radii. They propagate nearly perpendicularly to the ambient 
magnetic field. Detailed wave analysis allows us to determine azimuthal angles of wave propagation in all > 200 
EN events for which the data from the WBD instruments are available. Moreover, spectral matrices measured by the 
STAFF-SA instruments allow us to resolve the +-180 degrees ambiguity, and to estimate the plasma number density. 
It is found that while principally all directions of EN propagation are observed inside the plasmasphere, the propa-
gation outside the plasmasphere is rather strictly azimuthal. This can be explained in terms of a simple raytracing 
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model, assuming that the waves are generated inside the plasmasphere, close to its outer boundary. Finally, a pos-
sibility of EN propagation to low altitudes is discussed, and relevant observations performed by the low-altitude 
DEMETER satellite are shown.

3.3-11 ChANGes iN dAily leVels of relAtiVistiC eleCtroNs: resUlts froM MUltiple 
reGressioN
simms, laura; pilipenko, Viacheslav; engebretson, Mark; reeves, Geoffrey
Augsburg College; Institute of the Physics of the Earth; Augsburg College; Los Alamos National Laboratory
engebret@augsburg.edu

A number of parameters of the solar wind and magnetosphere are correlated with the production of relativistic 
electrons.  These include the level of relativistic electrons the previous day, seed electron flux, solar wind velocity 
and number density, the variation in velocity and number density, IMF Bz, AE and Kp indices, ULF and VLF wave 
power, and pressure and electrical field.  However, as all these variables may be intercorrelated between each other 
as well, simple correlations between each predictor variable and electron flux may not tell the whole story.  We use 
multiple regression analyses to determine which are the most predictive of flux when other variables are controlled 
for, and to produce a predictive model.

We obtained hourly averaged electron fluxes for relativistic electrons (> 1.5 MeV) and seed electrons (100 keV) 
from several spacecraft (Los Alamos National Laboratory geosynchronous energetic particle instruments -- 1992-
2002).  For each day, we found the log10 maximum relativistic and seed electron flux for each satellite. No spacecraft 
was in operation for this entire period, so we standardized the observations to a common mean and standard devia-
tion and then averaged over all available satellites in each hour.  

We produced predictive models using the coefficients from the regression models, and assessed their effective-
ness in predicting novel observations.

The daily maximum of relativistic electron flux is best explained by a set of variables rather than by one or two 
factors.   The most predictive single variable is the flux itself one day earlier.  However, the model can be improved 
by adding further variables, which also allows the determination of which exogenous variables are responsible for 
changes in flux.  Seed electron flux, ULF, Vsw and its variation, and IMF Bz are the most significant explanatory 
variables.   Both the current value of these, as well as their values in the days previous, influence flux.  

3.3-12 MAGNetiC flUCtUAtioNs eMbedded iN dipolArizAtioN iNside GeosyNChroNoUs 
 orbit ANd their possible role iN seleCtiVe ACCelerAtioN of o+ ioNs

Nosé, M.; takahashi, K.; Keika, K.; Koga, K.; Koshiishi, h.; Matsumoto, h. 
Kyoto University; JHU/APL; NJIT; JAXA; JAXA; JAXA
nose@kugi.kyoto-u.ac.jp

Magnetic field dipolarization is a distinct phenomenon observed in the magnetosphere at substorm onset. According 
to previous studies, magnetic field dipolarization can be mostly seen at the geosynchronous altitude or farther down the 
tail (i.e., radial distance of ?6.6 RE), and is accompanied by strong magnetic fluctuations. The characteristic time scale 
(TC) of the magnetic fluctuations is reported to be a few seconds to a few tens of seconds, that is, TC=0.3-30 s at r=7-9 
RE by AMPTE/CCE [Lui  et al., 1992; Ohtani  et al., 1995], TC=8-28 s at r~8 RE by SCATHA [Ohtani  et al., 1998], 
TC~5 s at X=-8 to -11 RE by Geotail [Shiokawa  et al., 2005], TC~10 s at X=-8.3 RE by THEMIS [Lui  et al., 2008], 
and TC=10-50 s at X=-17.5 RE by Cluster [Huang  et al., 2012]. These time scales are longer than local gyroperiods 
of H+ by a factor of 2-20, and rather close to those of He+ and O+ ions. A recent study employing the MDS-1 satellite 
revealed that magnetic field dipolarization can be observed in the deep inner magnetosphere (L=3.5-6.0) and is accom-
panied by the magnetic fluctuations that have a period range between the local gyroperiods of He+ and O+ ions [Nosé  
et al., 2010]. To our knowledge, there are few studies reporting TC just inside geosynchronous orbit (L=5.0-6.6).

In this study, we analyze magnetic fluctuations embedded in dipolarization events at the geosynchronous altitude, 
using the ETS (Engineering Test Satellite)-VIII satellite. From the period of 2010-2012, we select 6 dipolarization 
events that showed an increase of the northward magnetic field more than 60 nT. It is found that all of the events are 
accompanied by strong magnetic fluctuations with TC close to the local O+ gyroperiods. We also study a dipolariza-
tion event in the inner magnetosphere (L~4.9) observed by the AMPTE/CCE satellite on December 10, 1987. This 
event is found with magnetic fluctuations that have a period range between the local gyroperiods of He+ and O+ ions. 
When the fluctuations appear, the O+ flux is enhanced in the energy range of <10 keV. 

These results suggest that magnetic fluctuations associated with dipolarization have generally TC close to the 
local gyroperiod of heavy ions, and may play an important role in selective acceleration of O+ ions.
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3.3-13 MUltipoiNt obserVAtioNs of eArth's oUter 
rAdiAtioN belt

turner, d.l., Kellerman, A.; Claudepierre, s.; Morley, s.; rodriguez,  J.; huang, C.-l.; 
drozdov,  A.; li, w.; Angelopoulos, V. 
UCLA; Aerospace Corp.; LANL; UCAR; UNH
drew.lawson.turner@gmail.com

We are currently in an era of unprecedented data coverage throughout Earth's outer radiation belt.  A constellation 
of constellation missions now provide observations of energetic particles, fields, and waves from a variety of orbits; 
these missions include: NASA's THEMIS and Van Allen Probes (RBSP), NOAA's GOES and POES, NSF CubeSats, 
and ESA's Cluster.  Here, we will examine some of the recent discoveries that have been made with this array of outer 
belt observatories.  We will focus on how we have clarified our understanding of certain source, loss, and transport 
mechanisms as well as the many new and outstanding questions concerning outer belt electron dynamics.  Three 
main points will be reviewed in detail: 1) the energy-dependence of different outer belt sources, including those due 
to local acceleration and inward radial transport; 2) the nature of outer belt "dropout" events, their effective ranges 
in energy, equatorial pitch angle, and radial distance, and how these events can lead to the formation of two, distinct 
outer belts; 3) the critical importance of radial transport and the waves that can enhance it.    

3.3-14 resoNANt iNterACtioN of relAtiVistiC eleCtroNs with AN 
 obliQUe MoNoChroMAtiC whistler-Mode wAVe

Kuzichev, ilya; shklyar, david
Space Research Institute (IKI); Moscow Institute of Physics and Technology, State University
Mar-cuss@yandex.ru
1Space Research Institute (IKI), Moscow, Russia 
2Moscow Institute of Physics and Technology, State University, Moscow, Russia
One of the most challenging problems of the radiation belts’ studies is the problem of particles energization. 

Being related to the process of particle precipitation and posing a threat to scientific instruments on satellites, the 
problem of highly energetic particles in the radiation belts turns out to be very important. A lot of progress has been 
made in this field, but still the question of energization remains open. One of the mechanisms of such energization is 
thought to be resonant particle interactions with whistler-mode waves. In considering this mechanism, there are two 
possibilities: the first one is to study wave-particle interactions with a wide spectrum of waves. Such an interaction 
is usually studied in the framework of quasi-linear theory, and leads to particle energy and pitch-angle diffusion. 
The second possibility is to consider the resonant interaction with a quasi-monochromatic wave. Such an interaction 
involves nonlinear effect, namely, phase trapping, which can lead to significant increase of particle energy. A frac-
tion of energetic electrons populating the radiation belts has relativistic energies, which calls for relativistic approach 
for their description. In this report, we present a consistent theory of oblique whistler-mode wave interactions with 
energetic electrons in the radiation belts, placing the main emphases on relativistic effects as they reveal themselves 
in inhomogeneous plasma. This includes the consequences of modification of resonance conditions, analysis and 
solution of the equations of motion for relativistic electrons, and energy exchange between whistler-mode wave and 
resonance electrons, as well as energy transfer between various groups of energetic electrons mediated by the wave. 

3.3-28p A foUr poiNts stUdy of the eVolUtioN of the 
 MAGNetiC field iN iN the iNNer MAGNetosphere

blanchet, Antoine; rochel Grimald, sandrine; dandouras, iannis
IRAP; ONERA; IRAP
sandrine.rochel@onera.fr

The curlometer technique allows calculating the current density from the magnetic field measured at four differ-
ent positions inside a given current sheet using the Maxwell-Ampere’s law. In 2009 the CLUSTER perigee pass was 
located at about 2 RE allowing a study of the ring current deep inside the inner magnetosphere. The curlometer has 
been applied in such an orbit to calculate the current density from measured and modelled magnetic fields and for 
different sizes of the tetrahedron. The results showed that the current density cannot be calculated using the curlom-
eter technique at low altitude perigee pass. It also demonstrates that the parameters used to estimate the accuracy of 
the method are necessary conditions but not sufficient ones. In this paper, we present a study of the evolution of the 
magnetic field in the inner magnetosphere as seen by the four CLUSTER satellites along a low perigee pass orbit. 
The purpose of the study is to define how to change the curlometer technique in order to make it usable in regions 
where the magnetic field spatial evolution scale is much more greater than the size of the constellation tetrahedron.
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3.3-29p extreMely hiGh-eNerGy plAsMA/pArtiCle seNsor for eleCtroN 
 (xep-e) of erG sAtellite

higashio, Nana, Matsumoto, haruhisa
Japan Aerospace Exploration Agency
higashio.nana@jaxa.jp

It is well known that satellites are always in danger in space and especially high-energy radiation damages them. 
One of the sources that cause them is the radiation belt (the Van Allen belt). It was thought to be static, but in the 
1990s it rediscovered the radiation belt fluctuates greatly. There are some reasons to occur this phenomenon, but 
we have not understood a clear reason of this yet. On the other hand, it is well known that the energetic particle flux 
vary during geomagnetic disturbances and the relativistic electrons in the other radiation belt change with solar wind 
speed. Recently solar activity is getting larger, so now we are trying to develop the satellite (ERG) to reveal this 
mechanism in this solar maximum phase. ERG (Energization and Radiation in Geospace) satellite is the small space 
science platform for rapid investigation and test satellite of JAXA/ISAS, and our group is developing the instrument 
(XEP-e) to measure high-energy electrons (600keV~20MeV), that is one of many ERG satellite instruments. XEP-e 
(eXtremely high Energy Plasma/ particle sensor for electron) is consists of five SSDs (Solid-State Silicon Detectors) 
and a GSO single crystal scintillator. It has one-way conic sight and an electric part is unified with a part of sensor 
that is covered with aluminum to protect from contamination. The front part of the SSDs discriminate a radiation 
enters into the sensor and the back part of the plastic scintillator get the value of its energy. We can get the data of 
high-energy electron by using this sensor and it will be useful to reveal the detail of the radiation belt's fluctuation

3.3-30p slot reGioN rAdiAtioN eNViroNMeNt Models
sandberg, ingmar; daglis, ioannis; heynderickx, daniel; evans, hugh; Nieminen, petteri
National Observatory of Athens; University of Athens; DH Consultancy; ESA/ESTEC; ESA/ESTEC
sandberg@noa.gr

The energetic charged particle fluxes in the slot region between the inner and outer Van Allen belts are highly 
dynamic and are known to vary by several orders of magnitude on both short and long timescales.  During quiet 
times, the particle fluxes are much lower than those found at the peak of the inner and outer belts and the region is 
considered benign. During geospace magnetic storms, though, this region can fill with energetic particles as the peak 
of the outer belt is pushed Earthwards and the fluxes can increase drastically. 

In the ongoing SRREMs project (Slot Region Radiation Environment Models) we aim at improving the current 
radiation belt models, most of which do not model the extreme variability of the slot region and instead provide long-
term averages between the better-known low and medium Earth orbits (LEO and MEO).

This paper is presenting the main characteristics and first results of the electron-SRREM (e-SRREM). e-SRREM 
is based on the analysis of a large volume of available energetic electron flux data and on the subsequent construction 
of a virtual database of slot region electron fluxes. A large number of different datasets has been used for the con-
struction, evaluation and inter-calibration of the e-SRREM virtual dataset. Special emphasis has been given on the 
use and analysis of data from the ESA Standard Radiation Environment Monitor (SREM) units on-board PROBA-1, 
INTEGRAL, and GIOVE-B due to the sufficient spatial and long temporal coverage of the slot region by these 
spacecraft. In addition, other datasets such as DEMETER/IDP, CRRES/MEA and XMM/ERMD were also used.

The analysis that we have followed retains the long-term temporal, spatial and spectral variations in electron 
fluxes as well as the short-term enhancement events at altitudes and inclinations relevant for satellites in the slot 
region.  As a result, the output of the e-SRREM model can provide energetic electron flux spectra for user defined 
orbit, time-scales and confidence levels, including the mean average and the peak flux levels. The SRREMs project 
has been commissioned by ESA/ESTEC through contract 4000104839.

3.3-31p eNerGetiC eleCtroN flUx eNhANCeMeNts ANd their AssoCiAtioN with eArthwArd 
peNetrAtioN of pC 4-5 wAVes dUriNG GeospACe MAGNetiC storMs 
Georgiou, Marina; daglis, ioannis A.; zesta, eftyhia; balasis, George; tsinganos, Kanaris
University of Athens , National Observatory of Athens
marina@noa.gr

Geospace magnetic storms, when sufficiently strong to exceed key thresholds of the Dst index, lead either to 
increases or decreases of the fluxes of electrons with energies > 1 MeV in the outer radiation belt. We examine the 
responses of energetic electrons to moderate and intense magnetic storms and compare these with concurrent varia-
tions of ULF wave power. The interaction between ULF waves and radiation belts electrons may diffuse particles 
across field lines or energise them on field lines over hours and days. Here, we present multipoint observations from 
a multitude of ground-based magnetometer arrays. We discuss the excitation, growth and decay characteristics of 
Pc 4-5 waves during the different phases of the magnetic storms with particular emphasis on the distribution of Pc 
4-5 wave power over a variety of L shells. We investigate whether Pc 4-5 wave power penetrates to lower L shell 
values during storms characterised by enhanced fluxes of the radiation belts' electrons as compared to storms with 
reduced fluxes. Structural changes of the magnetosphere during intense magnetic storms can play an important role 
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in the generation and penetration of Pc 4-5 waves deep into the inner magnetosphere, which in turn is of signifi-
cance for the wave-particle interactions contributing to the acceleration, transport and loss of electrons in the outer 
radiation belt. We present preliminary statistics of Pc 4-5 waves observed during periods of varying electron fluxes, 
which occurred over the course of the previous solar cycle. The work leading to this paper has received funding 
from the European Union's Seventh Framework Programme under grant agreement no. 284520 for the MAARBLE 
(Monitoring, Analyzing and Assessing Radiation Belt Energization and Loss) collaborative research project. This 
paper reflects only the authors' views and the Union is not liable for any use that may be made of the information 
contained therein.

sessioN 3.4
MAGNetospheriC boUNdAry lAyers

3.4-1 history ANd reCeNt AdVANCes iN MAGNetosheAth reseArCh ANd its iMportANCe 
for MAGNetospheriC dyNAMiCs
petrinec, s.M.
Lockheed Martin ATC (LMATC)
steve.petrinec@gmail.com

The Earth’s bow shock and magnetosheath actively change the properties of the solar wind plasma, as it flows 
around and past the magnetosphere. The magnetosheath plasma also self-consistently determines via pressure bal-
ance and other processes the shape and location of the magnetopause, and is important for driving internal magneto-
spheric dynamics. Thus, it is critical to understand both the overall global properties as well as the detailed physical 
processes of the m agnetosheath region over a large span of spatial and temporal scales. This presentation provides a 
brief overview of the history of the magnetosheath as well as a synopsis of the latest studies of this region using the 
most recent observational data sets and models. These new studies are helping to improve our overall understanding 
of the role of magnetosheath plasmas on the dynamics of the magnetosphere.

3.4-2 llbl thiCKNess depeNdeNCe oN the iMf ANd solAr wiNd pArAMeters
znatkova, svetlana; Antonova, elizaveta; Kirpichev, igor
Moscow State University Skobeltsyn Institute of Nuclear Physics; SINP, MSU; SINP, MSU, IKI, RAS 
svetlana.znatkova@yandex.ru

Plasma and magnetic field parameters of LLBL crossings are studied using data of THEMIS mission. More than 
70 cases of LLBL crossings are selected. Method of LLBL thickness determination using results of plasma veloc-
ity measurements is developed. The dependences of LLBL thickness on Bz IMF and VBz (V-solar wind velocity) 
are studied. The results are explained using the hypothesis of regular and quasi-diffusional transport in Y-direction 
inside the magnetosphere. The problem of magnetosheath plasma penetration inside the magnetosphere and LLBL 
formation is discussed.

3.4-3 oN the NAtUre of MAGNetosheAth ftes?
Alain, roux; patrick, robert; olivier, le Contel; dominique, fontaine; patrick, Canu; bosqued, Jean-Marie
Laboratoire de Physique des Plasmas (LPP); LPP ; LPP ; LPP ; LPP ; IRAP
Patrick.robert@lpp.polytechnique.fr

Cluster multipoint measurements are used to study a magnetosheath Flux Transfer Event (FTE), with a classical 
boundary normal coordinate signature. The topology of magnetic field lines is probed by energetic electrons. The 
FTE signature is divided in two parts. During the first part (the leading edge) of the FTE signature, while the normal 
component Bn is positive and the density is low, magnetic field lines are found to be closed (two magnetic footprints 
on Earth). Conversely, during the second part of the FTE signature (the trailing edge), while Bn is negative and the 
density is large, magnetic field lines are found to be open (only one footprint on Earth). Changes in the number of 
footprint on the Earth are shown to correspond to sharp variations, discontinuities, in the ion flow velocity, in the 
density, and in the magnetic field. The nature of these discontinuities is determined via multipoint data analysis. 

The magnetosheath (MSh) plasma is found to be accelerated at the trailing edge of the FTE as it moves across 
a rotational discontinuity (RD). This accelerated plasma being faster than the FTE tends to overtake it. As it moves 
towards the front side the accelerated magnetosheath plasma crosses a second discontinuity as it penetrates on closed 
field lines. This second discontinuity has mixed properties between a shock and a RD. A tangential discontinuity 
(TD) is identified at the leading edge of the FTE; there is hardly any exchange of plasma through it. 

In addition to the 3 discontinuities described above that correspond to changes in magnetic topology, a fourth dis-
continuity is observed while the spacecraft are on closed field lines. After crossing the second discontinuity the mag-
netosheath plasma is still fast. The latter discontinuity is a shock that reduces the speed down to the magnetosheath 
value. It corresponds to a strong decrease in the density down to that of the magnetospheric plasma. 

Magnetosheath electrons are heated, mainly along the guide field, in the parallel and antiparallel directions. 
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Electron heating is found to take place between the RD (at the trailing edge) and this last shock. It coincides with 
intense ultra low frequency waves. We analyze th nature of the waves and discuss their potential role at enabling 
magnetic reconnection.

3.4-4 ioN teMperAtUre ANisotropy thresholds iN the MAGNetosheAth
lin, Naiguo; Chaston, C.C.; Johnson, J.; Kim, K-h.; lee, e.; Mcfadden, J.; parks, G.K.; seough, J.J.; 
travnicek, p.; yoon, p.h. 
Space Sciences Laboratory (SSL), UCB ,USA; KHU,Korea; PPPL, USA; IPST, UMD,USA
nlin@ssl.berkeley.edu

The magnetosheath plasma often exhibits proton temperature anisotropy which may develop several instabili-
ties. We have used plasma and magnetic field observations from magnetosheath passes of THEMIS spacecraft to 
examine the anisotropy boundaries and compare the observations with the theoretical stability boundaries.  Three 
wave parameters |?Bpara/B0|, |?Bperp/B0|, and the magnetic compressibility, ?Bpara2/( ?Bpara^2+ ?Bperp^2), are 
calculated and distributions of their intensities on the Tperp/Tpara vs ?para plane are examined.  The data are shown 
to cluster around the thresholds of the mirror mode and the EMIC mode.  For compressional waves there exist en-
hancements above the mirror mode threshold, which may indicate evolving process of the magnetosheath unstable 
plasma.  The transverse variations are better constrained by the theoretical EMIC marginal curve.  The distributions 
are notably different compared to the ones in the solar wind.  Results from a quasi-linear analysis of the tempera-
ture anisotropy-driven instabilities with time-varying local magnetic field, assuming arbitrary initial temperature 
ratios and parallel betas, show that in the magnetosheath the saturated states in ?para-Tperp/Tpara space are nearly 
bounded by the mirror and proton-cyclotron instabilities, but significant fluctuations also occur beyond the mirror 
mode curve indicating evolving process.  The results are consistent with the observations.

3.4-5 NoNliNeAr eVolUtioN of the Mirror iNstAbility: GyroKiNetiC siMUlAtioN
porazik, peter; Johnson, Jay
Princeton Plasma Physics Laboratory
pporazik@pppl.gov

Mirror instabilities are typically observed in compressed high beta plasma, associated with shocks in the solar 
wind and  at planetary magnetospheres.  Observations suggest that these waves regulate the temperature anisotropy in 
the solar wind and magnetosheath.   Nonlinear structures observed in planetary magnetosheaths and magnetospheres 
have been associated with the late stage development of mirror instabilities.  In order to understand the nonlinear 
evolution of the mirror instability including regulation of anisotropy and the development of nonlinear structuring 
known as “peaks” and “dips,” we have developed an electromagnetic gyrokinetic simulation code.  The model is 
implemented in a noise reducing delta-f, particle-in-cell method,  and has been successfully verified against previ-
ous studies with a single unstable mode present, showing saturation due to particle trapping.  Simulations of a 2D 
spectrum of unstable modes display formation of a saturated state with peaked magnetic structures.  We discuss the 
physical mechanisms responsible for saturation and nonlinear evolution of the instaiblity and compare the qualita-
tive features with observations of anisotropy control, period doubling, and skewness in the magnetic field structures.

3.4-6 history ANd reCeNt AdVANCes iN the physiCs of hot flow ANoMAlies
zhang, hui
University of Alaska Fairbanks
hzhang@gi.alaska.edu

Hot flow anomalies (HFAs) are events observed near planetary bow shocks that are characterized by greatly 
heated solar wind plasmas and substantial flow deflection. HFAs were discovered upstream from the Earth’s bow 
shock in 1980s. Recently, HFAs have also been observed near the bow shock of Venus, Mars, and Saturn, indicat-
ing that HFA is an universal phenomena. HFAs are thought to be produced by the interaction of some very special 
interplanetary current sheets that satisfy several strict conditions with planetary bow shocks. When the current sheet 
(discontinuity) is connected to the bow shock and the motional electric fields point towards the discontinuity, ions 
reflected from the bow shock are trapped in the current sheet. The relative streaming energy of the original solar 
wind beam and the reflected beam is converted to the thermal energy. However, we found recently that HFAs can be 
generated spontaneously (in the absence of any current sheets) at quasi-parallel bow shocks where the interplanetary 
magnetic field lies nearly parallel to the shock normal. Statistical studies show that 60% of the HFAs are not associ-
ated with clear discontinuities. In addition, there are 13% of the HFAs with the motional electric fields on neither 
leading nor trailing edge pointing towards the discontinuity. These new results indicate that this phenomenon is still 
not well understood although it was discovered almost 30 years ago.
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3.4-7 ANoMAloUs MAGNetopAUse deforMAtioNs ANd their UpstreAM driVers
safrankova, J.; Nemecek, z. 
Charles University, Prague, Czech Republic
Jana.Safrankova@mff.cuni.cz

A number of transient phenomena as interplanetary shocks, IMF discontinuities, magnetic holes, foreshock cavi-
ties, hot flow anomalies, and others can be observed in front of the bow shock. A part of them is blown down with 
the solar wind from far upstream regions, whereas the other part originates near the bow shock. However, all these 
phenomena affect dynamics of the magnetospheric boundaries. For example, many authors reported unusual events 
when the magnetopause was swept in several minutes to the original bow shock location and back. The cause of such 
motion was often identified as the interaction of the bow shock with an interplanetary current sheet, and no source of 
the magnetopause motion was often registered in the solar wind. 

The contribution presents a detailed case study of a large deformation of the magnetopause on November 26, 
2008 based on observations of five THEMIS spacecraft located at the dawn flank in the magnetosphere and mag-
netosheath, on Cluster measurements at the dusk magnetosheath, and ACE monitoring of solar wind conditions. 
The main revelation of our study is that the interaction of the IMF discontinuity with the bow shock creates either 
one very elongated hot flow anomaly (HFA) or a pair of them that is (are) simultaneously observed at both flanks. 
Whereas the dusk HFA is weak and does not cause observable deformation of the magnetopause, the pressure varia-
tions connected with the dawn HFA lead to a magnetopause displacement by 5 Re outward from its nominal position 
followed by a rapid inward motion of the magnetopause 4 Re with respect to the model location. The surface defor-
mation is so large that the outermost THEMIS spacecraft was in the magnetosphere, whereas the spacecraft located 
9 Re inbound entered into the magnetosheath at the same time. 

3.4-8 oN eNerGy pUMpiNG ANd CAsCAdiNG iN dAyside boUNdAry lAyers of MA
savin, s.; Amata, e,; Kozak, l.; zelenyi, l.; safrankova, J.; Nemecek, z; buechner, J.; daly, w.p.; Kronberg, 
e.A.; blecki, J.; budaev, V.; Krasnosielskikh, V.
IKI RAN; IFSI INAF; KIEV U.; IKI RAN; Charles U.; Charles U.;  Max-Planck inst. Solar Physics; Max-Planck 
inst. Solar Physics; Max-Planck inst. Solar Physics; Space Research Center, Poland; IKI RAN; CNRS, LPC2E
ssavin@iki.rssi.ru

We present a case on March 27, 2005 from Double Star, Cluster, Geotail and ACE data on dynamic pressure (P_
dyn)with both direct magnetosheath (MSH) driving by the solar wind (SW) disturbances at the lowest frequencies 
and with pumping of the SW kinetic energy into the outer magnetospheric resonances. We infer the pre-dissipation 
of the SW energy in the foreshock and at the rippled bow shock (BS), the energy being concentrated in the BS/ fore-
shock resonances and in the cavity MSH modes. Those modes initiate nonlinear (3-wave) discrete cascades towards 
the higher frequencies, then the cascades transform into the turbulent one with the power slope ~ -1 due to the non-
linear modes merging. In the cascades the main energy carriers are Supermagnetosonic Plasma Streams (SPS) having 
P_dyn in few times larger than that in SW. We explore the 4-point correlations and structure functions of the P_dyn 
and demonstrate that namely SPS are the extreme events, which govern the super-ballistic anomalous transport in 
MSH and magnetopause boundary layers. The SPS, being modulated by the outer magnetospheric resonances, can 
provide both direct penetrating of the MSH plasma under flank magnetopause (with several times larger effective-
ness versus e.g. that of a reconnection) and control O+ outflow into MSH.

3.4-9 AN ANAlysis of solAr wiNd plAsMA MAGNetiC field iNflUeNCe oN the pressUre 
bAlANCe At the MAGNetopAUse boUNdAry
Verigin, M.; Kotova, G.; tatrallyay, M.; erdos, G.; bezrukikh, V.; remizov, A. 
Space Research Institute of RAS, Moscow (IKI-RAS); Wigner RCP, Institute for Particle and Nuclear Physics
kotova@iki.rssi.ru

It is generally accepted that the solar wind pressure to the magnetopause nose is approximately equal to solar 
wind ram pressure multiplied by coefficient k, which is a function of solar wind specific heat ratio and sonic Mach 
number. IMF influence on the magnetopause boundary position was considered mainly via its empirical dependence 
only on Bz component. Recent THEMIS data revealed the dependence of the magnetopause nose position on the 
IMF cone angle (Duík et al., JGR, 37, L19103, 2010). This dependence was interpreted as a consequence of magnetic 
pressure addition outside the magnetopause (Tátrallyay et al., Ann. Geophys., 30, 1675-1692, 2012). On the other 
hand, IMF rotation (variation of the clock angle) leads to variation of the magnetopause Chapman-Ferraro current 
layer system and thus to variation of the magnetic pressure in the magnetosphere. Both factors influencing the pres-
sure balance are discussed in the present talk, based on analytical consideration, empiric and 3-D MHD modeling. 
Resulting magnetopause model is compared with observations by PRGNOZ’s orbiters. 
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3.4-10 ioN ACoUsiC solitAry wAVes iN A MUltiCoMpoNeNt plAsMA CoNtAiNiNG
Gosh, suktisama
Indian Institute of Geomagnetism
suktisama@yahoo.com

Electrostatic solitary waves (ESWs) are large amplitude acoustic-mode or kinetic-scale structures which have 
been frequently observed in the boundary layers of the magneosphere where large gradients in particle properties 
often generate beam or acoustic instabilities leading to large amplitude electrostatic fluctuations. Such microscale 
structures play significant roles in energy and particle transport and are important to understand the complete sun-
earth. It is often customary to model the ESWs using the theory of ion or electron acoustic solitary waves. In recent 
days, there is a lot of interest in EPN (Electron-Positive ion-Negative ion) plasmas. Presence of negative ion impuri-
ties in the ionosphere and comet’s corona has been verified. Recent laboratory experiments confirmed generation 
of ion acoustic solitary waves in the presence of negative impurities. It is observed that the presence of negative 
ions modifies the charge neutrality condition and affect the corresponding solitary wave solutions significantly. 
In the present work, we have studied fully nonlinear ion acoustic solitary waves in the presence of warm positive 
and negative ions and two temperature electrons. It was previously observed that, in the presence of two electron 
temperatures, a rarefactive (negative amplitude) solitary wave shows anomalous width variations where for large 
amplitude solutions the width increases with the amplitude. On the other hand, a compressive (positive amplitude) 
solitary wave solution shows forbidden regions in the ion temperature or the cold electron concentration. In the 
present work, preliminary investigations revealed that the presence of negative ions inhibit the anomalous width 
variation while expand the forbidden regions. The effect of negative ions on possible compressive double layers and 
supersolitons (i.e., solitary waves with Mach numbers higher than the Mach number of the corresponding double 
layer) have also been investigated in detail. The results have been compared with the recent laboratory experiments 
and space observations.

3.4-11 oCCUrreNCe, eVolUtioN, ANd effeCts of KelViN-helMholtz wAVes UNder differ-
eNt iNterplANetAry MAGNetiC field CoNditioNs
hwang, Kyoung-Joo; Goldstein, Melvyn l.; Kuznetsova, Maria M.; fok, Mei-Ching; sahraoui, foaud; wang, 
yongli; sibeck, david G. ; f.-Viñas, Adolfo
NASA Goddard Space Flight Center (NASA-GSFC) and UMBC; NASA GSFC; NASA GSFC; NASA GSFC; 
Laboratoire de Physique des Plasmas, France; NASA GSFC and UMBC; NASA GSFC; NASA GSFC
Kyoung-Joo.Hwang@nasa.gov

Understanding how the interaction of the solar wind with Earth’s magnetic field transfers plasma, momentum, 
and energy across the magnetopause is one of the most important questions in magnetospheric physics. Kelvin-
Helmholtz waves (KHW) and their nonlinearly developed form, Kelvin-Helmholtz vortices (KHV) have been stud-
ied using theoretical analyses, numerical simulations, and in-situ observations as a mechanism for controlling that 
transfer. To date, most studies of the role of the KH mode have been carried out during periods of northward in-
terplanetary magnetic field (IMF), which minimizes the magnetic tension forces that stabilize the KH instability at 
the subsolar side of the magnetopause and low latitude boundary layer (LLBL). In-situ observations of KHV have 
also been reported preferentially for northward IMF. We recently reported on observations of fully-developed KHW 
for southward IMF that suggested new insights into the preferential detection of KHW and KHV under northward 
IMF that derive from the fact that southward IMF typically generates dynamically active subsolar environments that 
cause the formation and evolution of KHW to be temporally intermittent and irregular. The IMF orientation also 
determines the regions on the surface of the magnetopause where the KHW can easily become unstable. Previously, 
KHW/KHV were detected primarily at the flanks or LLBL of the magnetosphere. We will discuss the implications 
of the first observation of KHW at the high latitude magnetopause near the northern cusp during strongly dawnward 
IMF. The magnetic configuration across the boundary layer near the northern duskward cusp region during dawn-
ward IMF is similar to that in the low-latitude boundary layer under northward IMF, in that 1) both magnetosheath 
and magnetospheric fields across the local boundary layer constitute the lowest magnetic shear, and 2) the tailward 
propagation of the KHWs is perpendicular to both fields. This result demonstrates that differences in IMF orienta-
tions are associated with the properties of KHW via variations in thickness of the boundary layer and/or width of the 
KH-unstable band on the surface of the dayside magnetopause. Using coordinated in-situ observations of KHW by 
THEMIS and/or Cluster and the inner magnetosphere dynamics including the generation of ULF waves by the Van 
Allen Probes, we will address the effects of KHW for different solar activities.

3.4-12 three-diMeNsioNAl dyNAMiCs of Vortex-iNdUCed reCoNNeCtioN
Nakamura, t.K.M.; daughton, w.; Karimabadi, h.; eriksson, s. 
Los Alamos National Laboratory (LANL); UCSD; LASP
takuma@lanl.gov

The Kelvin-Helmholtz instability (KHI) is a key process for transport of solar wind plasma into the Earth’s mag-
netosphere. In the presence of both magnetic and velocity shear, the resulting KHI leads to the generation of a vortex 
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and the subsequent triggering of magnetic reconnection. Here we present results from a series of the first 3D fully 
kinetic simulations of the VIR process with a focus on the transport and mixing of the plasma. We compare and con-
trast the results with 2D simulations. In 3D, the current sheets compressed by the vortex flow give rise to magnetic 
flux ropes over a range of oblique angles and along the entire extent of the compressed layer around the periphery of 
the vortex. These flux ropes propagate with the shear flow and eventually merge with the vortex. The 3D dynamics 
of the flux ropes quickly destroys the flux surfaces and leads to efficient mixing within the vortex layer. Interestingly, 
the structures and the relative size of the flux ropes are in reasonable agreement with the THEMIS observations at 
the dusk-flank magnetopause. Furthermore, 3D simulations with density and temperature asymmetries across the 
boundary showed that electron-scale KH instabilities can develop along the electron-scale edge layer of the parent 
vortex. The 3D evolution of these secondary instabilities further enhances the mixing rate. Based on these results, 
we will discuss the roles of the VIR at the Earth’s magnetopause.

3.4-13 MAGNetiC field VAriAtioNs At the sUbsolAr MAGNetopAUse ACCordiNG
pulinets, M.s.; riazantseva, M.o.; Antonova, e.e.; Kirpichev, i.p. 
Faculty of Physics of  Lomonosov Moscow State University (MSU); SINP MSU; SINP MSU; SRI RAS
cotopaxy@gmail.com

An advanced theory of the solar wind interaction with the Earth’s magnetosphere and magnetospheric bound-
ary layers formation requires the consideration of the existence of high level of turbulence in the magnetosheath. 
Therefore, it is of great interest to compare the magnetic field parameters just in front of the magnetopause with the 
interplanetary magnetic field. We analyze the dependence of the magnitude of the magnetic field, its three compo-
nents, and the clock angle in the magnetosheath just in front of the magnetopause on the same values in the solar 
wind before a bow shock using data of the THEMIS mission. The present study compares the magnetic field param-
eters near the magnetopause, measured for 3 s (spin resolution of the THEMIS satellites), 30 s (the characteristic 
correlation time according to certain estimates), and 90 s (the threefold longer interval than the characteristic cor-
relation time). The aim of this study is to determine the average dependences of the magnetic field parameters at the 
magnetopause on the corresponding parameters in the SW for the selected averaging times. The time delay of the 
solar wind arrival at the subsolar point of the magnetopause was taken into account. We selected events for which 
the direction of the magnetic field at the magnetopause is highly different from the direction of the magnetic field in 
the solar wind up to the sign change.

3.4-14 CoUpled drift-Mirror ANd AlfVeN Modes iN NoN-UNiforM spACe plAsM
Klimushkin, d. yu.; Mager, p.N.
Institute of solar-terrestrial physics of the Siberian Branch  of the Russian Academy of Science
klimush@iszf.irk.ru

The stability of the coupled Alfven and drift-mirror modes in 1-D inhomogeneous plasma in a gyrokinetic frame-
work is studied. A dispersion relation for the modes has been obtained and solved for different values of the cou-
pling parameter, proportional to the radial pressure gradient squared. The frequency of the drift-mirror mode is 
substantially different than in the decoupled case, the drift-mirror instability can develop for lower values of the 
plasma anisotropy. The weak coupling also causes decrease of the Alfven mode frequency and leads to an instabil-
ity whose growth rate is proportional to the coupling parameter. If the coupling is strong, the notions of the Alfven 
and drift-mirror modes lose their meaning since their respective oscillation branches merge and further split at some 
anisotropy value. Other nomenclature is suggested, the unstable and stable Alfven-mirror modes, the former being 
unstable at any anisotropy value, and the latter, on the contrary, is always damped. Another effect of the coupling is 
the transverse dispersion of the modes, that is, the dependence of the wave frequency on the wave vector transverse 
component. This effect can be responsible for the mode structure across the magnetic field and perpendicular energy 
transfer.

3.4-51p ioN ANisotrpy iNstAbilities iN solAr wiNd MAGNetosphere systeM
remya, b.; reddy, r.V.; tsurutani, b.t.; lakhina, G.s.; echer, e.
IIG,India; IIG, India; JPL, USA; IIG, India; INPE,Brazil
remyaphysics@gmail.com

The mirror and ion cyclotron instabilities are the two major low frequency instabilities that are observed to com-
pete with each other in various space plasma regions. We consider a theoretical magnetosheath plasma model for the 
Earth and study the various factors that affect the growth rates of these two competing modes. Our study assumes 
multi-component plasma model with anisotropic protons, anisotropic heavy ions like helium (He2+) and oxygen 
(O6+) and isotropic as well as anisotropic electrons. Electron anisotropy effects on the low frequency instabilities are 
studied for the first time. It is shown that anisotropic electrons reduce the ion cyclotron growth rate and increases the 
growth of mirror modes significantly thereby enhancing the chances of mirror mode occurrences in planetary mag-
netosheaths. The parameters proton plasma beta (?p), ion temperature anisotropy (T?i/T?i ), concentration of heavy 
ions and electron temperature anisotropy can determine whether ion cyclotron or mirror modes dominate in a given 



217

IAGA Meeting 2013 

plasma regime. For T?e/T?e = 1.2 mirror mode growth exceeds the ion cyclotron growth at a beta value ?p = 0.5 with 
a helium concentration n? = 0.10np, where np is the proton concentration. An increase in electron temperature an-
isotropy to T?e/T?e = 1.8 further brings down the growth rate of ion cyclotron mode and mirror modes dominate for 
helium ion concentration n? = 0.01np. The presence of anisotropic electrons, perhaps due to bow-shock heating and 
magnetic field line draping effects, can explain the growth of mirror mode waves when the magnetosheath plasma 
beta is as low as 0.5. The studies will be extended to the parameters in other space plasma regions like solar wind, 
heliosheath and other planetary magnetosheaths.

3.4-52p MUltipoiNt obserVAtioNs of plAsMA deNsity ANd MAGNetiC field VAriAtioNs iN 
the dAyside MAGNetosheAth
Gutynska, olga; sibeck, david; omidi, Nick
NASA Goddard Space Flight Center; NASA-GSFC; Solana Scientific Inc
olga.gutynska@nasa.gov

We present multipoint observations of plasma parameters and magnetic field variations in the magnetosheath 
by THEMIS spacecraft. We discuss time scales, spatial orientation of observed structures and their dependence on 
upstream IMF parameters. The anti-correlation between magnetic field and plasma density, that may indicate the 
presence of slow mode or mirror-mode fluctuations, was observed for these plasma structures. We compare results 
with 2.5 dimensional hybrid simulations to investigate the mechanism of generation and evolution of plasma struc-
tures toward the flanks.

3.4-53p plAsMA Jets iN Msh: A MUltipoiNt stUdy
savin, s.; pulinets, M.; Amata, e.; Kozak, l.; legen, l.
Space Research Institute (IKI) RAN; physical faculty, Lomonosov Moscow U.; IFSI INAF; KIEV U.; IKI RAN
ssavin@iki.rssi.ru

An important feature of solar wind (SW) interaction with magnetosphere is concentrating of the plasma flows 
into magnetosheath (MSH) jets with dynamic pressure being typically over that of SW. The majority of the jets is 
supermagmetosonic and modulated at frequencies 0.3-10 mHz. The interaction of such jets with planetary and as-
trophysical magnetospheres and in laboratory plasmas can be inherently non-local and non-equilibrium, and even 
explosive due to self-generation of coherent structures in the multiscale system with the scales ranging from the 
micro to global scales. 

The main objective of our case study is using unique multi-spacecraft data from DOUBLE STAR, CLUSTER, 
GEOTAIL, ACE and THEMIS for comparison of the global and local jet features versus the SW input. The local jet 
properties from CLUSTER and THEMIS constellations infer the transverse jet scales of several thousand km. No 
global cross-correlation is obvious. We discuss visible modulations of the jets and magnetopause dynamics in terms 
of the resonances which are characteristic for the outer magnetosheric boundaries: membrane/ surface and cavity 
MSH modes. Preliminary statistics of the DOUBLE STAR data shows that in more than 50% cases the jets are modu-
lated by the outer magnetospheric resonances. Our case study belongs to this majority.

3.4-54p MAGNetiC field ANd flow VAriAtioNs AssoCiAted with A trANsieNt eVeNt obserVed 
At the MAGNetopAUse by the theMis spACeCrAft
silveira, Marcos V.d.; sibeck, david G.; Gonzalez, walter d.; Koga, daiki
INPE; NASA-GSFC; INPE; INPE
silveira@dge.inpe.br

Earth’s magnetopause is the abrupt boundary layer between the magnetosphere and the magnetosheath. A rich 
variety of plasma phenomena occur in its immediate vicinity due to the different plasma regimes on both side. We 
present a case study of a structure near the magnetopause observed by the THEMIS spacecraft. During the interval 
from 22:32 UT to 22:35 UT on June 10, 2007, four of the five THEMIS spacecraft recorded clear bipolar FTE varia-
tions in the magnetic field component normal to the nominal magnetopause. The perturbation was associated with 
other variations in the magnetic field and plasma parameters, including a high ion flow speed immediately behind 
and ahead of the structure and a distinct flow variation inside the structure. THEMIS B, located deepest inside the 
magnetosphere, observed plasma perturbations but no significant magnetic field variation. Consequently the extent 
of the plasma perturbations exceeded that of the magnetic field perturbations. We can interpret the observations as 
evidence for a flux rope-like structure moving faster than the ambient plasma. The structure occurred during an in-
terval of radial IMF and may have corresponded to a pressure pulse.
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3.4-55p AssessiNG GlobAl dAyside MAGNetopAUse reCoNNeCtioN ViA obserVAtioNs ANd 
theoretiCAl Models
souza, Vitor; Gonzalez, walter; sibeck, david; Koga, daiki; Mendes, odim
INPE; INPE; NASA/GSFC; INPE; INPE
vitormoura21@gmail.com

Magnetic reconnection plays an important role in a great variety of environments where magnetized plasmas are 
present. Magnetic reconnection on the Earth’s magnetopause has received considerable attention. Reconnection on 
the dayside magnetopause seems to occur in two ways: locally in the form of the so-called flux transfer events, with a 
characteristic time scale of minutes or less; and globally over wide regions of the magnetopause (several Earth radii) 
and over much longer time scales (few hours). Recent work provides evidence for global reconnection on Earth’s 
dayside magnetopause. We revisit the 14 Jun 2007 simultaneous satellite crossing event studied by Dunlop et al. 
[PRL, 2011]. Using the simple theoretical model of Gonzalez and Mozer [JGR, 1974] for the location and orienta-
tion of the reconnection X-line, we analyze whether global reconnection is active on the dayside magnetopause, i.e., 
we verify whether there is a single sub-solar X-line which can account for the reconnection signatures detected by 
the satellites.

sessioN 3.5 
differeNt respoNse Modes of the MAGNetosphere to so lAr wiNd driViNG

3.5-1 eNerGy bUdGet of iNteNse, CoNtiNUoUs AUrorAl eleCtroJet (Ae) ACtiVity eVeNts
hajra, r.; echer, e.; tsurutani, b.t.; Gonzalez, w.d. 
Instituto Nacional de Pesquisas Espaciais (INPE); INPE; JPL; INPE
rajkumarhajra@yahoo.co.in

The characteristics and energy input for intense, continuous auroral electrojet (AE) activity events are investi-
gated. The AE events were selected so that they occurred outside storm main phases (SH events) and during quiet 
conditions (H events). The AE events were characterized by wave-like variations in AE amplitude with periods 
varying from ~2 to 6 h. These are shown to be well correlated with long-period waves in the interplanetary magnetic 
field (IMF) Bz component. It is shown that these variations are part of interplanetary Alfvén waves. These negative 
IMF Bz dips led to energy input into the magnetosphere through magnetic reconnection. Higher frequency IMF Bz 
fluctuations (~23 to 110 min) were found to cause smaller-period (~1 h or less) AE amplitude waves.

The integrated, average and peak strengths and durations of the SH-events were larger (~50%, 9%, ~14%, ~43%, 
respectively) than those of the H-events. The total solar wind kinetic energy (Esw) and energy available for redistri-
bution in the magnetosphere (Em) were significantly larger for SH-events (average Em~117×10^17 J, Em~91×10^15 
J) than for the H-events (Esw~67×10^17 J, Em~60×10^15 J). Esw (~32×10^17 J) and Em (~59×10^15 J) were much 
lower during main phases of magnetic storms. On the average, ~1.9% of total solar wind kinetic energy was available 
for redistribution in the magnetosphere during storm main phases, while during the intense AE events, it was reduced 
to ~1%. In the storm main phases, ~50% of magnetospheric input energy was found to be dissipated as ring current, 
Joule heating and auroral particle energy dissipation. During the AE events, the dissipation was as high as ~74% 
for the H-events and ~90% for the SH-events. In any phase, larger part of magnetospheric energy was dissipated as 
auroral precipitation and Joule heating compared to ring current dissipation. The event strength and duration were 
found to increase with increasing solar wind kinetic energy and magnetospheric energy input.

3.5-2 hiGh speed streAM effeCts iN the iNterplANetAry ANd oN-GroUNd Ulf ACtiVity 
ANd iN the GeostAtioNAry eleCtroN flUx
potapov, Alexander
Institute of Solar-Terrestrial Physics SB RAS (ISTP SB RAS)
potapov@iszf.irk.ru

A superposed epoch study of the ULF oscillations associated with two main types of the solar wind high speed 
streams has been performed using 13 ICME events and 31 CIR events during a period of 1999-2006. Data from 
magnetic and plasma measurements onboard ACE spacecraft along with on-ground magnetic data were used for the 
analysis. The zero epoch of each event was set to the time of ACE observation of the current sheet coinciding with 
the stream front. The results demonstrate that CIR events produce a more intense and more continuous ULF activity 
both in the solar wind and in the magnetosphere. Data from GOES measurements of energetic electrons at geosta-
tionary orbit were also included in our superposed epoch study. Higher effectiveness of CIR events in enhancement 
of electron population in outer radiation belt is confirmed. A new feature is that higher amplitude of ULF on-ground 
oscillations gives more intense flux of 2 MeV electrons but it does not influence flux of less energetic electrons (600 
keV). 
The work was partly supported by RFBR grants 13-05-00529 and 13-05-00066.
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3.5-3 GlobAl sCAle siMUlAtioNs of the iNterACtioN betweeN the solAr wi
Amaya, Jorge; deca, Jan; lapenta, Giovanni
CmPA - KULeuven; CmPA - KULeuven; CmPA - KULeuven
jorge.amaya@wis.kuleuven.be

Numerical simulations are a valuable tool in space plasma physics research as they give an insight into the de-
tailed physical processes involved at a global scale, which are in general not available trough in situ measurements. 
But the results given by a simulation only address the physical phenomena at the time and length scale of the numeri-
cal method used. Up until recently MHD simulations have been used to study the effects of the global interaction 
between the solar wind and the planetary magnetospheres. However, such kind of simulations can not describe in 
detail the physics involved at all the characteristic length scales. Progress has been achieved recently by Omidi et al. 
[1] to approach a kinetic description of this plasma at the global scale using hybrid codes in which the electrons are 
treated as a fluid and the ions as particles.

In this work we go one step further: using the moment-implicit Particle-in-Cell code iPic3D (Markidis et al. [2]) 
we study the interaction between the solar wind and a dipolar magnetosphere using a fully kinetic description where 
electrons and ions are treated as particles. The spatial resolution of the simulation has been set to values bellow 
the electron skin depth. To the authors knowledge this is the first time that a fully kinetic self-consistent simula-
tion involving such scales, from planetary to electron characteristics, have been performed. The results of this 2D 
simulation show the formation of the general features observed in planetary magnetospheres, including bow shock, 
magnetosheath, magnetotail, cusps and radiation belts. The numerical results were only possible to obtain thanks to 
the use of the most powerful supercomputers in Europe.
[1] N. Omidi, X. Blanco-Cano, C.T. Russell, H. Karimabadi, Global hybrid simulations of solar wind interaction 
with Mercury: Magnetosperic boundaries, Advances in Space Research, Volume 38, Issue 4, 2006, Pages 632-638, 
ISSN 0273-1177, 10.1016/j.asr.2005.11.019.
(http://www.sciencedirect.com/science/article/pii/S0273117705014067)
[2] Stefano Markidis, Giovanni Lapenta, Rizwan-uddin, Multi-scale simulations of plasma with iPIC3D, Mathematics 
and Computers in Simulation, Volume 80, Issue 7, March 2010, Pages 1509-1519, ISSN 0378-4754, 10.1016/j.
matcom.2009.08.038.
(http://www.sciencedirect.com/science/article/pii/S0378475409002444)

3.5-4 GlobAl KiNetiC siMUlAtioN of the eArth ANd the MooN
lapenta, G.; Amaya, J.; deca, J.; Markidis, s.; divin, A.; lebege, b. 
University of Leuven; KTH; CNRS
giovanni.lapenta@wis.kuleuven.be

The full kinetic model of the interaction of the solar wind, its perturbances and solar energetic particle with the 
Earth magnetosphere and with the Moon is the ultimate goal of space physics. A fully physics-based model based 
on first principles. Developments in hardware (massively parallel petascale supercomputers) and software (implicit 
moment method, iPIC3D, Markidis, Lapenta, Uddin, Mathematics and Computers in Simulation

Volume 80, Issue 7, March 2010, Pages 1509-1519, http://www.sciencedirect.com/science/article/pii/
S0378475409002444) have finally made it possible. We review the approach (G. Lapenta, Journal of Computational 
Physics

Volume 231, Issue 3, 1 February 2012, Pages 795-821, http://www.sciencedirect.com/science/article/pii/
S0021999111001860) and show two types of recent results:

1) Full models in 2D and 3D of the Earth magnetosphere interaction with the solar wnd, demonstrating the pos-
sibility to model fully kinetically the various features of the interaction

2) Models of magnetic anomalies on the Moon, these are regions of crustal magnetic field producing local ,ini-
magnetospheres on the surface of the Moon at scales of ten to hundreds of km.

3.5-5 iNVestiGAtiNG solAr wiNd-MAGNetosphere-ioNosphere CoUpliNG with sUperdArN 
ANd AMpere
Milan, steve; Coxon, John; imber, suzie; Anderson, brian
University of Leicester; JHU/APL
ets@ion.le.ac.uk

The dynamics of the Earth’s plasma environment are driven by coupling between the solar wind, with its embed-
ded interplanetary magnetic field, and the magnetosphere through magnetic reconnection occurring at the magne-
topause.  Terrestrial magnetic field lines which are connected to interplanetary space in this way are subsequently 
released by magnetic reconnection occurring in the magnetotail.  These two processes lead to increases and decreases 
in the proportion of the terrestrial flux that is open, as observed in changes in the latitude of the auroral zones.  A cir-
culation of plasma and magnetic flux is effected, the Dungey cycle, with a sympathetic plasma convection signature 
in the ionosphere.  In this talk we review recent advances of our understanding of the coupling process, provided by 
measurements of ionospheric convection with the Super Dual Auroral Radar Network (SuperDARN) and the Active 
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Magnetosphere and Planetary Electrodynamics Response Experiment (AMPERE) which measures the coupling cur-
rents that transfer stress from the magnetosphere into the ionosphere.

3.5-6 iNterheMispheriC birKelANd CUrreNt AsyMMetry dUriNG lArGe iMf MAGNitUde
lopez, ramon e.
University of Texas at Arlington
relopez@uta.edu

When the IMF is becomes very large, and the solar wind evolves to a low magnetosonic Mach number state, the 
forces on the solar wind at the bow shock and in the magnetosphere transition from being dominated by the plasma 
pressure gradient to being dominated by the JxB force.  Under these conditions, the bow shock current becomes very 
large and the bow shock becomes essential the only dynamo in the system where solar wind mechanical energy is 
extracted from the flow.  The bow shock current closes through the magnetosheath, providing the JxB force in the 
magnetosheath that diverts the shocked solar wind flow and accelerates it back up to solar wind speeds.  Some of 
this current closes through the ionosphere a Birkeland current.  For large dipole tilts, MHD simulations indicate that 
there is an asymmetry in the net Birkeland current due to geometric factors.  We will present observational evidence 
to support this simulation result, and we will discuss some of the implications for solar wind driving of geospace 
activity during periods of large IMF magnitude perpendicular to the solar wind flow.

3.5-7 MAGNetiC iNdiCes ANd GeoeffeCtiVeNess of the solAr wiNd froM the the rAdiA-
tioN belts poiNt of View
rochel Grimald, sandrine; boscher, daniel; bourdarie, sébastien; sicard-piet, Angelica; Maget, Vincent; 
lazaro, didier; rolland
ONERA; ONERA; ONERA; ONERA; ONERA; ONERA; CNES
sandrine.rochel@onera.fr

The SALAMMBÔ code is a physical model of the radiation belts. It is well known that the radiation belts 
changes are indirectly linked to the solar wind parameter evolution. It is well known that CME and CIR disturb the 
magnetosphere in a different way and that they are more or less geoeffective. Then the impact in the radiation belts 
will also be different. Unfortunately, it is quite difficult to establish a direct link between the inner magnetosphere 
populations state and the solar wind parameters. As a consequence, the SALAMMBÔ code use the magnetic index 
Kp as a proxy. In this paper, we will discuss the use of Kp and other magnetic indices and of the geoeffectiveness of 
the solar wind structures from the radiation belts point of view.

3.5-56p the iNterplANetAry shoCK MANifestAtioN iN the eArth’s MAGNetotAil At the lU-
NAr distANCes
Grygorov, K.; prech, l.; safrankova, J.; Nemecek, z.; Goncharov, o. 
Charles University, Faculty of Mathematics and Physics
grigorov88@gmail.com

A large number of interplanetary (IP) shocks were observed in the second half of the 2011 year in front of the 
Earth. At the same time, since August 2011, the ARTEMIS mission (previous THEMIS B and C probes) began to 
study the geomagnetic tail near a lunar orbit at ~60 RE. They spend about four days in the Earth’s magnetotail each 
month. Using these sporadically locations, we able to investigate effects such as reconnection, high-speed flows and 
flux rope due to the impact of the IP shock on the magnetosphere. The goal of this study is a detailed analysis of the 
IP shock propagation through the solar wind and magnetosheath, to find response at the surface of the Earth and to 
describe their large-scale effects in the middle magnetotail, utilizing dual ARTEMIS probe observations.

3.5-57p JoiNt NoNliNeAr stUdy of GroUNd-bAsed ANd polAr CUsp MAGNetiC reCords
Kovacs, peter; heilig, balazs; Gergely, Vadasz
Geological and Geophysical Institute of Hungary
kovacs.peter@mfgi.hu

In the paper the nonlinear properties of geomagnetic time-series recorded on different geomagnetic latitudes 
are studied. We use the observations of the MM100 magnetometer chain, which comprise 11 observatories locat-
ing along the magnetic meridian of about 100 degree. The scaling behaviours of the power spectral densities of the 
magnetic variation in different geomagnetic conditions are studied in order to identify frequency ranges relying on 
possible turbulent dynamics. The time-series exhibit intermittent fluctuations whose properties vary according to the 
observation point and the geomagnetic activity. For quantitatively deducing the variation of intermittent properties 
vs. space (i.e. along the magnetic meridian) and time, analyses operating with the higher order moments of the time 
records are carried out (probability density function or structure function analyses). Beside the geomagnetic field, 
the in-situ time-series of the polar cusp magnetic variations are also investigated with the use of the records of the 
Cluster space mission. The statistical comparison of the nonlinear properties of ground-based and spaceborn obser-
vations are carried out.
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3.5-58p QUAdrUpole CoNfiGUrAtioN of the GeNerAl MAGNetiC field of the sUN ANd its 
MAGNetospheriC MANifestAtioNs iN 23 ANd 24 solAr CyCles
petrov, Valeriy; Valchuk, tatjana; iulijazagainova
Pushkov Institute of  Terrestrial Magnetism, Ionosphere and Radio Wave Propagation (IZMIRAN)
vpetrov@izmiran.ru

The topology of the solar magnetic field is undergoing dynamic transformation during 22- years cycle. During 
this period, the general dipole magnetic field (GMF) of the Sun is transformed back to its original state. A lot of 
investigations were devoted to relationship of even and odd 11-years cycles of solar activity (SA).  Their similarity 
and distinctions, features of maxima and minima, heliophysical characteristics at each stage of a cycle were investi-
gated. The most of the works contain consideration of magnetosphere manifestations as result of active solar events  
(solar flares, coronal mass ejections, filament eruptions, proton events, migrations of active longitudes, etc.) impact 
on Earth magnetosphere. Solar - terrestrial communications were studied specifically in various cyclic phases:  in a 
minimum and maximum, growth and decay of SA. Nevertheless, variations of stochastic processes in solar plasma 
from the photosphere to heliosphere,  in a solar wind up to Earth’s magnetosphere, - are clearly connected with a 
course of a SA cycles. However, the improvement of the SA registration is not increase the accuracy of SA forecas-
tyet. Authors propose that features of geomagnetic activity in situation of quadrupole configuration GMF of the Sun 
are different from the magnetosphere disturbance in situation at more often registered quasi-dipole configuration 
of GMF. In our work we are considering a questions of comparison of SA processes and their manifestations in the 
Earth’s magnetosphere on the base of observational data of 23 and 24 solar cycles, connected with GMF configura-
tion of the Sun. Using the experimental data we study the GMF of the Sun and select the time periods, when GMF 
of the Sun had a quadrupole configurations. SA realizations in condition of quasidipole and quadrupole structure of 
GMF are received and their manifestations in geomagnetic activity were investigated.

3.5-59p A CoMpArAtiVe stUdy of Kp, Ap, KM, AM, dst ANd Ae iNdex
rochel Grimald, sandrine; Maget, Vincent; lazaro, didier; rolland, Guy
ONERA;ONERA;ONERA;CNES
sandrine.rochel@onera.fr

Because of its current system, the magnetosphere balances the solar wind impact. If the solar wind parameters 
changes, the magnetospheric balance is upset. The magnetospheric currents react in order to prevent the magneto-
sphere to be crushed and to re-establish a new equilibrium state. The changes in the different current sheets can be 
measured on the ground and are used to estimate the magnetospheric activity through the magnetic activity indices. 
The ring current, or storm, activity is usually estimated using the Dst index, the auroral, or substorm, activity using 
the AE index, and the global activity using the Kp index. However, Kp is not the only global magnetic index: Ap, 
Km and Am could also be used. This paper presents a comparative analysis between those six indices using autocor-
relation and cross correlation in order  to study the inertia of each index and the link which could exist between them.

3.5-60p AVerAGe ANd extreMe positioNs of the MAGNetopAUse ANd their relAtioN 
 to solAr weAther CoNditioNs

simunek, Jiri; safrankova, Jana; Nemecek, zdenek; Granko, Galyna
Institute of Atmospheric Physics, Prague, Czech Republic; Charles University, Faculty of Mathematics and Physics, 
Prague, Czech Republic; Charles University, Faculty of Mathematics and Physics, Prague, Czech Republic; Charles 
University, Faculty of Mathematics and Physics, Prague, Czech Republic
jsi@ufa.cas.cz

Many empirical models describing the magnetopause position and shape were built on the basis of satellite ob-
servations of magnetopause crossings.  Each new mission has contributed to model improvements and/or inspired a 
development of new models. Most of them take into account the solar wind conditions - the interplanetary magnetic 
field orientation and solar wind dynamic pressure. Although the last models predict the position of the magnetopause 
well in most cases, there is still  a great number of events where the observed and predicted positions  significantly 
differ.

Over six years of the Themis observations, we have collected rich set of magnetopause crossings and compared 
observed positions with predictions of Shue et al. [1997] and Jelinek et al. [2012] models. In our contribution, we 
discuss the cases with differences exceeding 2.5 RE. We have found two main sources of these deviations; (1) 
Interaction of the interplanetary current sheet with the bow shock that leads to the HFA creation;  and (2) Presence 
of the cold dense plasma of plasmaspheric origin at the magnetopause.
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sessioN 3.6 
the plAsMA sheet-ioNosphere CoUpled systeM: siNKs, soUrCes, trANsport ANd the roles 
of field-AliGNed CUr reNts ANd ioN oUtflow

3.6-1 siMUlAtioN of wAVe Mode CoNVersioN At the dAyside MAGNetopAUse
lin, yu; Johnson, Jay; shi, feng; wang, xueyi
Auburn University; Princeton Plasma Physics Lab; Auburn University; Auburn University
ylin@physics.auburn.edu

Mode conversion from fast mode compressional waves to kinetic Alfven waves (KAWs) at the magnetopause 
is investigated with three-dimensional (3-D) local and global hybrid simulations. (1) In the simulation for a local 
boundary layer in a slab geometry, across which a compressional mode propagates into a region of increasing Alfven 
velocity, the mode conversion is found to be through a multi-stage process. In a first stage dominated by linear 
physics, KAWs with large perpendicular wave numbers are generated near the Alfven resonance surface. Then, the 
growth of KAW modes with large perpendicular and azimuthal wave number is observed in the nonlinear stage when 
the amplitude of KAWs generated by linear mode conversion becomes large enough to drive a nonlinear parametric 
decay process. The transfer of energy to large perpendicular and azimuthal modes is crucial to provide large cross-
field line particle transport across the boundary, as also demonstrated with a test-particle simulation. (2) In the global 
simulation, the mode conversion process is examined for the self-consistent interaction between the solar wind and 
the magnetosphere, in which the foreshock compressional structures of the quasi-parallel shock continuously im-
pinging onto the magnetopause boundary layer (MPBL). The wave phase relationship between the magnetic field 
and density changes from in-phase in the magnetosheath to anti-phase in the MPBL perturbations, and the wave 
polarization changes from compressive to transverse. The short-wavelength KAWs in the MPBL are identified by 
the sharp increases in the parallel electric field and the wave polarization relations of KAWs. The structure, global 
evolution, and propagation of these KAWs are illustrated for the first time.

3.6-2 solAr wiNd eNtry ANd plAsMA loss At the boUNdAries of plANetAry 
MAGNetospheres
otto, A.; Ma, x.; delamere, p. 
Univ. Alaska Fairbanks
ao@how.gi.alaska.edu

The sources and losses of plasma in planetary magnetospheres are still a major puzzle of magnetospheric physics. 
Observations show a good correlation of solar wind plasma properties and plasma density and temperature in the 
terrestrial magnetosphere particularly for northward IMF. In this case cusp reconnection, reconnection induced by 
three-dimensional Kelvin-Helmholtz modes, and diffusive transport by kinetic Alfven waves have been suggested 
for the plasma entry. While there is good evidence that all of these mechanisms may operate under certain conditions 
their relative importance and mutual interaction are not well understood. Particularly, large increase in plasma en-
tropy indicates that the newly captured plasma undergoes strong non adiabatic heating which is not easily reconciled 
with the proposed entry mechanisms. A related unresolved issue is that of plasma entry during periods of southward 
IMF. We will discuss the different mechanisms of plasma entry, their properties, and how these relate to observed 
plasma properties for different IMF orientations.Ironically the situation for giant magnetosphere appears reverse in 
that a significant loss of plasma is expected in such magnetospheres. However, conditions at the boundary of giant 
magnetosphere are rather different from those at the Earth’s magnetosphere. We will compare these different bound-
aries and discuss their impact on plasma transport between the solar wind and the magnetosphere.

3.6-3 GiANt plANet MAGNetodisCs: soUrCes, siNKs ANd trANsport
delamere, peter
University of Alaska Fairbanks, Physics Department & Geophysical Institute
Peter.Delamere@gi.alaska.edu

Jupiter’s and Saturn’s immense magnetospheres differ considerably from Earth’s. These magnetospheres are 
generated in part by a strong planetary dynamo and by rapid rotation (~10 hour period).  However, key differences 
lie in the internal sources of plasma (100s kg/s) provided by Io and Enceladus. Centrifugal stresses acting on the 
corotating, low-beta plasma in the inner magnetosphere leads to radial transport of plasma via a centrifugally-driven 
flux tube interchange instability.  Instead of cooling on adiabatic expansion, the plasma is observed to be hotter at 
larger radial distances.  In the outer magnetosphere the systems are governed by high-beta, centrifugally-confined 
plasma sheets, or magnetodiscs. We will discuss the flow of mass and energy through these giant magnetodiscs start-
ing with the source regions near the moons.  We will describe the poorly understood problem of radial transport to 
the outer magnetosphere and the related field-aligned currents that transfer angular momentum from the planet to 
the magnetodisc.  Ultimately the magnetospheric plasma is lost to the solar wind, in stark contrast to the problem of 
plasma entry from the solar wind at Earth.   We will discuss the solar wind interactions at the giant planets and the 
implications for plasma loss down the tail.
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3.6-4 rCM-e siMUlAtioN of eleCtrodyNAMiCs iN the ioNosphere dUriNG AN sMC eVeNt
yang, Jian; toffoletto, frank; lu, Gang; wiltberger, Michael
Rice University; Rice University; High Altitude Observatory, National Center for Atmospheric Research (HAO-
NCAR); HAO-NCAR
jianyang@rice.edu

The large-scale field-aligned currents (FACs) play a primary role in coupling the inner and middle magneto-
sphere to the ionosphere. The FACs are balanced by the divergence of the ionospheric currents that are associated 
with the ground magnetic disturbances in the high-latitude region. Accurately modeling the FAC distribution is of 
vital importance for predicting ionospheric electric field, currents and ground disturbances. In this paper, we use 
the Rice Convection Model - Equilibrium (RCM-E) to simulate a Steady Magnetospheric Convection (SMC) event 
that occurred on May 25, 2010. The RCM-E calculates the FAC densities using the Vasyliunas- equation and solves 
the current conservation law in the ionosphere, assuming the plasma is isotropic along a magnetic field line and is 
in quasi-equilibrium. We aim to determine the plasma distribution in the magnetosphere by fine-tuning the tailward 
boundary conditions to best match multipoint observations in the magnetosphere, ionosphere and on the ground. 
We will also compare the RCM-E calculated FACs and electric potentials with those obtained by the Assimilative 
Mapping of Ionospheric Electrodynamics (AMIE) procedures and by global magnetohydrodynamic magnetospheric 
simulations produced by the LFM. Special attention will be paid to the Harang Reversal, where we will discuss pos-
sible mechanisms for its formation.

3.6-5 boUNCiNG ANd bAllooNiNG
panov, e.V.; baumjohann, w.; Nakamura r.; sergeev, V.A. 
Space Research Institute, Austrian Academy of Sciences, IWF OeAW; IWF OeAW; IWF OeAW; StPSU
evgeny.panov@oeaw.ac.at

Processes in the near-Earth (~10-15 RE downtail) plasma sheet determine the current wedge and auroral dynam-
ics at its ionospheric footprint. Reportedly, the radial entropy gradient in the near-Earth plasma sheet may be directed 
either tailward or earthward. In the case of a normal tailward entropy gradient, damped oscillations (bouncing) of a 
depleted flux tube may occur. In the case of an inverted earthward entropy gradient, the ballooning instability may 
grow. Both bouncing and ballooning operate in a similar frequency range, and seem to cause Pi2 pulsations and peri-
odical auroral patches (sequential auroral streamers in the case of bouncing and longitudinally propagating arc wave 
in the case of ballooning). Using THEMIS space and ground observations we discuss similarities and differences of 
the magnetospheric and ionospheric counterparts of bouncing and ballooning.

3.6-6 poloidAl pC5 pUlsAtioNs iN the dAwN MAGNetosphere
sibeck, d.G.; Korotova, G.
Nezavisni Naucnik Co.; UMD
david.g.sibeck@Nasa.gov

Poloidal Pc5 pulsations are common in the dawnside magnetosphere.  Unlike similar pulsations that occur in 
the duskside magnetosphere and are associated with unstable distributions of substorm-injected ions, the dawnside 
pulsations occur during quiet intervals.  The compressional perturbations associated with the pulsations are limited 
to the immediate vicinity of the geomagnetic equator, although the weaker Alfvenic perturbation may elicit cor-
responding signatures in the ionosphere.  Interestingly, the pulsations are almost invariably coupled to meridional 
oscillations in the equatorial line of nodes, resulting in frequency-doubled compressional signatures.  Many mecha-
nisms have been proposed to account for the pulsations, the most likely being drift-mirror waves.  This presentation 
employs recent multipoint THEMIS and Cluster observations to define the meridional and azimuthal wavelengths of 
the pulsations, important factors in determining their ability to interact with and energize ring current ions.

3.6-7 MUlti-iNstrUMeNt obserVAtioNs of the eleCtrodyNAMiCs of the ioNospheriC 
troUGhs dUriNG sUbstorMs
zou, shasha; Moldwin, Mark b.; Nicolls, Michael J.; ridley, Aaron J.; Coster, Anthea J.; lyons, larry r.; 
yizengaw, endawoke; donovan, eric f.
University of Michigan; University of Michigan; SRI International; University of Michigan; MIT Haystack 
Observatory; UCLA; Boston College; University of Calgary
shashaz@umich.edu

The ionospheric troughs are regions of remarkable electron density depression at the subauroral and auroral lati-
tudes, and are categorized into the mid-latitude trough or high-latitude trough, depending on their relative location 
to the auroral oval. Substorms are one fundamental element of geomagnetic activity, during which structured field-
aligned currents (FACs) and convection flows develop in the subauroral and auroral ionosphere. The auroral/trough 
region is expected to experience severe electron density variations during substorms. Accurate specification of the 
trough dynamics during substorms and understanding its relationship with the structured FACs and convection flows 
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are of important practical purpose, including providing observational foundations for assessing the attendant impact 
on navigation and communication. In addition, troughs are important since they map to magnetospheric boundaries 
allowing the remote sensing of magnetosphere-ionosphere coupling processes. In this talk, we discuss the dynamics 
of the mid-latitude and high-latitude troughs during substorms based on multi-instrument observations. Using GPS 
total electron content (TEC) data, we characterize the location and width of the mid-latitude trough through the sub-
storm lifecycle and compare them with existing trough empirical models. Using a combination of incoherent scatter-
ing radar (ISR), GPS TEC, auroral imager and a data assimilative model, we investigate the relationship between the 
high-latitude trough and FACs as well as convection flows. The high-latitude trough is found to be collocated with a 
counter-clockwise convection flow vortex and downward FACs as part of the substorm current system. In addition, 
complex ionospheric electron temperature within the high-latitude trough is found, i.e., increase in the E region while 
decrease in the F region. We discuss possible processes responsible for this complex temperature change, such as ion 
composition change and/or presence of downward FACs.

3.6-8 polAr CAp flow ChANNels: CoNtribUtioNs to MAGNetosphere-ioNosphere 
distUrbANCes
lyons, larry; Nishimura, toshi; zou, ying; Gallardo-lacourt, bea; donovan, eric; Angelopoulos, Vassilis; 
ruohoniemi, Mike; Nishitani, Nozomu
UCLA; UCLA; UCLA; UCLA; University of Calgary; UCLA; Virginai Tech; Nagoya University
larry@atmos.ucla.edu

Flow channels are now appearing to be common within the polar cap, making polar cap flow much more interesting 
than has often been pictured. The flow channels may come from deep within the polar cap and impinge on the nightside 
polar cap boundary, where they can trigger localized regions of enhanced tail reconnection. This can lead to reduced en-
tropy flow channels within the plasma sheet, along with auroral PBIs and streamers, including those leading to substorm 
onset and those during the substorm expansion phase. Surprisingly, expansion-phase flow channels appear to make the 
dominant contributions to ground and space magnetic signatures of substorm current wedge formation. Examination of 
such events has shown an additional surprising feature.  Occasionally, an auroral streamer lies along or adjacent to the 
auroral poleward boundary and tilts slightly equatorward as it extends eastwards towards the auroral onset longitude.  
Its contact location with the onset arc sweeps westward, and as it does, dramatic auroral expansion is touched off at the 
contact location in conjunction with signatures of current wedge development.  These observations add evidence that 
low-entropy plasma flow channels moving through the plasma sheet that may be brought into the plasma sheet by polar 
cap flow channels are critical to PBIs, streamers, substorm onset, and substorm expansion phase dynamics.

3.6-9 GlobAl piCtUre of distribUtioN of plAsMA pressUre iN the eArth’s MAGNeto-
sphere ANd hiGh lAtitUde pArt of the riNG CUrreNt
Antonova e.e.; Kirpichev i.p.; Vovchenko V.V.; stepanova M.V.
Skobeltsyn Institute of Nuclear Physics Moscow State University (SIN)P MSU Russia; Space Research Institute  
(IKI) RAS; IKI RAS Moscow Russia; Universidad de Santiago de Chile
antonova@orearm.msk.ru

The value and distribution of plasma pressure determine the configuration of large-scale transverse and field-
aligned currents in the magnetosphere of the Earth in the conditions of the magnetostatic equilibrium. The obtaining 
of the picture of plasma pressure distribution requires proper measurements of particle fluxes near the equatorial 
plane. However, due to slow motion of high apogee satellite such picture can be obtained only using statistically 
averaged measurements. The averaged distribution of plasma pressure until geocentric distance  ~15Re is obtained 
using data of ESA and SST devices of 5-satellite THEMIS mission. Near to monotonic growth of plasma pressure 
with the decrease of geocentric distance is demonstrated. Such feature means the existence of westward-directed 
transverse current. The distribution of plasma pressure is compared with the results of magnetic field measurements 
by FGM magnetometer. The distribution of transverse current density is obtained. Obtained distribution demon-
strates high values of current densities at the night sector and much low density near noon. However the distribution 
of current density does not show the distribution of the integral transverse current at geocentric distances >7Re as 
minimal values of the magnetic field are shifted from the equator to large Z in GSM coordinate system due to the 
daytime compression of the magnetosphere. Integral along field line values of transverse current are obtained using 
distribution of the magnetic field along field line in accordance with Tsyganenko-2001 model. It is shown that the 
obtained global distribution of transverse current demonstrates the existence of the high latitude continuation of the 
ordinary ring current until the magnetopause near noon. The role of this current system (named earlier the cut ring 
current - CRC) in the magnetospheric dynamics is discussed including magnetic storms and isolated substorms.
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3.6-10 ioN beAMs iN psbl ANd their AUrorAl ANd GroUNd MANifestAtioNs
Koleva, rositza; Grigorenko, elena; zelenyi, lev; sauvaud, J.-A.
Space Research and Technologies Institute, BAS, IKIT-BAS; IKI-RAS;IKI-RAS; IRAP
rkoleva@stil.bas.bg

The plasma sheet boundary layer (PSBL) is characterised by field-aligned high-velocity ion beams and it is naturally to ex-
pect associated field-aligned currents (FAC) streaming in the lobe-plasma sheet interface. Recent statistical analysis revealed 
two different types of ion beams. Ion beams typical for quiet and slightly disturbed geomagnetic periods (Type I) are colli-
mated in energy and are accompanied by isotropic electrons. Under these conditions no FACs or FACs of very small current 
density are registered. In active periods, powerful field-aligned ion beams with large parallel temperatures are observed, along 
with anisotropic electron fluxes, with distributions bearing the signature of a separatrix. Electrons produce a pair of FACs: 
at the lobeward edge directed earthward, and inside PSBL - tailward. We studied statistically a database of 364 CLUSTER 
observations of PSBL ion beams. Their auroral and ground manifestation was investigated using POLAR and IMAGE UV 
images and magnetograms of appropriate ground stations. As a rule in cases of Type I ion beams CLUSTER footprints are in 
the region of diffuse aurora and the magnetograms exhibit no or small variations in the horizontal magnetic field component. 
In cases of Type II beams (with currents), CLUSTER footprints are located adjacent to the brightest auroral spot and the mag-
netograms exhibit large negative variations of the horizontal magnetic field component. However, in considerable number of 
cases PSBL currents are observed in quiet conditions. CLUSTER spectrograms for these cases reveal that the electrons are 
accelerated to energies lower than usually in substorm conditions. There are several noteworthy exceptions, when PSBL ion 
beams of Type I without currents are observed in quite active periods. This could imply energy deposition from the near tail 
coexisting with acceleration process on closed field lines in the distant tail.

sessioN 3.7
AUrorAl proCesses

3.7-1 MeChANisMs of MUltiple AUrorAl ArC forMAtioN ANd field-AliGNed eleCtroN 
ACCelerAtioN
Antonova, e.e.; stepanova, M.V.; Kornilov, i.A., Kornilova, t.A.
Skobeltsyn Institute of Muclear Physics Moscow State University (SINP MSU); Space Research Institute  (IKI) 
RAS, Moscow; Universidad de Santiago de Chile (USACH); PGI
antonova@orearm.msk.ru

The splitting of auroral arc and formation of multiple arcs is a common and well-known phenomenon of auroral arc 
dynamics. However, it is not well studied until now. Formations of multiple structures with scales ~100 km (multiple 
inverted V structures) can be described as the results of the development of the instability of the band of upward field-
aligned current connected with the variation of the distribution of magnetospheric plasma pressure under the influence 
of the variation of magnetospheric potential.  Electrostatic field-aligned potential drop located in auroral plasma cavity 
accelerate magnetospheric electrons in inverted V structure. Accelerated electrons have near to isotropic pitch-angle 
distribution excluding the source cone. Formation of multiple arcs with scales 1-10 km is ordinarily attributed to the 
development of the feedback instability and acceleration of electrons of ionospheric origin. Such electrons have much 
larger densities and form arcs which are much brighter than inverted V arcs/bands. Field –aligned electron beams 
produce thin auroral arcs. Field-aligned electric field of shear Alfven waves is ordinarily considered as the reason of 
field-aligned acceleration of cold ionospheric electrons. Difficulties of such approach are summarized including obser-
vations of electron beams at the boundaries or inside inverted V structures, the existence of upper limit of the energy of 
field-aligned electron beam, which does not exceed the energy of simultaneously observed inverted V electrons ets. The 
model named the auroral grader is developed which gives the possibility to overcome these difficulties. It is shown that 
the observed cases of arc splitting is possible to explain using discussed mechanism.  

3.7-2 AlfVéN wAVes ANd AUrorAl pArtiCle ACCelerAtioN
lysak, robert; song, yan
University of Minnesota; University of Minnesota
bob@fields.space.umn.edu

Electrodynamic coupling between the magnetosphere and ionosphere is accomplished by means of the passage 
of Alfvén waves between these regions. These waves can be accompanied by parallel electric fields when the per-
pendicular scale size becomes small. There are two main regimes of this acceleration. At lower altitudes where the 
plasma is cold, electron inertial effects becomes important and can lead to the bulk acceleration of the cold plasma. 
At higher altitudes, the primary particle acceleration mechanism is Landau damping, which preferentially accelerates 
electrons with velocities near the Alfvén wave phase velocity. These mechanisms are favored in regions where there 
are sharp plasma gradients, such as at the plasma sheet boundary layer or on the edges of the auroral density cavity, 
since phase mixing is an efficient mechanism for reducing the perpendicular wavelength.

These waves may be generated in a number of ways. One common mechanism is generation due to shear flows, 



226

Scientific program

such as the bursty bulk flows often observed in the plasma sheet. This mechanism can explain the connection be-
tween these flows and auroral streamers. In addition, shear Alfvén waves can be produced by linear mode conver-
sion of fast mode waves. One less explored mechanism is generation of electromagnetic ion cyclotron waves, which 
become shear Alfvén waves when the ion gyrofrequency becomes much greater than the wave frequency.  Theory 
and modeling of these processes will be presented.

3.7-3 KiNetiC ANd flUid desCriptioNs of AlfVéNiC AUrorAl ACCelerAtioN
watt, Clare e.J.; rankin, robert
University of Reading; University of Alberta
cejwatt@gmail.com

There is now a sound body of evidence that supports the acceleration of auroral electrons in shear Alfvén waves 
that propagate along the geomagnetic field toward the ionosphere. This acceleration mechanism has been shown to 
be important for dynamic aurora, and more specifically for aurora at or near substorm onset. Kinetic models have 
revealed where and how the energy transfer between shear Alfvén waves and electrons take place. Comparisons be-
tween the simulation predictions and in-situ measurements have shown close agreement at both high altitudes, where 
the nonlinear interaction leads to pronounced low-energy anisotropy in the electron distribution function, and at low 
altitudes, where the accelerated electrons often display energy dispersion. However, the theory and numerical models 
that have been used to describe the acceleration of auroral electrons by shear Alfvén waves are necessarily limited. 
The important kinetic physics of the interaction between shear Alfvén waves and magnetospheric electrons dictate 
that numerical simulations must be reduced to one, or at most two, spatial dimensions. In order to compare theo-
retical predictions and numerical models with observations of dynamic aurora, it is clear that a three-dimensional 
description is necessary to attempt to capture the rich spatial structure of moving auroral displays. We use reduced 
one-dimensional kinetic simulations to suggest a parameterization of Alfvénic acceleration that may allow the ef-
fects of the kinetic wave-particle interaction to be included in a three-dimensional multi-fluid numerical simulation. 
We demonstrate that at high altitudes, in the warm plasma of the plasma sheet and plasma sheet boundary layer, it is 
important to include the modifications to plasma temperature and pressure that occur as a result of the wave-particle 
interaction, and suggest some ways that this could be achieved.

3.7-4 Mirror forCe iNdUCed wAVe dispersioN iN GlobAl sCAle AlfVeN wAVes
damiano, peter; Johnson, Jay
Princeton Plasma Physics Laboratory
pdamiano@pppl.gov

Hybrid MHD-kinetic electron simulations of standing shear Alfven waves along the closed dipolar magnetic field 
lines of the Earth show that the upward parallel current region within these waves saturates and broadens perpen-
dicular to the ambient magnetic field and that this broadening increases with the electron temperature. Using resistive 
MHD simulations, with a parallel Ohm’s law derived from the linear Knight relation, we explore the nature of this 
broadening in the context of the increased perpendicular Poynting flux resulting from the increased parallel electric 
field associated with mirror force effects.  This increased Poynting flux facilitates wave energy dispersion across field 
lines which in-turn allows for electron acceleration to carry the field aligned current on adjacent field lines.  This 
mirror force driven dispersion can dominate over that associated with electron inertial effects for global scale waves.

3.7-5 AUrorAl MorpholoGy ANd beAM-iNdUCed tUrbUleNCe
semeter, Joshua; hanna dahlgren; hassan Akbari
Boston University
jls@bu.edu

The central objective of auroral research is to understand plasma energization.  In situ sensors provide direct evi-
dence for the presence of suprathermal particle populations, but the measurements are of limited utility in studies of 
spatially-localized, time-dependent interactions owing to inherent space-time ambiguities.  This paper reviews recent 
experiments conducted at the  PFISR facility designed to investigate electron beam properties and beam-induced 
ionospheric turbulence associated with dynamic  substorm auroras.   A unique feature of these experiments is the 
focus on rapid sampling in time (<20-ms cadence).   Electron beam properties are derived from geometric analysis 
of high frame-rate, narrow-field auroral imagery.  These results are compared with Langmuir and ion-acoustic wave 
spectra derived from measurements of coherent backscatter at 440MHz (Bragg wavelength 34 cm).   Results sug-
gest the existence of a latitudinally confined region of cavitating Langmuir turbulence at the poleward edge of the 
substorm expansion, produced by the presence of dense, low-energy electron beams.   Analysis of the vertical redis-
tribution of optical emissions in these events suggests that these are ionospheric manifestations of time-dispersive 
field-aligned bursts observed by in-situ sensors.
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3.7-6 AUrorAl MorpholoGy ANd iMpliCAtioNs for GeNerAtioN MeChANisMs
samara, Marilia
Southwest Research Institute
msamara@swri.edu

We present examples of different types of auroral structures, viewed on different temporal and spatial scales and 
in different wavelengths.  Simultaneous multi-spectral and multi-scale imaging enables an enhanced level of quan-
tification which can lead to new insights into the fundamental questions of auroral arc generation processes.  The 
recent advances in auroral imaging technology during the last half decade, lower noise, increased gain and dynamic 
range, have opened up new spatio-temporal realms of auroral morphology in addition to improving our under-
standing of the previously defined auroral morphology. Remote operation capabilities have resulted in an increased 
volume of data suitable for thorough statistical analyses, particularly in combination with existing databases.  An 
overview of accepted morphological definitions will be presented, along with supporting auroral images from the 
historical perspective, as well as the relation to the multitude of auroral images recorded and being discussed today. 
The complexities in researching the possible physical processes behind the aurora continue to reveal the need for 
viewing these science questions on a global scale, further emphasizing the necessity for coordinated collaboration 
between countries and across continents.

3.7-7 sUb AUrorAl oVAl AUrorA
Michell, robert; samara, Marilia
Southwest Research Institute; Southwest Research Institute
rmichell@swri.edu

There are two main types of sub auroral oval aurora that we will discuss. The first type is observed at auroral 
latitudes, but at local times and geomagnetic activity levels that place the auroral oval at much higher latitudes.  
These quiet-time, sub auroral patches are observed in the early evening and pre-dawn sectors from Poker Flat and are 
thought to be associated with high-energy electron precipitation from the radiation belts.  The patches appear as very 
irregular shaped regions of luminosity that have little temporal variation.  We present observations from both all-sky 
and narrowfield imagers in different wavelengths.  The other type of sub auroral oval aurora is the mid latitude highly 
variable aurora that occurs with major geomagnetic storms.  We present observations from Montana during the 14 
November 2012 storm, where auroral structures were observed with all-sky imagers in both 557.7 nm and 630.0 nm 
at a high time resolution of 3 frames per second.  These low latitude structures resemble pulsating aurora in their 
temporal variability but contain much different spatial characteristics.  Potential generation mechanisms for these 
sub auroral oval structures will be discussed.

3.7-8 A UNified MeChANisM of the iNVerted-V AUrorAl ACCelerAtioN  ANd AlfVeN wAVe 
AUrorAl ACCelerAtioN
song, yan; lysak, robert
School of Physics and Astronomy, University of Minnesota
yan@fields.space.umn.edu

Parallel electric fields are necessary and crucial for efficient acceleration of charged particles creating discrete 
auroras.  For both the quasi-static (inverted-V) and Alfvenic auroras, the generation of parallel electric fields obeys 
the same laws of physics.  In both cases, parallel electric fields are generated by Alfvenic interactions in the inho-
mogeneous magnetosphere-ionosphere coupling system, rather than by diffusive or passive processes, because (1) 
the Poynting flux, a major energy source for auroral formation, is carried by Alfven waves, and (2) the localized 
enhancement of magnetic and mechanical stresses which can create and support parallel electric fields is caused by 
the interaction of Alfven waves, Alfven wave packets (Alfvenons) or Alfven wave fronts in M-I coupling system.  

The dynamical processes necessary to create parallel electric fields have not been emphasized in most previous 
KAW studies, and have been totally overlooked in the study of quasi-static auroras.  In this presentation, by includ-
ing the parallel displacement current in Ampere’s law, in a simple two fluid approximation, we present the dynamic 
theory of the generation of High Energy Particle Accelerators (HEPAs) by Alfvenic interactions in the auroral zone.  
The HEPAs include strong local electrostatic parallel electric fields, and are accompanied by (i) enhanced low plas-
ma density cavities and (ii) enhanced surrounding magnetic and mechanical stresses.  

Our dynamical theory provides not only a unified mechanism of the formation of both Alfvenic and quasi-static 
inverted-V auroras, but also provides a theoretical basis for understanding the mechanisms of the generation of 
plasma energization and acceleration to high energy in cosmic plasmas [1].
[1] Y. Song and R. L. Lysak, Fall AGU Meeting 2011, abstract #SM31A-2073, (Bibliographic 
Code:2011AGUFMSM31A2073S).  
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3.7-9 sUbstorM preCUrsor seQUeNCe deteCted by hiGh-resolUtioN rAdAr ANd Asi 
MeAsUreMeNts
Nishimura, toshi; lyons, larry; zou, ying; Angelopoulos, Vassilis; bristow, william; hampton, donald; 
Nicolls, Michael; Chen, steven; donovan, eric; spanswick, emma; Mende, stephen
UCLA; UCLA; UCLA; UCLA; University of Alaska; University of Alaska; SRI International; SRI International; 
University of Calgary; University of Calgary; UC Berkeley
larry@atmos.ucla.edu

A critical, long-standing problem in substorm research is identification of the sequence of events leading to sub-
storm auroral onset. Recent THEMIS all-sky imager (ASI) array observations have shown a repeatable pre-onset 
sequence, which is initiated by a poleward boundary intensification (PBI) and is followed by a north-south (N-S) 
oriented streamers moving equatorward. Substorm auroral onset occurs soon after the streamer reaches near the 
substorm onset location. Because of the linkage of fast magnetotail flows to PBIs and streamers, this sequence indi-
cates that onset is preceded by enhanced earthward plasma flows associated with localized, enhanced reconnection 
near the pre-existing open-closed field line boundary. On the other hand, THEMIS satellite and ASIs also show that 
substorms are preceded by azimuthally propagating waves of ~1-2 min periodicity, indicating an importance of wave 
instability for triggering substorm onset. However, it has been difficult to identify the link between fast earthward 
flows and near-Earth waves. We have found a well-instrumented substorm event with the Poker Flat incoherent scat-
ter radar (PFISR), THEMIS white light ASI, and multi-spectral ASI, where the auroral onset occurred within the 
PFISR field of view near the zenith of the ASIs. The substorm onset was preceded by a PBI, and one of the radar 
beams going through the PBI detected equatorward flows crossing the PBI and reaching the growth phase arc. This 
flow provides evidence that flows from open magnetic field lines propagated across the open-closed boundary and 
reached the near-Earth plasma sheet prior to the onset. We also identified oscillations of auroral luminosity along the 
growth phase arc with ~1 min period. These waves propagated westward, and they amplified abruptly at the onset 
time, soon after the equatorward flows reached the growth phase arc. This sequence indicates that pre-existing waves 
acted as a seed of the onset instability and became more unstable as a result of the equatorward flows. Interestingly, 
the westward flow speed along the growth phase arc ionization increased quasi-periodically in positive correlation 
with the density. This suggests that the pre-onset waves involve flow generation processes such as through shear flow 
ballooning instability rather than pure interchange or ballooning instability.

3.7-10 the ioNospheriC iNflUeNCe oN AKr bUrst strUCtUre forMAtioN
Moiseenko, irina; Mogilevsky, Michael; romantsova tat’yana
Space Research Institute of the RAS 
moiseenko.i@mail.ru

Auroral kilometric radiation (AKR) is a powerful natural electromagnetic radio emission in the frequency range 
of 30 kHz to ~ 1 MHz which is generated in the near-Earth plasma and propagated from the Earth. For the first time, 
AKR was detected by scientists of Radiophysical Research Institute (NIRFI) at the satellite Electron-2 in 1965. AKR 
is connected with discreet auroras and its sources are situated above the auroral ionosphere, generally, in the evening 
and  night sectors of the magnetosphere at invariant latitudes of ~ 700 , at a height of ~ 2-10 thousand kilometers, 
and also in the magnetospheric cusp. AKR is generated by energetic electron beams injected from the magnetotail 
into the auroral zone. Currently, cyclotron maser instability at the local electron gyrofrequency is considered to be a 
generally recognized mechanism of AKR generation. Such instability appears in the regions with low plasma density 
called Calvert’s cavity where plasma frequency fpe is lower than electron gyrofrequency f?e.  Auroral kilometric 
radiation is generally observed in the frequency range of 100 – 700 kHz, and AKR spectrum width changes slowly 
during several dozens of minutes.  

We present results of the analysis of wide-band AKR structures obtained by the POLRAD experiment on board 
the INTERBALL-2 satellite. These structures represent a quasiperiodic sequence of splashes which were called 
bursts by analogy with astrophysical bursts. The main characteristics of bursts are:

-characteristic burst repetition period is ~ 6 – 10 min;
-burst intensity is by one or two orders higher than background AKR intensity;
-as a rule, the front edge of a burst (0.5-2 min) is more abrupt in comparison with the back edge (up to 10 min).
The mechanism of AKR burst formation is proposed which is connected with ionospheric plasma influence on 

the source’s region. 

3.7-11 dyNAMiC frACtAl of eleCtroJet AUrorAl (Ae)  MAGNetiC siGNAtUre  oN the ChAMp 
sAtellite MAGNetiC MeAsUreMeNts.
berguig M.C.; Cohen y.; hamoudi M.
University of Science and Technology of  Algiers (USTHB); IPGP and USTHB
mberguig@usthb.dz

In this work, we studied the effects of magnetic Auroral Electrojet (AE) observed on the magnetic vector mea-
surements of  CHAMP mission. We focused on the effects  during the magnetic storm. Thus, we have  developed  
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several algorithms that allowed us to isolate the effects of the Auroral Electrojet (AE) on the three vector components 
using internal model of geomagnetic field. 

We have  selected magnetic field observed  before, after and during strong the magnetic storm that took place 
on 2004 11 08. The different results obtained allowed us to verify the following facts that the effects of Auroral 
Electrojet (AE) are much visible mainly on the horizontal component  (Y)  either in the northern or southern polar 
zones. These effects are much more intense in the dayside especially during the magnetic storm which can reach 
a few thousand nT.  The  orbits analyzed  during the storm did not show a significant effect in the  night side. The 
wavelet analysis shows that high frequencies are much more concentrated in the polar regions.  

The spectral analysis show that the  magnitudes  of the  observed magnetic field were intensely affected which the  
phases remain practically unchanged during the storm. These analyzes confirm the fractal of  the effects of Auroral 
Electrojet on the components of magnetic CHAMP measurements. To complete our studies we still  analyze all 
strong magnetic storms that occurred during the decade 2000-2010.  In addition,  we will integrate  terrestrial data  
in order to compare  with the AE indices help to deepen the study.

3.7-12 frACtAl ApproACh to stUdy ioNospheriC CoNdUCtiVity iN the AUrorAl zoNe
Chernyshov, Alexander; Mogilevsky, Mikhail; Kozelov, boris
Space Research Institute; Space Research Institute; Polar Geophysical Institute
achernyshov@iki.rssi.ru

Fractal geometry is used to describe the spatial structure of the ionospheric conductivity. Topological values of 
fractal dimension and connectivity index, characterizing the structure of the Pedersen and Hall conductivities on the 
night side of the auroral zone, are analytically obtained and the results are compared to observed statistical properties 
of ionospheric electric field fluctuations and auroral activations. It is assumed that the nontrivial fractal properties lie 
in the transversal ionospheric spatial scales and that they are a reflection of the distribution of precipitating particles. 
A criticality condition for the percolation threshold of the Pedersen and Hall currents is invoked to place bounds on 
the fractal dimensions and connectivity indices of the Pedersen and Hall conductivities. These bounds are satisfied 
by the observed properties of the fluctuating electric field and the auroral glow. It is shown that the Pedersen conduc-
tivity is characterized by a path-connected set while the Hall conductivity can be characterized as an asymptotically 
path-connected set, which is related to the structures of multiple auroral arcs. Correspondence of theoretical esti-
mates and experimental results indicates validity of the fractal approach to describe processes in the auroral region.

3.7-13 eUler poteNtiAls for two CUrreNt sheets of NoN-zero thiCKNess AloNG AMbieN-
tUNiforM MAGNetiC field
Vandas, Marek; romashets, eugene
Astronomical Institute, Prague, Czech Republic; Lonestar College  & IZMIRAN
vandas@asu.cas.cz

Euler potentials of two current sheets of finite width and thickness with parallel or antiparallel to each other cur-
rents and aligned with a uniform

ambient magnetic field are constructed analytically. It is shown how analytic treatment can be simplified using 
complex number analysis. The paper generalizes our results obtained earlier for a system of two line currents and 
for a system of two current sheets of zero width. The solution is applied for study of bouncing motion of particles 
trapped between mirror points of this field structure. The result is relevant to physics of Birkeland currents.

sessioN 3.8
hiGh lAtitUde eleCtrodyNAMiCs ANd ioN oUtflow

3.8-1 QUiet-tiMe therMAl-eNerGy oxyGeN ioN Up-flows ANd oUtflows
yau, Andrew w.; howarth, Andrew; peterson, w.K.; Abe, takumi
University of Calgary; University of Calgary; LASP
yau@ucalgary.ca

The presence of energetic O+ ions in the ring current at the onset of a magnetic storm prompts the question of 
the possible role of in-transit ionospheric O+ ions between the ionosphere and the inner magnetosphere (plasma 
sheet and ring current) in the quiet period immediately preceding the main phase of a magnetic storm. We study the 
transport of observed low-energy (thermal) O+ ions in the high-altitude polar wind in the periods preceding a number 
of large magnetic storms. Due to centrifugal ion acceleration at higher altitudes, about 10-20% of such ions reach 
the plasma sheet during such periods; the actual percentage is a factor of ?3 larger in the dusk sector on average 
compared with the dawn sector and dependent on the IMF and the O+ ion temperature. This provides a low but non-
negligible flux of O+ ions between the ionosphere and the inner magnetosphere, and a significant in-transit oxygen 
ion population preceding a magnetic storm, which could explain the presence of energetic O+ ions at the onset of the 
main phase of the storm.
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3.8-2 CoUpliNG betweeN the polAr ioNosphere ANd the MAGNetosphere dUriNG peri-
ods of NorthwArd iMf: ClUster obserVAtioNs
Maggiolo, r.; echim, M.; fear, r.; fontaine, d.; simon, wedlund C.; zhang y.
Belgian Institute for Space Aeronomy (BISA); BISA; University of Leicester: LPP-CNRS; FMI; JHUAPL
romain.maggiolo@aeronomie.be

Polar cap arcs are the signature of magnetosphere-ionosphere coupling processes occurring at high latitudes. 
Observations from the Cluster satellites above the polar caps give new insight on the magnetosphere-ionosphere 
interactions associated with these high latitude auroral features.

Polar cap arcs can occur on a variety of scales, from large-scale arcs called transpolar arcs or theta aurora to 
small-scale isolated arcs. 

There is strong evidence that large-scale transpolar arcs are located on field lines that have been closed by mag-
netotail reconnection but remain embedded within the lobes. Recent observations from the Superdan radar array and 
from the IMAGE and Cluster satellites confirm this closed field line topology.

During prolonged periods of northward IMF the Cluster spacecraft detects smaller scale structures consisting 
in a succession of current sheets with opposite polarity . Cluster and TIMED observations reveal that they are as-
sociated with thin polar cap arcs. The upward current region is characterized by upflowing ionospheric ions with 
typical inverted-V structure and with downward accelerated electrons. Like for auroral inverted-Vs the acceleration 
is caused byquasi-static electric fields. The precipitating electrons are cold and likely of solar wind origin. However, 
for half of the events, plasmasheet-like isotropic ions are detected simultaneously. Consequently the magnetic field 
lines do not neatly fit into either a closed and open configuration. 

A detailed review of these observations is proposed, which are subsequently used to constrain ideas on magne-
tosphere-ionosphere interactions and on magnetospheric configuration at high latitudes during prolonged periods of 
northward IMF. 

3.8-3 ideNtifiCAtioN ANd trACKiNG of plAsMA sheet flow ChANNel/distUrbANCe pre-
CUrsors UsiNG polAr CAp pAtChes ANd ArCs
Nishimura, toshi; zou, ying; lyons, larry; Gallardo-lacourt, bea; donovan, eric; Angelopoulos, Vassilis; 
ruohoniemi, Mike; Nishitani, Nozomu; Mende, steve
UCLA; UCLA; UCLA; UCLA; University of Calgary; UCLA; Virginai Tech; Nagoya University; UC Berkeley
larry@atmos.ucla.edu

Localized, transient polar cap flows impinging on the poleward boundary of the nightside auroral oval have been 
suggested to precede poleward boundary intensifications (PBIs), which are often followed by auroral streamers, 
some of which propagate equatorward and appear to lead to substorm auroral onset. While echo coverage often lim-
its radar flow measurements, imaging of polar cap patches and arcs has the potential to monitor localized polar cap 
flows by tracing emission structures, previously associated with enhanced flows, over long distances. We use such 
imaging to examine if polar cap patches and arcs moving over large distances can be seen as possible precursors to 
pre-substorm-onset PBIs. We find evidence that such features, which are longitudinally narrow, propagate from the 
dayside polar region toward the nightside polar cap boundary prior to pre-onset PBIs. This sequence indicates that 
transient activity in the dayside polar region may initiate polar cap patches and arcs that propagate across the polar 
cap and are followed by pre-onset PBIs. Furthermore, we find evidence that expansion-phase active aurora expanded 
poleward soon after additional polar cap patches and arcs reached close to the nightside polar cap boundary. The 
expansion phase auroral activity significantly weakened when polar cap patches/arcs disappeared. Our findings sug-
gest that plasma transport originating from the dayside and reaching the nightside open-closed boundary may trigger 
plasma sheet flow bursts and play a crucial role in pre- and post-onset auroral activity. Polar cap imaging offers the 
possibility for monitoring such localized, transient plasma transport over large distances.

3.8-4 ioNospheriC ioN heAtiNG oN polewArd MoViNG polAr border of the AUrorAl 
reGioN
Chugunin, d.; Mogilevsky, M.; Moiseenko, i.; romantsova, t.
Space Research Institute of RAS (IKI-RAS)
dimokch@iki.rssi.ru

Data of thermal ion heating on auroral polar border measured by Interball-2 (Auroral Probe) satellite is presented. 
When the satellite crossed of the polar cap on auroral polar border during high geomagnetic activity intense low fre-
quency electromagnetic perturbations are detected. At the same time local transverse heating of thermal ions occurs. 
Heating rates were up to 80 eV/sec and 300 eV/sec for H+ and O+ ion correspondingly. Electromagnetic wave power 
was not sufficient for ions heating by cyclotron resonance.  AKR generation just under the satellite also measured 
near the border. In the presentation the mechanism of simultaneous thermal ion heating and AKR generation is given.
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3.8-5 hot ANd Cold ioN oUtflow, oUtflow trAJeCtories ANd fiNAl fAte
Nilsson, hans
Swedish Institute of Space Physics
hans.nilsson@irf.se

Ions apparently emanating from the same source, the ionospheric polar cap, can either end up as energized to keV 
energies in the high altitude cusp / mantle, or appear as cold ions in the magnetotail lobes. We use Cluster observations 
of ions and wave electric fields to study the spatial variation of ion heating in the initial outflow path of these different 
ion populations. The data shows that the cusp is the main source of oxygen ion outflow, whereas a polar cap source 
would be consistent with the average outflow paths for cold ions observed in the lobes. A majority of the cusp O+ flux 
observed in the high altitude polar cap magnetosphere is sufficiently accelerated to escape into interplanetary space. 
Significant O+ fluxes are also seen in the magnetosheath. Colder ions with lower parallel velocities pass through regions 
with less heating and acceleration. These populations form cold ion beams in the tail. The largest number fluxes corre-
spond to ions with too low energy to be detected by ion spectrometers. These ions appear to be mostly protons. Oxygen 
ion populations in the lobes are also typically cold, but attain significantly higher bulk energy. These lobe oxygen beams 
have a total number flux much less than the population escaping into the magnetosheath.

3.8-6 effeCt of the betAtroN MeChANisM oN the field AliGNed ioN flow  iN the hiGh 
lAtitUde ioNosphere ANd polAr wiNd
lemaire, Joseph
Belgian Institute for Space Aeronomy
joseph.lemaire@aeronomie.be

During geomagnetically disturbed conditions ?F/?t, the local time derivative of the geomagnetic field intensity, 
F(r,t), changes erratically (or periodically) from positive to negative values back and forth. These variations occur 
sporadically with time constants ranging from less than a millisecond to more than hours.  The wide spectrum of 
local time variation of F induces betatron electric fields in the whole ionosphere, plasmasphere and magnetosphere. 

Beside the increase (or decrease) of W?, the perpendicular energy which is experienced by all charged particles 
trapped in the ionosphere, plasmasphere and magnetosphere, as a consequence of the betatron mechanism when F 
increases (or decreases), there are additional effects that are generally overlooked in the studies of Radiation Belts, 
Ring Current, Plasmasphere, and Ionosphere. 

Lemaire et al. (2005) pointed out that a decrease of F(r,t) with time t, uplifts the mirror points and guiding centers 
of all charged particles of all masses, energies, and pitch angles, as a consequence of the adiabatic betatron mechanism.

Conversely, when F increases as a function of t (e.g. at low latitudes, during recovery phases of geomagnetic 
storms) the altitudes of all guiding centers decrease deeper into the ionosphere.  

The effect of the adiabatic betatron mechanism during geomagnetic storms on the low latitude ionosphere and 
plasmasphere has been presented at the poster session ST2.3 of EGU 2013  by Lemaire et al. (2013).  The aim of the 
current presentation at the session 3.8 of IAGA 2013 is to point out the effects of the betatron mechanism produced 
by some characteristic geomagnetic disturbances on the electrons, protons and heavier O+ ions of mid and high 
latitude ionosphere.

3.8-7 ioNospheriC oUtflow iMpACts throUGhoUt the MAGNetosphere
Mouikis, Christopher; Kistler, lynn; liu, yanhua; wang, Guanwen;
University of New Hampshire
chris.mouikis@unh.edu

The CLUSTER spacecraft have now been operating for 13 years covering more than a full solar cycle. The 
CODIF instrument has provided a wealth of data over this time, allowing the solar cycle dependence of the ion 
composition over the energy range 40 eV/e to 40 keV/e throughout the magnetosphere to be determined for the first 
time. The ion outflow from the high-latitude ionosphere varies significantly in relation to the solar EUV activity and 
the geomagnetic and solar wind conditions. The variation due to the solar EUV radiation follows the 11 year solar 
cycle while the geomagnetic activity related changes have time scales that are of the order of hours to a few days. 
However, during solar maximum, the greater number of CMEs leads to more and larger geomagnetic storms, which 
also increases the outflow, both in the cusp and in the nightside auroral regions. In addition, the solar cycle impacts 
not only the ionospheric outflow, but also the transport, through changes in convection. Thus, different regions of the 
magnetosphere may be impacted in different ways. Here we present results using mainly the ion composition data 
from the CIS/CODIF instrument on Cluster to determine the ion composition changes of the plasma sheet at ~20 Re, 
the effect of O+ on the tail stability and the ensuing reconnection rate, and the impact on the inner magnetosphere as 
a function of the solar activity and the geomagnetic and solar wind conditions. 
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3.8-8 solAr wiNd ANd ioNospheriC CoNtrol of dAyside field-AliGNed CUrreNts dUriNG 
the solAr CyCle
Johnson, Jay; wing, simon; porazik, peter
Princeton University, Johns Hopkins University, Princeton University
jrj@pppl.gov

Field-aligned currents and energetic electron precipitation are closely linked with solar wind and ionospheric 
parameters [Wing et al., 2011].  Field-aligned currents on the dayside are closely linked with velocity shear layers.  
We present a simple analytical model that couples a shear layer to the ionosphere through field-aligned currents. 
In the model, we use the Knight relation to express the upward field-aligned current in terms of the potential drop 
between the magnetosphere and ionosphere and solve for the ionospheric potential using current continuity.  We 
obtain an analytic expression for the dependence of the current, the current maximum, and the current thickness on 
the magnetosheath velocity, magnetopause shear layer thickness, magnetospheric density and temperature, and iono-
spheric conductivity. We compare the analytical results for the current profiles using the magnetic field instruments 
on board the DMSP satellites.  Because solar wind and ionospheric conditions vary significantly over the solar cycle, 
it is useful to consider the solar cycle dependence of field-aligned currents in order to isolate their dependence on 
ionospheric conductivity, solar wind density, and solar wind velocity.

sessioN 3.9
reporter reViews - diVisioN iii

3.9-1 reView of reCeNt AdVANCes iN GlobAl MAGNetospheriC dyNAMiCs
Milan, steve
University of Leicester
ets@ion.le.ac.uk

The excitation of magnetospheric convection through coupling of the solar wind, with its embedded interplan-
etary magnetic field (IMF), and the terrestrial magnetic field is a topic of perennial interest and considerable inter-
national research.  The magnetosphere displays a broad range of behaviours in response to weak and strong solar 
wind coupling, from periods of apparent quiescence during northward-directed IMF to storm conditions driven by 
extreme solar wind conditions.  This talk will review recent advances in our understanding of global magnetospheric 
dynamics, including the areas of theory, observations, and modelling.

3.9-2 MAGNetospheres of solAr systeM bodies other thAN the eArth
Arridge, C.s. 
Mullard Space Science Laboratory, University College London and the Centre for Planetary Sciences at UCL/
Birkbeck, London
c.arridge@ucl.ac.uk

In this invited review we present recent findings on the magnetospheres of solar system bodies other than the 
Earth. Amongst other aspects, we address: seasonal and solar cycle variability from observations and theoretical 
considerations; solar wind driving of giant planet magnetospheres; the structure of the high latitude magnetosphere 
at Jupiter and Saturn, considering the cusp, field-aligned current systems, and auroral radio emission source regions; 
details of the cusp at Saturn and Mercury; the effect of Kelvin-Helmholtz vortices for viscous solar wind-magneto-
sphere interaction at Mercury, Saturn and Jupiter; recent auroral observations; plasma loss at Mars and Titan.

3.9-3 tAil dyNAMiCs
otto, A. 
Univ. Alaska Fairbanks
ao@how.gi.alaska.edu

Magnetotail dynamics plays a critical role in the overall dynamics, energy storage and release, and magnetic 
flux transport of planetary magnetospheres. Tail physics is of particular importance for the evolution of substorms 
and storms in the Earth’s and similar magnetospheres. Tail processes also facilitate the outward transport of large 
amounts of material from the inner part of giant magnetospheres. A central aspect of tail dynamics is magnetic recon-
nection and processes that lead to the onset of reconnection. During the past years our field has made major advances 
in these areas. This presentation reviews the research on magnetotail dynamics during the past two years.

3.9-4 AUrorAl pheNoMeNA
Knudsen, david J.
University of Calgary
knudsen@ucalgary.ca
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3.9-5 MAGNetospheriC Ulf wAVes
Keiling, Andreas
University of California - Berkeley
keiling@ssl.berkeley.edu

For the period 2011-2013, the literature related to the entire spectrum of magnetospheric ultra-low frequency 
(ULF) waves, as defined in 1963 by the International Association of Geomagnetism and Aeronomy (IAGA), has 
been reviewed by the author, and a selection of new and interesting publications will be presented to the audience. 
Among the ULF waves will be the usual Pc1-5, P1-2, and some oddballs.”

3.9-6 MAGNetopAUse ANd boUNdAry lAyer stUdies iN 2011
hasegawa, hiroshi
Inst. Space and Astronautical Science, JAXA
hase@stp.isas.jaxa.jp

On this 50th anniversary of the first reports of unambiguous spacecraft encounters of Earth’s magnetopause, we 
will review advances made during the last couple of years in our understanding of the magnetopause, its boundary 
layers, their roles, and the processes occurring there.  Observational, modeling, and theoretical works mostly on, but 
not limited to, the Earth’s magnetopause will be reviewed.

3.9-7 wAVe-pArtiCle iNterACtioN iN the iNNer MAGNetosphere
friedel, reiner; Cletzing, Craig; bortnik, Jacob
Los Alamos National Laboratory (LANL), UI, UCLA
rfriedel@lanl.gov

Wave particle interactions have been a known part of the Earth’s radiation belt processes since the beginning of the 
space age, but only recently has their importance in controlling the dynamics of energetic electrons and ions in the radia-
tion belt / ring current region been fully appreciated. These interactions control the lifetimes and transport processes for 
energetic particles, and for energetic electrons acceleration processes as well. However, in spite of a significant body of 
theoretical and modeling work our community is still incapable of accurately predicting the outcome of any one geo-
magnetic storm - will it lead to enhanced trapped radiation, or a decrease, or will there be no change? 

The recently launched Van Allen Probe mission was specifically designed to address this mystery.  In this talk 
we will review the current state of the art of wave-particel interaction research in the Earth’s magnetosphere, with 
specific attention to the energetic electron dynamics.  In particular, we will explore the reasons for our current in-
ability to accurately model storm behavior: Is this due to insufficient knowledge of processes or is it simply due to 
insufficient knowledge of the required boundary conditions for known processes? Finally we will interpret recent 
results from the Van Allen Probes Mission in the context of these questions.

sessioN 4.1
New solAr ANd iNterplANetAry resUlts

4.1-1 first resUlts of NAsA's iris MissioN
hui, tian
Harvard-Smithsonian Center for Astrophysics
hui.tian@cfa.harvard.edu

NASA's IRIS mission provides high-cadence and high-resolution observations of the solar chromosphere and 
transition region. We will present an overview of the instrument specifications and different operation modes of the 
instrument. We will also present first results of the IRIS mission, especially on the structure and dynamics of the 
solar transition region.

4.1-2 New iNsiGhts iNto the physiCs of the ACCelerAtioN reGioN of the solAr wiNd
habbl, shadia; Morgan, huw; druckmuller, Miloslav
Institute for Astronomy; Aberystwyth University; Brno University
shadia@ifa.hawaii.edu

The acceleration region of the fast and the slow solar wind is often identified with the distance range of 2-3 solar 
radii above the limb. This is also the region where the solar magnetic field undergoes both quiescent and dynamic 
changes. The physical processes that define the properties of this magnetized flow in this distance range can only be 
explored with model studies. On the other hand, remote sensing observations of this region play a key role for setting 
the necessary boundary conditions for these models and their validation.  Despite the proliferation of space-based 
observatories, it is ironic that, at present, the only remote sensing observations covering this distance span are imag-
ing and spectroscopic made during total solar eclipses. This presentation will focus primarily on new insights gained 
from these observations, and their impact on existing models.
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4.1-3 the relAtioN betweeN the rAdiAl teMperAtUre profile ANd the speCtrUM 
At MilliMeter, sUb-MilliMeter, ANd iNfrAred wAVeleNGths iN the solAr 
ChroMosphere
de la luz, Victor;Chavez dagostino, Miguel; bertone, emanuele; Gimenez-de Castro, Guillermo
INAOE; INAOE; INAOE, Mackenzie University
itztli@gmail.com

Solar observations at millimeter and ultraviolet wavelengths show that at chromospheric altitudes there is a tem-
perature minimum. Analysis based on semi-empirical models locate this point at about 500 km over the photosphere 
and, their consistency is tested by means of millimeter to infrared observations. In the present work, we show that 
variations of the theoretical radial temperature pro?le near the minimum, does not change the shape of the spectrum, 
i.e. the millimeter – sub-millimeter continuum does not depend on the temperature minimum value. Therefore milli-
meter to infrared observations are not useful to test the semi empirical chromospheric models around the temperature 
minimum. On the other hand, we show that the spectrum is correlated with the length of the region around the mini-
mum and that the region around the temperature minimum is underestimated in temperature in the current models.

4.1-4 x-rAy speCtrA of solAr CoroNA dUriNG 2009 low ACtiVity period
sylwester, Janusz; siarkowski, Marek; sylwester, barbara; Gburek, szymon; Kowalinski, Miroslaw; phillips, 
Kenneth; Kuzin, sergey
SRC PAS;SRC PAS;SRC PAS;SRC PAS;SRC PAS;SRC PAS; FIAN RAS
js@cbk.pan.wroc.pl

Soft X-Ray spectra obtained during recent minima of activity will be presented and discussed. In particular 
SphinX data will be shown indicating for presence of coronal component with temperature  ~10 MK. Differential 
emission measure analysis of common data sets between Hinode XRT and SphinX will be shown and interpretted. 
Localisation of different plasma temperature regions will be shown.

4.1-5 solAr rAdio obserVAtioNs by ChiNese speCtrAl rAdiohelioGrAph
yan, yihua; wang, wei; liu, fei; Geng, lihong; Chen, zhijun; zhang, Jian
NAOC; NAOC; NAOC; NAOC; NAOC; Peking University
yyh@nao.cas.cn

Radio imaging-spectroscopy over wide frequency range is in its infancy and important for addressing fundamen-
tal processes in the solar eruptive phenomena. It will to open new observational windows on solar ares and CMEs 
by mapping the radio emission from unstable electron populations during the basic processes of energy release. The 
coronal magnetograms will also be obtained through imaging-spectroscopy. The Chinese Spectral Radioheliograph 
(CSRH) to cover wide frequency range (0.40-15.00GHz) with high spatial, spectral, and temporal resolutions will 
be introduced. The array of CSRH-I in 0.4-2 GHz with 40 4.5m antennas has been established and is in test obser-
vations. The array of CSRH-II in 2-15 GHz with 60 antennas just starts field assembling and will be established by 
2013. The first observations from CSRH-I of the Sun and solar burst events are introduced.

4.1-6 New resUlts oN type ii ANd iii solAr rAdio bUrsts
Cairns, iver; li, bo; schmidt, Joachim; Graham, daniel, lobzin, Vasili
School of Physics, University of Sydney; School of Physics, University of Sydney; School of Physics, University of 
Sydney; Swedish Institute of Space Physics; School of Physics, University of Sydney
i.cairns@physics.usyd.edu.au

Type II and III solar radio bursts are the most intense, prominent, frequent, and important radio emissions pro-
duced by the Sun. They signal events likely to drive space weather at Earth but are also two of the four known 
archetypes for collective radio emission in plasmas. Type IIs are excited by shock waves, either driven by CMEs or 
else blast waves, which reflect electrons and form electron beams upstream of the shock. The electron beams in type 
IIIs, in contrast, result from outrunning of energetic electrons from magnetic reconnection regions. Both classes of 
bursts are produced near the electron plasma frequency f_p and near 2f_p due to the generation of Langmuir waves 
near f_p by electron beam instabilities and then the subsequent conversion of Langmuir wave energy into radio 
emission by nonlinear and perhaps linear coupling processes. This paper presents our latest work on type II and III 
bursts, including: (i) prediction of dynamic spectra for type III bursts in realistic density profiles with turbulence 
superposed on a monotonic background profile, showing fine structures very similar to observations; (ii) detailed 
analyses of STEREO spacecraft data to identify the active nonlinear Langmuir wave processes in type III sources, 
finding strong evidence for the electrostatic decay process; and (iii) detailed prediction of the dynamic spectrum of a 
well-observed type II burst with the ``bolt-on'' radiation theory and the BATS-R-US MHD code, showing excellent 
agreement with observations.



235

IAGA Meeting 2013 

4.1-7 iMAGiNG obserVAtioNs of A MUltiple CoroNAl type ii rAdio bUrst
feng, shiwei; yao, Chen
Shandong University
winfeng@sdu.edu.cn

Coronal metric type II radio bursts can sometimes occur in multiples within a relatively short period during a 
solar eruption. The origin of these multiple type II radio bursts remains unresolved. In this presentation, we report a 
multiple-type II event with a combined multi-wavelength and multi-viewpoint analysis of the imaging data recorded 
by the Nancay Radioheliograph, the STEREO and SDO instruments. The type II spectrum is composed of harmonic 
and fundamental branches of two type II bursts with different starting time and frequency drift. One of them also 
presents splitting bands. Our study is focused on the spatial relationship between the type II emitting sources and the 
large-scale shock front. The type II sources are determined by the NRH radio imaging and the RSTO/BIR dynamic 
spectral data, and the shock dome is induced with the 3-dimensional reconstruction of the STEREO and SDO data. 
It is found that the two type II bursts originated at different parts along the expanding large-scale CME-driven shock 
front. Both sources seem to move along the shock front and approach each other during their outward propagations. 
The sources accounting for the splitting bands are adjacent to each other at the shock front. Physical implications of 
these novel observations are discussed.

4.1-8 iNitiAtioN ANd dyNAMiCs of CMe flUx ropes reVeAled by sdo ANd stereo
xin, Cheng; Jie, zhang; Ming-de ding
Nanjing University
xincheng@nju.edu.cn

Recent SDO observations reveal that coronal mass ejections (CMEs) often originate from the eruption of mag-
netic flux ropes. In the slow rise phase of CMEs, the flux rope lies along the polarity inversion line and first appears 
as a twisted channel in the AIA high temperature passbands, such as 131 A and 94 A. The hot channel will rise slowly 
with the velocity of 10-100 km/s typically, probably due to the increase of magnetic pressure of the flux rope or the 
decrease of magnetic tension over the flux rope.

In the impulsive acceleration phase of CMEs, the hot channel quickly develops into the semi-circular flux rope-
like structure with rapid increasing of upward movement velocity. In the meantime, the expanding of the hot channel 
compresses the surrounding magnetic field and plasma, which successively stack and form the CME leading front. 
Detailed kinematical analysis reveal that: (1) the impulsive acceleration of the hot channel begins prior to the onset 
of impulsive energy releasing of associated flare, (2) the speed of the hot channel is always faster than that of the LF 
in the field of view of AIA. These results suggest that the hot channel is the flux rope that solar community is looking 
for. It can exist prior to the solar eruption and its ideal instability probably plays a key role in the transition from the 
slow rise phase to the impulsive acceleration phase of CMEs.

4.1-9 MAGNetiC torNAdoes iN the AtMosphere of the sUN
wedemeyer, sven
Institutt for teoretisk astrofysikk
svenwe@astro.uio.no

Rotating magnetic field structures have been observed on the Sun over a large range of spatial scales. Recent 
observations with the Solar Dynamics Observatory and the Swedish 1-m Solar Telescope suggest that “giant” solar 
tornadoes are likely the rotating legs of prominences. The connection to their small-scale analogues, so-called “mag-
netic tornadoes”, is yet to be investigated.  These magnetic tornadoes are so far detected as chromospheric swirls, 
i.e., apparently rotating plasma that form rings or spirals when seen from above. They are formed by photospheric 
vortex flows that cause the footpoints of magnetic field structures to rotate. These structures protrude into the corona, 
this mediating the rotation into the upper layers of the solar atmosphere. This mechanism provides an alternative way 
of channeling energy from the low into the upper solar atmosphere. The exact amount of the transported energy and 
with it the role of solar tornadoes for heating the solar corona is still under debate. 

4.1-10 plAsMA properties iN erUptiVe proMiNeNCes
labrosse, Nicolas
University of Glasgow
Nicolas.Labrosse@glasgow.ac.uk

Prominence eruptions are one of the most spectacular manifestations of our Sun's activity. Yet there is still some 
mystery around their relevant physical conditions. What are their plasma parameters? How different are they from 
those of quiescent prominences? How do they relate to those within coronal mass ejections?

I will briefly review some recent results which contribute to our knowledge of the plasma properties in eruptive 
prominences, with a slight emphasis towards advances in modelling. In particular I will discuss how non-LTE radia-
tive transfer modelling, combined with observational data analysis, can help us achieving this goal. Open issues will 
be discussed.
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4.1-11 the period rAtio for stANdiNG KiNK ANd sAUsAGe Modes sUpported by MAGNetized 
strUCtUres with siphoN flow iN the solAr AtMosphere
li, bo
school of space science and physics, shandong University at weihai, weihai 264209, China

BBL@sdu.edu.cn
In the applications of solar magneto-seismology(SMS), exploiting the ratio of the period of the fundamental 

mode to twice the one of its first overtone, $P_1/2P_2$, plays an important role. We examine how field-aligned flows 
affect the dispersion properties, and hence the period ratios, of standing modes supported by magnetized structures 
in the solar atmosphere. We examine both the slab and cylindrical geometries. To this end, we numerically solve the 
dispersion relations and devise a graphic means to construct standing modes. For coronal structures, the flow effects 
are significant for the fast kink and sausage modes alike. For the kink ones, they may reduce $P_1/2P_2$ by up to 
~23% compared with the static case, and the minimum allowed $P_1/2P_2$ can readily fall below the lower limit 
derived for static structures. For the sausage modes, while introducing the flow reduces $P_1/2P_2$ by typically $\\
lesssim 5$\\%, it significantly increases the threshold aspect ratio only above which standing sausage modes can be 
supported, meaning that their detectability is restricted to even wider structures. In the case of photospheric struc-
tures, the flow effect is not as strong. However, standing modes are distinct from the coronal case in a number of 
aspects, among which the most important one is that standing sausage modes no longer suffer from a threshold aspect 
ratio. We conclude that transverse structuring in plasma density and flow speed should be considered in seismologi-
cal applications of multiple periodicities to solar atmospheric structures.

4.1-12 oN the speCtrAl hArdeNiNG At AboVe ~300 KeV iN solAr flAres
Kong, xiangliang; li, Gang; Chen, yao; zank, Gary
Shandong University; UAHuntsville
xl_kong@hotmail.com

The observed hard X-ray and gamma-ray continuum in solar flares are interpreted as bremsstrahlung emissions of 
accelerated nonthermal electrons. It has been noted for a long time that the spectra of observed continuum emissions 
in many solar flares are consistent with double power-laws with a hardening at energies >300 keV. It is now largely 
believed that at least in electron-dominated events the hardening in photon spectrum reflects an intrinsic hardening 
in the source electron spectrum. In this paper, we point out that a power-law spectrum of electron with a hardening 
at high energies can be explained by diffusive shock acceleration of electrons at a termination shock with a finite 
width. Our suggestion is based on an early analytical work by Drury  et al. (1982), where the steady state transport 
equation at a shock with a tanh profile was solved for a p-independent diffusion coefficient. Numerical simulations 
with a p-dependent diffusion coefficient show hardenings in the accelerated electron spectrum which are comparable 
with observations. One necessary condition for our proposed scenario to work is that high energy electrons resonate 
with the inertial range of the MHD turbulence and low energy electrons resonate with the dissipation range of the 
MHD turbulence at the acceleration site, and the spectrum of the dissipation range ~ k^-2.7. A k^-2.7 dissipation 
range spectrum is consistent with recent solar wind observations.

We also perform a systematic examination of 185 flares from the Solar Maximum Mission (Vestrand  et al. 1999). 
We identify 23 electron-dominated events whose energy spectra show clear double power-laws. We find that both 
the spectral index before the break (gamma1) and the spectral index difference (gamma1-gamma2) anti-correlate 
with the break energy (Eb). A hardening spectrum and a correlation between gamma1 and Eb provides a stringent 
constraint on the underlying electron acceleration mechanism. It supports our proposal of electrons being accelerated 
diffusively at a finite-width flare termination shock.

4.1-13 reCeNt deVelopMeNts iN the stUdy of the eArly stAGes of CoroNAl MAss eJeCtioNs
patsourakos, spiros
University of Ioannina,  Dept Physics-Section Astrogeophysics
spatsour@cc.uoi.gr

Despite knowing the  existence of Coronal Mass Ejections (CMEs) for about 40 years there are significant gaps 
in our understanding of this fascinating and important phenomenon in the fields of  solar and heliospheric physics as 
well as in the frame of  the Sun-Earth relationships. The initial stages of CMEs, when the CME is still in the inner 
corona, represent a very small fraction of the total "life-time" of CMEs. However, studying the CME genesis cur-
rently represents the most promising avenue to discriminate between competing models and mechanisms of CME 
formation: once a CME is in the outer corona essentially all models look the same! We hereby focus on the following 
important facets of the CME genesis phenomenon.  (1) initial magnetic structures and paths to instability and ejec-
tions ; (2) flare-CME relationships and (3) "side-products" of the early CMEs: waves  and shocks. Emphasis will 
be given to recent results from high-quality CME observations in  HXR, SXR, EUV and WL  taken from SOHO, 
RHESSI, Hinode, STEREO and SDO as well as from MHD models. 
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4.1-14 GeoMetriC sCAles ANd physiCAl properties of the CMe/flAre CUrreNt sheets
lin, Jun, shen, Chengcai, Mei, zhixing
Yunnan Astronomical Observatory
jlin@ynao.ac.cn

Large scale current sheets (CSs) are important structures in solar eruptions. Models of coronal mass ejection 
(CME)/flare include the large scale CS connecting the ejected flux rope to the post-flare loops. Studies of geometric 
features and physical properties of the CME/flare CS could improve our understanding on rapid magnetic reconnection 
during a solar eruption, instabilities and turbulence and high-energy particle acceleration taking place inside the CS.

Both observations and numerical experiments repeatedly showed plasma flows continuously moving along CSs 
toward and away from the Sun, and they were recognized as the reconnection outflow in CSs. Associated with these 
results, the CME/flare CSs are continuously observed as thick as ~10^5 km. This constitutes a serious challenge to 
our long-existing understanding and knowledge on the reconnecting CS. Numerical experiments displayed, on the 
other hand, the co-existence of various diffusive structures in the single CME/flare CS. These structures include 
plasma blobs, the Petschek-type slow mode shock, turbulent region, and a Sweet-Parker segment of the CS, which 
indicated significant complexity of magnetic reconnection in reality. This review will go through the development of 
theories on the CS and the consequent observations, present possible mechanisms for large scale CS, and discuss the 
coupling of various scales of processes through which magnetic reconnection takes place in the thick CS at a reason-
ably fast rate required for the rapid energy release during the major flare. The results of the most recent observations 
and numerical experiments will also be displayed.

4.1-15 CoroNAl distUrbANCes ANd Geo-effeCtiVe flAres/CMes bAsed 
 oN reCeNt obserVAtioNs

Asai, Ayumi
Kyoto University
asai@kwasan.kyoto-u.ac.jp

Solar flares are very spectacular, and they are accompanied by various phenomena. Coronal shocks or distur-
bances seen on or near the solar  surface are one of such flare-related phenomena.  We discuss flare-related coronal 
disturbances and the relation with  plasmoid ejections and CMEs. We also report coronal features of active regions 
which are located  in the middle of coronal holes. These active regions often show a "see-anemone" like structure, 
and  it has been known that CMEs from these active regions tend to be  very fast, and therefore, that they are geo-
effective. We examined these coronal features by using observational data  in soft X-rays, in extreme ultraviolets, 
and in microwaves, and so on.

4.1-16 A stUdy of fAst flAreless CoroNAl MAss eJeCtioNs
Chen, yao; song, hongqiang;  et al.
Institute of Space Sciences, Shandong University
yaochen@sdu.edu.cn

It is generally believed that there exist two major processes converting the coronal magnetic energy into the kinetic 
energy of a coronal mass ejection (CME): resistive magnetic reconnection and ideal macroscopic magnetohydrodynam-
ic instability of magnetic flux rope. However, it remains elusive whether both processes play a comparable role or one of 
them prevails during a particular solar eruption. To shed light on this issue, we carefully studied energetic but flareless 
CMEs, i.e., fast CMEs not accompanied by any flares. Through searching the Coordinated Data AnalysisWorkshops 
(CDAW) database of CMEs observed in Solar Cycle 23, we found 13 such events whose speeds were larger than 1000 
km/s. Other common observational features of these events are: (1) none of the events originated in active regions; they 
were associated with eruptions of well- developed long filaments in quiet-Sun regions, (2) no apparent enhancement of 
flare emissions were present in soft X-ray, EUV and microwave data. In addition, detailed studies of two events reveal 
that there existed only weak reconnection electric fields which were inferred from the product of the separation speed 
of post-eruption ribbons and the magnetic field measurement on the solar surface. These observations indicate that, for 
these fast CMEs, the responsible coronal magnetic energy was released mainly via the ideal flux rope instability through 
the work done by the large scale Lorentz force acting on the flux rope currents rather than via magnetic reconnections. 
We also suggest that magnetic reconnection plays a less important role in accelerating CMEs in quiet Sun regions of 
weak magnetic field than those in active regions of strong magnetic field.

4.1-17   sUper-elAstiC CollisioN of CMes: obserVAtioNs ANd siMUlAtioNs   
wang, yuming; shen, Chenglong; shen, fang  
USTC; USTC; NSSC  
ymwang@ustc.edu.cn  
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4.1-18   dyNAMiCs of iNterplANetAry CoroNAl MAss eJeCtioNs   
lara, Alejandro; subramanian, prasad; borgazi, Andrea  
Instituto de Geofisica UNAM, IISER, UNAM  
alara@geofisica.unam.mx  

Coronal Mass Ejections (CMEs) are large scale plasma and magnetic field structures expelled from the solar 
atmosphere to the interplanetary medium with a large range of velocities. In the interplanetary space, ICMEs interact 
with the ambient solar wind (SW) and with previous and slower ICMEs expelled in the same direction. In general, 
the ICME-SW interaction has been modeled as the effect of a drag force. In this work we revise some ICME-SW 
interaction drag models and in particular, we  describe our one dimensional model and its validation using type II 
radio emission, and its extension to two dimensions. We also present a model to quantify the viscosity and the drag 
coefficient ``Cd’’ in the interplanetary medium using basic micro-physics.

4.1-19   expANsioN of MAGNetiC CloUds: obserVAtioNs VersUs Models   
Vandas, Marek; romashets, eugene  
Astronomical Institute, Prague, Czech Republic; Lonestar College, Houston, USA & IZMIRAN, Troitsk, Russia  
vandas@asu.cas.cz  

Magnetic clouds are commonly interpreted as large interplanetary flux ropes ejected from the Sun, propagating in 
the solar wind, and expanding during their travel. We study velocity measurements inside magnetic clouds in detail 
and compare them with model predictions. Our aim is to investigate what this type of analysis can reveal on magnetic 
cloud global shape and if it can restrict or distinguish between models used.

4.1-20   iNterplANetAry propAGAtioN of CoroNAl MAss eJeCtioNs obserVed by the rAdio 
sCiNtillAtioN Method   
iju, tomoya; tokumaru, Munetoshi; fujiki, Ken’ichi  
Solar-Terrestrial Environment Laboratory, Nagoya University; Solar-Terrestrial Environment Laboratory, Nagoya 
University; Solar-Terrestrial Environment Laboratory, Nagoya University  
tomoya@stelab.nagoya-u.ac.jp  

Interplanetary scintillation (IPS) observations have been carried out since the early 1980s using the 327 MHz 
radio-telescope system of Solar-Terrestrial Environment Laboratory, Nagoya University. These are a kind of ground-
based remote sensing using radio waves, and allow us to probe into the inner heliosphere between 0.2 and 1 AU with 
a cadence of 24 hours. 

In this study, we take advantage of the IPS observations to determine speeds and accelerations of coronal mass 
ejections (CMEs) in the interplanetary space. Combining our IPS observations with data of the Large Angle and 
Spectrometric Coronagraph onboard the Solar and Heliospheric Observatory and in-situ measurements at 1 AU, we 
examine the interplanetary propagation of 46 CMEs during 1997 – 2011. Our analyses yield the following results: 
Fast CMEs (with Vs ? Vb > 500 km/s, where Vs and Vb are the initial speed of CMEs and the speed of background 
solar-wind, respectively) rapidly decelerate, moderate CMEs (with 0 km/s ? Vs ? Vb ? 500 km/s) show either gradu-
ally decelerating or uniform motion, and slow CMEs (with Vs ? Vb < 0 km/s) accelerate. The radial speeds converge 
on the speed of background solar-wind during their outward propagation. We subsequently find that a linear equation 
is more appropriate than a quadratic one to describe the relationship between the acceleration and the difference in 
speed for the fast and moderate CMEs.

We report kinematic properties of the above CMEs, and propose an equation for the CME motion in the inter-
planetary space.

4.1-21   iNterplANetAry shoCKs ANd foreshoCKs   
blanco-Cano, xochitl  
Instituto de Geofisica, UNAM  
xbc@geofisica.unam.mx  

The heliosphere is perturbed by large scale structures such as interplanetary coronal mass ejections (ICMEs) 
and stream interaction regions (SIR). Fast ICMEs can drive shock waves ahead of them, and SIRs are preceded 
by a forward shock. In this work we will discuss the properties of interplanetary (IP) shocks and the upstream and 
downstream regions associated to them. These regions are perturbed due to shock effects. Upstream from the shock 
a foreshock can develop and be permeated by suprathermal ions and electromagnetic waves. Downstream the plasma 
is heated and compressed with a very perturbed magnetic field. Shocks play a very important role in particle accel-
eration. During the years 2007-2010 STEREO observed around 80 IP forward shocks driven by stream interactions, 
and 20 shocks driven by ICMEs. Most of the SI shocks were locally quasi-perpendicular (?Bn >45°) with only 20 
quasi-parallel (?Bn < 45°) shocks. In all cases the Mach number was moderate with values 1.1< Mms < 3.8, and 
the plasma beta reached values up to 29. During the same years the shocks driven by ICMEs have Mach numbers 
1.2-4, and plasma beta up to 15. Observations upstream from the shocks have revealed a variety of waves, includ-
ing whistlers and ultra low frequency (ULF) fluctuations. Upstream whistler waves may be generated at the shock 
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and upstream ULF waves can be driven locally by ion instabilities. In contrast to planetary bow shocks, most of the 
waves upstream of the quasi-parallel forward SI shocks observed to date by STEREO are mainly transverse and 
no steepening occurs. Another difference with Earth’s bow shock is the fact that many locally quasi-perpendicular 
shocks can be accompanied by wave and ion foreshocks. This indicates that at an earlier time the geometry of the 
shock was quasi-parallel. The downstream wave spectra can be formed by both, locally generated perturbations, 
and shock transmitted waves. Downstream fluctuations associated with quasi-parallel shocks tend to have larger 
amplitudes than waves downstream of quasi-perpendicular shocks. Proton foreshocks of shocks driven by stream 
interactions have extensions dr ?0.05 AU. This is smaller than foreshock extensions for ICME driven shocks (dr ? 0.1 
AU). The difference in foreshock extensions is related to the fact that ICME driven shocks are formed closer to the 
Sun and therefore begin to accelerate particles very early in their existence, while stream interaction shocks form at 
~1 AU and have been producing suprathermal particles for a shorter time. It is expected that stronger ICME shocks 
are observed as the solar cycle of activity reaches maximum. Stronger IP shocks may be able to drive more complex 
and extended foreshocks, where steepened waves such as shocklets may be present. We will compare the properties 
of foreshock morphology associated to stronger ICME shocks with observations during years 2007-2010.

4.1-22   stUdy of solAr wiNd distUrbANCes dUriNG solAr MAxiMUM 24 eMployiNG MexArt 
iNterplANetAry sCiNtillAtioN (ips) obserVAtioNs   
González-esparza, Américo; romero-hernández, esmeralda; Mejía-Ambriz, Julio; ontiveros, Verónica; 
Villanueva-hernández, pablo; Aguilar-rodríguez, ernesto  
Unidad Michoacán, Instituto de Geofísica, UNAM; Center for Astrophysics and Space Sciences, University of 
California, San Diego; Escuela Nacional de Estudios Superiores, Morelia, UNAM  
americo.glz@gmail.com  

The Mexican Array Radiotelescope (MEXART) is a new ground instrument fully dedicated to perform 
Interplanetary Scintillation (IPS) observations to track large-scale solar wind disturbances within the Sun and the 
Earth. The MEXART is located at Michoacan (19 degrees 48’ North, 101 degrees 41’ West) and has an operation fre-
quency of 140 MHz. The IPS technique is based on the scintillations that interplanetary disturbances (e.g., ICMEs) 
causes on the signal of small diameter cosmic radio sources detected by a radiotelescope. This technique obtains 
two-dimensional projections of solar wind disturbances along the line of sight of the different radio sources. The IPS 
data includes the relative increments in solar wind electron density (scintillation level) and solar wind velocities. 
We report the tracking of solar disturbances during the maximum of solar cycle 24. These observations correspond 
to events  detected between April and July of 2013. We combine the observations of other instruments (white light 
chronograph observations, solar radio burst, in-situ measurements) to discuss the evolution of these events in the 
interplanetary medium.

4.1-23   strUCtUre of sUbCritiCAl iNterplANetAry shoCKs   
Nemecek, zdenek; Goncharov, o.; safrankova, J.; prech, l.; zastenker G. 
Univerzita Karlova V Praze, Matematicko-fyzikální fakulta
zdenek.nemecek@mff.cuni.cz  

Interplanetary (IP) shocks are complex structures that are often accompanied with waves in upstream and down-
stream magnetic fields. The resolution of plasma measurements did not allow a detailed analysis of the shock front 
and/or associated waves. The Spektr-R spacecraft can significantly help with this task because the onboard BMSW 
instrument measures solar wind parameters with a unique resolution of 31 ms. We present several examples of 
changes of plasma moments across the IP shock with such time resolution as well as observations of thermalisation 
of the ion distribution on the time scale of ~1 s. Our analysis reveals that the IP shock ramp scales with the proton 
thermal gyroradius being as thin as 2 radii. The wavelength of the downstream wave-packets correlates well with 
the ramp thickness. These relations suggest that the observed shocks are built up by kinetic processes, in contrast to 
typical MHD shocks.

4.1-24   dyNAMiCs of solAr wiNd pArAMeters At differeNt ANGles of iMf  spirAl for period 
of spACe MeAsUreMeNts At NeAr-eArth orbit    
Kuznetsova, tamara; laptukhov, Alexej  
IZMIRAN, Russian Acad. of Science, Moscow,  Russia  
tvkuz@izmiran.ru  

Both at IZMIRAN, Russian Acad. of Science, Moscow, Troitsk, Russia, tvkuz@izmiran.ru, laptuhov@izmiran.ru
Aim of our study was to find connection between solar wind parameters and angles of IMF spiral for period of 

four solar cycles N20-23. We take as our data base interplanetary magnetic field (IMF), solar wind velocity (V) and 
density (N) measured at 1 a.u. near ecliptic plane for period of 1963-2007. As result we obtained statistical depen-
dencies B, N, V on  the longitude angle ? in range of 0-360 deg for period of each solar cycle. Such approach allows 
also to identify wind streams. In particular, high speed solar wind originates from coronal holes. The streams have 
open magnetic fields with low plasma density; ones were known earlier as “M-regions” and considered as sources 



240

Scientific program

of recurrent geomagnetic activity invisible on Earth. So, all the V maxima accompanied by the N minima near the 
same angle ? can be interpreted by the high speed streams. We discuss below our results. Maxima of the IMF B, N 
and associated minima of V for all solar cycles are observed at angles ?=90±30 and ?=270±30 deg. Absolute maxima 
of B occurred in 21 (Wm=164) and 23 (Wm=121) cycles at ?=90-100 deg.(By>0,GSE). Special feature of the V 
maximum of the 23d cycle is that one is accompanied by relative high V and low N at this ? compared with the V and 
N for the other cycles. So, odd cycles of 21, 23 (independent on difference in sunspot numbers Wmax) initiated the 
highest equal maxima of B in wind accompanied by rise of N and decline of V (but relative high) that should lead to 
high geomagnetic activity of the slow streams. Maxima of V and associated minima of B, N are observed during all 
solar cycles at ?=180±30 and 360±30 deg. The highest V in range of ?=330-360 were during 20 (Wm=111) and 22 
(Wm=158) cycles. So, even cycles of 20 and 22 (independent on Wmax) gave almost equal maxima of V at  ?=330-
360 deg. (By<0, Bx>0). The other interval of  ?=150-180 deg (By>0, Bx<0) was marked by absolute maximum of V 
for all period of analysis during cycle 23; the second maximum of V (according to its value) near the same ? was in 
cycle 20. The latter points to connection of low Wm in cycles and high V in wind for ?=150-180 deg. Moreover, V 
at ? =180-360 deg for cycle 23 were considerably lower than value of V averaged for all cycles that points to strong 
asymmetry of the V values relative sign of the IMF. It also follows from our study that absolute maximum of V (high 
speed stream) and sufficiently high B at the same angle in wind of the 23d cycle  should cause high geomagnetic 
activity. Really, our analysis showed that number of 3-hour intervals with Kp=8-9 has increased (more than twice) 
in cycle 23 compared with previous one. We also discuss connection of our results with slow wind associated with 
streamer belts. At last we summarize our findings for possible development of the 24-th current cycle in solar wind 
to understand.

4.1-25   the stUdy of the 3he riCh sep eVeNts with A CoMpArisoN of NUMeri   
Gang, Qin; yang, wang  
Center for Space Science and Applied Research, CAS  
gqin@spaceweather.ac.cn  

It is considered that impulsive Solar Energetic Particle (SEP) events are usually produced by the solar flares. 
Recently, observations from different spacecraft, e.g., the STEREO A and B, and ACE, show that some impulsive 
events can cover a very wide longitudinal extent. Therefore, it could be assumed that SEPs can be observed on the 
field lines disconnected far away from the source. One possibility of such a large longitude extend is through cross-
field transport. In this work, we compare the spacecraft observations from different longitude with simulation results 
using a Fokker-Planck focus transport equation in three-dimensional Parker interplanetary magnetic field. In this 
way, we can investigate how SEPs propagate in  the heliospheric space.

4.1-26   QUiet-tiMe solAr wiNd sUperhAlo eleCtroNs   
wang, l.; lin, r.; salem, C; pulupa, M.; yang, l.; he, J.; tu, C.  
Dept. of Geophysics, Peking University (PKU); UCB; UCB; UCB; PKU; PKU; PKU  
wanglhwang@gmail.com  

We survey the statistical properties of ~2-20 keV superhalo electrons in the solar wind measured by the STEREO/
STE instrument during quiet-time periods at solar minimum. The observed quiet-time superhalo electrons have a 
nearly isotropic angular distribution and a power-law spectrum, f ~v^(-?), with ? ranging from 5 to 8.7, with nearly 
half between 6.5 and 7.5, and an average index of 6.69±0.90. The integrated density of quiet-time superhalo electrons 
at 2–20 keV ranges from 10^(?8) cm^(?3) to 10^(?6) cm^(?3), about 10^(?9) - 10^(?6) of the solar wind density, 
and it, as well as the power-law spectrum, shows no correlation with solar wind protons. The density of superhalo 
electrons decreases by approximately one order of magnitude between early 2007 and early 2009, probably reflecting 
the decay of solar cycle 23 and the approach to its unusually deep activity minimum, while the power-law spectral 
index ? has no solar-cycle variation. These quiet-time superhalo electrons are present even in the absence of any 
solar activity, e.g., active regions, flares or microflares, type III radio bursts, etc. Our test-particle simulation suggests 
that these superhalo electrons may be produced by the acceleration in the magnetic reconnection in the solar wind 
source region.

4.1-27   ClUster obserVAtioN of MAGNetiC reCoNNeCtioN At the tUrbUleNt boUNdAry 
lAyers of iNterplANetAry MAGNetiC flUx ropes   
Abraham C.-l.; Chian,  h.Q.; feng, p.r.; Munoz, t.d.; phan, d. J. wu  
Paris Observatory, LESIA, France; Instituto Nacional de Pesquisas Espaciais (INPE), Brazil; Institute of Aeronautical 
Technology (ITA), Brazil  
abraham.chian@gmail.com  

We report two magnetic reconnection events detected by Cluster at the turbulent boundary layers of interplane-
tary magnetic flux ropes:  (i) the trailing edge of a small-scale interplanetary magnetic flux rope, (ii) the leading edge 
of an interplanetary coronal mass ejection. In the first event, Phan et a. (Nature 439, 175, 2006) presented observation 
made by Cluster on 2002 February 2 of a reconnection exhaust, with evidence of accelerated flows associated with 
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reconnection in a current sheet embedded in the solar wind flow, where the reconnection X-line extended at least 
390 RE. We apply the technique developed by Feng et al. (JGR 112, A02102, 2007) for finding the boundary layers 
of interplanetary magnetic flux ropes to this event and identify it as the trailing edge of a small-scale interplanetary 
magnetic flux rope seen in the interval of intermittent turbulence studied by Chian & Miranda (AG 27, 1789, 2009) 
and Miranda et al. (ASR 51, 1893, 2013). In the second event, Chian & Munoz (ApJL 733, L34, 2011) investigated 
the relation between current sheets, turbulence, and magnetic reconnections at the leading edge of an interplanetary 
coronal mass ejection measured by Cluster upstream of the Earth’s bow shock on 2005 January 21. We discuss the 
observational evidence of two magnetically reconnected current sheets in the vicinity of a front magnetic cloud 
boundary layer with the following characteristics: (1) a Kolmogorov power spectrum in the inertial subrange of the 
magnetic turbulence, (2) the scaling exponent of structure functions of magnetic fluctuations exhibiting multifractal 
scaling predicted by the She–Leveque magnetohydrodynamic model, and (3) bifurcated current sheets with the cur-
rent density computed by both single- and multi-spacecraft techniques.

4.1-28   whister tUrbUleNCe At VAriAble eleCtroN betA: three-diMeNsioNAl pArtiCle-iN-
Cell siMUlAtioNs   
Chang, ouliang; Gary, s. peter; wang, Joseph  
Space Science Institute USC; SSI; USC  
pgary@lanl.gov  

Three-dimensional particle-in-cell simulations of whistler turbulence at three different initial values of the elec-
tron beta are carried out on a collisionless, homogeneous, magnetized plasma model.  The simulations begin with an 
initial ensemble of relatively long wavelength whistler modes and follow the temporal evolution of the fluctuations 
as wave-wave interactions yield a forward cascade into a broadband, turbulent spectrum at shorter wavelengths with 
a wavevector anisotropy in the sense of k_perp > k_parallel.  Here “perp” and “parallel” denote directions perpen-
dicular and parallel to the background magnetic field, respectively.  In addition wave-particle interactions lead to 
fluctuating field dissipation and electron heating with a temperature anisotropy in the sense of T_parallel > T_perp.  
At early time the wave-wave cascade dominates energy transport, whereas wave-particle Landau damping dominates 
at late simulation times.  Larger values of the electron beta correspond to a faster forward cascade in wavenumber 
and to a faster rate of electron heating, as well as to a less anisotropic wavevector distribution and to a less anisotro-
pic electron velocity distribution.

4.1-29 rAdiAl deVelopMeNt of wAVe-VeCtor ANisotropy for solAr wiNd 
 tUrbUleNCe froM 0.3 to 1AU

he, Jiansen; Tu, Chuanyi; Marsch, Eckart; Bourouaine, Sofiane; Pei, Zhongtian;
Peking University (PKU); CAU@Kiel; SSC@UNH
jshept@gmail.com

What the turbulence anisotropy looks like in the wave-vector space and how it evolves in interplanetary space is 
a key issue unsolved in solar wind physics. Motivated by the above question, we use magnetic field measurements 
from the Helios-2 spacecraft at three positions (0.29, 0.65, and 0.87 AU). To derive the power spectral density (PSD) 
in (k?,k?)-space on the basis of single-satellite measurements is a challenging task not yet accomplished previously. 
Here we derive the spectrum PSD2D(k?, k?) from the spatial correlation function CF2D(r?,r?) by a transformation 
according to the projection-slice theorem rather than by a direct 2D Fourier transform. The so constructed PSDs are 
found to be distributed in k-space mainly along a ridge that is more inclined toward the k? than k? axis, a new result 
that probably indicates preferential cascading of turbulent energy along the k? direction. Furthermore, this ridge of 
the distribution is found to gradually get closer to the k? axis, as the correlation length (outer scale length of the 
turbulence) becomes larger while the solar wind flows further away from the Sun. The radial evolution of this ridge 
relative to resonance threshold lines seems to hint a transition of cyclotron resonance to Landau resonance with in-
creasing distance. In the vicinity of the k? axis, there appears a minor spectral component that probably corresponds 
to quasi-parallel Alfvénic fluctuations. Their relative contribution to the total spectral density tends to decrease with 
radial distance. These findings suggest that solar wind turbulence undergoes an anisotropic cascade transporting 
most of its magnetic energy towards larger k?, and that the anisotropy in the inertial range is radially developing fur-
ther at scales that are relatively far from the ever increasing outer scale. The empirical results of this work constrain, 
and thus help to improve, the theories of anisotropic solar wind turbulence and interplanetary solar wind heating.

4.1-30 Mhd ANd KiNetiC sCAle tUrbUleNCe iN the solAr wiNd
Chen, C.h.K. 
University of California, Berkeley
chen@ssl.berkeley.edu

Space plasmas are almost always in a turbulent state but a complete physical understanding of such plasma 
turbulence remains elusive. In recent years, however, high resolution data from solar wind spacecraft have enabled 
us to make significant progress. I will discuss some recent measurements that have helped reveal the nature of the 
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turbulence and how it brings energy from large scale motions to the plasma kinetic scales, where it is thought to heat 
the plasma, and therefore influence the macroscopic properties of the heliosphere. In particular, I will discuss how 
recent velocity, magnetic field and electric field spectra and single- and multi-spacecraft anisotropy measurements 
compare to popular models of strong Alfvenic turbulence in the MHD scale range. I will then discuss how high fre-
quency data, in particular the density, allows us to probe the kinetic scale range, showing that the fluctuations here are 
predominantly kinetic Alfven turbulence. Finally, I will discuss the relevance of microphysical turbulence properties 
to the macroscopic properties of the heliosphere.

4.1-31 solAr wiNd tUrbUleNCe At ioN KiNetiC sCAles
xing, li; owen, w. roberts; bo, li
Aberystwyth University, Shandong University
xxl@aber.ac.uk

Using Cluster data, we analyse the solar wind turbulence at ion kinetic scales. The issue is important since it is 
often believed that kinetic effects may dissipate the energy of turbulence at these scales resulting in plasma heating. 
Using the k-filtering technique, the magnetic field data of Cluster/FGM are used to determine the turbulence power 
distribution in the wave number space. The nature of turbulence at such scales is subject to debates. A popular view 
is that linear waves (such as linear kinetic Alfven waves), although unable to account for the turbulent cascade at the 
scales, may still be used to describe the main property of turbulence. These waves are easier to understand and their 
property is well known. Another view is that due to the nonlinear nature of turbulence, linear waves are insufficient 
to describe the nature of turbulence at ion kinetic scales. Instead, 2D turbulent structures (such as solitary Alfven 
vortices), whose properties are often illusive, must be used to describe the nature of turbulence at the kinetic scales. 
In this talk, we present evidence of these waves and solitary Alfven vortices at ion scales in the solar wind.

4.1-32 oN the oriGiN of the eUV lAter phAse of solAr flAres
liu, Kai; zhang, Jie; wang, yuming; Cheng, xin
USTC, GMU, USTC, NJU
kailiu@mail.ustc.edu.cn

Solar flares typically have an impulsive phase followed by a gradual phase as best seen in soft X-ray emissions. 
A recent discovery based on the EUV Variability Experiment (EVE) observations onboard the Solar Dynamics 
Observatory (SDO) reveals that some flares exhibit a second large peak separated from the first main phase peak by 
tens of minutes to hours, which is coined as the flare´s EUV late phase (Woods et al. 2011).  In this paper, we ad-
dress the origin of the EUV late phase by analyzing in detail two late phase flares, an M2.9 flare on 2010 October 16 
and an M1.4 flare on 2011 February 18, using multi-passband imaging observations from the Atmospheric Imaing 
Assembly (AIA) onboard SDO. We find that: (1) the late phase emission originates from a different magnetic loop 
system, which is much larger and higher than the main phase loop system.  (2) The two loop systems have different 
thermal evolution. While the late phase loop arcade reaches its peak brightness progressively at a later time spanning 
for more than one hour from high to low temperatures, the main phase loop arcade reaches its peak brightness at 
almost the same time (within several minutes) in all temperatures.  (3) Nevertheless, the two loop systems seem to be 
connected magnetically forming an asymmetric magnetic quadruple configuration. (4) Further, the footpoint bright-
enings in UV wavelengths show a systematic delay of about one minute from the main flare region to the remote 
footpoint of the late phase arcade system. We argue that the EUV late phase is the result of a long-lasting cooling 
process in the larger magnetic arcade system.

4.1-36p   obserVAtioNs of CoroNAl MAss eJeCtioNs iN the oUter CoroNA   
bemporad, Alessandro  
INAF-Turin Astrophysical Observatory  
bemporad@oato.inaf.it  

Over the last 15 years continuous monitoring of the Sun provided by the space based observatories gave us a new 
view of solar storms (or Coronal Mass Ejections - CMEs), the main drivers (together with the solar wind and solar 
energetic particles – SEPs) of geomagnetic storms on our planet. The development of CMEs in the outer corona has 
been studied with radio antennas, white light coronagraphs and UV/EUV spectrometers. UV spectra sampled during 
solar eruptions allowed us to study their 3D expansion velocities, their thermal energies, to characterize CME-driven 
shocks, to study the evolution of post-CME current sheets and small scale eruptions (like narrow CMEs, polar jets, 
streamer puffs). At the same time, coronagraphic white light images and radio dynamic spectra provided estimates 
of the CME kinetic energies, masses and densities, information on CME-driven shocks, and on the acceleration and 
propagation of Solar Energetic Particles (SEPs) during flares/CMEs. This talk will be aimed at reviewing these re-
sults and discussing problems on the CME origin, energetic and evolution unsolved so far. Focus will be also given 
to the new possibilities that will be offered by the Solar Orbiter mission, in coordination with other future missions/
observatories like Solar Probe Plus.
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4.1-37p   CoroNAl type ii rAdio bUrsts AssoCiAted with helMet streAMers   
Chen, yao; Kong, xiangliang; feng, shiwei; wang, bing; li, Gang; Guo, fan  
Shandong University, University of Alabama in Huntsville, Los Alamos National Laboratory  
yaochen@sdu.edu.cn  

Two type II radio bursts, separated by ~24 hours in time, are examined together. Several common observational 
features are found and listed below. Firstly, both events are associated with coronal mass ejections (CMEs) erupting 
from the same active region beneath a well-observed helmet streamer. Secondly, the radio shock distances obtained 
by fitting the type II dynamic spectra are in agreement with the observed CME fronts. Thirdly, the type II emis-
sions ended once the shock fronts passed the white-light streamer tip, which is presumably the magnetic cusp of the 
streamer. These observations lead us to propose that the closed magnetic arcades of the streamer may play an im-
portant role in the shock-electron acceleration and corresponding type II generation. A simple electron-acceleration 
model considering the magnetic collapsing trap effect caused by a shock sweeping through the closed magnetic field 
lines is presented. It is further suggested that the scenario may be fundamentally important to the generations of 
more metric type IIs providing that most CMEs originating from closed field regions. This scenario also provides an 
explanation of why many metric type IIs are not associated with an interplanetary counterpart.

4.1-38p   stAtistiCAl stUdy of AN eVolUtioN of MAGNetiC reCoNNeCtioN exhAUst iN the 
solAr wiNd   
enzl, Jakub; prech, lubomir; safrankova, Jana; Nemecek, zdenek  
Charles University in Prague, Faculty of Mathematics and Physics  
kubaanek@gmail.com  

Magnetic reconnection is a phenomenon where the energy stored in the magnetic field dissipates into heating and 
plasma acceleration. It can occur on boundaries connecting plasma with different magnetic field orientation. From 
spacecraft observations, we can identify magnetic reconnection as its exhaust where the plasma on reconnected field 
lines leaves the reconnection site.

We present a statistical study based on data from the WIND and THEMIS spacecraft during a period of 1995-
2012. We track the signatures of magnetic reconnection exhaust such as a rotation of the magnetic field or accel-
eration and heating of plasma. Our statistics focus on such parameters as transformation of released magnetic field 
energy, acceleration of plasma or temperature and density enhancements.

We show the cases where magnetic reconnection was simultaneously observed by more spacecraft. Multi-
spacecraft observations of the same event allow us to make conclusions about persistence, evolution of the exhaust 
and its dependence on the distance from the X-line.

4.1-39p   diAGNostiCs oN the soUrCe properties of A type ii rAdio bUrst with...   
feng, sw; Chen, y; Kong, xl; li, G.; song, hQ, feng, xs; Guo, f.   
Shandong University Weihai (SDUWEH), UAH, NSSC,  
winfeng@sdu.edu.cn  

In recent studies, we proposed that source properties of type II radio bursts can be inferred through a causal rela-
tionship between the special shape of the type II dynamic spectrum (e.g., bump or break) and simultaneous extreme 
ultraviolet (EUV)/white light imaging observations (e.g., CME-shock crossing streamer structures). As a further 
extension of these studies, in this paper we examine the coronal mass ejection (CME) event on 2007 December 31 
associated with a multiple type II radio burst. We identify the presence of two spectral bump features on the observed 
dynamic spectrum. By combining observational analyses of the radio spectral observations and the EUV-white light 
imaging data, we conclude that the two spectral bumps result from a CME-shock propagating across dense streamers 
on the southern and northern sides of the CME. It is inferred that the corresponding two type II emissions originate 
separately from the two CME-shock flanks where the shock geometries are likely quasi-perpendicular or oblique. 
Since the emission lanes are bumped as a whole within a relatively short time, it suggests that the type II radio bursts 
with bumps of this study are emitted from spatially confined sources (with a projected lateral dimension smaller than 
0.05-0.1 R ? at a fundamental frequency level of 20-30 MHz).

4.1-40p   A stAtistiCAl stUdy oN speCtrAl hArdeNiNG iN solAr GAMMA-rAy flAres   
Kong, xiangliang; li, Gang; Chen, yao  
Shandong University, UAHuntsville  
xl_kong@hotmail.com  

The observed hard X-ray and ?-ray continuum in solar flares are interpreted as bremsstrahlung emissions of 
accelerated nonthermal electrons. It has long been noted that in many flares the energy spectra show a hardening 
feature at higher energies (usually above 300 keV) and it is now largely believed that at least in electron-dominated 
events the hardening in photon spectrum reflects an intrinsic hardening in the source electron spectrum. In this pa-
per, we first conduct a survey on spectral hardening events that were studied in previous literature. We then perform 
a systematic examination of 185 flares from the Solar Maximum Mission (SMM) mission (Vestrand et al. 1999). 
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We identify 23 electron-dominated events whose energy spectra show clear double power-laws. We find that both 
the spectral index before the break (gamma1) and the spectral index difference (gamma1 - gamma2) anti-correlate 
with the break energy (Eb). A hardening spectrum and a correlation between gamma1 and Eb provides a stringent 
constraint on the underlying electron acceleration mechanism. It supports a recent proposal of electrons being ac-
celerated diffusively at a finite-width flare termination shock.

4.1-41p   reMote seNsiNG obserVAtioNs of the solAr CoroNA ANd solAr rAdiAt   
Krezhova, dora; Krumov, Alexander; Maneva, svetla  
Space Research and Technologies Institute, Bulgarian Acad. Sci. (SRTI); SRTI; ISS  
dkrezhov@stil.bas.bg  

The total solar eclipse has been always very attractive to scientists for studying the response o the environment 
to the abrupt and short-time disturbance in the radiation, and correspondence with its consequence on the thermal 
balance of the atmosphere and the induced changes in the stratosphere and ionosphere. This event is an opportunity 
at recent days for objective testing physical hypothesis and for investigating the changes in the sky color, limb dark-
ening, physical processes in the solar corona, etc. 

In this study we report the results from videometric and spectrometric observations carried out during the total 
solar eclipse on 29 March 2006 in the frame of an International scientific program from town of Manavgat, Turkey. 
Series of digital images of the solar disk and corona as well as of a near-sun sky area were collected during all the 
phases of the phenomenon using a photometric CCD camera. Synchronous data for dramatic reduction and spectral 
behavior of the incoming radiation from the visible part of the Sun during the 1st and 2nd contacts of the eclipse and 
the 3rd and 4th ones were recorded and investigated. The solar spectra were collected by a portable fiber-optic spec-
trometer in the ultraviolet, visible and near infrared spectral ranges (350-1000 nm) with a high spectral resolution 
and time interval of 1 min. The changes in the dynamics and spectral distribution of the solar radiation before and 
after the eclipse totality were analyzed by statistical methods (discriminant analysis and Student t- criterion). It was 
found that the changes were statistically significant in the whole investigated spectral range. Furthermore they were 
wavelength dependent, expressed themselves in more pronounced decrease in the radiation at the lower wavelengths 
and an increase in the spectral range after spectra maximum due to the solar limb darkening. The results were com-
pared with 1-D transfer model estimates for the duration of the eclipse except the period close and during the totality. 

4.1-42p   A solAr Jet ANd its eNerGy soUrCe   
liu, Jiajia; wang, yuming; liu, rui; zhang, Quanhao; liu, Kai  
University of Science and Technology of China, CAS Key Laboratory of Geospace Environment  
syqiven@gmail.com  

We present in this paper the observation and analysis of a solar EUV jet event accompanied by a nano-flare 
observed by SDO/AIA and STEREO/SECCHI EUVI simultaneously on July 8$^{th}$, 2012. Torsional motion of 
the jet with projected line speed of about 62 $km\\ s^{-1}$ and period of about 1276 $s$ has been observed. The 
period or angular speed of the torsional motion wasn’t vanished when the jet reached its maximum height of about 
290 $Mm$ and remained almost the same during the descending phase, which has rarely been observed before. The 
energy released by the driving force related to the torsional motion during the whole event is estimated to be about 
$1.04\imes10^{30}\\ erg$, which is almost 2 times of the thermal energy carried by a C6.8 flare, much larger than the 
energy carried by the nano-flare observed by AIA and not even detected by GOES, and half of the energy introduced 
into the jet by the reconnection. The kinematics of the jet shows inconsistence with the classical reconnection and 
relaxation model. A revised model introduced in this paper can successfully explain the behavior of the jet and we 
suggest that this jet is most likely related to a super solar tornado.

4.1-43p   ANAlysis of ChArGed pArtiCles trAJeCtory dyNAMiCs ACCelerAted by the wAVe 
pACKet iN spACe plAsMA   
skevov, rumen; erokhin, Nikolay; zolnikova, Nadezhda; Mikhailovskaya, ludmila  
Space Research and Technologies Institute, Bulgarian Acad. Sci. (SRTI-BAS); SRI-RAS  
shkevov@space.bas.bg  

An analysis of charged particles trajectory dynamics accelerated by the wave packet in space plasma is carried 
out. The surfatron effect of particle acceleration is investigated through numerical simulations, on the basis of non-
linear nonstationarity second order dissipative type of differential equation. Different cases of initial particles energy 
and their trajectory on the phase plane of the wave packet are considered, in the initial time moment of the motion, 
when the particle is untrapped and performs cyclotron rotation in the external magnetic field. The temporal dynamics 
and trapping time by the wave packet in surfing mode for different variants of initial particles parameters are studied. 
It is shown that the trapping time in surfing mode greatly increases, since the period of the cyclotron rotation signifi-
cantly increases with the growth of the longitudinal component of the particle momentum. The optimal conditions 
for maximum ultrarelativistic particles surfatron acceleration by a spatially localized wave packet in space plasma 
are considered. The figures of different stages of the particle trajectory dynamics as untrapped particle trajectory, the 
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beginning of surfatron acceleration and strong accelerated particle are shown. Conclusions about changes of acceler-
ated particles parameters and their trajectory dynamics were done.

4.1-44p   siMUlAtioNs of ioN ACoUstiC wAVes iN sAtUrN’s MAGNetosphere   
Koen, etienne; Collier, Andrew; Maharaj, shimul  
South African National Space Agency (SANSA), KTH, SANSA, UKZN; SANSA  
koenej@gmail.com  

Existence domains and characteristics of ion acoustic waves are studied in a
two-temperature electron, adiabatic ions and low density ion plasma with the electron components being kappa-

distributed. Such an environment has been found in Saturn’s magnetosphere. Using a Particle-in-Cell (PIC) simula-
tion, the evolution of the spatial electric field is tracked during the entire simulation, after which a dispersion diagram 
is constructed to study the dispersion characteristics of the ion acoustic mode

4.1-45p   eVolUtioN dyNAMiCs of the loop proMiNeNCes ANd sUbstANCe MotioN iN MAGNetiC 
field   
Glushkov, Alexander  
Odessa State University - OSENU  
dirac13@mail.ru  

We present new numerical simulation data on modeling formation and evolution dynamics of         the loop promi-
nences and response of the solar atmosphere in a loop to bombardment of electrons and other particles. Let us remind 
that the existed models of creation of the active prominences are usually divided on two groups: i). in first group 
models explain appearance of the relatively cold and substance in the corona due to the condensation of the coronal 
gas (Olsson-Likaudis, Lust-Zirin et al); ii). in second group there are presented the mechanisms, when the promi-
nence substance is transit up from low layers of the solar atmosphere (Jeferris-Orral, Goldsmith et al). Our numerical 
approach generelizes the known Troitzk Ivanov-Platov  model.  We carried out the numerical modeling dynamics 
and kinematics of the matter motion in a variable magnetic field in the magnetic hydrodynamical approximation of 
a strong field and cold (hot) plasma. The variation of magnetic moments of two dipoles system leads to quantita-
tive changing in development of the loop prominences and coronal rain. Besides, the elements of the deterministic 
chaos are discovered in the dynamics with using a chaos theory methods in the option (A. Glushkov, A chaos theory: 
Application in Geophysics, Odessa-Astroprint, 2013; V. Rusov, A.Glushkov et al, 2008 Adv. Space Res. 42, 1614; 
2010, J. of Atm. and Solar-Terr. Phys. 72, 498).

sessioN 4.2 
wAVe propAGAtioN iN the oUter solAr AtMosphere

4.2-1 persisteNt doppler shift osCillAtioNs obserVed with hiNode/eis iN the solAr 
CoroNA: speCtrosCopiC siGNAtUres of AlfV´eNiC wAVes ANd reCUrriNG Upflows
tian, hui; Mcintosh, scott w. ; wang, tongjiang; ofman, leon; de pontieu, bart; davina e. innes; 
hardi peter
Harvard-Smithsonian Center for Astrophysics
HUI.TIAN@CFA.HARVARD.EDU

Using data obtained by the EUV Imaging Spectrometer on board Hinode, we have performed a survey of obvi-
ous and persistent (without significant damping) Doppler shift oscillations in the corona. We have found mainly two 
types of oscillations from February to April in 2007. One type is found at loop footpoint regions, with a dominant 
period around 10 minutes. They are characterized by coherent behavior of all line parameters (line intensity, Doppler 
shift, line width, and profile asymmetry), and apparent blueshift and blueward asymmetry throughout almost the 
entire duration. Such oscillations are likely to be signatures of quasi-periodic upflows (small-scale jets, or coronal 
counterpart of type-II spicules), which may play an important role in the supply of mass and energy to the hot co-
rona. The other type of oscillation is usually associated with the upper part of loops. They are most clearly seen in 
the Doppler shift of coronal lines with formation temperatures between one and two million degrees. The global 
wavelets of these oscillations usually peak sharply around a period in the range of three to six minutes. No obvious 
profile asymmetry is found and the variation of the line width is typically very small. The intensity variation is often 
less than 2%. These oscillations are more likely to be signatures of kink/Alfv´en waves rather than flows. In a few 
cases, there seems to be a ?/2 phase shift between the intensity and Doppler shift oscillations, which may suggest 
the presence of slow-mode standing waves according to wave theories. However, we demonstrate that such a phase 
shift could also be produced by loops moving into and out of a spatial pixel as a result of Alfv´enic oscillations. In 
this scenario, the intensity oscillations associated with Alfv´enic waves are caused by loop displacement rather than 
density change. These coronal waves may be used to investigate properties of the coronal plasma and magnetic field.
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4.2-2 selfCoNsisteNt heAtiNG ANd ACCelerAtioN of the hot CoroNAl wiNd ViA AlfVeN 
wAVes
Matsumoto, takuma; suzuki, takeru K. 
Nagoya University
takuma.matsumoto@nagoya-u.jp

We have performed 2.5 dimensional MHD simulations that mimic the propagation and dissipation of Alfven 
waves in the solar atmosphere. The hot corona and the high speed solar wind automatically emerge in the numeri-
cal system as a natural consequence of Alfven wave injection from the photosphere. Without any prescribed heat-
ing mechanisms, the hot coronal wind is maintained via Alfven wave dissipation due to the nonlinear steepening 
and the phase mixing. In this talk, we will discuss about the detailed heating mechanisms at different height in our 
simulation.

4.2-3 siMUlAtioNs of obliQUe eleCtrostAtiC wAVe propAGAtioN
Koen, etienne; Collier, Andrew; Maharaj, shimul
SANSA, KTH, SANSA, UKZN; SANSA
koenej@gmail.com

The electron-acoustic instability in a magnetised plasma having three electron
components, one of which is a field-aligned beam of intermediate temperature, is investigated using a Particle-in-

Cell simulation. When the magnetic field strength is such that the plasma frequency of the cool electrons is less than 
the electron gyrofrequency, the only instability in the electron-acoustic frequency range is the strongly magnetized 
electron-acoustic instability. Its growth rate and real frequency exhibit a decrease with propagation angle and it 
grows at small to intermediate wave numbers.

sessioN 4.3
MUlti-speCtrAl stUdies of solAr flAres

4.3-1 CoMbiNed rhessi ANd sdo obserVAtioNs of solAr flAres
battaglia, Marina
University of Applied Sciences Northwestern Switzerland
marina.battaglia@fhnw.ch

X-ray and EUV observations are an important diagnostic of various plasma parameters of the solar atmosphere 
during solar flares. RHESSI soft X-ray images often show coronal sources near the top of flaring loops and can be 
used to deduce the temperature, emission measure, and density of these sources. Hard X-ray non-thermal emission 
is mostly observed from chromospheric footpoints and provides information on the number of accelerated electrons 
in the flare and, in some cases, can be used to analyze the chromospheric density structure. EUV images typically 
outline the whole flaring loop. Differential emission measure (DEM) analysis using SDO/AIA data allows for de-
termining temperatures and emission measures with an independent method from RHESSI and at locations where 
no X-rays are observed. Thus combining RHESSI and SDO observations gives a much more complete picture of a 
flare than single-wavelength analysis, covering the temperature range between several tens of thousands degrees up 
to several tens of millions degrees and non-thermal emission up to hundreds of keV. 

I will give an overview of recent advances made by combining RHESSI and SDO observations, including den-
sity measurements from the chromosphere to the corona and measurements of the heights of X-ray, EUV, and white 
light sources, along with a description of some of the available techniques, in particular for DEM analysis, for such 
combined studies.

4.3-2 iNterpretAtioN of UltrAViolet & x-rAy eMissioNs dUriNG solAr flAres UsiNG 
MAGNetohydrodyNAMiCs Models ANd NUMeriCAl siMUlAtioNs
pariat, etienne; Masson, sophie; Aulanier, Guillaume, reid hamish
Observatoire de Paris, CNRS, Université Pierre et Marie Curie, Université Denis Diderot, 92195 Meudon; Space 
Weather Laboratory, NASA Goddard Space Flight Center, Greenbelt, MD, USA; Observatoire de Paris, CNRS, 
Université Pierre et Marie Curie, Université Denis Diderot, 92195 Meudon; SUPA School of Physics & Astronomy, 
University of Glasgow, Glasgow, G12 8QQ, UK
etienne.pariat@obspm.fr

Solar flares are characterized by a fast and important increase of the luminous intensity in the Ultraviolet and 
X-ray domains. These brightenings are not random within the flaring active region and are spacialy strongly local-
ized: e.g. flare ribbons and kernels. 

The standard model for flare states that particles, accelerated in the solar corona as a consequence of magnetic 
reconnection, flow down along the reconnected magnetic field lines and eventually interact with the lowest layer 
of the solar atmosphere to generate electromagnetic radiations in UV and X-ray. Such model has received strong 
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confirmations by studies of the magnetic topology, which positively correlated the spacial distribution of UV and 
X-ray emission with magnetic structures that preferentially reconnect.  More recently, dynamical magnetohydrody-
namics (MHD) numerical simulations enabled not only to link the spacial location of the flare emission but also its 
dynamical evolution, i.e. allowing to explain where the electromagnetic emissions appear and how they evolve in 
time. 

During my presentation I will detail how topology allows to identify the magnetic regions involved in the flare 
and determine the UV and X-ray spacial emission. I’ll then present the recent devellopments in numerical experi-
ments that address the temporal evolution of these emissions.

4.3-3 probiNG pArtiCle ACCelerAtioN iN the MiCrowAVe doMAiN
fleishman, Gregory
Center for Solar-Terrestrial Research, NJIT
gfleishm@njit.edu

Although the solar flare phenomenon is widely accepted to be a consequence of release of excessive magnetic 
energy stored in the coronal currents (stated another way in nonpotential magnetic fields), many essential details 
of this energy release remain poorly understood. Initially, the released flare energy is somehow divided between 
thermal and nonthermal components through plasma heating and particle acceleration, respectively, although this 
proportion can then change in the course of the flare due, e.g., to fast particle Coulomb losses leading to additional 
plasma heating and/or chromospheric evaporation. So far, the thermal-to-nonthermal partition was found to vary 
greatly from one flare to another resulting in a broad variety of cases from ‘heating without acceleration’ (Battaglia 
et al. 2009) to ‘acceleration without heating’ (Fleishman et al. 2011). Recent analysis of microwave data of these dif-
fering cases suggests that a similar acceleration mechanism, forming a power-law nonthermal tail up to a few MeV 
or even higher, operates in all the cases. However, the level of this nonthermal spectrum compared to the original 
thermal distribution differs significantly from one case to another, implying a highly different thermal-to-nonthermal 
energy partition in various cases. This further requires a specific mechanism capable of extracting the charged par-
ticles from the thermal pool and supplying them to a bulk acceleration process to operate in flares in addition to the 
bulk acceleration process itself, which, in contrast, efficiently accelerates the seed particles, while cannot accelerate 
the thermal particles. Within this ‘microwave’ view on the flare energy partition and particle acceleration I present a 
few contrasting examples of acceleration regions detected with microwave. In addition, I discuss microwave emis-
sion produced by flare-created relativistic positrons.

4.3-4 oriGiN of preCUrsor phAse ANd its AssoCiAtioN to MAiN phAse eMissioN iN solAr 
flAres
Awasthi, Arun Kumar; Jain, rajmal
Physical Research Laboratory; Physical Research Laboratory
arun.awasthi.87@gmail.com

Using multi-wavelength data, we study the spatial, spectral and temporal evolution of 20 flare events having 
precursor and main phase emission during year 2010-2012, the era of SDO operation. Battaglia et al. (2009) found 
the process of conduction-driven chromospheric evaporation to be the origin of emission during precursor phase. 
However, Falewitcz et al. (2011), Altyntsev et al., (2012), in their study both the phases emphasized on the fact that 
beam-driven chromospheric evaporation is sufficient to explain the emission during precursor phase. In this regard, 
study of the origin of precursor phase and its relation to main phase emission employing statistical and model calcu-
lations employing a large set of observations becomes extremely necessary. In order to study the spectral signature 
of thermal and non-thermal emission, we quantify them in various phases of energy release based on spectral fitting.  
We fit hard X-ray (> 25 keV) spectra to a power-law function, using RHESSI data integrated over 12 seconds and the 
low-energy (6-25 keV) components with a multi-thermal function. We estimate temperature (T) and density (n_e) 
during precursor phase and found T to be 1.5 times and n_e to be 2 order lesser than that attained during the main 
phase. This enables us to perform a comparative study of evolution of cooling of the flaring plasma during various 
phases of emission. Further, LOS magnetograms obtained from HMI onboard SDO have been employed to study 
the role of magnetic-flux in triggering the precursors prior to the (usually) observed main phase. Further, we employ 
H? and EUV observations to study spatial evolution of T and EM in conjunction to the role of filament eruption in 
producing precursor and main phase emission. This study enables us to propose a model of energy release during 
precursor and main phase emission under unified umbrella of physical processes.

4.3-5 osCillAtioNs, pUlsAtioNs ANd wAVes iN solAr flAres
Nakariakov, Valery
University of Warwick, UK
V.Nakariakov@warwick.ac.uk

Solar flares are natural drivers of magnetohydrodynamic (MHD) propagating disturbances in the elastic and 
compressible plasma of the solar corona. These waves are directly detected in the EUV, soft X-ray and radio bands 
as, e.g. standing kink, sausage and longitudinal oscillations of coronal structures or slow magnetoacoustic waves 
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progressing along the neutral line. Periods of the oscillations induced by flares range from a few seconds to several 
hours. The mechanisms for the periodicity are usually geometrical resonances or wave dispersion. Also, flaring en-
ergy releases can be induced by MHD waves by, e.g., triggered magnetic reconnection. In this case the periodicity 
of the triggering wave can appear in the flaring hard X-ray, gamma-ray, white-light and microwave light curves as 
quasi-periodic pulsations. Another possibility is the modulation of the non-thermal particle dynamics by an MHD 
perturbation of the magnetic configuration. Recent observational and theoretical results on flare-induced MHD oscil-
lations and quasi-periodic pulsations in flares are reviewed.

4.3-6 eNerGy releAse MeChANisMs of solAr flAres stUdied by rAdio eMissioN
Asai, Ayumi
Kyoto University
asai@kwasan.kyoto-u.ac.jp

During the impulsive phase of solar flares, we often observe nonthermal emissions from accelerated particles in 
hard X-rays, gamma-rays, and microwaves. These intense nonthermal emissions are undoubtedly associated with 
strong energy release processes in the impulsive phase of flares. We sometimes observe nonthermal emissions even 
before the impulsive phase, preflare phase, of flares. By analyzing these emissions, we can derive a key information 
on particle accelerateion and energy release mechanisms during solar flares. We overview observational features of 
gyrosynchrotron emission and discussthe energy release mechanisma of solar flares.

4.3-7 the GeoeffeCtiVNess of solAr eNerGetiC eVeNts: probleM reVised
hejda, pavel; bochnicek, Josef; Valach, fridrich; revallo Milos
Institute of Geophysics of the ASCR, Prague; Institute of Geophysics of the ASCR, Prague; Geomagnetic Observatory, 
SAS, Hurbanovo, Slovakia; Geophys. Inst., SAS, Bratislava, Slovakia
ph@ig.cas.cz

The geoeffectivness of solar X-ray flares was initially analysed by the present authors on data from the period 
1996 - 2004. It was shown that the probability of geomagnetic response depends on the solar flare class and its posi-
tion on the solar disc. The flares in the central region were found to be more geoeffective. The probability further in-
creased if the flare was accompanied by Type II and/or Type IV of solar radio bursts. In the next step a neural network 
model was developed to determine the probability, with which flares will be followed by a geomagnetic response of a 
particular intensity. Enhancement of solar energetic particle flux was added to the set of input parameters. The results 
indicated that X-ray flares accompanied by solar radio bursts represent a good proxy of coronal mass ejections which 
are believed to be the principal cause of increased geomagnetic activity. The present study is aimed at (i) verifying 
the original results on the data from the period 2005 - 2012 and (ii) studying in more details the relation between solar 
flares and coronal mass ejections as observed near the Sun as well as in the Earth’s environment.

4.3-8 tUrbUleNt pitCh-ANGle sCAtteriNG ANd diffUsiVe trANsport of hArd-x-rAy pro-
dUCiNG eleCtroNs iN flAriNG CoroNAl loops
Kontar, eduard; bian, Nicolas h.; emslie, A. Gordon; Vilmer, Nicole
School of Physics & Astronomy, The University of Glasgow; Department of Physics & Astronomy, Western 
Kentucky University; LESIA, Paris Observatory

4.3-9 fUNdAMeNtAl eMissioN of type iii bUrsts prodUCed iN NoN-MAxwelliAN CoroNAl 
plAsMAs with KAppA-distribUted bACKGroUNd pArtiCles
li, bo; Cairns, iver h. 
School of Physics, University of Sydney
boli@physics.usyd.edu.au

Quasilinear-based simulations are presented for fundamental (fp) emission of type III bursts produced in non-
Maxwellian, suprathermal background coronal plasma by injection of energetic electrons during flares with power-
law or Maxwellian speed spectra, where fp is the electron plasma frequency. The background plasma is assumed to 
have a kappa distribution, as inferred from solar wind data and proposed by theories for the corona and solar wind. 
The predicted type III beam speeds, Langmuir wave levels, and the drift rate and flux of fp emission are strongly sen-
sitive to the presence of suprathermal background electrons in the corona. The simulations show that: (1) Fast beams 
with speeds vb>0.5c are produced for coronal background electrons with small kappa<=5 by injected electrons 
with power-law spectra. (2) Moderately fast beams with vb~0.3-0.5c are generated in coronal plasma with kappa 
<=8 by injections of power-law or Maxwellian electrons. (3) Slow beams with vb<0.3c are produced for coronal  
background electrons with large kappa>8, including the asymptotic limit kappa --> infinity where the electrons are 
Maxwellian, for both power-law or Maxwellian injections. The observation of fast type III beams (with vb>0.5c) 
thus suggests that these beams are produced in coronal regions where the background electrons have small kappa 
distributions by injected electrons with power-law spectra, at least when such beams are observed. The simulations, 
from the viewpoint of type III bursts, thus support: 
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(i) The presence, at least sometimes, of suprathermal background electrons in the corona and the associated 
mechanisms for coronal heating and solar wind acceleration. (ii) Power-law spectra for injected energetic electrons, 
consistent with observations of such electrons in situ and of X-ray emission.

4.3-10 rAdio eMissioN froM solAr flAres
Nindos, Alexander
Section of Astrogeophysics, Physics Department, University of Ioannina, Ioannina GR-45110, Greece
anindos@cc.uoi.gr

I will review recent progress on our understanding of radio emission from solar flares with emphasis on those 
aspects of the subject that  help us address questions about energy release and its properties, as  well as particle accel-
eration and  transport. Radio emission from  electron beams can provide information about the electron acceleration  
process, the location of injection of electrons in the corona, and the  properties of the ambient coronal structures. 
Mildly relativistic  electrons gyrating in the magnetic fields of flaring loops produce  radio emission via the gyro-
synchrotron mechanism, which provides  constraints on the magnetic field and the properties of energetic  electrons. 

4.3-11 rAdio eMissioN ANd esCApe of flAre ACCelerAted eleCtroNs
reid, hamish
University of Glasgow
hamish.reid@glasgow.ac.uk

Electrons accelerated during solar flares are able to escape the confines of the coronal magnetic field and can 
propagate through the interplanetary medium.  We are able to detect these electron beams in-situ near the Earth with 
spacecraft.  The transport of electron beams, travelling near the speed of light, can also result in radio emission being 
produced via nonlinear plasma processes.  These impulsive radio bursts (known as type IIIs) can be used to diagnose 
properties of electron beams we are unable to measure directly.   I will start the talk by giving an introduction to type 
III bursts and escaping electron beams from flares.  I will then review some of the recent observational results and 
theoretical developments that have been advancing this area of research.  I will also mention how type IIIs can be 
combined with other wavelengths of light to further understand the energetics during solar flares.

4.3-34p ANAlysis of x-rAy flAre speCtrA seeN by  resiK
sylwester, barbara; sylwester, Janusz; phillips, Kenneth; Kuznietsov, Vladimir
Space Research Center of Polish Academy of Sciences (SRC PAS); IZMIRAN RAS
bs@cbk.pan.wroc.pl

The results of flare X-ray spectra analysis in the range 3.3-6.1 A are presented. The spectra have been recorded 
with RESIK spectrometer aboard Russian satellite Coronas-F. The intensities of the lines of H- and He-like ions of 
argon, potassium, sulfur and silicon have been used to determine the absolute abundances of the emitting plasma. 
Based on the observed lines the differential emission measure calculations have been performed for selected events.
eduard@astro.gla.ac.uk 

Recent observations from RHESSI have revealed that the number of non-thermal electrons in the coronal part of 
a flaring loop can exceed  the number of electrons required to explain the hard X-ray (HXR) emitting footpoints of 
the same flaring loop. Such sources cannot, therefore, be interpreted on the basis of the standard collisional trans-
port model, in which the HXR-emitting electrons stream along the loop while losing their energy through collisions 
with the ambient plasma; additional physical processes, to either trap or scatter the energetic electrons, are required. 
Motivated by this and other RHESSI observations that suggest that high energy electrons are largely confined to the 
coronal region of the source, we here consider turbulent pitch angle scattering of fast electrons off low frequency 
magnetic fluctuations as a confinement mechanism. We model this phenomenon as a spatial diffusion parallel to 
the mean magnetic field that occurs contemporaneously with energy loss through Coulomb collisions. In general, 
turbulent scattering leads to a reduction of the collisional stopping distance of non-thermal electrons and hence to an 
enhancement of the coronal HXR source, with a corresponding decrease in the intensity of footpoint emission. When 
turbulent scattering dominates, the variation of source size with electron energy becomes weaker than the quadratic 
behavior pertinent to collisional transport, with the slope of L(E) depending directly on the effective mean free path 
associated with the non-collisional scattering mechanism. Comparing the predictions of the diffusive model with 
observations, we find that the mean free path against scattering around 1-10 Mm, less than the length of a typical 
flaring loop and smaller than, or comparable to, the size of the electron acceleration region. 
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sessioN 4.4
CrossiNG the heliopAUse iNto the iNterstellAr MediUM

4.4-1 VoyAGer 1 obserVAtioNs of the heliosheAth
richardson, John; team, Voyager
Mass. Inst. Tech.; Jet Prop.Lab
jdr@space.mit.edu

The Voyager spacecraft aretraversing the heliosheath, the region of shocked solar wind between the termination 
shock and the heliopause. The heliosheath was expected to be a region where the flow smoothly rotated ahead of 
the heliopause to flow down the heliotail. While Voyager 2 has so far observed a relatively smooth flow deviation, 
Voyager 1 has observed several unexpected features. The first was a stagnation region between 113 and 122 AU 
where the flow radial flow speed decreased to zero and sometimes below (inward flow) and the non-radial flows 
were small. After travelling 9 AU through this stagnation region V1 crossed another unpredicted boundary, presently 
named the heliocliff, where the energetic particles from inside the heliosphere dropped out, the galactic cosmic ray 
intensity increased, the magnetic field magntitude increased by a factor of 3-4, and the magnetic field direction did 
not change. The first three charcteristics are those expected for the heliopause crossing into thr interstellar medium, 
but since the magntic field remains in the Parker spiral direction we believe we are still inside the heliosphere. We 
will present the data from these new regions and discuss physical mechanisms which may produce the observed 
signatures.

4.4-2 heliospheriC pArtiCles At the edGe of the solAr systeM
florinski, Vladimir
University of Alabama, Huntsville
vaf0001@uah.edu

I discuss the origin of the dropouts and the subsequent disappearance of energetic charged particles of helio-
spheric origin observed by Voyager 1 in 2012. The magnetic boundary crossed by Voyager 1 evidently separated a 
turbulent region (the heliosheath) from a new region (the magnetic highway), where turbulent fluctuations are greatly 
reduced. A simple model is presented explaining the pancake pitch-angle distributions of ions measured shortly after 
the boundary crossing. The model is based on a concept that particle scattering rates are much smaller in the mag-
netic highway region than in the heliosheath, and only requires a boundary magnetic connection region of consider-
able extent (a few tens of astronomical units). The measured width of the energetic particle transition region and its 
implication for the theory are also discussed.

4.4-3 NAtUre of the flows iN the heliosheAth
opher, M.; drake, J.f.; provornikova, e.; toth, G.
Boston University, University of Maryland, University of Michigan
mopher@bu.edu

We discuss the nature of the flows in the heliosheath (HS) when reconnection is taken place within the sector 
region. Observational constrains of reconnection within the sector are challenged by the resolution limitations of the 
magnetometer. However, indirect constraints such as the lack of conservation of magnetic  flux in the heliosheath 
(Richardson et al. 2013) and the correlation of the variability of energetic particles with the location with respect to 
the sector region (Hill et al. 2013) indicate that reconnection might be taking place within the sector zone (Opher et 
al. 2011). The reconnected sector region in high beta plasma has a multitude of elongated islands and is very similar 
to a crossing of a normal sector in terms of the overall configuration of the magnetic field and intensity. However, 
there is substantial reduction of large-scale magnetic tension. We show, that Rayleigh-Taylor (RT) instabilities can 
take place within the sector region where there is no magnetic tension to stabilize the interchange instability (Opher 
et al. 2013). The RT instability is triggered by the flow of interstellar neutrals down the steep density gradient at the 
termination shock and produces radially elongated flows that disturb the heliosheath flow pattern. This  instability 
can explain the large differences between the flows at Voyager 1 and 2. V1 measurements revealed a steady decrease 
in the radial speed ending in a region with zero radial speed while the V2 radial speeds are constant. We compare 
these results to simulations where we included the full solar cycle time dependent boundary conditions (Density is 
derived from the measurements of backscattered Lyman-alpha emission (Quemerais et al. 2006, Lallement et al. 
2010). Velocity is obtained from from  the interplanetary scintillation data (Sokol et al. 2012)). The time-dependent 
model (Provornikova et al. 2013) predicts similar radial speeds for V1 and V2 in contrast to what is seen in the ob-
servations indicating that the differences between V1 and 2 flows steam from the spatial nature rather than temporal.

4.4-4 the heliospheriC 2-3 Khz rAdiAtioN, the ibex ribboN, ANd the 3-d shApe of the 
heliopAUse
Cairns, iver; fuselier, stephen
University of Sydney; Southwest Research Institute
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i.cairns@physics.usyd.edu.au
Intense episodic bursts of radio emission at 2-4 kHz are observed by the Voyager spacecraft. Most likely the 

radiation is produced in the outer heliosheath as the shock wave in front of a Global Merged Interaction Region 
(GMIR) moves across the heliopause and through the region where the interstellar magnetic field is draped over the 
heliopause. Pick-up ion instabilities due to charge-exchange of neutrals from the solar wind or inner heliosheath also 
play a major role. Recently the IBEX team observed a ribbon of energetic neutrals from the vicinity of the helio-
pause and argued that the interstellar medium (ISM) - solar wind interaction is sub-Alfvenic, with no bow shock for 
the solar system. The ribbon is believed to follow the locus where the interstellar magnetic field is tangential to the 
heliopause. Here we address the striking correspondance between the ribbon location and the 

time-varying source locations of the radiation inferred from Voyager observations: in both ecliptic and galactic 
coordinates the radiation sources form a line parallel to, but offset by about 20 degrees, from the ribbon. We pres-
ent the following new ideas and analyses: (i) a plasma depletion layer (PDL) forms in the draping region beyond 
the heliopause, (ii) a Rankine-Hugoniot analysis shows that the region of maximum pressure is no longer along the 
relative Sun - ISM velocity vector but is instead in the magnetic draping region under sub-Alfvenic conditions, (iii) 
the minimum distance to the heliopause from the Sun and minimum heliosheath thickness are then found on the rib-
bon, and (iv) the heliopause is no longer symmetric about the relative Sun - ISM velocity vector and its shape can be 
inferred from the angular offset of the radio sources and ribbon. These ideas are elaborated, arguing that the density 
gradients and temperature structure of the PDL are well suited to the radiation’s generation and then propagation into 
the heliosphere, with a strong role for scattering of the radiation by enhanced density turbulence. Initial constraints 
on the shape of the PDL-dominated heliopause are also given.

4.4-5 CoNditioNs NeAr the heliopAUse ANd eNerGetiC pArtiCles trANsport
Czechowski, Andrzej; Grzedzielski, stanislaw; strumik, Marek
Space Research Center, Warsaw
ace@cbk.waw.pl

With the help of simplified models of the distant heliosphere we discuss  the possible flow and magnetic field 
structure in this region and their  effect on the energetic particle transport, in particular on the escape  process across 
the heliospheric boundary. We consider possible mechanisms  that could lead to sharp drops of particle population. 
Monte Carlo models  are used as an illustration. The results are compared to presently  available observations from 
Voyager 1.  

4.4-6 VoyAGer 2 obserVAtioNs of plAsMA iN the heliosheAth
richardson, John; team, Voyager
Mass. Inst. Tech.
jdr@space.mit.edu

The Voyager 2 spacecraft has a working plasma instrument and is making the first direct measurements of plasma 
in the heliosheath.  The plasma in the heliosheath has been turning tail ward while retaining a near constant velocity 
magnitude. The radial speed has decreased by half since the termination shock crossing but the azimuthal and meridi-
onal components have increased. The non-radial speed compoents have decreased in 2012; this is the same time as 
models predict the termination shock should start movinga outward due to enhanced solar wind pressure which may 
cause these speed changes. The density decreased by a factor or two in 2008, then recovered in 2011; we think this 
change is a solar cycle effect. This paper presents and discusses the most recent plasma data.

sessioN 4.5
reporter reViews – diVisioN iV

4.5-1 the physiCs of solAr filAMeNts (proMiNeNCes)
Martin, sara f. 
Helio Research, La Crescenta, CA
sara@helioresearch.org

The physics of filaments is both in their field-aligned fine structure and in the magnetized plasmas of the filament 
environment.  The photospheric-chromospheric environment provides the mass for the thread-like fine structure 
of filaments while the greater volume of the coronal environment restricts the volume that the threads may occupy 
within rather tight limits. As the fundamental building blocks of filaments, threads are typically less than 1 arc second 
in width and they have a broad range of lengths from a few thousand kilometers to tens of thousands of kilometers 
depending upon their location within the structure of a whole prominence.  However, the density of the visible mass 
of threads does not remain constant along their length thereby limiting the length along which speeds of the mass 
motions can be measured. The ever-present mass flows along the threads ranges from 5-40 km sec-1 but their most 
remarkable property is counterstreaming.  In common circumstances, approximately half of the threads in a filament 
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flow in one direction while interspersed among these, are the other half whose mass flows are in the opposite direc-
tion.  From the study of relatively high resolution images in the wings of the Hα line, the origin of the mass flows in 
both directions have been tracked through the chromosphere to their footpoints in the photosphere.  We find the key 
dynamic at the footpoints of the threads is the phenomenon known as cancelling magnetic fields. While there are at 
least 4 different interpretations of field changes that could result in observed cancelling magnetic fields, it is dem-
onstrated that only one interpretation is consistent with observations and that is magnetic reconnection at the pho-
tosphere. Although difficult to trace, it has been suggested that every thread along a prominence spine has a source 
end and a sink end and no evidence yet for repeated filling of the same magnetic thread. Threads that extend from 
the spine to cancelling magnetic fields to the sides of filaments are called “barbs”.  Barbs involve more than photo-
spheric reconnection. Invisible, steady, magnetic reconnection in the low corona also seems to be necessary to divert 
some threads of the spine to connect to small cancelling magnetic features adjacent to the spine.  Such reconnection 
alone does not account for the asymmetric pattern among barbs known as chirality.  The right or left handedness of 
barbs, known as chirality, is also a feature of the filament channels within which filaments are embedded. Because 
the channel magnetic fields have higher magnetic flux density than the barb magnetic fields, the barbs are constrained 
to match the chirality of the channel.  Similarly the height of the spine and its narrowness are also dictated by the 
surrounding magnetic fields in the corona, respectively first by the overlying coronal loop system and secondly by 
surrounding coronal fields to each side of a filament known as coronal cells and plumes. Since all of these surround-
ing fields also exhibit specific patterns of chirality, we are led to see that filaments lie at the center of a very specific 
magnetic field pattern known as a chiral system.  Understanding the evolution of chiral systems is hypothesized to 
be the new key to unlocking the mystery of erupting filaments.

4.5-2 the iNitiAtioN of CoroNAl MAss eJeCtioNs
fan, yuhong
National Center for Atmospheric Research
yfan@ucar.edu

Coronal mass ejections (CMEs) and eruptive flares are believed to result from a sudden explosive release of 
the free magnetic energy stored in the previously quasi-equilibrium, twisted/sheared coronal magnetic fields. I will 
review results from recent theoretical models and numerical simulations aimed to understand the nature of the CME 
precursor structures and the cause of their sudden eruption. The role of the ideal MHD processes (e.g. the onset of 
the torus instability and the kink instability), and current sheet formation and the associated magnetic reconnections 
in the development of CMEs will be discussed. I will show how MHD models using coronal flux ropes containing 
helical field lines as the basic underlying magnetic structure of CMEs can produce observed signatures that are in 
many ways consistent with multi-wavelength observations of CMEs.

 

4.5-3 the oUter heliosphere reVeAled by reCeNt VoyAGer ANd eNerGetiC NeUtrAl hy-
droGeN obserVAtioNs
Gloeckler, George; fisk, len
University of Michigan
gglo@umich.edu

The in-situ exploration of the interface between the Local Interstellar Medium (LISM) and the heliosphere in the 
nose region by Voyagers 1 and 2, and through the first global observations of Energetic Neutrals (ENAs) by IBEX 
and Cassini yielded numerous surprises:  (1) the termination shock (TS) did not accelerate the Anomalous Cosmic 
Rays (ACRs); (2) the unexpected discovery of the ENA ribbon and belt; (3) contrary to expectations, north or south 
solar wind flows decreased with radial distance to 0±20 km/s about 30 AU downstream of the TS in the Voyager 1 
(V-1) direction; (4)  at a sharp boundary (the heliocliff), V-1 entered a new, entirely unexpected region, still part of 
the heliosheath, where ACRs (that had finally reached maximum intensity in the prime acceleration region just be-
fore the heliocliff was crossed) disappeared entirely, the Galactic Cosmic Rays reached and stayed at their maximum 
intensity, and the magnetic field, while retaining the Parker spiral (nearly azimuthal) direction, became extremely 
smooth (nonturbulent) and doubled its strength.  In view of these unexpected findings, we reexamine our current 
concepts concerning the nature of the LISM-Heliosphere interface and how and where particles are most efficiently 
accelerated, and present a model for the outer heliosphere that can account for all of the puzzling Voyager observa-
tions as well as the IBEX ribbon.  We predict that, although the motion of the Sun relative to the LISM is only ~26 
km/s, the nose region of the heliosphere must be surrounded by jets of supersonic solar wind with speeds of many 
hundred km/s flowing opposite to the direction of motion of the sun through the local interstellar medium.  Decisive 
V-2 observations of the plasma flows near the heliocliff will be essential for validating our model.
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4.5-4 the solAr wiNd tUrbUleNCe
Velli, Marco
NASA, Jet Propulsion Laboratory
mvelli@jpl.nasa.gov

sessioN 5.1
AdVANCes towArds AN iMproVed GlobAl GeoMAGNetiC obserVAtory NetworK 

5.1-1 ChAleNGes of obserVAtory estAblishMeNt, MANAGeMeNt ANd dAtA QUAlity ~ the 
Gfz potsdAM (GerMANy) CoNtribUtioNs ANd experieNCes
linthe, hans-Joachim
GFZ Potsdam
linthe@gfz-potsdam.de

Observatory data are the basement for the international scientific research. Valuable results can be achieved only 
from a suitable network of observatories and if the data are precise and faultless. The Helmholtz Centre Potsdam � 
German Research Centre for Geosciences contributes by modernizing of existing observatories or by the establish-
ment of new ones to the improvement of the international observatory network. Regions of special scientific interest, 
for instance the region of the South Atlantic Anomaly, were especially considered. This required to establish obser-
vatories at remote places, which often created special challenges.

Besides the increasing of the number of observatories it is necessary to emphasise issues of data quality, which is 
based on modern and excellent instruments and a careful data processing. Observatory data quality is not an implicit-
ness, but it is a challenge.

The observatory data base, which is the basement of the international research can be improved by the combina-
tion of quantity and quality. Quantity stands for the increase of the number of observatories, considering regions of 
special interest. Quality stands for the improvement of the methods of data quality validation.

The paper presents the GFZ Potsdam contributions on the establishment, management of observatories and data 
quality validation. Special challenges are shown.

5.1-2 deVelopMeNt of the rUssiAN GeoMAGNetiC obserVAtory NetworK
Krasnoperov, roman; soloviev, Anatoly; sidorov, roman
GC RAS; GC RAS; GC RAS
r.krasnoperov@gcras.ru

Acquisition of relevant data on the Earth’s magnetic field requires a developed network of globally distributed 
geomagnetic observatories. Due to certain economical and logistical constraints currently the INTERMAGNET ob-
servatories are distributed very irregularly. This problem is critical for the territory of ex-USSR countries which cover 
approximately 15% of the Earth's land. Because of the political and economical difficulties of 1990-s regular measure-
ments at the most of the geophysical observatories of the CIS countries were terminated. To overcome this problem and 
provide the geophysical community with accurate and reliable geomagnetic data the national academies of sciences 
of Russia and Ukraine initiated a project of development of an interregional INTERMAGNET segment. This project 
includes renovation and equipment upgrade for existing observatories to make them suitable with INTERMAGNET 
requirements. This part is performed in close cooperation between scientific institutions of the Russian Academy of 
Sciences (Geophysical Center; Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radiowave Propagation; 
Bulashevich Institute of Geophysics; Schmidt Institute of Physics of the Earth; etc.) and the National Academy of 
Sciences of Ukraine (Subbotin Institute of Geophysics). Another significant part of the project is deployment of new 
observatories of the INTERMAGNET standard in Russia (mostly in its northern regions). This is an attempt to fill up 
the spatial gaps in the geomagnetic observation network coverage in the mid- and high-latitude territories of Russia.

5.1-3 iMproVeMeNts oN the MAGNetiC obserVAtory NetworK iN brAzil
pinheiro, K.; linthe, h.-J.
Observatório Nacional; GFZ German Research Centre for Geoscience
kpinheiro@on.br

Magnetic observatories provide valuable information for a better understanding of both the deep Earth and the 
ionosphere-magnetosphere systems.  Short-time magnetic variations, from seconds to years, are used in studies 
about the external magnetic field, such as pulsations and magnetic storms. Although long-time variations allow 
researches on dynamic processes in the outer core that are responsible for the generation of the main Earth mag-
netic field. Motivations for new observatories in Brazil are many, including the recognizable uneven distribution of 
observatories in the globe and the presence of the South Atlantic Magnetic Anomaly and the Equatorial Electrojet 
in the Brazilian territory. Currently, there are only three magnetic observatories in Brazil: Vassouras that is located 
in Rio de Janeiro State and provides magnetic data since 1915; Tatuoca which is placed on an island in Belém 
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city and measures the magnetic field since 1957; and the recent installed Pantanal observatory, located in central 
Brazil. Pantanal observatory was installed in October 2012 by an international cooperation between the National 
Observatory (Rio de Janeiro), GFZ (Potsdam) and SESC-Pantanal (Cuiabá). This work presents the first magnetic 
data registered in Pantanal Observatory and the comparison with the other observatories in Brazil.  We also pres-
ent the future improvements of instrumentation and data processing of Vassouras and Tatuoca observatories. The 
installation of five more magnetic observatories in Brazil is showed in this study. There is a work in progress for the 
installation of a new magnetic observatory in Amazon (Tefé city) in collaboration with GFZ- Potsdam and Mamirauá 
Institute. The first tests of this future observatory are also presented in this work.

5.1-4 AdVANCes ANd deVelopMeNts iN GeoMAGNetiC obserVAtories
 MAiNtAiNed by iNdiAN iNstitUte of GeoMAGNetisM, iNdiA

Veenadhari, b.; Mukherjee, shyamoli; Gurubaran, s. 
Indian institute of geomagnetism, India
bveena@iigs.iigm.res.in

Indian institute of geomagnetism is maintaining 12 magnetic observatories covering equatorial and mid latitudes 
at various stations in India. Some of the observatories have the long geomagnetic records of 150 years old. The 
gradual transition from classical magnetic instruments to new modern geomagnetic measurements and related devel-
opment in geomagnetic data processing in Indian longitude chain of observatories will be discussed. All magnetic 
observatories are functioning with modern magnetic instruments and generating the good quality of high resolution 
magnetic data which is a major contribution to world data center. The digitization of old records and storing capacity, 
dissemination of geomagnetic data and all other aspects will be discussed detail.

5.1-5 GeoMAGNetiC dAtA CeNter of rUssiAN-UKrAiNiAN iNterMAGNet seGMeNt
soloviev, Anatoly; dobrovolsky, Mikhail; Medvedev, dmitry; Sidorov, Roman; Sumaruk, Yurii
GC RAS; GC RAS; GC RAS; GC RAS; IGP NAS of Ukraine
a.soloviev@gcras.ru

Since the beginning of 2012 the Russian-Ukrainian geomagnetic data center was launched on the basis of 
Geophysical Center of the Russian Academy of Sciences (Moscow, Russia). It serves as a core of the Russian-
Ukrainian interregional segment of the INTERMAGNET network. As on April 2013 the center receives magnetic 
data from 13 observatories and stations located in Russia and Ukraine. A particular feature of the center is automated 
quality control system, which continuously performs recognition of artificial disturbances in incoming magneto-
grams, thus simplifying preparation of definitive data. The results of recognition and incoming data are stored in a 
relational database managed by DBMS MySQL. In particular, such approach provides higher performance and flex-
ibility of data requests comparing to file storage. It becomes even more relevant with transition of many magnetic 
observatories from 1-minute to 1-second data registration. For a user’s interaction with the data a set of Java classes 
and web services have been developed. The services include data retrieval in ASCII format, plotting, baseline value 
calculator, etc.

5.1-6 ModerN Methods for ACQUisitioN ANd reAl-tiMe trANsfer of 
 GeoMAGNetiC dAtA froM reMote obserVAtories

Janzhura, Alexander; Nose, Masahito
AARI; DACGSM, Kyoto Univ.
alex_j@aari.ru
A real-time information on geomagnetic variations is very important for goals of the Space Weather monitoring. 

The modern communication systems and computer technology makes it possible to collect and process the data from 
remote sites without significant delays. 

Two types of the transport protocols, the streaming and secure ones, are used over Internet to transmit data. The 
streaming protocols present a simple transmission model with a minimum of protocol mechanism. These protocols 
are not enough stable but they are very fast and light to transmit real-time data. The secure protocols ensure a reliable 
but relatively slow communication. Appropriate combination of streaming and secure protocols can considerably 
improve the real-time data transfer to the data centers and suppliers. The embedded computing platform should be 
used to ensure the communication and data logging at stations. This small and powerful platform is much more stable 
then ordinary computers and it can provide a full remote access. 

The real-time transmitting and processing the 1-second geomagnetic data is the more difficult task, since the 
common procedure of the data collecting in form of the text files (for example, IAGA-2002 format) can not provide 
the fast and multi-task access to the data. In the case of 1-second (or faster) data it is better to apply the software 
methods using the database management system. A method for asynchronous data exchange between browser and 
server could be applied for on-line distribution of magnetic data and their analysis on the WEB. We suggest to use 
these techniques in on-line derivation of the 1-minute PC and AE induces.

This paper demonstrates realization of the method for collecting, processing and presentation of the 1 second 
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magnetic variations in real-time regime in case of two remote magnetic stations Mineyama (MNY) and Amderma 
(AMD).

5.1-7 AN AbsolUte VeCtor MAGNetoMeter dediCAted to GroUNd obserVAtories
leger, Jean-Michel; bertrand, francois; Jager, thomas; fratter, isabelle; Chulliat, Arnaud; lalanne, xavier; 
telali, Kader
CEA, France
jean-michel.leger@cea.fr

Derived from the Absolute Scalar Magnetometer designed for the Swarm mission, an instrument with additional 
vector capabilities specifically optimized for ground magnetic observatories has been developed by CEA-Leti with 
the support from CNES and IPGP. This paper presents the operation principles and main features of this instrument. 
A first test campaign, carried out at the Chambon la For t magnetic observatory operated by IPGP, has demonstrated 
that the instrument?s resolution is in accordance with our performance predictions. However the vector measure-
ments long term stability was affected by mechanical effects due to the sensor's support which did not allow to 
guarantee the sensor's attitude with sufficient accuracy. A new sensor holder has therefore been designed and the 
upgraded magnetometer will be evaluated over a six month period at Chambon la Fort.  Its data will be compared to 
the ones delivered by the classical combination of an NMR scalar reference magnetometer and a three-axis vector 
fluxgate calibrated on a regular basis, representative of the standard procedure adopted in most ground observatories. 
Preliminary results will be discussed and the potential of this device for fully autonomous magnetic observatories 
will be assessed.

5.1-8 optiCAl proCedUre to CoNtrol deCliNAtioN bAselioNe if didd MeGNetoMeter
hegymegi, laszlo
Mingeo Ltd
hegymegi@mingeo.com

Delta declination - delta inclination (dIdD) magnetometer is an absolute instrument for the total field value (F) 
and is absolute instrument for declination (D) and inclination (I) in it's own reference system. If we can determine the 
position of it's coil system in the geographic reference frame, , we get the absolute value of geomagnetic declination 
and inclination as well.

An optical system was designed and built which is able to record the angle between the D coil axis and a refer-
ence mark with subsecond resolution.

5.1-9 MeAsUreMeNt of diGitAl MAGNetoMeter bAseliNe VAlUes iN the CoNditioNs of ex-
terNAl iNterfereNCe or iN the period of the MAGNetiC distUrbANCes
petrov, Valeriy; Kaynara lyudmila
Pushkov  Institute of  Terrestrial Magnetism, Ionosphere and Radio Wave Propagation (IZMIRAN)
vpetrov@izmiran.ru

Now the main instruments for conducting absolute geomagnetic measurements are the proton magnetometer 
and fluxgate declinometer/inclinometer. The standard method of such observations is a measurement of declination 
D and inclination I of the magnetic field in the 4 positions of the theodolite. This eliminates errors due to misalign-
ment of the inclinometer magnetic and optical axis. Then, from measured module T, D and I the absolute values of 
three components are calculated and comparing them with the values of the digital magnetometer, baseline values 
are determined. The magnetic field should remain constant over the entire observation period. So, it is necessary to 
choose the special time interval for observation, but in case of significant industrial noise, the errors associated with 
the variability of the field are always present.

Most modern fluxgate inclinometers already have analog signal output and by connecting it through ADC to a 
computer, you can register the values of the components of the magnetic field along the axis of fluxgate magnetom-
eter sensor.  In a sensor position for the measurement of D or I, these values are recalculated into variations of D or 
I. Using data of  the proton magnetometer and I, we can calculate the absolute values of H and Z components  every 
second, and comparing them with magnetometer data, calculate baseline values. The advantage of this approach is 
that we will calculate baseline values that remain constant for any changes of magnetic field. This allows carrying 
out the absolute measurements in any conditions. To perform the measurements in this way, two programs were 
developed. The first program generate a form, that resembles a standard form for the absolute observations, in which 
you need to enter the theodolite readings and also  writes the digital inclinometer one second data to file. The second 
program reads inclinometer, proton magnetometer and digital magnetometer data and calculates the baseline values.

The use of these programs increases the accuracy of measurements, simplifies the measurement procedure and 
reduces the requirements to the qualification of the observer.
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5.1-10 the ACQUisitioN of diGitAl dAtA froM diGitAl iMAGes of obserVAtory MAGNeto-
GrAMs dUriNG MAGNetiC storMs
Clarke, ellen; Nagy, tamás; dawson, ewan; humphries, thomas; williamson, John
BGS; GGI HAS; BGS; BGS; BGS
ecla@bgs.ac.uk

Using modern technology continuous automated measurements of the geomagnetic field can be recorded digi-
tally and delivered in near real-time. However, prior to the development of digital data acquisition systems in the 
1970s, analogue systems were the only option and required significantly more manpower than operations do today. 
Time series of the originally hand-scaled products such as hourly means and K-indices are amongst the longest 
running homogeneous geophysical data-sets, since it was relatively simple to continue production of them into the 
digital era. Studies of geomagnetic storms and changes in geomagnetic activity levels on century time scales would 
benefit from similarly long time series of higher time resolution geomagnetic data, such as 5-minute or even 1-min-
ute values. Some of the largest storms since continuous geomagnetic recording began occurred at times prior to the 
digital era and study of them thus far has been limited.

In 2009 BGS began a project to create a digital archive of the collections of original UK observatory analogue 
magnetograms by taking digital photographs of every record. This mammoth task was completed at the end of 2012 
and more than half a million images of magnetograms (front and back), from eight different observatories ranging 
from 1846 to 1986, are available on-line. The next, equally enormous, task is to extract useful digital data from the 
images to provide new data sets for research.  In this presentation we describe progress in this project, including 
examples of typical difficulties encountered. The potential effectiveness of two different software options was con-
sidered and we present the method preferred to acquire digital data for a selection of some of the largest geomagnetic 
storms from the period. We also present the data, which have been acquired at the highest time resolution considered 
feasible in each case. We investigate the accuracy of the magnetogram digitisation process by comparing results 
from two different operators of the software and, where possible, comparing results against originally derived data 
products. We also compare results for storms recorded at more than one location. The usefulness of the data obtained 
thus far and the potential for further acquisition of data using the method developed is discussed.

5.1-11 first resUlts of A New MeAsUreMeNt Method for MAGNetiC repeAt stAtioNs
lalanne, xavier; peltier, Aline; Chulliat, Arnaud; telali, Abdelkader; heumez, benoit

IPGP; IPGP; IPGP; IPGP;IPGP
lalanne@ipgp.fr
The French magnetic repeat station network is currently made of 32 stations and has been reoccupied every five 

years since 1947. During recent surveys, it was found that several stations became unusable due to the increase of 
nearby human activity. Also, traditional azimuth markers such as church steeples are fragile and easily lost due to 
new constructions and/or vegetation growth. As a result, it is increasingly difficult to maintain a traditional repeat sta-
tion network providing accurate measurements over an extended period of time. Another frequently noted limitation 
of the traditional methodology is the error caused by diurnal variations of ionospheric origin when making measure-
ments during the day. Using a nearby observatory (Chambon-la-Forêt in the case of the French network) to remove 
these variations is not a satisfactory solution, as the ionospheric field and its induced counterpart may significantly 
vary over a few hundreds of km. 

We have developed a new method for magnetic repeat measurements and implemented a network of 11 stations 
during May-June 2012, where repeat stations are located on airport premises, azimuth sightings are determined using 
GPS geodetic receivers and magnetic measurements are performed at night (02:00 AM local time) in order to prevent 
ionospheric field contamination effects. At the time of this XIIth Scientific Assembly, a reiteration after a one-year 
interval will have been carried out. First results of secular variation observations compared with IGRF predictions 
will be reported, as well as operational and technical aspects of the method.

5.1-12 proGress oN AssessiNG the stAbility of the liViNGstoN islANd reMote obserVAtory
Marsal, santiago; torta, J. Miquel; Curto Juan J.
Observatorio del Ebro, (OE) CSIC - Univ. Ramon Llull, SPAIN; OE; OE
jmtorta@obsebre.es

Data from geomagnetic observatories deployed at remote sites, such as in Antarctica, which are only manned 
during restricted periods of time (e.g. in summer), are subject to uncertainties during periods with no absolute 
control, and assumptions must be made concerning the baselines evolution during those periods. When different 
kinds of variometers are simultaneously operating and temperature is also recorded, data comparisons help to as-
sess the validity of such assumptions. We will describe the lessons learnt from our experiences at Linvingston 
Island Observatory, LIV (Antarctica), where the two main instruments in the automatic magnetic observatory are a 
proton vector magnetometer designed by the British Geological Survey, and a suspended tri-axial fluxgate magne-
tometer (model FGE) designed by the Danish meteorological institute. It has been revealed that both instruments 
are sensitive to temperature variations, but in a dynamic way, and differently depending on the magnetic element. 
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Intercomparisons of quiet-day, midnight values from LIV and Argentine Island (AIA), the nearest INTERMAGNET 
magnetic observatory (i.e. having full absolute control), for the last years of corrected data available provide other 
qualitative and quantitative tests. Other factors affecting the mechanical stability of the suspended variometer, such 
as wind and seismic waves, need also to be taken into account, especially in observatories settled on harsh environ-
ments. Their effects can be attenuated from an appropriate selection of the oil used to damp the sensor oscillations.

5.1-13 QUArtz dyNAMiC MAGNetoMeter for GeoMAGNetiC ACtiVity MeAsUreMeNt 
petrov, Valeriy; burtsev, yuriy; Kuznetsov, Vladimir; Amiantov,
Pushkov  Institute of  Terrestrial Magnetism, Ionosphere and Radio Wave Propagation (IZMIRAN)
vpetrov@izmiran.ru

The degree of disturbance of the geomagnetic field is evaluated by the internationally adopted indices of mag-
netic activity, the most common of which are K or A-indices and AU/AL-indices. These indices are calculated from 
measurements of the two horizontal component of the geomagnetic field - H and D (X, Y). Although magnetic 
disturbances are a global phenomenon, the intensity of disturbance depends on the location, and in some cases it is 
necessary to know the degree of disturbance of the magnetic field or magnetic activity index at a specific point in 
real time. Three-component magnetic station, used to measure magnetic field variations and calculate the indices, is 
a costly device, and the main contribution to the total cost provides fluxgate or quartz sensors. Early the theory of 
measurement of two horizontal components of the magnetic field with only one quartz sensor was suggested. The 
classic method of the deflection of freely suspended magnet used for measurement of D-component, a dependence 
of the oscillation period of elastic string suspended magnet from the magnetic field strength used to measure the 
H-components.

Now this station was realized and data from this station were compared with digital data of standard magnetic 
observatory station. The analysis shows that there are no difference between 1-minute data, and the dynamic magne-
tometer data reliably reproduce the horizontal components of the observatory data and allow to calculate the indices 
of geomagnetic activity.

5.1-14 GeoMAGNetiC AbsolUte MeAsUreMeNt dAtA At AbdUs sAlAM obserVAtory
Ashfaque, Madeeha; Murtaza, Ghulam
Pakistan Space and Upper Atmosphere Research Commission
misshah84@gmail.com

Pakistan is operating Abdus Salam geomagnetic observatory since July 2008. For the absolute observations of 
inclination and declination, a Z-010 Zeiss theodolite type is used and total field value is acquired by dIdD magne-
tometer. Variation of geomagnetic field is measured with a fluxgate magnetometer are not absolute but are relative 
to a baseline. The baseline values acquired by the magnetic theodolite are used to correct the variation data but these 
baseline values contain outliers. To distinguish spurious baseline values in the absolute measurements, robust statis-
tical method is used. As a result, 4, 7 and 23 outliers are detected for Total field (F), Declination (D) and Inclination 
(I) respectively. In this study baseline values of F, D and I from Jul 2008 to Dec 2012 observed at Abdus Salam 
Observatory are presented first time after the establishment of observatory.

5.1-15 GeoMAGNetiC obserVAtories: iMproViNG dAtA QUAlity, siMplifyiNG operAtioNs
Matzka, Jürgen; willer, Anna Naemi; pedersen, lars william; Klausen, henrik
DTU Space
jrgm@space.dtu.dk

In the early 2000s recording of 1 Hz samples was introduced in the Danish and Greenlandic observatories, how-
ever,  these high resolution data was used very little (a notable exception was their use in baseline determination). 
In recent years, the observatory operation was shifted from a 20 second mean value data stream to 1 Hz samples. 
With the higher time resolution it was possible to solve a number of known data issues and previously unnoticed 
problems could be identified. In 2009, we established a new geomagnetic observatory on Tristan da Cunha with a 
very small, thermally well insulated variometer enclosure. This principle was further developed when renovating the 
Greenlandic geomagnetic observatories in Narsarsuaq and Qeqertarsuaq, resulting in very stable baselines and low 
energy consumption, and shall be used for key variometer stations in the future. In this presentation we will pres-
ent our data quality check methods based on 1 Hz samples. We will also report on the development of miniaturized 
heating systems for variometer sensors and electronics; power line conditioning units that can be set up close to the 
variometer, and an outdoor aluminum box intended to fully replace the electronics hut of a geomagnetic observatory 
in the future.
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5.1-32p GeoMAGNetiC MeAsUreMeNts At the obserVAtory “Arti”
bebnev, Alexei; borodin, pavel; Kusonsky,oleg
Institute of Geophysics UB RAS
bebnev-a@arudaemon.gsras.ru

Geomagnetic measurements in the Urals held since 1836. Observatory hourly mean data are available since 
1886. Digitize archival magnetograms for minute values  . Have access to the minute data in digital form from 1948 
to the present. All digital stations are operating in real time. Data is transferred to the Geophysical Center RAS 
(Moscow), INTERMAGNET Geomagnetic Information Node (Edinburgh), International Service of Geomagnetic 
Indices (Paris). These are also available online observatory "Arti" at: http://arudaemon.gsras.ru

5.1-33p spArKliNG GeoMAGNetiC field: iNVolViNG sChools iN spACe weAther obserVAtioNs
bailey, rachel; leonhardt, roman; leichter, barbara
Zentralanstalt für Meteorologie und Geodynamik (ZAMG)
rachel.bailey@zamg.ac.at

Solar activity will be reaching a maximum in 2013/2014 as the sun reaches the end of its cycle, bringing with it 
an opportunity to study in greater detail the effect of solar wind or "space weather" on our planet's magnetic field. 
Heightened solar activity leads to a larger amount of clouds of energetic particles bombarding the Earth. Although 
the Earth's magnetic field shields us from most of these particles, the field becomes distorted and compacted by the 
solar wind, which leads to magnetic storms that we detect from the surface. These storms cause aurorae at higher 
latitudes and can lead to widespread disruption of communication and navigation equipment all over the Earth when 
sufficiently strong.

This project, "Sparkling Geomagnetic Field," is a part of Austria's Sparkling Science programme, which aims 
to involve schools in active scientific research to encourage the interest in science. Researchers from the Central 
Institute for Meterology and Geodynamics (ZAMG) in Vienna will be working hand-in-hand with three schools 
across Austria to set up regional geomagnetic stations consisting of state-of-the-art scalar and vector magnetometers 
to monitor the effects of the solar wind on the geomagnetic field. The students are an active part of the research team 
from the beginning, first searching for a suitable location to set up the stations as well as later overseeing the contin-
ued running of the equipment and analysing the data output. Through this project the students will gain experience in 
contemporary scientific methods: data processing and analysis, field work, as well as equipment setup and upkeep.

A total of three stations will be established with the schools at roughly equal distances across Austria and these 
will run alongside the already active station in the Conrad Observatory near Vienna. This network will allow for 
evaluation of both the spatial and temporal development of magnetic storms across the longitudes. Currently the 
students are searching for suitable locations for the equipment. Soon, the locations will be tested by the research 
team and the equipment will be set up. The geomagnetic network should be running and delivering continuous data 
by summer 2013.

5.1-34p diGitisAtioN of sAN ferNANdo MAGNetiC obserVAtory reCords
Catalán, Manuel; larrán, Manuel; Martín-davila, José
Spanish Royal Naval Observatory
mcatalan@roa.es

Long-running magnetic observatories are important for studies of the Earth’s magnetic field. They are used to 
model and study the core field and it’s secular variation, and are important for analyses of the solar driven regular 
and irregular variations in the geomagnetic field. Hourly magnetic data (H- and D- components) are being digitized 
from San Fernando year book tables for the years 1891-1960 using an OCR software. 

Several strategies were developed to check, and correct unrecognized data, like Matlab scripts, or the use of daily 
aa-indices (which are available since 1868). The time series of hourly magnetic values reveal slow secular variations 
as well as transient and regular geomagnetic variations of external origin. As the quality and homogeneity of the data 
seems satisfactory, it lead us to support that this magnetic data rescued is well suitable for various reconstructions for 
studies of the long-term variation of the space weather in the 20th century.

5.1-35p the New GeoMAGNetisM dAtA portAl froM the world dAtA CeNtre for 
GeoMAGNetisM iN ediNbUrGh
dawson, ewan; reay, sarah; Macmillan, s
BGS
ewan@bgs.ac.uk

Since 2007, the World Data Centre (WDC) for Geomagnetism in Edinburgh has made geomagnetic observatory 
datasets available via its Geomagnetic Data Master Catalogue website.  This website is widely used by scientists 
looking for definitive geomagnetic observatory data, and has served over 1 million requests for data since first open-
ing.  Current data holdings span 150 years and 350 observatories.  The original website, based on work at the Danish 
Meteorological Institute, provided a simple catalogue of data showing data availability on a per-observatory basis, 
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and FTP download of data files in WDC format.  Useful features such as search, visualization, and delivery of data 
in other formats were missing.

In 2013, work began on replacing this website with one that takes advantage of advances in web technology to pro-
vide an enhanced service to users.  The new website (the Geomagnetism Data Portal) offers the following functionality:

-Users may query the data repository using various attributes such as geodetic coordinates, time and cadence, in 
order to discover data of interest.

-Users may create and save plots of datasets or collections of datasets, allowing for quick checking of data qual-
ity, etc., without having to first download the data.

-Users may download datasets in a number of common data formats, such as WDC, IAGA-2002, ImagCDF, 
INTERMAGNET BINARY, JSON, XML, and CSV.

-All functionality is also available via easy-to-use web services, allowing for direct integration of the Data Portal 
with software such as Matlab, R, Excel, etc.

In this poster we present a tour of the various features provided by the Geomagnetism Data Portal.

5.1-36p the ACtiVites of the world dAtA CeNter for solAr terrestriAl physiCs, MosCow, 
rUssiA iN the New world dAtA systeM
Kharin, evgeny p.; sergeyeva, Natalia A.; zabarinskaya, ludmila p. 
Geophysical Center RAS, Moscow, Russia
kharin@wdcb.ru

World Data Center for Solar Terrestrial Physics (WDC for STP) in Moscow, Russia was established in 1956 as a 
vital part of the largest scientific project of  XX century The International Geophysical Year (IGY) 1957-59 to provide 
archives and long-term preservation for the data and access to these data. WDC for STP is hosted by the Geophysical 
Center of the Russian Academy of Sciences. WDC for STP maintains and provides services for the archive of histori-
cal and modern results of global observations related to the wide range of disciplines involved in Solar-Terrestrial 
Physics: Solar Activity and Interplanetary Medium, Cosmic Rays, Ionospheric Phenomena, Geomagnetic Variations. 

Since December, 2011 WDC for STP, Moscow is the Regular member of the new World Data System of the International 
Council of Science (ICSU WDS).  In the activities WDC for STP is guided by the principles of the WDS Constitution and 
completely supports and agrees with the ICSU WDS data policy directed on support of full and open exchange of data, meta-
data and products shared within WDS, which is based on the international instruments and national policies and legislation.

For 56 years the larger geophysical data sets, received from global networks of observatories, during the IGY 
and subsequent international projects, were accumulated at the WDC for STP. The most part of the archive is geo-
magnetic data: Geomagnetic Indices, Sudden Commencement, Hourly and Minute Values of Geomagnetic Field 
Components, Images of Magnetograms, Catalogues of Geomagnetic Storms  and Pulsations. The historical analog 
data sets (paper, film, etc.) are converted to the digital form for their saving and convenient to use. WDC for STP 
supports the actual state of archives, preserving data and providing free access to them on the WDC for STP website 
http://www.wdcb.ru/stp/index.en.html.  

5.1-37p GeophysiCAl obserVAtory At “AlexANdroVKA” bAse of MosCow UNiVersity
frolov, Victor; Khmelevskoy, Victor; Moilanen, eugenie; palenov, Andrei; pushkarev, pavel; shustov, 
Nicolay; yakovlev, Andrei;
Lomonosov Moscow State University, Moscow, Russia, (MSU)
pavel_pushkarev@list.ru

Alexandrovka base of Moscow University is situated 250 km to the south-west from Moscow, in Kaluga region. 
It is located on the outskirts of the village of the same name and far from sources of industrial electromagnetic (EM) 
noise. Since 1992 the base is used for practical training of students in methods of applied geophysics: electrical and 
EM, gravity, magnetic and near-surface seismic.

In 2008 the creation of a geophysical observatory at the Alexandrovka base was started. Non-magnetic building 
was constructed with a room with four pillars for sensors and a room for the recording equipment. Long-period mag-
netotelluric station LEMI-417M, 3-component 1-second observatory magnetometer LEMI-025, digital broadband 
seismometer CMG-6TD and seismic recorder GeoSIG GSR-24 are currently operating.

The data is used for remote reference processing of magnetotelluric and microseismic data, obtained in the cen-
tral part of the East-European craton to study the structure, fluid, thermal and rheological regimes of the Earth’s crust 
and upper mantle. We also gladly share the data with specialists in other areas of science.

Our further plans are to organize declination-inclination and scalar measurements of magnetic field, as well as to 
arrange data transfer using the Internet satellite system, available at the base.

There is a problem with noise from controlled sources, used in some EM geophysical methods, applied in the 
vicinity of the base. It occasionally occurs mainly within two months in summer and two weeks in winter, during 
practical training of students. On the other hand, Moscow University students, who specialize in applied geophysics, 
as well as some students of other Russian and foreign universities, study the observatory equipment, methods of data 
acquisition, processing and interpretation at Alexandrovka base.
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This work was supported in part by M.V.Lomonosov Moscow State University Program of Development.

5.1-38p bAseliNe ANAlysis At the MAGNetiC obserVAtory of pilAr (31º 40’ s, 63º 53’ w)
Gianibelli, Julio; Nollas, fernando;Gil, María; Quaglino, Nicolás
Servicio Meteorológico Nacional; UNLP
fnollas@smn.gov.ar

The achievement of the baseline (BL) is one of the most important tasks to be made at a geomagnetic observatory, 
both at an analogic as well as a digital modern one. The calculation of the BL is used to determine the absolute values 
which will generate the database of every magnetic component.

This work shows a review of the results obtained from classical (analogic) and the modern (digital) instrumenta-
tion used at the permanent magnetic observatories. It furthermore studies the different methods applied to determine 
the baselines regarding the frequency of absolute observations. The analysis of the baseline values at the Magnetic 
Observatory of Pilar is made by adjusting the results to different types of mathematic models. 

5.1-39p GeoMAGNetiC repeAt NetworK iN ArGeNtiNA
gianibelli, Julio;gil, María; nollas, Fernando; guzman, roberto; gonzalez, Ángel; Trifiletti, Martín; 
Marino, Mónica; Carbajal, Gerardo
Servicio Meteorologico Nacional
fnollas@smn.gov.ar

In order to get a better knowledge of the changes in the earth magnetic field strength over the years in Argentina, 
a network of geomagnetic repeat station (GRS) has been designed.

In this work, the main characteristics of GRS, their geographic distribution, and the survey and data processing 
methods are reported.

5.1-40p iNdiGo proJeCt At the perMANeNt GeoMAGNetiC obserVAtories of the ArGeNtiNeAN 
NAtioNAl MeteoroloGiCAl serViCe
gil, María; nollas, Fernando; gianibelli, Julio; guzmán, roberto; gonzález, Ángel; Trifiletti, Martín; 
Marino, Mónica; rasson, Jean; turbitt, Christopher; riddick , John
Servicio Meteorologico Nacional; British Geological Survey;
mig@smn.gov.ar

The Argentinean National Meteorological Service (NMS) is the oldest institution over South America which 
studies the earth magnetic field. Their permanent magnetic observatories (PMO) have been functioning since 1904, 
when the Pilar PMO (31º 40’ S, 63º 53’ W) was first installed. After that, in 1907, a new observatory was established 
at the Orkney Islands, the Base Orcadas MPO (60º 44° S, 44º 47’ W). And finally, in the northwestern region of the 
country, in 1917, the La Quiaca MPO (22º 6’ S, 65º 36’ W) was incorporated.

Over the last few years, the observatory records have been upgraded to digital systems. The Pilar and Orcadas 
PMOs have been using the classical instrumentation (analogic) until the years of 2010 and 2012, respectively, when 
the classical instruments were improved to digital ones. On the other hand, the La Quiaca PMO has been in operation 
until 1971, when the records were interrupted due to inconveniences with the analogic equipment and, up to now, the 
instruments have not been upgraded to modern ones.

The aim of this work is to report the geomagnetic records taken from the PMOs where the INDIGO (Intermagnet 
Digital Global Observatory) system has been installed, and furthermore, present the project of reactivation of the 
observatory installed in La Quiaca.

5.1-41p VeCtor-VeCtor CAlibrAtioN of A flUxGAte MAGNetoMeter At A 
 MAGNetiC obserVAtory by rotAtioN AroUNd the direCtioN of GrAVity

brunke, h.-p., Korte M., bronkalla, o. 
GFZ
brunke@gfz-potsdam.de

The calibration of a vector magnetometer requires the determination of scale factors, offsets and non-orthogo-
nality angles. We describe a method to determine these parameters at a magnetic observatory by rotating the magne-
tometer by means of suspending it at a nylon thread. Niemegk observatory data are used as reference for the vector 
components X, Y, and Z. An optically pumped potassium magnetometer is used as reference for total intensity F. The 
instrument to calibrate is an airborne magnetometer used in the GEOHALO Project. 

We hung the entire magnetometer rack with a nylon thread in different positions so that the rack could spin 
freely around the direction of gravity. In a first step a scalar-vector calibration was done: The readings of the three 
components are used to calculate F. This calculated F value depends on the current calibration values. The difference 
between the calculated F and the actual F measured by the reference magnetometer is used to set up a linear system 
of equations (LSE) for the determination of improved calibration parameters. The conditioning of this LSE depends 
on number and variety of available sensor orientations. 

A vector-vector calibration requires the exact knowledge of the sensor orientation at each measurement. The 
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magnetic field is known in the laboratory and in the sensor coordinate system. For the determination of the sensor 
attitude in laboratory system another vector needs to be known in both systems. Due to the suspension at a thread, 
the sensor rotates exactly around the direction of gravity being the Z-axis of the laboratory system. The pathway of 
the magnetic field vector in the sensor coordinate system forms a circle. The centre of this circle is the direction of 
gravity, i.e. the magnetic vertical (Z) direction in the laboratory system. These two vectors are used to unequivocally 
define the sensor attitude at each measurement. 

By means of the sensor attitude in space the projections of the actual field in all three sensor components can 
be calculated. Comparison to the observatory readings allows determining the calibration parameters. One LSE is 
produced for each component. The data used for attitude determination are measured with the instrument which is 
yet to be calibrated using first estimated values and improving them iteratively. Numerical experiments have proven 
the convergence of this procedure.

The two methods scalar-vector- and vector-vector-calibration are compared. Vector-vector calibration leads to three 
LSEs which are better conditioned then the LSE produced within the scalar vector calibration. On the other hand vector 
data of the actual field might be less accurate than F measurements, as additional errors in the attitude determination can 
be expected. We assess and compare both methods. We will check if it makes sense to combine both methods.

5.1-42p CorreCtiNG obserVAtory dAtA prior to sCieNtifiC ANAlyses
Macmillan, susan; dawson, ewan; humphries, thomas; reay, sarah; exton, Jane, olsen, Nils
BGS; BGS; BGS; BGS; BGS; DTU
smac@bgs.ac.uk

Using geomagnetic data submitted to the World Data Centre (WDC) for Geomagnetism in Edinburgh (part of 
the ICSU World Data System) we have undertaken two campaigns to identify data quality issues which may have 
an impact on the outcome of subsequent scientific analyses. The first campaign concerned the detailed checking of 
observatory hourly means, initially focussing on the satellite era (late 1990s onwards), but latterly going back in time 
to the earliest values in the 1880s. Particular attention is paid to identifying steps, spikes and drifts and the emphasis 
is on deriving multi-year series of geomagnetic field measurements uncontaminated by these measurement artefacts. 
For the satellite era residuals to hourly models fitted to the observatory data were examined in detail. 

The second campaign concerned the preliminary checking of observatory minute means, in particular detecting 
large spikes in the data by annual global coherence tests. These may have a strong effect on analyses involving any 
extreme value statistics widely used in deriving worst-case space weather scenarios. These data extend back to the 
late 1960s.

In both cases corrections have been made to the WDC holdings, with appropriate updates to relevant metadata 
and retention of earlier versions of the files offline. Data can be downloaded from www.wdc.bgs.ac.uk.

5.1-43p CreAtioN of hiGh-resolUtioN diGitAl dAtA froM old ANAloG MAGNetoGrAMs
Mashiko, Norimichi; Nose, Masahito; Minamoto, yasuhiro; hara, Masahiro
Kakioka Magnetic Observatory; Graduate School of Science, Kyoto University; Kakioka Magnetic Observatory; 
Kakioka Magnetic Observatory
n-mashiko@met.kishou.go.jp

Records of geomagnetic field variations before 1970s are preserved as analog magnetograms on photographic 
paper. We developed a method to convert photographic records into digital data with high time resolution automati-
cally. The procedure of the method is as follows:

1. High-resolution graphic files are obtained as scans of analog magnetograms.
2. Lines and curves in the graphic files are distinguished automatically with image processing program that we 

developed.
3. The positions of identified pixels are output as coordinates in the time direction and the amplitude direction.
4. The coordinates are converted into numerical time and geomagnetic field data.
In this way, we have converted high quality analog magnetograms of Kakioka Magnetic Observatory (KMO) 

from 1964 through 1975 into digital data. Digitized one-minute data in 0.1 nT of that period are available in the 
www server of KMO (http://www.kakioka-jma.go.jp/metadata/geomagnetic/geomag_kak) and that of World Data 
Center for Geomagnetism, Kyoto (http://wdc.kugi.kyoto-u.ac.jp/index.html). That conversion is underway, and the 
digitized data of KMO will date back to 1924.

5.1-44p the 1st eVer worKshop oN GeoMAGNetisM iN pAKistAN: experieNCes
Murtaza, G.; rasson, J.l.; Marin, J.l.; Ameen, A.; Ali, M.
SUPARCO; IRM
gmurtaza65@hotmail.com

Islamic countries generally lack scientific knowledge and have fewer related scientific research and develop-
ment activities. Few Islamic countries including Pakistan possess geomagnetic observatories and engage in the as-
sociated activities. From 03 to 13 April, 2012, international researchers and observers gathered at the Geomagnetic 
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Observatory in Islamabad, Pakistan to take part in the first ever OIC workshop on Geomagnetic Observatories 
and their Applications.  The workshop was jointly organized by Pakistan Space and Upper Atmosphere Research 
Commission (SUPARCO) with the collaboration of Royal Meteorological Institute (IRM), Belgium, Inter Islamic 
Network on Space Sciences and Technology (ISNET) & National Centre for Physics (NCP). About 30 participants 
including 15 from various countries such as Belgium, Iran, Iraq, Kuwait, Mozambique, Indonesia and Turkey at-
tended the Workshop. The main aim of the workshop was to provide opportunity to develop cooperation among OIC 
countries regarding the geomagnetic field research as well as for knowledge-sharing and capacity-building in the 
area of geomagnetism. The workshop covered all elements of geomagnetic research including lectures/talks on all 
interrelated themes of geomagnetism & geomagnetic field monitoring, practical sessions together with astronomi-
cal observations and absolute measurements, visits to cultural, historical and tourist sites at Islamabad, Taxilla and 
Murree, and technical visit to NCP. Moreover, beneficial informal discussions were held at the end of the day’s pro-
grammes to address the geomagnetic research issues. 

5.1-45p UpGrAde of the dANish obserVAtory-GrAde fGe VArioMeter for 1 hz dAtA
pedersen, lars; Merenyi, laszlo; petersen, Jan raagaard; Jensen, rasmus Mellemkjaer; Matzka, Jürgen
DTU Space; Geological and Geophysical Institute of Hungary; DTU Space; DTU Space; DTU Space
jrgm@space.dtu.dk

The widespread use of the Danish FGE variometer (magnetometer that measures magnetic field changes from 
an arbitrary offset-value) has significantly improved the quality of the global geomagnetic observatory data over the 
last 20 years. The instrument is easy to install and has a very good baseline stability, which significantly simplifies 
observatory operations. The FGE was originally designed to produce 1 minute mean values by digitally filtering from 
higher sample rates (e.g. 1 Hz) with a resolution of 0.1 nT. In its present version, the FGE does not meet all of the 
new Intermagnet specifications for 1 Hz data, especially not the 0.01 nT noise level. Currently, we are developing 
new versions of the FGE electronics that keep the aforementioned positive features of the original instrument and 
that do have timing accuracy and filter characteristics that are compliant with the new Intermagnet specifications. 
The magnetometer electronics in existing systems can either be exchanged or upgraded, while the sensor remains 
unchaged. One development is the version FGE TD with differential output to connect a seismological data logger. 
The other development is the FGE TO, which integrates the newest version of the Hungarian obsDaq ADC into the 
FGE electronics together with a Palmacq time stamping unit and an optional Magrec data logger. The hardware con-
figuration, applied analog and digital filtering and test results are presented in this paper for the two new versions.

5.1-46p GeoMAGNetiC obserVAtory GAN
Velimsky, Jakub; Ahmed, Muslim; Jackson, Andrew; Kuvshinov, Alexey; samrock, friedemann; Arora, 
Kusumita; rao, K. Chandra shakar; pedersen, lars; finlay, Chris; riddick, John
ETH Zurich; Gan Meteorological Office; NGRI Hyderabad; DTU Lyngby; Charles University in Prague
velimsky@karel.troja.mff.cuni.cz

The geomagnetic observatory GAN was established in April 2011 as a joint project of ETH Zurich, Gan 
Meteorological Office, and NGRI Hyderabad. The observatory is located at the Gan International Airport on Gan, 
the southernmost island of the Addu Atoll and the entire Maldives archipelago (73°09'13.47" E,00°41'40.55" S). The 
new establishment thus considerably improves the spatial coverage of the geomagnetic observatory network in the 
Indian ocean. The observatory is equipped with a DTU Space FGM-FGE triaxial suspended fluxgate variometer, and 
a Gemsys GSM-90F1 Overhauser scalar magnetometer, providing 1-minute data. Baselines are provided by absolute 
measurements on a weekly basis. A long-period telluric instrument LEMI-417E provides complementary measure-
ments of horizontal electric field for induction studies since September 2012. Initial analysis of first two years of 
magnetic data, and initial estimates of magnetotelluric responses will be presented. The observatory is operational 
and will be sustained at least for the duration of ESA Swarm satellite mission, and hopefully beyond.

5.1-47p pANtANAl MAGNetiC obserVAtory: iNstAllAtioN ANd New dAtAset
siqueira, fillipe
Observatório Nacional Rua General José Cristino, 77, São Cristóvão, Rio de Janeiro, RJ 5.521E+11
fillipesiqueira@gmail.com

A magnetic observatory measures variations in the geomagnetic field of internal and external origin in a long time 
scale. External variations include interactions between the magnetosphere and the solar wind; in general they occur 
in a short time scale. These variations are closely linked to solar activity. The internal field is generated by convection 
of a high electrical conductivity fluid in the external core, by a mechanism known as geodynamo. The internal mag-
netic field variations, or secular variation, are longer than the external field time variations. There are techniques that 
allow the separation of these different frequencies, related to internal and external sources, in observatory dataset.

The global distribution of magnetic observatories is uneven, with few observatories in South America. In Brazil, 
there are three magnetic observatories, but only Vassouras Observatory (VSS-RJ) is part of the INTERMAGNET. 
The National Observatory has plans to install five new observatories in Brazil. Pantanal was the chosen location for 
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installing the first observatory because of its privileged location, close to the SAMA region. Pantanal dataset may 
contribute to learn about SAMA origin. Measurements carried out over the last century suggest that field intensity is 
decreasing rapidly. The decreasing of the field’s intensity is not the same around the globe, especially at the SAMA 
(South Atlantic Magnetic Anomaly) regions, where this reduction is occurring faster.

This work will present all the stages of the installation of the new Magnetic Observatory in Pantanal. We fol-
lowed the procedures suggested by the IAGA to build this observatory. In the construction several steps were fol-
lowed: first, a magnetic survey is done in order to avoid strong magnetic gradients in the location where the absolute 
and variometers houses will be installed. Next, all the materials selected for the constructions of houses are tested 
using a proton magnetometer GSM-19. After confirming that the selected materials have a very low or null magne-
tization, the houses are built. After construction of the whole infrastructure, the equipment was installed. The local 
staff was trained to perform absolute measurements twice a week.

In addition, some analyzes were made in the first data recorded by the observatory in order to demonstrate the 
reliability and stability of the data. During the construction, a magnetic station was installed near the site of the ob-
servatory. This station was intended to analyze the data quality of the region and the comparison of these data with 
other observatory data. In addition to this analysis, the first records and temperature tests are shown. 

This Project is cooperation between Brazilian Institutions (The National Observatory and SESC-Pantanal) and 
a German Institution (GFZ- Potsdam). The construction of the houses was done with financial assistance from the 
SESC-Pantanal and the National Observatory, and all supervision of the construction was done by the National 
Observatory. All equipment installed in Pantanal Observatory was donated by the GFZ-Potsdam. The installation of 
the equipment was made with the cooperation of all project partners. 

5.1-48p sUrlAri obserVAtory, reAdy for preseNt ANd fUtUre, iN the third MilleNiUM
isac, Anca; Mandea, Mioara; linthe, hans-Joachim; Gatej, Mihai;
Geological Institute of Romania
margoisac@yahoo.com

Since March 2009, in the frame of an international cooperation agreement with GFZ-Helmholtz Centre Potsdam, 
the Surlari observatory has continuously respond to national and international requirements for geomagnetic 
data, in terms of quality and rapid availability.  The very first aim of the observatory is to preserve its present 
INTERMAGNET standards.  A highest accuracy for all magnetic measurements is the main goal and an absolute ac-
curacy less than 1 nT is foreseen.  As for all modern ground observations, Surlari uses comparable instrumentation to 
produce similar data products. A Bartington fluxgate-theodolite (DI-Flux) and an Overhauser proton magnetometer 
for scalar measurements are the magnetic reference instruments for a FGE variometer, which is subject to instru-
mental drift.  Surlari observatory has also plenty considered the new worldwide needs for new and better products, 
like quasi-definitive data or 1-second data, relevant for some specific scientific topics and for real-time applications. 
Since January 2012, Surlari quasi-definitive data have been published within 30 days after recording, their accuracy 
being very similar to that of the definitive data. This is due to the large recent efforts in a continuous scrutiny of the 
quasi-definitive data: visual inspection of the quasi-definitive baseline, checking of the continuity between the cur-
rent quasi-definitive and previous year definitive data, checking of the scalar residuals (deltaF), and visual review 
of all components at different time-scales. Aditionaly,  an algorithm to remove spikes and jumps, and to replace the 
missing FGE one-minute values from a back-up system has been developed. These new developments in the actual 
standard of the Surlari observatory are presented, together with some specific examples of the use of data.

sessioN 5.2
reCeNt MAGNetiC sUrVeys for reGioNAl ANd GlobAl ChAr ACterizAtioN of the GeoMAG-
NetiC field

5.2-1   itAliAN MAGNetiC repeAt stAtioNs NetworK: 2010.0 sUrVey resUlts   
Meloni, A; dominici, G.; de Michelis, p.; tozzi, r.  
Istituto Nazionale di Geofisica e Vulcanologia  
antonio.meloni@ingv.it  

In Italy, Istituto Nazionale di Geofisica e Vulcanologia (INGV) undertakes measurements of the Earth’s magnetic 
field on a network of more than 110 points (repeat stations) every 5 years. The latest survey has been reduced to 
the date 2010.0. Main aims of the activity are: the determination of secular variation and the update of the Italian 
magnetic maps. In this presentation we will describe: network characteristics, measurement methods, reduction pro-
cedures and global and local mathematical models used for data elaboration. As done also in previous recent surveys, 
four magnetic maps at map scale 1:2,000,000 were drawn and printed. They are inserted in a booklet in which a CD 
rom is also enclosed, allowing to have a full digital geomagnetic field information system available on a PC screen. 
This last survey was carried out in a very low solar activity phase. Results of comparisons with previous surveys, 
carried out in different conditions of solar activity, e.g. during recent solar maxima and minima, will also be shown. 
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5.2-2   the AeroMAGNetiC MAp of roMANiA iN the CoNtext of wdMAM   
besutiu, lucian; zlagnean, luminita; Atanasiu, ligia   
Solid Earth Dynamics Department, Institute of Geodynamics of the Romanian Academy  
besutiu@geodin.ro  

The paper deals with the achievement of the new airborne geomagnetic compilation for the Romanian territory 
and the added value brought to the WDMAM project.

In the absence of a direct Romanian contribution, the first WDMAM version had included a geomagnetic dataset 
for the Romanian territory based on the transformation of the published ground vertical component geomagnetic 
anomaly. Unfortunately, the so far published vertical component ground geomagnetic map of Romania is signifi-
cantly distorted mainly due to data scarcity and secular variation effects. Other shortcomings are provided by the 
inappropriate local geomagnetic reference field model (unable to take into consideration the altitude of the observa-
tions) subtracted while computing the geomagnetic anomaly. Consequently, the image provided by the first version 
of WDMAM over the Romanian territory contains several artefacts that need to be removed. 

Following the Romania’s decision to contribute to the WDMAM project a new geomagnetic dataset has been pre-
pared based on the old regional airborne geomagnetic survey of Romania (1962-1969). Space-time inconsistencies 
in the old airborne geomagnetic data have been removed by using a genuine methodology, and a global geomagnetic 
reference model has been used to determine the geomagnetic anomaly of the total intensity scalar of the geomagnetic 
field. High-order derivatives applied to the new dataset have confirmed the quality of the merging operation. Finally, 
a space-time consistent geomagnetic grid (10 km x 10 km) of the total intensity scalar of the geomagnetic field valid 
for the epoch 2007.5 at 3000 meters above the sea level has been prepared and delivered to the GTK team to be 
implemented in the new version of the WDMAM.

Comparisons with previous version of  WDMAM (as based on the ground vertical component data) clearly reveal 
the added value of the new geomagnetic dataset.

5.2-3   historiCAl sUrfACe sUrVeys, AirborNe ANd sAtellite CoNtribUtioNs to ChArAC-
terize the CrUstAl, ANd MAiN GeoMAGNetiC field iN MexiCo   
hernández-Quintero e.  
Magnetic Service. Instituto de Geofisica-UNAM  
estebanh@geofisica.unam.mx  

1879 is a landmark for Geomagnetism in Mexico. A series of magnetic Declination and Inclination measurements 
started in Mexico City, representing the takeoff of this discipline. The characterization of Secular Variation started 
then with a measured Magnetic Declination of 8.5° East (current value is approximately 5.5°).

The Interest for Crustal Magnetic Field started with the first magnetic chart carried out between 1906 and 1907, 
by the Astronomic Observatory of Mexico. The Magnetic Observatory was a part of this institute. With the help 
of the Carnegie Institute of Washington D.C. the survey was made almost all over the country (the Baja California 
peninsula was not included). Several institutions published bulletins with locations of magnetic observations; other 
surveys were reported for 1924, and 1930 (Sandoval, 1950; Hernández and Orozco, 1997).

In 1948 the Geophysics Institute became a part of National University and started operations; one of its first 
departments was related to geomagnetism, this department made magnetic surveys in 1950-1952, 1962, 1965 and 
1990. The last field survey was made during 2009-2011. The Information of these Charts has been useful in order to 
describe the behavior of core-mantle boundary in time.

During this time a new era of aircraft missions started in the first Geophysical year (1957-1958). And aeromag-
netic and satellite data, became a new source of information for studies not only in space, but anomalies in Earth 
crust.

The expression of the magnetic field based on satellite and aeromagnetic data, have been used to evaluate and 
analyze features and characteristics of the crust (Hernandez-Quintero, 2002; Pilkington et al., 2001). Due to the alti-
tude of observation of such data (approximately 4.5 km for satellite and 0.3 km for aeromagnetic surveys), the source 
of the anomalies may originate in the crust-mantle boundary or the continental crust, and can be used as additional 
support to improve models, geological-tectonic framework and character of rocks by means of quantitative analysis.

The present work describes the importance and usefulness of geomagnetic information gathered in Mexico; from 
the resulting maps of surface surveys, airborne and satellite contributions.

The association between regional tectonics and the geomagnetic expressions is presented by the specific example 
of large alignments in northern Mexico reported since the early seventies of the twentieth century (Walter, 1980, 
of Cserna, 1970, 1976, Silver and Anderson, 1974; 2005. Anderson et al., 1982 ; Gose et al. 1982; Pilger, 1978, 
Charleston, 1981, McKee et al., 1984). Many of these studies have contributed to a good identification and descrip-
tion of such faulting.

The model of the Mojave-Sonora megashear remains as one of the most influential ideas in the geology of the 
country (R. Molina-Garza and A. Iriondo, 2005) and has been subject of detailed studies generating a lot of contro-
versy. Aeromagnetic data over northern Mexico are used, in order to contribute from the geometrical point of view, 
in determining this geographical displacement
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5.2-4   CAN we MitiGAte the effeCt of biAs, speCtrAl leAKAGe, ANd dAtA errors wheN 
deAliNG with MAGNetiC field MeAsUreMeNts At GroUNd ANd spACe AltitUdes?   
thebault, erwan  
Institut de Physique du Globe de Paris (IPGP)  
ethebault@ipgp.fr  

The data errors, the spectral leakage, and the biases have an important impact on models of the Earth’s magnetic 
field. The prominence of these effects depends on the considered datasets. For instance, the biases introduced in 
models by the measurement errors of recent satellite or observatory data are nowadays very small while they are 
much more significant when dealing with indirect (i.e., archeomagnetic) or older direct measurements. To the con-
trary, the spectral leakage and the bias due to a poor coverage in space and in time should be considered as the major 
source of errors in representing the different sources of the magnetic field.

We first try to identify some sources of bias and errors depending on the studied magnetic field contribution 
and on the availability of measurements. We then carry out synthetic analyzes in order to illustrate the problems of 
dealing with realistic but incomplete and insufficient datasets for deriving magnetic field models over archeological 
or historical timescales. We show that the spectral leakage may lead to artificial spatio-temporal variations of the 
magnetic field, such as an apparent main field secular variation, an asymmetry of the external field, or a regional dis-
tortion of the lithospheric field structures. We try to quantify theses errors and we propose different ways to account 
for them statistically or to correct for them. A better understanding of these limits should allow us to avoid the pitfall 
of geophysical over-interpretation and to prepare some tools for the emerging field of geomagnetic data assimilation. 

5.2-5   New AdditioNs to the NAtioNAl GeophysiCAl dAtA CeNter’s ArChiVes of MAriNe 
ANd AirborNe GeoMAGNetiC trACKliNe dAtA   
Maus, stefan; Meyer, brian; Metzger, dan; Campagnoli, John  
NOAA and CIRES, University of Colorado  
Stefan.Maus@noaa.gov  

The National Geophysical Data Center (NGDC) maintains a global Geophysical Data System (GEODAS) ar-
chive of geophysical trackline data. This archive is an important resource for the Earth science community. Most 
of the data originate from marine scientific cruises. Recently, GEODAS has been extended to include aeromagnetic 
trackline data. With a renewed effort to archive and document all available survey data, a significant number of 
new additions have been made to the data base, which will be shown in this presentation. These include previously 
unreleased marine data from various research institutions and aeromagnetic surveys of the Naval Research Lab. The 
NGDC geomagnetism team compiles these data into the global Earth Magnetic Anomaly Grid (EMAG2) in 2 arc 
minute resolution. EMAG2 then provides the basis for the high-resolution Enhanced Magnetic Model (EMM). The 
EMM is a spherical harmonic model to degree 720, providing the vector of the internal geomagnetic field for naviga-
tion applications with a resolution of 28 km half-wavelength.

5.2-6   GrAVity ANd MAGNetiC field VAriAtioNs AssoCiAted with the bUried GeoloGiCAl 
strUCtUres iN the North of MexiCo   
yutsis, Vsevolod; Aranda Gómez, José Jorge; Molina Garza, roberto stanley; treviño Villareal, Gemma 
Gabriela; Méndez Arteaga, Alejandra  
IPICYT; UNAM; UNAM; Posgrado UANL; UANL  
vsevolod.yutsis@ipicyt.edu.mx  

North Mexico is essentially the juncture of two distinctly different tectono-stratigraphic provinces, the eastern 
Gulf of Mexico (Coastal Plane, Sierra Madre Oriental) province and the western Pacific Mexico (Rivera plate, Meso-
American trench, Sierra Madre Occidental) province (Goldhammer & Johnson, 2001). Tectonic evolution in north 
Mexico is dominated by divergent-margin development associated with the opening of the Gulf of Mexico and over-
printed by non-igneous Laramide orogenic effects (Pindell et al., 1988). The structural grain of north Mexico consists 
of Triassic to Liassic fault-controlled basement blocks, the development of which reflects in part late Paleozoic oro-
genic patterns of metamorphism and igneous intrusion (Wilson, 1990). There are different tectonic provinces which 
are recognized interpreting the basement and sediment cover of this area. Mojave-Sonora megashear and San Marcos 
fault are two principal fault zones crossing the north-northeast Mexico in NW-SE direction. 

This paper is presented the integral analysis of the gravity and aeromagnetic data in the north Mexico (Coahuila, 
Durango and Chihuahua states). Complementing with a Digital Model of Elevations (DME) that combined with the 
review of previous geological studies it serves to compare the surface structures and blocks of basement in this area. 
Also the separation of the most important tectonic blocks was done, and 2.5D geological-geophysical model was 
finally developed. This model represents in a general way the principal structural characteristics of northeast Mexico. 

Gravity and magnetic data analysis was used with purpose to study the structure of the substrata in order to allow 
modeling of the basement structure and its relation with the sedimentary cover features.  The Bouguer gravity and 
the total field aeromagnetic data were supplied by Geological Survey of Mexico (SGM), published data (Mickus et 
al., 1999), and author’s field works. 
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Gravity data in the north Mexico basins are sensitive to local vertical offsets across high-angle faults, where rocks 
with different densities are juxtaposed. Yet high densities in some Mesozoic sedimentary rocks just above the base-
ment may smear out the subtle gravity signatures of basement faults. Notably, in the Coahuila block in northwestern 
part, where vertical basement-fault offsets reach tens and hundreds of meters, the associated gravity anomalies are 
not strong.

The total-field magnetic data were used, with the International Geomagnetic Reference Field removed. The 
sedimentary cover in the northeast Mexico is generally considered to be almost non-magnetic, and the anomalies are 
sourced overwhelmingly in the crystalline basement and buried volcano-magmatic structures. Local intra-sedimen-
tary anomaly sources may be related to depositional concentrations of magnetic minerals in some clastic rocks, or to 
secondary magnetization of sedimentary rocks by circulating brines.

Steep, straight faults are commonly expressed as subtle potential-field lineaments, which can be gradient zones, 
alignments of separate local anomalies of various types and shapes, aligned breaks or discontinuities in the anomaly 
pattern, and so on. Many large magnetic and gravity anomalies represent the ductile, ancient, healed basement struc-
tures, obscuring the desirable subtle features.  Subtlety of the desirable lineaments necessitates detailed data process-
ing, using a wide range of anomaly-enhancement techniques and display parameters. So data processing includes 
Fourier transformation, wave-length filters, upward and down ward continuation, vertical and horizontal derivate, 
analytic signal analysis, etc. 

This study was supported by the CONACYT Project 129550 “Evolución terciaria de cuencas continentales del 
norte de México: controles tectónicos heredados, pulsos de deformación, magmatismo y registro bioestratigráfico 
(continuación proyecto 47071)”. 

5.2-7   stUdy of the ANoMAloUs MAGNetiC field strUCtUre of the UrAl reGioN   
Martyshko, petr; fedorova,Natalya;  Gemaidinov,dmitry  
instutute of Geophysics, Ub of rAs;instutute of Geophysics, Ub of rAs;instutute of Geophysics, Ub of rAs  
pmart3@mail.ru  

Study and analysis of the anomalous field structure have practical value for geological mapping, geological 
survey, and prospecting for mineral resources, and in the sense of revealing peculiarities of the tectonic structure of 
the lithosphere and building geomagnetic models of the Earth’s crust. The information basis for the maps was the   
airborne and land magnetic surveys data of large, middle, and small scales. The geophysical data were processed us-
ing modern parallel computer methods. The data on the anomalous magnetic field for the whole territory are set with 
a spacing of 250 m. As the result from these works, a digital model of the map for the anomalous geomagnetic field 
??? in the Uralian Region and its vicinity (East European Plain and West Siberia) was created. To divide the long and 
short wave components of the amplitude spectrum of anomalies, we have used numerical methods of field simula-
tion at various altitudes. In order to obtain valid results, it is very important to keep good representation of the high 
frequency part of the anomalous field in the data arrays during simulation. Since the crystalline rocks in the Urals 
produce intensive local anomalies, the step of greed data was set at 1 km. The size of the studied area is about 850 
km along the latitude and about 1440 km in the longitudinal direction. The total data collection is about 1 224 000 
values of the anomalous magnetic field. The calculations were made for the altitudes set (1-200 km). At the altitudes 
of 5–40 km above the territories of the Urals and West Siberia, the intensive positive anomalies are predominant, 
while only regional negative fields remain at the altitude of 100 km; in contrast, several large positive anomalies are 
seen above the East European Plain even at the altitude of 100 km. This result conforms well to the magnetic survey 
data obtained using satellites at the altitude of 300 km and above. Thus, the anomalies have been distinguished for 
different wavelengths using transformations. These results reflect the peculiarities in the structure of the anomalous 
magnetic field within the Uralian Region and have been used for studying of magnetization of the Earth’s crust.

5.2-8   does CUrreNt sAtellite MeAsUriNG CoMplete All GeoMAGNetiC Needs?   
Mandea, Mioara  
CNES  
mioara.mandea@cnes.fr  

During the XXth century, geomagnetic ground data was obtained from either magnetic observatories providing 
continuous measurements or from repeat stations providing punctual measurements. At that time these data were the 
main sources of information on geomagnetic field spatial and temporal variations. Currently, the state-of-the-art has 
dramatically changed and the measurements obtained from Orested, CHAMP and SAC-C satellites provide a new 
global perspective. The datasets provided by these satellites, over the past decade, have given us the ability to obtain 
the best-ever description of the geomagnetic field.  This year, the Swarm satellites are planned to be launched, which 
will enhance the resolution and quality of current data. 

This development has called into question the role of ground measuring and its contribution to the needs of cur-
rent research. Given the three principles of geomagnetic field data collection - instruments, methodology and data 
quality - I will show that current scientific research needs both ground-based and satellites observations, to comple-
ment and verify each other.
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5.2-9   CUrie isotherM depth for CoNstrAiNiNG VolCANiC heAt  soUrCes   
ravat, d.; de ritis, r.; Ventura, G.; Chiappini, M.  
University of Kentucky; INGV Rome; INGV Rome; INGV Rome  
dhananjay.ravat@uky.edu  

The Salina, Lipari and Vulcano volcanic ridge and the surrounding sea sectors (Aeolian Archipelago, Italy) are 
characterized by vents responsible for recent (<40 ka-1889/90 AD) effusive and explosive subareal activity and 
repeated, 56 to 7 ka in age, submarine explosive eruptions from sources located between Lipari and Vulcano. A 
spectral depth estimation of the magnetic bottom using a fractal method on aeromagnetic data from Vulcano, Lipari 
and Salina volcanic ridge allows us to constrain the Curie isotherm depth. The elevated portion of the isotherm is 
between 2 and 3 km below Salina and Vulcano and about 1 km below Lipari. The Curie depth results in the context 
of other geological and geophysical evidence suggest that the rise of the Curie isotherm is mainly due to the occur-
rence of shallow heat sources such as magma ponds and associated hydrothermal systems. The short-wavelength 
magnetic anomaly field reflects magnetic contrasts from highly magnetized volcanic bodies and low magnetization 
sediments and hydrothermally altered rocks. Borehole temperature data verifies the Curie temperature derived from 
the magnetic methods on the island of Vulcano. We conclude that the entire Vulcano, Lipari and Salina volcanic ridge 
may be active and should be monitored.

5.2-10   CoMpArisoN of repeAt stAtioN dAtA to A hiGh-resolUtioN GlobAl 
 MAGNetiC field Model   

Korte, Monika; lesur, Vincent; Kotzé, pieter   
GFZ German Research Centre for Geosciences; SANSA Space Science 
monika@gfz-potsdam.de  

Geomagnetic repeat station measurements are carried out in several countries to provide additional informa-
tion on secular variation, continuously monitored by geomagnetic observatories.  The satellite missions Ørsted and 
CHAMP measured the geomagnetic field vector continuously from 1999 to 2010 in near-Earth orbits. Global geo-
magnetic field models using these satellite data together with ground observatory data offer high-resolution descrip-
tions of secular variation. We compare repeat station data from Germany and South Africa to global magnetic field 
models GRIMM and CM4. In contrast to observatory data, the repeat station data have not been included in the 
determination of the models. We investigate the accuracy of secular variation description in the global field model 
and the influence of external field residuals in processed repeat station data by this comparison. We find that recent 
detailed field models describe regional secular variation well. Contributions from large-scale magnetospheric fields 
are present in repeat station data despite careful data processing.  Moreover, we obtain estimates of the lithospheric 
field contribution at the repeat station locations and try to determine information about induced sources of magnetic 
anomalies by studying time series of these “crustal bias” estimates. The expected signal is very small, and with the 
presently available length of time series the statistics and signal to noise ratio are not sufficient to reach sound con-
clusions yet.

 
5.2-46p   UpdAted CAtAloG for repeAt MAGNetiC stAtioNs ANd the MexiCo MAGNetiC ChArt 

for 2010.0 epoCh   
Guzmán-Armenta,b.;  Cifuentes-Nava,G.; hernández-Quintero,e.  
UNAM-Instituto de Geofisica  
bivipp@hotmail.com  

Between 1950 to 2010, it was necessary an updated database of the Mexican Geomagnetic Repeat Stations and 
its magnetic components (D, I, H, Z and F). In this poster is reported such database ready to be processed in order to 
obtain the Mexico Magnetic Charts.

During the period 2008 to 2012 was done a campaign to obtain the data from the repeat magnetic network stations 
through Mexico with the objective to develop the Mexican Magnetic Chart Epoch 2010.0. The last magnetic chart 
was done in the 90’s by the Geophysical Institute-UNAM, this chart considered 52 repeat magnetic network stations. 

Some of the stations used in the 90’s were destroyed and lost, for this reason were necessary to find a new place 
to replace each of these lost sites. This new stations are located surrounding 5 km from the old ones, in places like 
Schools, Airports and Sportive Fields. The apparent values to elaborate the Magnetic Chart Epoch 2010.0 were 
obtained from the DI-FLUX ZEISS A-20 and OVERHAUSER GSM-19 magnetometers. The process of the data 
was done following the Geophysical Institute-UNAM methodology. The real values were process with the software 
SOLEI and Multiyear Interactive Computer Almanac (U.S. Naval Observatory, 2005), after the use of such software 
we obtained the real and reduced to 2010.0 data.

Finally with the real values we obtained Declination, Inclination and Total Intensity Magnetic Charts Epoch 
2010.0 for Mexico.
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5.2-47p   the MAKiNG of GroUNd-bAsed VeCtor MAGNetiC field obserVAtioNs ANd 
AppliCAtioN of resUlts   
shanahan, tom; Macmillan, susan; swan, tony; turbitt, Chris  
British Geological Survey  
smac@bgs.ac.uk  

In the UK we have 41 repeat stations with each being occupied once every four years. The measurement tech-
nique uses a fluxgate theodolite, two proton precession magnetometers and a geodetic-quality GPS for determining 
true north with a north-seeking gyro attachment as a the back-up. The data are then processed to reduce the effect 
of time-varying fields and then a model is fitted to them. The model forms the basis of the service to provide grid 
magnetic angle to the UK mapping agency for publication on their map products. This ensures navigation using their 
maps and a compass is possible. 

The usefulness of such ground-based vector magnetic observations around the world for assessing local and 
global model uncertainties is demonstrated. A global database of observations is maintained and can be accessed at 
http://www.geomag.bgs.ac.uk/data_service/data/surveydata.html.

5.2-48p   GeophysiCAl ApproACh for the loCAtioN of teCtoNiC strUCtUres with 
pAlAeoseisMoloGiCAl releVANCe. CAse stUdy of the CoNCUd fAUlt (iberiAN ChAiN, 
spAiN)   
pueyo Anchuela, Óscar;lafuente, paloma; Arlegui, luis; liesa, Carlos; ezquerro, lope; simón, José luis  
Departamento de Ciencias de la Tierra. Universidad de Zaragoza.  
opueyo@gmail.com  

The study of active faults in intraplate areas presents some handicaps due to their typically wide interseismic peri-
ods, being their importance very often overlooked within the instrumental and historical record of seismic events. In 
such cases, seismic activity must be assessed from paleoseismic record studies. Large recurrence intervals also sig-
nificantly reduce the surficial morphostructural and geomorphological evidences. In these cases another approaches 
for the indirect characterization or for the precise location of optimal sites for trenching are needed.  In these condi-
tions, the integrated analysis of geophysical signatures obtained from different techniques is  considered to evaluate  
its capability to locate blind geological structures, and to characterize the most recent structures. Here, the synergic 
analysis of electromagnetic induction multifrequency survey, magnetometry and GPR is used at the expected loca-
tion of a group of structures with recent evolution within the intraplate Iberian Chain in central Spain. The main 
geophysical signatures found consist on magnetic inverse dipoles and a very clear sudden increase of apparent con-
ductivity related to the deposits that record the fault activity, as exposed by the EM technique. The multifrequency 
analysis of such data permits to identify the progressive narrowing of the anomaly between surficial, more extended, 
and the isolated anomaly peak at the fault at deeper conditions. GPR in this situation serves to confirm the position 
of the affected units by fault activity. At the optimal location, trench digging exposes the underground structures and 
deposits, as expected, and also, through back-analysis procedures, is useful to constrain both the geophysical models 
and to identify target geophysical signatures to seek for in future research campaigns.

sessioN 5.3
MAGNetiC obserVAtory dAtA As Applied iN spACe weAther/ CliMAte

5.3-1   deriVAtioN ANd properties of New GeoMAGNetiC iNdiCes ANd their Use iN spACe 
weAther AppliCAtioNs   
Chambodut, Aude; lathuillère, Chantal; Menvielle, Michel; Marcha  
UJF-Grenoble1/CNRS-INSU/IPAG; EOST; IPAG; LATMOS; IRAP; LATMOS; ONERA  
chantal.lathuillere@obs.ujf-grenoble.fr  

A great number of Space Weather applications rely on K-derived planetary geomagnetic indices. These indices, 
namely Kp/ap or Km/am (depending on the number of used subauroral geomagnetic stations) are therefore limited 
to the 3-hour time resolution of K indices. In addition, they do not represent the intrinsic spatial variations that result 
from the local time dependency of the solar wind/magnetosphere interaction.We have defined new geomagnetic 
indices, based on the magnetic variations recorded in the am network of ground based observatories, with a better 
time resolution and/or a better spatial resolution. Using the root mean square of the horizontal magnetic variations, 
instead of the 3-hour K indices, we have calculated ?m indices with different time resolution down to 15 minutes. 
On another hand, the better spatial resolution is achieved by considering sector indices defined with respect to the 
Magnetic Local Time, the so called MLT sectorial indices. The properties of theses new indices will be presented. As 
an application, we will present their possible use in thermosphere modelling. We will also present how the ?m index 
brings new information in the study of the dynamic of the magnetosphere and of the inner magnetosphere. 
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5.3-2   AVAilAbility of the plANetAry GeoMAGNetiC iNdiCes Kp, Ap, Ap, Cp ANd C9   
linthe, hans-Joachim  
GFZ Potsdam, Adolf Schmidt Observatory Niemegk  
linthe@gfz-potsdam.de  

Julius Bartels introduced in 1949 the planetary geomagnetic activity index Kp and the derived activity num-
bers ap, Ap, Cp and C9. These activity numbers were accepted by the IAGA as official measures to express the 
geomagnetic activity. The data series expand back to 1932. Kp and its derived numbers got a world wide usage in 
geomagnetic science. The 10 International Quietest and 5 Most Disturbed Days of every month are determined on 
the base of this index. The series of definitive indices is routinely updated twice a month on the web. A quick-look 
indices calculation runs automatically in order to meet the requests of a near real-time availability. The K numbers 
of the 13 Kp observatories are calculated on the basis of their minute values every 3 hours with a time delay of about 
15 minutes. The Kp are calculated by means of the regular algorithm from these K numbers. The Kp, ap, Ap and 
Cp calculated this way are immediately provided on the web. The quick-look indices are replaced by the definitive 
numbers after their usual calculation every half month.

5.3-3 UsAGe of 2009 extreMely QUiet GeoMAGNetiC distUrbANCe leVel for estiMAtioN 
of GeoMAGNetiC VAriAtioNs ANd GeoMAGNetiC ACtiVity.   
levitin, Anatoly; Gromova,  lyudmila; Gromov,  sergey;  dremukhina, lidija;  petrov, Valeriy  
Pushkov  Institute of  Terrestrial Magnetism, Ionosphere and Radio Wave Propagation (IZMIRAN)  
vpetrov@izmiran.ru

One of the key problems for investigation of geomagnetic variations and geomagnetic activity is a question of 
the selection of geomagnetic field quiet (undisturbed) level.  We present a new technology of calculating the external 
geomagnetic field hourly amplitudes applicable for any hour and any day of the whole survey period of any obser-
vatory proceeding from the ground based magnetometer measurements. We use a periods of 2009, when solar and 
geomagnetic activity was extremely quiet, as reference level for other periods.  The calculated reference values may 
be used to find the amplitudes of the most magneto-quiet hour (day, month and year) and the most magneto-disturbed 
one for the whole measurement period. These data allow to estimate and to draw maps of the recent geomagnetic 
activity and the activity during specific geophysical events in the past at any point on the Earth. As a measure of 
geomagnetic activity we suggest to use a square of deviation of magnetic field from above determined quiet level.

The possibility of using such method to obtain information about the level of geomagnetic activity will be dis-
cussed. On the basis of this method, you can build a map of the geomagnetic activity for the entire planet. Thus, there 
is a possibility to describe the past and current geomagnetic activity much more accurately than it is described  today 
on the basis of the widely used indices AE(AU, AL), Kp, Dst, introduced more than half a century ago. A detailed 
description of the method for estimation of the local geomagnetic activity, its seasonal variations and calculation of 
Dst variation during the magnetic storms is presented.

5.3-4   GeoMAGNetiC solAr-QUiet (sQ) VAriAtioNs: CoMpArisoN of the NCAr/tie-GCM with 
GroUNd MAGNetoMeter obserVAtioNs for NoVeMber 2009   
yamazaki, yosuke; richmond, Arthur d.; Maute, Astrid; wu, Qian; the UltiMA Group  
National Center for Atmospheric Research, High Altitude Observat (HAO/NCAR)  
zaki0yy@gmail.com  

The National Center for Atmospheric Research Thermosphere-Ionosphere-Electrodynamics General Circulation 
Model (NCAR/TIE-GCM) is one of the few upper atmosphere models that incorporate self-consistent electrody-
namics. An accurate modeling of ionospheric electrodynamics is important in order to correctly describe and predict 
distributions of plasma and neutrals in the upper atmosphere. The intention of this study is to evaluate how well the 
TIE-GCM simulates electrodynamic fields. The TIE-GCM solves for ionospheric electric fields, currents, and result-
ing magnetic perturbations on the ground, which are known as Sq variations. One of the important model inputs is 
the distribution of atmospheric tides at the lower boundary(97 km), which imitates the effects of upward propagating 
tides. Simulations are run with various tidal inputs, and performance of the model is tested by comparing the Sq vari-
ations from the TIE-GCM with those globally observed by ground magnetometers for the period of 2009 November 
3-7, when geomagnetic activity was extremely low (maximum Kp=1). Magnetometer data from over 100 stations are 
used for the comparison, including ULTIMA (Ultra Large Terrestrial International Magnetic Array) stations.

5.3-5 sUddeN CoMMeNCeMeNt propAGAtioN froM sUN to the eArth, A CAse stUdy oN the 
19 NoVeMber 2007
segarra, Antoni; Nosé, Masahito; Curto, Juan José; Araki, toru
Observatori de lEbre (OE),DACGSM Kyoto,OE,PRIC
jjcurto@obsebre.es

The aim of this study is to provide a complete observational scope of a sudden magnetic commencement (SC) 
event. We used an extensive dataset from different satellite spacecraft and from ground. We chose the event on the 19th 
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of November of 2007 because the availability of enough and well located satellites at that moment for our purpose. 
Thanks to that, we reported series of observational facts, when a SC happens, from specific parts of magnetosphere, 
difficult to be observed, as magnetosheath compression, magnetopause oscillations and different polarization on the 
geosynchronous orbit. We were able to obtain a global view of the traveling wave front identifying the effects on the 
whole magnetosphere. At ground, we could study the global distribution of the SC waveform. Finally, we compared 
these observational facts with those derived from theoretical models, having a good consistence with them.

5.3-6 behAVior of perMUtAtioN eNtropy ANd lArGe GeoMAGNetiC distUrbANCes
de Michelis, paola; Consolini, Giuseppe
Istituto Nazionale di Geofisica e Vulcanologia (INGV); INAF-IAPS
paola.demichelis@ingv.it

The Earth’s magnetospheric dynamics in response to solar wind changes displays a very complex behavior, 
which is not simply related to the energy coupling with solar wind as shown by the wide literature on geomagnetic 
indices time series. In a preliminary work, based on a novel technique - the permutation entropy analysis - we no-
ticed that this quantity seems to be very promising in detecting the changes of the Markovian character of Sym-H 
and Asy-H indices in coincidence with large geomagnetic storms. Here, we extend the previous permutation entropy 
analysis to a large set of events, including data of the Earth’s magnetic field directly recorded at ground based obser-
vatories. The results are discussed in relation both to the occurrence of dynamical phase transitions at the onset of 
geomagnetic storms and to a possible application of this technique for forecasting purposes.

5.3-7 isolAted ANd GroUped GeoMAGNetiC storMs dUriNG the 23rd solAr Cy
Veselovsky, i.s.;  lukashenko, A.t.
Institute of Nuclear Physics, Moscow State University:  IKI RAS
veselov@dec1.sinp.msu.ru

The development of geomagnetic storms is controlled mainly by external heliospheric plasma and magnetic field 
parameters, which, in turn, are determined by conditions on the Sun. According to them there can be isolated, re-
peated, multiple, or turbulent disturbance of the magnetosphere. To reveal the statistics and external preconditioning 
of single and multiple perturbations of the magnetosphere, geomagnetic storms were analyzed using the extensive 
database APEV (http://dbserv.sinp.msu.ru/apev/index.html) during the 23rd cycle of solar activity, from which geo-
magnetic storms have been grouped in 227 events. Results are presented in histograms, graphs, tables, and empirical 
formulas for the total number of intensification in all events and depending on the different phases of development, 
the amplitude and duration of geomagnetic grouped storms. Most of geomagnetic storms are complex and character-
ized by the existence of one or more side-extrema before or after the main one. This is due mainly to the superposi-
tion of individual perturbations from the Sun, which closely following one another in the heliosphere, or the internal 
structure and dynamics of disturbances in the corona.

5.3-8 extreMe spACe weAther eVeNts As seeN iN the historiCAl GeoMAGNet
Veenadhari, b.; Mukherjee, s.; Kadam, b.d.; Gurubaran, s. 
Indian institute of geomagnetism, India
bveena@iigs.iigm.res.in

Extreme Space weather events as seen in the historical geomagnetic records at Colaba Observatory, India
Ground magnetic measurements provide an unique database in understanding space weather.  The geomagnetic 

data from Colaba Magnetic Observatory (Geog. Long. 72°49’E, Lat. 18°5’ N) consisted of systematic hourly eye 
observations using Grubb’s magnetometer from 1847 to 1872 in continuation of the earlier series of observations at 
Colaba since 1841. The regular daily photographic records of the geomagnetic components are available since 1872 
to 1905 from Colaba.  Data reduction and analysis techniques evolved at various stages of data processing. The study 
also deals with some of the interesting storm events prior to 1900. The extreme space weather events recorded on 
Colaba observatory will be discussed.  The Sun and interplanetary conditions will be estimated by comparing with 
space weather events of solar cycle 23.

5.3-9 loNG-terM VAriAtioNs of sUbstorM oCCUrreNCe rAte estiMAted froM GeoMAG-
NetiC obserVAtioNs oVer 30 yeArs
Nosé, M. 
Kyoto University
nose@kugi.kyoto-u.ac.jp

We study long-term variations of substorm occurrence rate over 30 years for 1983-2012 including solar cycle 
22, 23, and 24. The substorm occurrence rate is evaluated by the number of Pi2 pulsations observed at 2100-0100 
magnetic local time (MLT) at the Kakioka observatory (27.4 degrees of geomagnetic latitude, 208.8 degrees of geo-
magnetic longitude), which provides long-term and continuous digital recordings of geomagnetic field variations at 
1-s resolution since 1983. We select Pi2 pulsations by an automated detection program. This program applies wavelet 
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analysis to the 1-s data and detects Pi2 pulsations with a peak-to-peak amplitude larger than 0.6 nT. The rate of suc-
cessful detection is ~94% for 2100-0100 MLT according to Nosé et al. [1998] who describe details of the detection 
algorithm. The number of detected Pi2 pulsations is counted once every day to make daily number of Pi2 pulsations. 
To see solar activity, the daily F10.7 index is used.

Results show that no clear correlation appears between F10.7 index and the substorm occurrence rate (i.e., daily 
number of Pi2 pulsations), and the correlation coefficient (r) is as small as -0.25. This may be because the substorm 
occurrence rate is influenced by the amount of energy supplied from the solar wind to the magnetosphere. Even if fa-
vorable conditions for substorm triggering are set in the magnetosphere, no substorm will occur if there is no energy 
supply from the solar wind. This idea leads us to normalize the substorm occurrence rate by the amount of energy 
from the solar wind. The energy is estimated by a solar wind-magnetosphere coupling function proposed by Kan 
and Lee [1979]. The normalized substorm occurrence rate (i.e., daily number of Pi2 pulsations devided by the Kan 
and Lee’s coupling function) is negatively correlated with the F10.7 index (r~-0.56). We interpret this result as that 
threshold for plasma instabilities that lead to substorm onset depends on ion composition in the plasma sheet, which 
is strongly controlled by the solar activity.

5.3-10 sUbstorM iN pUlsAtioNs - experiMeNts oN the NorilsK MeridiAN
rakhmatulin, ravil
Insntitute of Solar-Terrestrial Physics SD RAS
rav@iszf.irk.ru

Substorm in irregular  pulsations.  Experiments on a network of stations of the Norilsk  meridian. In this report 
we summarize the research results on irregular geomagnetic pulsations, based on material from experiments expedi-
tions on the 160-th geomagnetic Norilsk meridian. During the period from 1973 to 2003 ISTP SB RAS conducted 
experiments on investigating the fine structure of magnetospheric   substorm - 9 stations, located along 160  merid-
ian in the latitude range 52-80 degrees, carried out a discontinuous monitoring of the variable magnetic field of the 
Earth, geomagnetic pulsations, auroras, and of the state of different atmospheric layers.     By performing dedicated 
experiments, we were able to identify and investigate some new regularities in the morphology of this unique class 
of pulsations. The study revealed four main zones  of observation of these pulsations: high-latitude, a latitude of a 
projectionprojection of a plasmapause on Earth surface, mid-latitude and near-equatorial.

In high latitudes, Pi have a primary source located in the auroral zone. These pulsations are caused by variations 
of currents during electrojet development. The source of such pulsations is located at the southern boundary of the 
auroral arc and undergoes latitude-longitude trends in time coincidence with the auroral dynamics.

The secondary source lies in the zone of plasmapause projection onto the ground and can be caused by the de-
velopment of a global mode in the Earth’s plasmasphere. Such pulsations have a global character of excitation in 
mid-latitudes, and their parameters (spectral composition, polarization, and amplitude) in the midnight sector of the 
magnetosphere depend on the latitude of substorm development.

In middle latitudes Pi pulsation excitement is supervised by an ionosphere F2-layer. The amplitude of these 
pulsations is minimal at minimum values of the rate of foF2 variation. This fact explains quite well the intensity at-
tenuation or the rare observations of Pi2 pulsations in the morning and evening hours of local time.

In the near-equatorial region there occurs either an intensity enhancement  of these pulsations or an attenuation. 
The amplification or attenuation of amplitude Pi2 (concerning mid-latitude Pi2) can be caused by the presence of one 
more source, or by the physical mechanism in ionosphere  or magnetosphere, resulting to these effects.

5.3-11 UsiNG GeoMAGNetiC obserVAtory dAtA to Assess the GiC risK to the spANish eN-
tire hiGh-VoltAGe power NetworK
torta, J. Miquel; serrano, lluis; Marsal, santiago
Observatorio del Ebro, (OE) CSIC - Univ. Ramon Llull, SPAIN; OE; OE
jmtorta@obsebre.es

After the good results obtained from an assessment of geomagnetically induced currents (GICs) in a relatively 
small subset of the Spanish power transmission network, we now present the first attempt to assess the vulnerability 
across the entire Spanish system. We have started by only including the power grid at the voltage level of 400 kV, 
which contains around 170 substations, with their corresponding single or multiple transformers, and 300 transmis-
sion lines; but it might be extended to including the 220 kV, and even the 110 kV lines, if their detailed information 
becomes available. Preferred geomagnetic/geoelectric field directions in which the maximum GICs occur are auto-
matically given from the grid model circuit. The geoelectric field that drives the GICs is derived with the assumption 
of plane wave geomagnetic variations and either a homogeneous or 1-D layered earth conductivity models. To as-
sess the maximum expected GICs in each transformer as a consequence of extreme geomagnetic storms, post-event 
analysis of data from the Spanish geomagnetic observatories during either the 1989 Quebec or the 2003 Halloween 
storms are performed, although other episodes coincident with very abrupt storm onsets, which have proven to be 
more hazardous at these mid-latitudes, are analyzed as well. In addition, EBR digital geomagnetic data are used to 
know statistical occurrence probability values to derive the GIC risk at 100-year or 200-year return period scenarios.
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5.3-12 obserVAtioN of the iMpACt of spACe weAther ANd CliMAte At GroUNd leVel 
throUGh CoMbiNed GeoMAGNetiC ANd GeoeleCtriC field MoNitoriNG
thomson, Alan w.p.; shanahan, thomas J.G.; Kelly, Gemma s.; beggan, Ciaran d.
British Geological Survey
awpt@bgs.ac.uk

In 2012 we started a program of routine, long-term, real-time geoelectric field monitoring at the three UK geo-
magnetic observatories, extending the role of the magnetic observatories in environmental research and monitoring. 
These geoelectric monitoring activities are now a part of the routine observatory operations and provide a valuable 
new data set for analysis of space weather impacts on technology. Real-time data can already be viewed at www.
geomag.bgs.ac.uk/data_service/space_weather/geoelectric.html  and obtained from the authors on request. Our aim 
is initially to validate Earth conductivity models used in studies of the geomagnetically induced current risk within 
the UK electrical transmission system and therefore to determine what changes are required to improve model accu-
racy in predicting GIC. At the same time our data, which will be collected over a number of years, will be available 
for general geophysical study of the British Isles. 

We describe aspects of the observatory installation, data capture and its real-time communication. We also pres-
ent an analysis of measured geoelectric field data in relation to observatory geomagnetic data and models currently 
in use for space weather risk assessment for the UK National Grid. The results demonstrate how space weather has 
impact at ground level by inducing a geoelectric field through rapid magnetic variations. This impact poses risks to 
various grounded infrastructure, such as power grids, pipelines and railways. By monitoring and analysing geomag-
netic and geoelectric field data together over a number of years we intend to build a picture of the changing space 
weather and climate impact at ground level.

5.3-13 respoNse of the hiGh lAtitUde MAGNetiC field iNteNsity to the exCeptioNAlly 
hiGh solAr wiNd streAMs
lukianova, renata; Mursula, Kalevi; Kozlovsky, Alexander
AARI; UNO; SGO
renata@aari.nw.ru

The exceptionally high solar wind stream activity in 2003 caused a record intensity in the westward (substorm) 
auroral electrojet current, leading to a major reduction of the horizontal field at auroral latitudes and to a notable 
strengthening of the vertical geomagnetic field in both polar caps. This strengthening is clearly visible in the observa-
tory annual means (OAM) as a significant deflection in the corresponding secular variation. The westward electrojet 
is enhanced also during the most quiet time of the strongest high speed stream (HSS) years. We show that at polar 
latitudes the effect of space currents upon the quiet time vertical component OAM (which mostly reflects the Earth’s 
internal magnetic field) might be significant in the case of very intense HSS. A notable deflection also occurs during 
the strongest HSS years of the earlier solar cycles. The specific characteristics of electrojet under the extreme HSS 
conditions are discussed.

5.3-14 spAtiAl distribUtioN of GeoMAGNetiC ACtiVity ANd its relAtioN to solAr wiNd
holappa, lauri; Mursula, Kalevi
University of Oulu; University of Oulu
lauri.holappa@oulu.fi

Geomagnetic activity has been studied systematically since the mid-19th century. While there are numerous pa-
pers written on global geomagnetic activity, i.e., studies using standard global geomagnetic indices such as AE, Dst, 
aa and Kp/Ap, there are only few studies on the spatial structure of geomagnetic activity. This is rather surprising 
since it is obvious that there is more information included in a large set of local geomagnetic indices than in a single 
global index. In this paper we study the spatial distribution of geomagnetic activity in 1966-2009 using the hourly Ah 
indices at 27 magnetic observatories. By applying principal component analysis (PCA) we have found a spatial mode 
in geomagnetic activity, whose amplitude depends on the time fraction of corotating high speed streams (HSSs) in 
the solar wind. This shows that the spatial distribution of geomagnetic activity can provide new useful information 
on solar wind drivers, e.g., for space climate studies.

5.3-15 iNflUeNCe of solAr wiNd eleCtriC field dUriNG odd-eVeN solAr CyCle
Kuznetsova, tamara; laptukhov, Alexej
IZMIRAN, Russian Acad. of Science, Moscow,  Russia
tvkuz@izmiran.ru

Though semiannual variation of geomagnetic activity (GA) is well established, its cause is a long-standing prob-
lem. We suggested earlier a new mechanism for the variation to explain based on change of mutual orientation be-
tween large-scale electric field (E) in solar wind and geomagnetic moment (M) during annual and daily rotations of 
the Earth (Adv. Space Res, v. 47, 2011). Phase of the semiannual variation of GA is determined by annual variation 
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of the magnetic moment component My (GSE) caused by oscillations of the Earth’s dipole at the YZ plane during its 
annual motion: maximal values at equinoxes and minimal ones at solstices. Amplitude of the variation is modulated 
by the solar wind electric field component Ez=[VxBy]. As the amplitude depends on Ez, natural step is to study the 
Ez influence on the amplitude of the variation. Since polarity of the interplanetary magnetic field (IMF) changes 
from solar cycle to solar cycle, we analyze periods of odd and even cycles. We take as our data base IMF B, solar 
wind velocity (V) at 1 a.u. near ecliptic plane for period of 1963-2007 (of cycles 20-23). We also use indices Kp 
(1932-2007). Our results show that semiannual variation of value E (with maxima near equinoxes) exists only for 
even cycles 20, 22; one is absent for odd cycles 21,23. All values at the annual profiles of E are less for even cycles 
than for odd ones except on March, October. The largest relative differences between the E values for odd and even 
cycles are observed on July (~18%), November (15%) and May (8%) but the smallest differences are in March, 
October. Annual variation of the difference in Kp for odd and even solar cycles shows extrema: on March (~15%), 
May (~8%), July(15%) and November (~8%). So, the Kp difference on May, July and November can be explained 
by the E value differences near the same months. But the difference of Kp in March for even and odd cycles ~15% 
can not be explained by the E difference ~5%; a cause is efficiency of interaction. Our analysis shows: the highest V 
were near spiral angle of IMF ?~330 deg. (By<0, Bx>0) in 20 (Wmax=111) and 22 (Wm=158) cycles. So, the even 
cycles give near-equal maxima of V for By<0, sign of which is favorable for the effective dawn-dusk component of 
E to arise during first half of year. We show that the rise of the ?? peaks exactly in May, November is connected with 
orientation of IMF, E relative M: extrema of magnetic flux into polar caps occur during the months independent from 
sign of IMF. Analysis also shows that the Kp peak in July arises due to maximal southward component along M for 
the IMF with By>0, Bx<0 during year. Our analysis shows that this IMF sign is sign of global magnetic field of the 
sun during decline phases of the odd cycles that leads to rise of the effective E field, depending also on value of E 
(which is larger also for odd cycles).  

5.3-16 GeoMAGNetiC VAriAbility ANAlysis UsiNG hierArChiCAl ClUsteriNG
souza-lopes, M.; Klausner,V.; Mendes,o.; santos,r.; domingues,M.
National Institute for Space Research (INPE)
mullermslopes@gmail.com

A large amount of magnetic observatories is distributed, around the world, to cover in a wide way latitudinal 
and longitudinal  the geomagnetic effects. Many of these observatories are chosen to compose dataset bases for the 
evaluation of geomagnetic indices, which comply with different physical purposes. This work analyzes the local 
and global geomagnetic variability taking into account data collected from all of those observatories. The goal is to 
identify patterns in the magnetic behavior in order to provide a better understanding of this behavior by choosing 
similar groupings of magnetic observatories for the geomagnetic indices. Not all the stations were selected due to 
some issues, such as, the availability and the quality of data, erroneous points in the database and the presence of 
gaps. We used a set of H-component magnetograms from 85 magnetic stations belonging to the INTERMAGNET 
network for the years 2000 and 2007. Those periods correspond respectively to a high and a low solar activity year. 
Furthermore, it was analyzed the 5 most quiet and disturbed days of each month in both years. Those days have been 
selected according to Helmholtz Centre Potsdam GFZ German Research Centre for Geosciences. As methodology, 
a hierarchical clustering and corresponding dendrogram was evaluated using a minimum variance method based in 
a euclidean metric. The resultant dendrogram gave a set of clusters of geomagnetic stations divided into accordance 
with their similarity in behaviors. As a result, the observatories are characterized by presence or absence of similar 
oscillation patterns, allowing the improvement of the understanding of how those observatories could be grouped to 
provide in a better way to evaluate the traditional indices.

5.3-17 iMpACts of deep eArth proCesses oN spACe weAther CliMAtoloGy
Macmillan, susan; hamilton, brian
British Geological Survey (BGS)
smac@bgs.ac.uk

The magnetic field from inside the Earth plays an important role in determining the long-term patterns in space 
weather. For example, it provides a shield against energetic charged particles that affect Earth-orbiting satellites and 
it influences magnetic field variations of origin external to the Earth. Concentrating on the era when we have direct 
measurements of the magnetic field from observatories, we look at influences that the changing internal field might 
have on some aspects of space weather.

The South Atlantic Anomaly (SAA) is a region spanning the southern Atlantic and South America where the 
Earth’s magnetic field is at its weakest. In the SAA the field is about one third the strength of the field near the mag-
netic poles and this affects how close to the Earth energetic charged particles can reach. Additionally, the SAA is 
deepening with the minimum strength now 6% lower than it was at the start of the space age. The SAA affects the 
likelihood of satellite radiation damage in the region and also has an impact on radio propagation.

We then demonstrate that there is a developing inter-hemispheric difference in the internal field and investigate 
whether this is having any detectable effect on geomagnetic activity levels at medium to high latitudes as measured 
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by observatories. Changing geomagnetic activity levels would affect long-term trends in geomagnetically induced 
currents in ground-based conductors such as electricity distribution networks and pipelines.

5.3-18 GeoeffeCtiVe solAr ACtiVity before GeoMAGNetiC obserVAtory erA. iNsiGhts 
froM GlobAl Models of the GeoMAGNetiC field
demetrescu, Crisan; stefan, Cristiana; dobrica, Venera
Institute of Geodynamics, Romanian Academy
crisan@geodin.ro

It has been known for a long time that geomagnetic observatory annual means are contaminated by external ef-
fects, due to incomplete averaging out of the recorded geomagnetic activity. We show that the external contribution 
leaks into global main field models based (mainly) on ground observations (geomagnetic observatories and prior 
geomagnetic measurements taken during sea voyages). We assess its evolution in case of IGRF and gufm1 that cover 
long time spans (1900-2010 and respectively 1580-1980) and model it in terms of geomagnetic activity as described 
by aa, the longest time series geomagnetic index. The evolution of external effects in gufm1 can be traced to 1600, 
and provides valuable information on the geomagnetic activity prior to observatory era (~ 1870). Its magnitude is 
significant even during the Maunder Minimum of the solar activity.

5.3-19 eMpiriCAl orthoGoNAl fUNCtioNs Used iN deCAdAl-sCAle MAGNetiC 
 field reANAlysis

shore, robert; whaler, Kathy; Macmillan, susan; beggan, Ciaran; olsen, Nils
University of Edinburgh; University of Edinburgh; British Geological Survey; British Geological Survey; DTU Space
Rob.Shore@ed.ac.uk

The Swarm satellite constellation, due for launch in 2013, will provide new measurements of the Earth’s mag-
netic field of unparalleled precision.  Induction studies to estimate the distribution of mantle conductivity are a key 
goal of the scientific mission of the constellation, so it is important that the spatial geometry of the long-period induc-
ing fields be properly resolved.

The annual and semi-annual period fields originating from magnetospheric and ionospheric currents required to 
estimate mantle conductivity in the depth range 1,200 to 2,000 km are subject to large uncertainty since they overlap 
with the periods on which the core field also changes significantly.  Currently, the spatial structure of the long-period 
external field is poorly resolved and is commonly assumed to be the P_1^0 solenoidal field term associated with the 
symmetric magnetospheric ring current.

We use a dataset, developed for the Swarm mission, of ground-based magnetic observatory hourly means in com-
bination with a method called Empirical Orthogonal Functions (EOFs) in order to decompose the external magnetic 
field over a full 11-year solar cycle.  EOFs can be used to infer patterns of maximum variance in a dataset, allowing 
us to assess the spatial and magnitude changes of dominant spatio-temporal patterns in the external magnetic field.  
Specifically, our focus is on isolating the spatial pattern associated with the long-period external field oscillations.

We find that the annual periodicity of the external magnetic fields is dominated by a P_2^0 term with additional 
spatial amplitude peaks at local noon, and between local dusk and midnight.  The dominant pattern on shorter periods 
is a P_1^0 term.  The temporal oscillations of both the P_2^0 and P_1^0 patterns exhibit a modulation with a period 
of the length of the solar cycle.  The results of this study should be useful in fulfilling the planned mantle induction 
objectives of the Swarm mission.

5.3-44p loNGitUdiNAl seCtoriAl iNdiCes CoMpAred with plANetAry K iNdex
Chambodut, Aude; Menvielle, Michel
EOST, UDS, IPGS CNRS-INSU UMR 7516, Strasbourg, France; UVSQ, LATMOS-IPSL CNRS-INSU UMR 8190, 
Guyancourt, France
aude.chambodut@unistra.fr

The planetary three-hour range Kp index was introduced by J. Bartels in 1949. Kp is the average of standardized 
K-index from 13 observatories between 44° and 60° northern or southern geomagnetic latitude: 11 of them are lo-
cated in North America and Europe and 2 in Australia and New Zealand. Such a distribution of the Kp observatories 
results in a UT dependent statistical bias in the estimate of planetary geomagnetic activity, since the geomagnetic 
activity intensity varies with Local Time. In this paper, we took advantage of the recent developments on sectorial 
indices to better characterize the description of planetary geomagnetic activity provided by Kp. 
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5.3-45p the AA iNdex VAriAtioNs
Chambodut, Aude; Menvielle, Michel; Marchaudon, Aurélie;  lathuillère, Chantal; el-lemdani Mazouz, 
farida
EOST, UDS, IPGS CNRS-INSU UMR 7516, Strasbourg, France; UVSQ, LATMOS-IPSL CNRS-INSU UMR 8190, 
Guyancourt, France; Universite de Toulouse 3, IRAP, CNRS-INSU UMR 5277,Toulouse, France; Université Joseph 
Fourier - Grenoble 1, IPAG, CNRS-INSU UMR 5274, Grenoble, France; UVSQ, LATMOS-IPSL CNRS-INSU 
UMR 8190, Guyancourt, France
aude.chambodut@unistra.fr

The aa index represents the activity level at an invariant magnetic latitude of about 50°; it is derived using data 
from two nearly antipodal observatories. For each three-hour interval, K indices are measured at the two stations and 
converted back into amplitude (nT). The corresponding aa index is the weighted average of the so-obtained northern 
and southern amplitudes. aa index makes an homogeneous and continuous data series from 1869 onwards.

In this paper, we considered the whole aa data series and we investigated the influence of the main field variation 
on the observed aa variations. 

5.3-46p oN spACe CliMAte feAtUres iN GeoMAGNetiC field ANd terrestriAl CliMAte
dobrica, Venera; demetrescu, Crisan
Institute of Geodynamics, Romanian Academy
venera@geodin.ro

The space climate concerns the long-term change in the Sun and its effects in the heliosphere and upon the Earth, 
including the atmosphere and climate. In this study the temporal behavior of the Sun-Earth system is studied on 
long-term timescales such as Schwabe and Hale solar cycles (11-yr and 22-yr) based on annual means of measured 
solar, magnetospheric and terrestrial climate parameters. By simple filtering procedures (successive 11- and 22-year 
running averages and differences between them) we investigate the long-term solar, geomagnetic and climate vari-
ability, which are described by means of the sunspot number (R), the geomagnetic activity indices (aa, IDV, IHV), 
and, respectively, the mean surface air temperature (SAT) at local, regional and continental scales.

5.3-47p UsAGe of GroUNd-bAsed MAGNetoMeter dAtA for the ChArACterisAtioN of spACe 
weAther effeCtiVe Ulf wAVes
Georgiou, Marina; daglis, ioannis; balasis, Georgios; papadimitriou, Constantinos; tsinganos, Kanaris
National Observatory of Athens,  University of Athens
marina@noa.gr

Ground-based magnetometer data are used extensively in the FP7-Space funded project MAARBLE, which 
employs multi-spacecraft and ground-based monitoring of the geospace environment, in order to analyze and assess 
the physical mechanisms leading to radiation belt particle energization and loss. Radiation belt variations are a key 
process of space weather and the comprehensive understanding of the physical mechanisms driving these variations 
will enable their accurate forecasting. Radiation belt dynamics has direct impacts on spacecraft and on humans in 
space. Most satellites operate in regions where they can be exposed to intense fluxes of extremely energetic

radiation belt particles. In addition, the orbit of the International Space Station is such that the exposure of as-
tronauts to relativistic radiation belt electrons is a serious concern. Consequently, understanding the radiation belt 
environment has important practical applications in the areas of spacecraft operations, spacecraft-system design, 
mission planning and astronaut safety. 

The MAARBLE project pays particular attention to the characterization and role of ULF waves. A database 
containing properties of the waves is being created from both space and ground-measurements and will be made 
available to the scientific community. Furthermore, ground magnetic measurements are used to investigate the role 
of coherent ULF wave transport in outer radiation belt electron dynamics. This paper reports on the progress of the 
wave database and on selected case studies that shed light on the contribution of ULF wave transport to radiation 
belt dynamics. The work leading to this paper has received funding from the European Union’s Seventh Framework 
Programme under grant agreement no. 284520 for the MAARBLE (Monitoring, Analyzing and Assessing Radiation 
Belt Energization and Loss) collaborative research project. This paper reflects only the author’s view and the Union 
is not liable for any use that may be made of the information contained therein.

5.3-48p the MAGNetiC storM of JUly 12 of 2012 ANd the diGitAl reCords of the perMANeNt 
MAGNetiC obserVAtories iN the sAMA reGioN
Gianibelli, Julio César; Quaglino, Nicolás
Faculty of Astronomical and Geophysical Sciences UNLP, Argentina
jcg@fcaglp.unlp.edu.ar

Permanent Magnetic Observatories (PMO) that controls the South Atlantic Magnetic Anomaly (SAMA) show dif-
ferent features of the storm of 12 July 2013 not symmetric with respect to the magnetic equator. The characteristics 
of the energy, velocity, density and interplanetary magnetic field of the solar wind are shown as contribution to the 
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knowledge of aspects of the sun-earth connection that generate the effect of the storm. It is concluded that the PMO 
network in the SAMA Region must be extended to the knowledge of its evolution and its impact on the future geomag-
netic storms.
Keywords: Magnetic Observatories, South Atlantic Magnetic Anomaly, Magnetic storms, Sun-Earth connection.

5.3-49p oN CoUpliNG betweeN MAiN GeoMAGNetiC field ANd teCtoNiC proCesses
Galina, Khachikyan
Institute of Ionosphere
galina.khachikyan@gmail.com

On the base of the International Geomagnetic Reference Field (IGRF-10) model, Digital Tectonic Activity Map 
(DTAM-1), and the seismological NEIC catalogue (173477events for 1973-2010 with ?4.5) will be shown: 

1. The strength of the main geomagnetic field is influenced, to some extent, by the strong earthquake occur-
rence. In particular, the IGRF-10 model shows that in the epicenter  of a major M=8.0 earthquake in 1995 (19.060N; 
104.210W) in the Mexican Manzanillo region, the strength of the main geomagnetic ?eld systematically decreased 
from ? 42369 nT in 1980 to ? 41695 nT in 1994 with the mean change of about -48.1 nT per year. After the earth-
quake on October 9 1995, the decrease in geomagnetic ?eld speeded up, and from 1995 to 2010, the mean change per 
year was -77.1 nT. In the epicenter of the major 2004 Sumatra earthquake (3.3N; 95.98E), the strength of the main 
geomagnetic ?eld steadily increased from ? 41338 nT in 1980  to ? 41855 nT in 2004 with a mean change per year 
of about 21.6 nT. After the M=9.1 earthquake on December 26 2004, an increase in the geomagnetic ?eld in this area 
slowed down: from 2005 to 2010, the mean change in geomagnetic ?eld was only 4.7 nT per year. 

2. Spatial scale distribution of seismicity at the globe is controlled to some extent by geometry of the main geo-
magnetic field. This becomes apparent when geomagnetic ?eld components are analyzed using the geocentric solar 
magnetospheric (GSM) coordinate system. Earthquakes prefer occur in the regions where geomagnetic Z_GSM 
component reaches large positive value, that takes place at low and middle latitudes. In the areas of strongest seis-
micity, that takes place at low and mid latitudes in the eastern hemisphere, the Z_GSM values are largest compared 
to all other regions of the planet. The possible maximal magnitude of earthquake (Mmax) has a linear dependence on 
the logarithm of absolute Z_GSM value in the epicenter.  

3. At the global map of epicenters, the western and southern margins of now forming Somalian plate are not 
well defined by tracing earthquakes.  Surprisingly, these margins  become well defined by tracing earthquakes if one 
presents the map of epicenters in coordinates:  geographic longitude geomagnetic inclination.

4. There is a geomagnetic conjugacy between certain tectonic structures. In particular, the middle ocean ridges 
located in the southern hemisphere along the boundary of the Antarctic tectonic plate are magnetically conjugate with 
the areas of junction of continental orogens and platforms in the northern hemisphere. Close magnetic conjugacy exists 
between southern boundary of the Nazca tectonic plate and northern boundaries of the Cocos and Caribbean plates. 

Possible reasons for the observed effects and future research directions in this area will be discussed.

5.3-50p ANNUAl VAriAtioN of GeoMetriC ChArACteristiCs of iNterplANetAry ANd eleC-
triC fields iN solAr wiNd ANd GeoMAGNetiC ACtiVity
Kuznetsova, tamara; laptukhov, Alexej; laptukhov, Vladislav
IZMIRAN, Russian Acad. of Science, Moscow
tvkuz@izmiran.ru

We present results concerning different tilt angles of the interplanetary magnetic field (IMF) and the solar wind 
electric field (E) to ecliptic plane during year on basis of spaced measurements. Then we study how the annual varia-
tion of the angles in the  different planes (GSE coordinate system) influences on annual variation of geomagnetic 
activity. We take as our data base interplanetary magnetic field (IMF), solar wind velocity (V) measured in the solar 
wind near ecliptic plane for period of 1963-2007. For the planetary geomagnetic activity to evaluate we use geomag-
netic indexes of Kp (1932-2005) and Dst (1957-2005). We calculate such angles as: Ue=arctg(Ey/Ez) Uyx=arctg(By/
Bx), Uzx=arctg(Bz/Bx) and others. Our analysis shows that the E vector is perpendicular to ecliptic plane on March 
and September (near equinoxes), but the E vector is inclined to ecliptic plane during the other months in year. 
Maximal angle of the tilt Ue is observed in May-June, which is twice larger than value Ue in December. The IMF 
lies at ecliptic field in April and October, but the IMF is inclined to ecliptic plane during the other months. In particu-
lar,  the angle Uzx reaches its maximal values in June and December-January (near solstices). The annual variation 
of Dst follows the annual variation of Ue with the best correlation coefficient Cc=0.78; for annual variations of Kp 
and of Ue the correlation coefficient is worse: Cc=0.62. We also discuss the other results such as connection of the 
annual variation of Dst and the annual variation of density for magnetic field energy (~B²) with peaks on February 
and November because sharp decrease of the tilt angle Uzx is observed just during these months. At last we discuss 
possible applications of our results to tasks of solar-terrestrial physics. 
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5.3-51p the syMMetry of MAGNetiC storMs
McCreadie, heather
University of KwaZulu-Natal Physics (UKZN)
mccreadie@ukzn.ac.za

A geomagnetic storm is defined by the enhancement of the ring current. However, the correlation between the 
upward motion of the equatorial ionosphere and the southward turning of the IMF is attributed to the penetration of 
the solar wind electric field into the low-latitude ionosphere (Huang et al. 2005). Tsurutani et al. (2008) ascribe the 
almost instantaneous response of the equatorial electrojet to changes in the electric field in the solar wind to prompt 
penetration of the solar wind electric field to equatorial latitudes. The penetration of electric fields from the polar 
regions to the equator is the Zeitgeist as inferred in the very popular book by Kelly 2009.  However there is an alter-
native view. Vasyli?nas (2001, 2005) stated that prompt penetration electric fields are not the transport mechanism 
of energy in the ionosphere. He suggests the ionosphere is driven by the magnetic tension force felt by magnetic 
field lines in the polar region. The initial motivation is purely to determine which of these views is more prevalent 
amongst the geomagnetic ground-based data. If it is assumed a geomagnetic storm is a symmetric event determined 
by the ring current enhancement then asymmetry in the storm induced magentic fields should belong to assymetry 
experienced in the prompt penetration electric fields. Does this asymmetry exist?
BIBLIOGRAPHY 
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sessioN 5.4
polAr CAp GeoMAGNetiC iNdiCes: MeANiNG deriVAtioN ANd Uses

5.4-1 UNifiCAtioN of the proCedUre for pCs ANd pCN iNdex deriVAtioN At AAri ANd dtU
troshichev, oleg; Janzhura, Alexander; Matska, Jurgen; stolle, Claudia
Arctic and Antarctic Research Institute (AARI); AARI; DTU Space; DTU Space
olegtro@aari.ru

The PC index has been introduced initially [Troshichev et al., 1988] as a characteristic of the polar cap magnetic 
activity related to the geoeffective interplanetary electric field EKL which is determined by the formula of Kan and 
Lee [1979]. However, recent studies show that the implications are more significant: the PC index is an adequate 
proxy for the solar wind energy that entered into the magnetosphere. This property of the PC index can be used 
conveniently for space weather nowcasting. The PC index is derived by magnetic data from two near-pole magnetic 
observatories: Qaanaaq (former Thule) in Greenland at 86.5 deg. corrected geomagnetic (CGM) latitude, and Vostok 
in Antarctica at 83.4 CGM. Previously, PC indices for these two observatories were  calculated in similar fashion, but 
differed in detail. A cooperation between AARI and DTU Space made it possible to implement identical procedures 
for the PCS and PCN index derivation. 

The main requirements to the unified procedure are: 
1. The PC index in any UT time is determined by the value of the polar cap magnetic activity caused by variations 

of the geoeffective solar wind impacting on the magnetosphere. 
2. The value of the polar cap magnetic disturbance vector is counted from the level of the quiet daily geomagnetic 

field variation to eliminate the daily and seasonal variations of ionospheric conductivity caused by changes in solar 
UV irradiation.

3. The level of the quiet daily variation is determined with allowance for a solar sector structure to eliminate the 
long-term variations in interplanetary electric field related to the sector structure.

4. The PC index is statistically related to the value of the coupling function EKL, irrespective of UT time, season 
and point of observation; this requirement is fulfilled by the choice of an optimal angle for the polar cap magnetic 
disturbance vector, regression coefficients and smoothing parameters. 

5. The PCN and PCS indices, which are  calculated independently, should not show any regular daily variation 



278

Scientific program

(i.e. dependence on UT-time) and they should be in close agreement with each other irrespective of season and UT 
time; 

6. All parameters in the procedure for the PCN and PCS indices derivation are calculated with use of the same 
solar wind data (and the corresponding ground magnetic observations) for full cycle of solar activity (1997-2009);

7. The procedure is described in details, all parameters needed for the calculation of the index are tabulated and 
available to interested researchers.

8. AARI and DTU, which are responsible for the magnetic data from the Vostok and Qaanaaq stations, provide 
magnetic observations in agreement with IAGA and Intermagnet requirements.

9. Provisional sets of the PCN and PCS indices are calculated online for space weather monitoring and nowcast-
ing, later they are checked and replaced, if necessary, by definitive sets of indices, corrected for possible outliers and 
gaps in the data.

5.4-2 differeNtiAtioN of the solAr wiNd VAriAtioNs effeCts iN the polAr CAp MAGNet-
iC ACtiVity (probleM of leVel of refereNCe to ACCoUNt the  MAGNetiC ACtiVity 
VAlUe)
Janzhura, Alexander; troshichev, oleg; Matska, Jurgen
Arctic and Antarctic Research Institute (AARI); AARI; DTU Space
alex_j@aari.ru

The PC index was assigned to monitor effects of the solar wind fluctuations on the polar cap magnetic activity. 
In so doing, the parameters determining correlation between the coupling function EKL and magnetic activity ?F are 
justified for common (averaged) relationship between the polar cap magnetic activity and solar wind fluctuations. 
They are not intended for description of extraordinary relationships between EKL and ?F observed, for example, in 
course of irregular enhancements of the ionospheric conductance during the solar flares or while changing the IMF 
sector structure (SS). 

The value of ?F can be considered as a measure of the cross-polar cap ionospheric electric field providing the 
ionospheric conductivity is invariant. In actuality, there are regular season and daily variations of the ionosphere con-
ductivity, produced by the solar UV-irradiation. The seasonal variations are caused by the Earth movement around 
the Sun, the Earth’s rotation axis being inclined to the Solar ecliptic. The daily variations are related to the Earth’s 
daily rotation under the differently conducting ionosphere fixed relative to the Sun. As a result, each observatory 
elapses under the inhomogeneous ionosphere fixed relative to Sun, and the varying ionospheric conductivity related 
to the solar UV irradiation, affects the regular daily and seasonal variation of geomagnetic field. However, the quiet 
daily variation, so-called quiet day curve (QDC), has no relation to changes of the solar wind parameters and, there-
fore, it should be taken away. 

Since SS sign changes with period from few to 14 days (depending on the solar activity, maximum or minimum, 
epoch) the mean value of magnetic field periodically increases or decreases with the same period. To put into use the 
common procedure of the PC calculation we need in these cases to include the mentioned effects into the quiet daily 
variation, which serves as a level of reference for counting the ?F value. 

Along with the seasonal and the solar cycle variations, the QDC amplitude is modified on time scales less than a 
month following the solar activity fluctuations and sector structure alterations. 

The applied methods of running SS and QDC calculation ensures the on-line determination of PC index even 
during the maximum solar activity epochs.

5.4-3 pC iNdex  As  A  proxy  of  the  solAr  wiNd  eNerGy  thAt  eNtered iNto  the  MAGNe-
tosphere  this  MoMeNt
troshichev, oleg; sormakov, dmitry; podorozhkina, Nataly; Janzhura, Alexander
Arctic and Antarctic Research Institute
olegtro@aari.ru

Space weather monitoring basically rests on data on the solar wind parameters measured outside of the magne-
tosphere. These parameters are used to derive a hypothetic coupling function, which is designed to monitor the solar 
wind geoefficiency and, correspondingly, the state of magnetosphere (i.e. space weather). The coupling function is 
determined as one or other combination of the solar wind parameters which provides the best correlation of func-
tion with the magnetosphere state, which is commonly evaluated either by magnetic activity in the auroral zone (AE 
index) or intensity of magnetic storm (Dst index). A number of coupling functions designed to monitor the solar 
wind geoefficiency is over 15 by now, but none of the functions is based on any experimental evidences of physical 
processes determining the solar wind-magnetosphere interaction. As a result, none of coupling functions is universal, 
i.e. suitable for adequate evaluation of quite different states of magnetosphere affected by the permanently varying 
solar wind. 

Estimation of the solar wind energy coming into the magnetosphere seems to be more straightforward and reli-
able way to resolve the problem. In this paper we demonstrate that the PC index characterizing the polar cap mag-
netic activity appears as an adequate indicator of the solar wind energy that entered into the magnetosphere this 
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moment. Being calibrated for interplanetary electric field EKL [Kan and Lee, 1979], the PC index varies in confor-
mity with the solar wind geoefficiency irrespective of UT time, season and point of observation. On the other hand, 
the following experimental facts make it clear that the PC index is steadily related to such space weather indicators, 
as AL and Dst indices: 
- the substorm onsets are preceded and accompanied in all cases by the PC index growth; 
- the substorms and storms start only if the PC index reaches the threshold value ~ 2mV/m;
- the substorm intensity and growth phase duration are determined by the PCgrowth rate; 
- substorms and storms decay as soon as the PC index firmly falls below 1 mV/m;
- the storm length is terminated by the duration of the period, for which PC > 2mV/m; the storm intensity is linearly 
related to the PC index averaged over the storm time interval;
- periodicity of saw-tooth substorms is determined by the duration of the PC growth phase and the PC decline phase; 
- the substorms occurring under the northward IMF conditions are related to PC ? 2 mV/m;  
- the PC index adequately responds to impulses in the solar wind dynamic pressure.
Thus, the PC index is the most advantageous for the space weather monitoring and nowcasting.

5.4-4 seMiANNUAl VAriAtioN of pC-iNdex for North ANd soUth polAr CAps
Kuznetsova, tamara; petrov, Valery; laptukhov, Vladislav
IZMIRAN, Russian Acad. of Science, Moscow,  Russia
tvkuz@izmiran.ru

Though the semiannual variation of geomagnetic activity with peaks near equinoxes has long been  established, 
its cause is open for discussion. We have suggested earlier a new mechanism for the variation to explain (Adv. 
Space Res, v. 47, 2011). Phase of the semiannual variation is determined by the annual variation of the geomagnetic 
moment component My (GSE) caused by sinusoidal oscillations of the moment M at the yz interaction plane dur-
ing annual motion: extrema at  equinoxes (My<0 for the first half of year, My>0 for the second one) and My=0 at 
the solstices. Amplitude of the annual variation is modulated by the solar wind electric field Ez=VBy. By the other 
words, annual variation of the My makes extrema at equinoxes that produces maxima of the dawn-dusk component 
Emv=VByMy at the yz plane at spring equinox for toward polarity of the IMF (By<0, Bx>0) and at fall equinox 
for away one (By>0, Bx<0). It is logically to search for the semiannual variation of PC-index for north and south 
polar caps. As is known, the PC index is a measure of the strength of the solar wind electric field derived from mag-
netic variations measured at a single station near a magnetic pole. We use PC index of south cap Ps and north cap 
Pn, which we could get from the AARS www-page for years 1995, 1998. We also use data of the IMF B and wind 
velocity V measured at 1 a.u. near ecliptic plane for the same years. We show that mean value of E~1 mV/m and 
mean IMF described by Parker’s spiral lies at ecliptic plane. The semiannual variations of both Pn and Ps does not 
differ from ones of the other indexes (Kp, AA, Dst): smoothed maxima near equinoxes and minima near solstices. 
As for the other indexes, the spring equinox peak is higher than the fall equinox one. We also obtained annual varia-
tions of Ps and Pn for various signs of By. We show that the semiannual variation of both Pn and Ps is determined 
by the By component. Both Pn and Ps has peak in February-May during the first half of year for By<0, the peak in 
August-October during the second half one for By>0. The same phase of the semiannual variations of all the indexes 
is explained by the semiannual variation of the effective dawn-dusk Emv component, which does not depend from 
ionosphere conductivity and terrestrial induction effects. This Emv variation in turn is caused by the variation of 
mutual orientation of large-scale electric field E=[VxB] and magnetic moment M in the interaction plane during 
annual motion of the Earth. The well-known measurements on the balloons showed also the evident dependence of 
the polar cap electric field on both Bz and By IMF. Our results show clearly that PC-index contains significant part 
of the electric field Ez caused by the By IMF that leads to the final result of the PC dependence on season. We hope 
for our results to be favor further elaboration of the useful PC index, and the aim of the authors to create an index 
independent on season will be realized.    

5.4-35p siMilAr iNterdeCAdAl eVolUtioN of MAGNetosphere ANd ioNosphere CUrreNt 
systeMs As seeN iN GeoMAGNetiC iNdiCes, pC iNClUded
demetrescu, Crisan; dobrica, Venera
Institute of Geodynamics, Romanian Academy
crisan@geodin.ro

We compare the evolution of several magnetospheric and ionospheric current systems at interannual and inter-
decadal timescales. A number of geomagnetic indices have been designed to describe this evolution and variability  
a consequence of the interaction of the solar wind and heliospheric magnetic field with the magnetosphere and 
ionosphere. The correlation comparison of several indices that show common long-term behavior (aa, AE, Dst), 
characterized by solar activity signature at Hale and Gleissberg timescales, includes the PC index, a proxy for the 
electric field and convection in the polar ionosphere. An attempt is made to reconstruct these indices back to 1870.
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5.4-36p softwAre for the pC CAlCUlAtioN, the dAtA 
 exChANGe ANd preseNtAtioN

Janzhura, Alexander; Matska, Jurgen; troshichev, oleg
Arctic and Antarctic Research Institute (AARI); DTU Space; AARI
alex_j@aari.ru

The package of programs was elaborated to derive a proper PC index. The package contains programs for calcu-
lation of definitive PC index as well as programs for derivation of index in a real-time. All the programs are written 
on Matlab programming language and are assigned to operate with relational database management system MySQL.

The programs have been thoroughly tested and implemented in AARI for calculation of the PCS index and 
in DTU Space for calculation of the PCN index. The same software and data handling were applied in the both 
institutes. 

The main package of the programs includes 4 blocks, as follows:
1. preparation of data for derivation of coefficients and PC index;
2. calculation of the quiet daily variation (QDC) with allowance for solar sector;
3. derivation of coefficients with use of QDC as level of reference;
4. calculation of the certain PC index with use of the certain QDC as level of reference.
Moreover, there are technical programs for the data handling, for the index exchange and for index presentation 

which are also implemented in the unified form in both institutes.
The paper provides a relevant supporting material explaining the procedure for computation of the PCN and PCS 

indices.

5.4-37p MethodoloGiCAl bACKGroUNd for the pC iNdex deriVAtioN
Matzka, Jürgen; Janzhura, Alexander; troshichev, oleg; stolle, Claudia
DTU Space, Technical University of Denmark; Arctic and Antarctic Research Institute St.Petersburg; Arctic and 
Antarctic Research Institute St.Petersburg;  DTU Space, Technical University of Denmark
jrgm@space.dtu.dk

The PC index derivation is based on several sets of coefficients. Together with the procedures for their determina-
tion they have to be documented to assure reproducibility. . The angle coefficient is intended to align the horizontal 
projection of magnetic disturbance to the cross-polar current system produced driven by the geoeffective interplan-
etary electric field EKL.  The other two coefficients are coefficients of linear regression which relate the EKL value 
with the magnitude of the magnetic disturbance produced by the cross-polar current system. The values of optimal 
angle and regression coefficients (slope and intersection) have been derived for each minute of each day during the 
year. Every coefficient is, however, obtained as an averaged quantity from all years in the solar circle (1997-2009). 
There are two sets of PC indices, one for the northern polar cap (PCN) and one for the southern polar cap (PCS) 
based on magnetic time series from the station Qaanaaq (Greenland) and the station Vostok (Antarctica). The mag-
netic data from Qaanaaq (THL) are handled by DTU Space (Denmark) while the magnetic data from Vostok (VOS) 
are handled by AARI (Russia). Before derivation of the definitive PCN and PCS indices, the magnetic data from 
both stations are subjected to comprehensive control and verification according to INTERMAGNET standards. The 
paper gives the description of the unified procedures for the data handling and of the PC index derivation adopted 
by DTU Space and AARI.

5.4-38p solAr UV irrAdiAtioN ANd solAr wiNd effeCts iN the 
 polAr CAp MAGNetiC ACtiVity (pC iNdex): distiNCtiVe feAtUres of 
 the lAst CyCle of solAr ACtiVity.

troshichev, oleg; Janzhura, Alexander
Arctic and Antarctic Research Institute
olegtro@aari.ru

The PC index has been introduced [Troshichev et al., 1988] as a characteristic of the polar cap magnetic activity 
induced by the solar wind - magnetosphere coupling. PC index is calculated independently for northern (PCN) and 
southern (PCS) hemispheres by magnetic data from two near-pole magnetic observatories: Thule (now Qaanaaq) in 
Greenland at 86.5? corrected geomagnetic (CGM) latitude, and Vostok in Antarctica at ?83.4?. The magnitude of the 
polar cap magnetic activity is counted from level of the quiet daily geomagnetic field variation (QDC) to make allow-
ance for the ionospheric conductivity changes caused by variable solar UV irradiation. The PC index at any instant 
is determined as a corresponding value of the magnetic activity calibrated for interplanetary electric field EKL [Kan 
and Lee, 1979] through a series of statistically justified regression coefficients. As a result, PC index turns out to be 
conforming to the geoeffective field EKL irrespective of UT time, season and point of observation. The recent studies 
showed that the PC index acts as an adequate proxy of the solar wind energy that entered into the magnetosphere. In 
this quality the PC index is useful for the space weather monitoring and nowcasting. 

Two sets of 1-min indices (PCN and PCS) and corresponding QDC values have been calculated for every day of 
the last cycle of solar activity (1998-2012). The daily mean QDC were examined to estimate the effect of the solar 
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UV irradiation and its behavior in course of the last solar cycle, the daily mean PC quantities were analyzed to esti-
mate the solar wind effect and it’s changes in different epochs of solar activity. Results of the analysis are compared 
with other evidences on crucial changes of the UV irradiation and the solar wind parameters during last minimum 
of solar activity (2009-2010).  

sessioN 5.5
the Use of GeoMAGNetiC obserVAtioNs iN CoNJUNCtioN with lidAr, rAdAr ANd other MeA-
sUreMeNts for ioNo spheriC stUdies

5.5-1 AssiMilAtiVe MAppiNG of ioNospheriC eleCtrodyNAMiCs UsiNG GeoMAGNetiC dAtA  
ANd other GroUNd- ANd spACe-bAsed MeAsUreMeNts
lu, Gan
National Center for Atmospheric Research
ganglu@ucar.edu

Because the ionosphere and magnetosphere are intrinsically coupled via magnetic field lines, distributions of 
ionospheric convection, electric currents, and auroral energetic particle precipitation are determined by several mag-
netospheric processes, such as the location and rate of magnetic reconnection along the dayside magnetopause and 
in the magnetotail, and the energization and dissipation of magnespheric plasmas. Ground magnetometers provide 
continuous monitoring of magnetic perturbations as a result of ionosphere-magnetosphere coupling. This paper 
describes the utility of the Assimilative Mapping of Ionospheric Electrodynamics (AMIE) procedure in obtaining 
snapshots of global ionospheric convection, currents, and other related physical quantities by synthesizing various 
ground- and space-based measurements, including a world-wide network of magnetometers, incoherent and coher-
ent high-frequency radar, and satellite in-situ observations of electric and magnetic fields. Examples from selected 
event studies will be presented to illustrate the importance of ground magnetometers to space science.

5.5-2 iNVerse proCedUres for hiGh-lAtitUde ioNospheriC eleCtrodyNAMiCs iN A New 
erA of GlobAl spACe- ANd GroUNd-bAsed iNstrUMeNtAtioN
Matsuo t.; Knipp, d.J.; richmond, A.d.; Kilcommons, l.; Anderson, b.J.; Cousins, e.d.p. 
University of Colorado at Boulder (CU-Boulder), NOAA; CU-Boulder; NCAR; CU-Boulder; APL, JHU; NCAR
tomoko.matsuo@colorado.edu

5.5-3 peNetrAtioN of loNG-dUrAtioN CoNVeCtioN/oVershieldiNG eleCtriC fields to 
eQUAtoriAl lAtitUdes dUriNG MAGNetiC storM periods ANd 

 their effeCts oN f reGioN ioNosphere
Veenadhari, b.; Kikuchi, t.; ebihara, y.; xtulasi ram, s.; sandeeep Kumar
Indian institute of geomagnetism; Research Institute for Sustainable Humanosphere (RISH), Kyoto University
bveena@iigs.iigm.res.in

The magnetospheric convection electric field produced by the solar wind magnetosphere interaction with south-
ward IMF is transmitted to the polar ionosphere along the magnetic field lines, And further penetrates deep into the 
low latitude ionosphere and to the inner magnetosphere. The penetrated electric field drives DP2 ionospheric currents 
with enhanced amplitude at the dayside geomagnetic equator, Which also enhances the electron density in the low 
latitude ionosphere. On the other hand, The low latitude ionosphere tends to be shielded from the convection electric 
field, And the electric field often reverses its direction when the IMF turns northward. From the electric current point 
of view, The Region-1 and -2 field-aligned currents flow into the equatorial ionosphere through the polar ionosphere, 
Resulting in DP2 (intensification of the EEJ) Or reversed DP2 (CEJ) When the R1 or R2 FACs are dominant. During 
a geomagnetic storm, DP2 currents dominate during the main phase, While CEJ tends to occur in the beginning of 
the recovery phase. The convection electric field is often observed in the inner magnetosphere during major geo-
magnetic storms, Which suggests a tight electromagnetic coupling between the low latitude ionosphere and the inner 
magnetosphere. The reversed electric field associated with the equatorial CEJ may play a role in reducing the ring 
current during the recovery phase. The long duration of convection and overshielding electric field exists for some 
long hours with prolonged southward IMF Bz during the main and recovery phase of storm. The long penetration 
electric fields are not estimated well with modeling and simulations. The time scales of long duration overshielding 
and convection electric fields will be studied for some complex magnetic storms using ground magnetic data from 
Indian and Japanese sectors and try to evolve the importance of the substorm occurrence during storm main phase. 
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5.5-4 the eQUAtoriAl f-reGioN dyNAMo: its depeNdeNCe oN zoNAl wiNd 
 ANd plAsMA drift

stolle, Claudia; park, Jaeheung; lühr, hermann
Technical University of Denmark, DTU Space, National Space Institute; GFZ, German Research Centre for 
Geosciences, Potsdam; GFZ, German Research Centre for Geosciences, Potsdam
cst@space.dtu.dk

The concept of an equatorial F-region dynamo has first been proposed by Rishbeth (1971). Decades later com-
prehensive studies of F?region dynamo currents as a function of season, local time, geographic longitude, and solar 
activity has been presented by Lühr and Maus (2006) and Park et al. (2010) based on magnetic field observations 
from the CHAMP satellite. The intensity of the vertical current generated by the F region wind dynamo is deduced 
from the bipolar variation of the zonal magnetic field component when the satellite passes the magnetic equator. The 
current flows downward during daytime and upward in the evening, with a polarity switch occurring around 16h 
MLT. During June solstice months the current density is significantly reduced compared to other seasons. 

In a subsequent study the role of zonal plasma drift for the vertical F region current has been investigated. 
This quantity is estimated from a combination of electron/neutral density, wind and magnetic field observations by 
CHAMP. ROCSAT-1 data are used for validating the plasma drift estimates. Investigations reveal that the plasma 
drifts in the same direction as the wind, but it drives vertical currents in the opposite direction of that caused by the 
wind. Since the effect of the wind is always larger than that of the plasma drift, the relatively small net F region cur-
rent is determined by the wind direction; downward currents are caused by westward winds and upward currents by 
eastward winds. 

Sudden Stratospheric Warming (SSW) events are known to change significantly the dynamics of the equatorial 
ionosphere. For the SSW event of December 2001 we have studied the behavior of the daytime equatorial F-region 
current. Of particular interest was the enhancement of lunar tidal effects on the two independent drivers that contrib-
ute to the F-region vertical current: thermospheric zonal wind (F-region dynamo) and vertical electric field (E-region 
dynamo). The thermospheric zonal wind, as observed by CHAMP, is modulated by the lunar tide in a similar way 
as the F-region vertical current. The vertical electric field also shows a lunitidal modulation but at a different phase. 
From the observed phase delays we conclude that the F-region vertical current during an SSW event is not only 
modulated by the lunitidal variation of the thermospheric wind but also by the variations of the E-region electric field 
and the F-region plasma density distribution.

5.5-5 bAroMetriC ANd MAGNetiC obserVAtioNs of VertiCAl ACoUstiC resoNANCe ANd re-
sUltANt GeNerAtioN of field-AliGNed CUrreNt
iyemori, toshihiko; tanaka, yoshikazu; odagi, yoko; sano, yasuharu; takeda, Masahiko; Nose, Masahito; 
Utsugi, Mitsuru; rosales, domingo; Choque, edwin; ishitsuka, Jose; yamanaka, sadato; Nakanishi, Kunihito; 
Matsumura, Mitsuru; shinagawa, hiroyuki
Graduate School of Science, Kyoto University; Asahi University; Geophysico del Peru; UEC; NICT
iyemori@kugi.kyoto-u.ac.jp

Evidences where the excitation of vertical acoustic resonance between ground and ionosphere and resultant 
generation of field-aligned current just after the earthquakes are shown. In the two inland earthquakes, barometric 
observations very close to the epicenters (i.e., only 30km apart) were available, and they showed a sharp spectral 
peak which appeared around 260 seconds which is the period of theoretically expected fundamental mode of the 
resonance. On the other hand, the magnetic observations on the ground showed dominant period at 220-230 seconds 
which correspond to the first overtone among theoretically expected major resonance peaks. During the 2010 Chile 
earthquake, a long period magnetic oscillation in the east-west direction, which has the two major resonance periods 
at 265 and 190-195 seconds, was observed on the night side magnetic dip equator in Peru, where the distance is more 
than 2600km from the epicenter, under very quiet geomagnetic condition. The oscillation was interpreted as the ef-
fect of field-aligned current generated through dynamo process in the ionosphere over the epicenter caused by the 
resonance. Possible evidence of small scale field-aligned current generated by the lower atmospheric disturbances 
observed by the CHAMP satellite will be also shown.

5.5-6 seAsoNAl VAriAtioN of AtMospheriC eleCtriCity MeAsUred 
 At MAitri, ANtArCtiCA

panneerselvam, C.; Victor, Jeni; Manu, s.; Nair, K.U.; Gurubaran, s. 
Indian Institute of geomagnetism, India
panneer.iig@gmail.com

Simultaneous and continuous measurement of atmospheric vertical electric field and air-earth current density 
made at a polar station, Maitri (70°45’52’’S, 11044’03’’E, 113m above mean sea level), at Antarctica since 1999. 
Global signals have previously been identified on atmospheric electricity measured at Maitri. This paper investi-
gates seasonal variations of vertical electric field and current density as measured at the south polar station Maitri, 
and Vostok (78°27?52?S, 106°50?14?E, 3488 m AMSL), Antarctica between 2006 and 2009.  The natural periodic 
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variations of fair weather electric field and vertical air-earth current at Maitri are compared with the periodic varia-
tions of electric field measured at Vostok, Antarctica and the measurements made during the Carnegie expeditions 
over the oceans where the global component of variations dominates over  local component. The diurnal variations 
of electric field and vertical air-earth current well correlated with Carnegie curve as well Vostok, Antarctic vertical 
electric field.  The diurnal variation of electric field range and amplitude at Maitri and Vostok station is more or 
less same for the year 2009, but, for the year 2006, the Maitri station vertical electric field is high as compared with 
Vostok station. This  analysis supports the polar ionospheric current system over Maitri which is enhanced the verti-
cal electric field and current density over Maitri during the year 2006 and for the year 2009 is extreme solar minimum 
year and the ionospheric current over Maitri  could not enhance the measured atmospheric electrical parameters, the 
reasons discussed in detail in this paper.

5.5-7 effeCt of soMe ACtiVities iN the ioNosphere oN GeoMAGNetiC field
okeke, f.N.; okpala, K.C.; obiora, d.N.; Ugbor d.o. 
University of Nigeria, Nsukka
francisca.okeke@unn.edu.ng

The solar wind carries energetic charged particles that moves currents. Most activities in the upper atmosphere, 
particularly the ionosphere are triggered off by solar wind.This study is based on the variations observed in geomag-
netic components caused by changes in the solar wind. The solar flare effcts (SFEs) as well as geomagnetic storm 
effects (GMSEs) on geomagnetic field were considered. It was discovered that geomagnetic field was reduced by 
both SFEs and GMSEs. It was inferred that if this continues for many years, then, geomagnetic field that protects the 
earth from the solar wind will be destroyed. The implication is that, not only will the UV rays transcend on earth’s in-
habitant, but also might cause climate change. We suggest more furture research work on this, for  more robust result.

5.5-61p AUrorAl pArtiCle preCipitAtioN effeCt oN GeoeleCtriC 
 field iN sUb AUrorAl reGioN

Jeni, Victor; panneerselvam, C.; Manu, s.; h. Johnson Jeyakumar; Nair, K.U.;  Anil Kumar, Cp
Indian Institute of Geomagnetism,
jenivictor@gmail.com

Surface measurements of the atmospheric electric field and current density have been made at the Indian station, 
Maitri (70°45’52’’S, 11°44’3’’E, 117 m above mean sea level), Antarctica for a decade.  The vertical component 
(EZ) of the atmospheric electric field variations, measured at sub auroral (obs. Maitri) and auroral (obs. Vostok) sta-
tions in Southern Hemisphere  under fair-weather conditions, have been analyzed. The strong effect of EZ increasing 
in the auroral station was found during the main phase of the moderate magnetic storms. The positive EZ increase 
peaked simultaneous with the night side particle precipitation over auroral ionosphere. The particle precipitation in-
duced the ionospheric currents which change the downward vertical electric field to the ground. In terms of potential, 
the overhead ionospheric potential has more influence on EZ which again proves with analyzed the EZ with Weimer 
model and superDARN. But the polar station parameter does not show any kind of changes in EZ measurement. The 
observed effects could be interpreted as a result of the influence of the strong westward electroject, due to the pre-
cipitation of charged particle from the inner magnetosphere, caused by substorm associated particle precipitation, to 
the global electrical circuit. This precipitation enhances the overhead ionospheric potential which causes the change 
in geoelectric field. The magnetosphere-ionosphere-atmosphere electric coupling to the atmospheric electricity is 
uniqueness of the individual stations. The mechanism will be discussed using ground based and satellite measure-
ments in this paper. 

5.5-62p ModerAte seisMiC ACtiVity iN KoyNA wArNA reGioN oCCUrred oN 29th...
sharma, A.K.; haridas, r.N.
Shivaji University,College of Engineering
aks_phy@unishivaji.ac.in

Since 2006,study of magnetic field fluctuations due to earthquakes have been  started at Shivaji University, 
Kolhapur (India)  using three axis ULF induction type magnetic sensors. The results of ULF electromagnetic 
signal observations in seismo-active regions, prior to earthquakes, are presented and discussed. We have consid-
ered one moderate earthquake (Magnitude=4.2)  for the present study, which occurred in Koyna-Warna region of 
Maharashtra,India, on 29th July 2008 at 19:10:53 UT. For the study of these signals we have considered the fre-
quency range from 0.01 Hz to 01 Hz. Suitable required data analysis methods like- Polarization Parameter, fractal 
analysis and wavelet analysis are used. This analysis gives  detailed information about the possibilities of precursory 
signals due to weak earthquakes near the observation site. A variation in the polarization parameter during seismic 
events is discussed  in the light of geomagnetic activities.
Keywords: -Ultra Low frequency; Earthquake precursors; Wavelet Analysis; Polarization parameter: Fractal Analysis.
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sessioN 5.6 
ModelliNG ANd iNterpretAtioN of lithospheriC MAGNetiC ANoMAlies

5.6-1 diGitizAtioN of low-AltitUde proJeCt MAGNet dAtA
ishihara, takemi; Catalán, Manuel; Maus, stefan
Institute of Geology and Geoinformation, AIST; Real Instituto y Observatorio de la Armada; CIRES, University of 
Colorado
t-ishihara@aist.go.jp

Recent attempts to compile global magnetic data such as WDMAM revealed that many oceanic areas, particu-
larly in the southern hemisphere, are inadequately covered by near-surface data. The Project Magnet program carried 
out by the U.S. Navy includes low-level surveys with altitudes of about 300 m or less, and could be some help to fill 
such data gaps. However, the Project Magnet CD-ROM published by the U.S. National Geophysical Data Center 
(NGDC) only includes digital data at five minute intervals, or with spacings of about 30 to 40 km. We are generating 
more detailed digital data for low-altitude total intensity data collected by the program between 1953 and 1967, by 
digitizing the analog microfilm images of magnetometer charts, which are also available at the NGDC. There are 663 
analogue charts of flight legs that cover mainly oceanic areas globally. We plan to digitize all the track line data, and 
to obtain digital magnetic data at 30 second or shorter intervals from these analog data. The digitization method and 
some preliminary results on the digitized data from southern oceanic areas are presented.

5.6-2 is the lithospheriC MAGNetiC field GlobAlly self-siMilAr ?
thebault, erwan; Vervelidou, f. 
Institut de Physique du Globe de Paris
ethebault@ipgp.fr

The magnetic field of the Earth’s lithosphere arises from rock magnetization contrasts. This field can be described 
mathematically on a global scale in terms of spherical harmonics from a set of discrete magnetic field measurements. 
However, a priori information about the nature of the magnetic sources can also be set. In particular, the global 
crustal field can be assumed to be induced and generated by an equivalent layer of magnetic susceptibility values 
that vary laterally within a shell of constant thickness. This provides an alternate representation of the magnetic field. 
We exploit this dual representation and we propose a new theoretical expression for the horizontal spatial power 
spectrum of the crustal magnetic field for the spatial scales larger than 50 km. The theoretical form depends on three 
parameters which are the mean apparent susceptibility (or induced magnetization), the thickness of the shell, and a 
power law for the susceptibility. We fit the theoretical spectrum to the NGDC-720 lithospheric magnetic field model 
power spectrum that is based on airborne, marine, and satellite magnetic measurements. This comparison allows us 
to predict a mean global apparent susceptibility of 0.04 SI (or a mean induced magnetization of 0.42±0.02 A/m), a 
mean magnetic crustal thickness of 26.5±2.0 km, a magnetic field root mean square of about 220 nT at the Earth’s 
mean radius, and a power law for the apparent susceptibility ranging between -1.26 and -1.34. 

These values compare favorably to the values inferred from other independent geophysical data. The theoretical 
form allows us to discuss some statistical characteristics of the Earth’s crustal field for wavelengths ranging from 50 
to 2500 km. We extrapolate the behavior of the theoretical power spectrum to argue that the crustal field should not 
be self-similar at any spatial scale. We propose, however, that the crustal power spectrum in a log-log scale could 
look self-similar for wavelengths smaller than 50 km in regions of thick magnetic crustal thickness. 

5.6-3 speCtrAl ANd spAtiAl deCoMpositioN of lithospheriC MAGNetiC field Models Us-
iNG spheriCAl slepiAN fUNCtioNs
beggan, Ciaran; whaler, Kathy; simons, frederik
BGS; Univ. of Edinburgh; Princeton Univ.
ciar@bgs.ac.uk

Global magnetic field models are typically expressed a spherical-harmonic expansion coefficients. Slepian func-
tions are linear combinations of spherical harmonics that produce new basis functions which vanish approximately 
outside chosen geographical boundaries, but also remain orthogonal within the spatial region of   interest. Hence, they 
are suitable for decomposing spherical-harmonic models into portions that have significant magnetic field strength 
only in selected areas. Slepian functions are spatio-spectrally concentrated, balancing spatial bias and spectral leak-
age. Here, we employ them as a basis to decompose the global lithospheric magnetic field models up to degree and 
order 100, into two distinct regions. 

One of the resultant fields is concentrated within the ensemble of continental domains, and the   other is localised 
over its complement, the oceans. Our procedure neatly divides the spectral power at each harmonic degree into two   
parts. The field over the continents dominates the   overall crustal magnetic field, and each region has a distinct power 
spectral signature. The oceanic power spectrum is approximately flat, while that of the continental region shows 
increasing power as   the spherical-harmonic degree increases. We also compare our results to power spectra from 
forward models of the ocean lithospheric derived from magnetisation studies of Masterton et al. (2013).
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5.6-4 ANAlysis of CrUstAl MAGNetisAtioN iN CArtesiAN CoordiNAtes
Gubbins, david; ivers, david
Univ. Leeds, Univ. Sydney
gubbins@earth.leeds.ac.uk

Most of the short wavelength geomagnetic field is thought to originate from magnetised rocks  in the uppermost 
50 km of the Earth’s crust and upper mantle. This magnetisation produces the potential magnetic field that we ob-
serve above the Earth’s surface, but a large part of it produces a potential field only observable below the magnetised 
layer and a non-potential field that could only exist within an insulator. We previously educed vector spherical har-
monics that separate these 3 types of magnetisation and showed them to be complete and orthogonal. We expanded a 
vertically-averaged model of global magnetisation, based on the known geology, in these basis functions and showed 
that the major part, over 80%, produced no observable magnetic field at all. This obviously complicates inversion of 
magnetic field for magnetic structure because the null space for inversion is very large indeed.

Here we extend the analysis to Cartesian coordinates for application to small regions where the curvature of the 
Earth can be ignored, such as in most studies of mineral and hydrocarbon exploration. The vector harmonics are 
complete and orthogonal and have components that are combinations of solutions of Laplace’s equation as before, 
this time involving exponentials instead of the spherical harmonics of the spherical case.  We use this basis to expand 
some classical models of crustal magnetisation in an infinite domain and separate the magnetisation that produces 
external potential fields from those that do not. We further develop the formalism needed for a finite domain with 
periodic boundary conditions and show how it can be applied to realistic, vertically-averaged, models of crustal 
magnetisation. Both the periodic and the infinite cases require simple manipulations of Fourier Transforms of the 
magnetisation, and can therefore be implemented with minor changes to standard software.

5.6-5 AeroMAGNetiC eVideNCe of plAte teCtoNiCs iN the preCAMbriAN
rajaram, Mita; Anand, s.p. 
Indian Institute of Geomagnetism
mita@iigs.iigm.res.in ; mitarajaram@yahoo.com

There is an ongoing debate whether plate tectonics was active during the Precambrian times and if its signa-
tures can be deciphered. Recent studies over Peninsular India have discussed in detail a plate-tectonic model of 
subduction-collision-accretion for the evolution of the Palghat Cauvery shear zone and the Madurai block during 
the final stages of the amalgamation of the Gondwana supercontinent. We have analysed available reconnaissance 
scale aeromagnetic data over Peninsular India to understand the magnetic signatures of the Precambrian shield and 
suture zones there by throwing light on the tectonics of the region. Utilizing a combination of differential reduction 
to pole map, analytic signal, vertical and tilt derivative and upward continuation maps we are able to identify mag-
netic source distribution, tectonic elements, terrane boundaries, suture zones and metamorphic history of the region. 
Processes like metamorphism leave their signatures on the magnetic data; prograde granulites (charnockites) and ret-
rograde eclogites are known to have high susceptibility. We find that mapped charnockites intruded by alkali plutons 
have higher magnetisation, as they have possibly undergone prograde metamorphism increasing their susceptibility, 
compared to the retrogressed charnockites. Our analysis is able to identify several West to East trending high am-
plitude magnetic anomalies with sources extending up to intermediate and deeper levels in the region from Palghat 
Cauvery shear to Achankovil shear. The magnetic high associated with Palghat Cauvery shear zone may represent 
the extruded high pressure-ultra high temperature metamorphic belt (granulites at shallow levels and retrogressed 
eclogites at deeper levels) formed as a result of subduction process. The East West highs within the Madurai block 
can be related to the linear belts of metamorphosed clastic sediments, BIF and mafic/ultramafic bodies resulting 
from the process of accretion. Thus the present study supports the subduction and accretionary process related to the 
formation of the Palghat Cauvery suture zone and Madurai block, respectively.

5.6-6 the lithospheriC MAGNetiC field AloNG the piNGbA-liJiANG profile, ChiNA
yuan, Jiehao; Gu, zuowen; Chen, bin; wang, Can; wang, lie
Institute of Geophysics, China Earthquake Administration;Anhui Earthquake Administration
yjh810405@163.com

In order to research the lithospheric magnetic field and the magnetization structure, the geomagnetic field was 
surveyd along the Pingba-Lijiang profile with 800 km long in the Yunan and Guizhou provinces in China. The dis-
tance between the adjacent geomagnetic sites is 5 km along the profile. The geomagnetic data were analyzed, and the 
lithospheric magnetic field was obtained. Using the upward continuation method, the geomagnetic anomalies in dif-
ferent depths were obtained : the basement anomaly, the upper crust anomaly and the superficial anomaly. Basing on 
these geomagnetic anomalies, the magnetization structure was obtained by using the software of the Model Vision. 
The preliminary results show: (1) The geomagnetic anomalies have good relationship with the local geological struc-
ture. (2) The magnetization structure is related to the RMS, the depth variation of the Curie interface, the values of 
the magnetic susceptibility, the seismic activity and the tectonic block. (3) There is a good relationship between the 
magnetization structure and the magneto-electric structure.
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5.6-7 CrUstAl strUCtUre of lAxMi ridGe iN the ArAbiAN seA
Nair, Nisha; Anand, s.p.; rajaram, Mita
Indian Institute of Geomagnetism
mita@iigs.iigm.res.in ; mitarajaram@yahoo.com

The satellite derived Free Air Gravity (FAG) anomaly map over the Indian offshore region depicts a high over 
the ridges; however, the Laxmi ridge in the Arabian Sea and the 85 E Ridge in the Bay of Bengal are associated with 
a low FAG anomaly. Several theories exist to explain this low FAG anomaly. We utilized Satellite derived FAG data 
and NGDC marine magnetic data constrained by bathymetry, available seismic profiles and isopach maps over the 
region to throw light on the structure and tectonics of the Laxmi ridge and derived 2D crustal structure of Laxmi 
Ridge by combined modeling of gravity and magnetic data.  From analysis of the FAG and magnetic data and the 
generated models it is inferred that the gravity low associated with the Laxmi ridge is due to underplating. From a 
similar analysis of the gravity and magnetic data across 85 E ridge it was found that the gravity low (below 15°N) 
associated with the 85 E ridge was due to the sagging of the crust. 

In the region around the Laxmi ridge - basin, we also used a modified form of Energy Spectrum Analysis termed 
Multi Window Technique where energy decay spectra are calculated over a series of increasingly larger windows 
centered over point of interest. Depth-Plateaus indicating nearly constant depth values for a range of window size 
corresponding to the approximate depth to the causative magnetic / gravity interface are thus determined. A horizon-
skeleton map, representing depth-plateaus identified as the same interface, form a coarse image of the detected 
horizon. The Multi Window Technique was applied to satellite derived free air gravity anomaly data over the Laxmi 
Ridge to understand the crustal structure as well as to generate a 3D model. We have taken around 60 locations (point 
of interest) along the Laxmi ridge and window length ranging from 20km to 200km with varying window expansion 
increment. Four different depth-horizons were present at all locations.  The horizon-skeleton map thus generated 
was compared with published seismic reflection / refraction profiles across the Laxmi ridge and it was found that top 
three horizons matched with the depth to the top of the sedimentary layers with velocity 3km/s, velocity 4km/s and 
depth to the top of the crust. The fourth and deepest horizon at an average depth of 24 km, is present throughout the 
axis of the ridge, suggests the thickened nature of the Laxmi ridge and matches with the Moho depth. Further, as we 
move towards Laxmi basin there is no evidence of underplating. Thus the 3D crustal model developed using Multi 
Window Technique depicting the structure of the crust and the four horizons is similar to our 2D crustal model of 
Laxmi Ridge. Results of this analysis will be presented.

5.6-8 hiGh resolUtioN MAppiNG of MAGNetiC ANoMAlies oVer lA soUfriere of 
GUAdeloUpe
bouligand, Claire; Coutant, olivier; Gibert, dominique; barnoud, Anne
ISTerre; ISTerre; IPGP; ISTerre
claire.bouligand@ujf-grenoble.fr

The andesitic lava dome La Soufrière of Guadeloupe, formed during the 1530 AC eruption, is the most recent 
volcanic feature of the Guadeloupe Island. It is characterized by a strongly active hydrothermal system which weak-
ens the volcano flanks and can endanger the island population. During the winter 2009, a ground magnetic survey 
was performed over the dome in order to detect possible magnetic anomalies associated with hydrothermal alteration 
and use these anomalies to assess the distribution of hydrothermal alteration in the subsurface of the dome. Ground 
magnetic measurements were performed using two overhauser magnetometers. One magnetometer was left at a 
fixed station to record diurnal variations of the magnetic intensity. A second magnetometer was used to acquire long 
magnetic profiles around, across, and at the top of the dome at an elevation of about two meter above the ground.  As 
expected in a volcanic region, this survey displays many short-wavelength and large-amplitude magnetic anomalies, 
many of which are due to nearby topography of the highly magnetic volcanic terrain. In addition to these short-
wavelength anomalies, long-wavelength anomalies are also observed. For instance, pronounced negative anomalies 
are observed at the top of the dome where pits and craters are located and over a portion of the La Ty fault located 
south of the dome. These anomalies suggest that volumes of non-magnetic or low-magnetization materials are pres-
ent at depth. In order to discriminate between magnetic anomalies associated with topography or contrasts of mag-
netization, we compute magnetic anomalies associated with topography assuming the volcano is characterized by a 
constant magnetization. The computed magnetic anomalies are strongly correlated with observed anomalies and are 
used to estimate the magnetic properties within the volcanic dome.

5.6-9 the 8 MA sUddeN ChANGe iN spreAdiNG VeloCity At the Mid-AtlANtiC ridGe
Miranda, Jorge Miguel; luis, Joaquim; baptista, Maria Ana
Instituto Portugues do Mar e da Atmosfera (IPMA); Univ Algarve; IDL
miguel.miranda@ipma.pt

We use a new compilation of the magnetic field anomalies for the North Atlantic, between 30N and 70N, to 
compute two independent sets of finite rotation poles for the plate pairs Eurasia-North America and Nubia-North 
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America, based on the identification of chrons C2, C2a, C3, C3a, C4, C4a, C5 and C6 and the computation of new 
collection of finite rotation poles. We select a number of cross sections of the Mid-Atlantic ridge, where magnetic 
data are dense enough, and we study in detail the time variation of the average spreading velocities for the successive 
time periods, between C2-C2a and C5-C6, using the Euler finite rotation poles and checking the direct identifica-
tion of magnetic chrons. We show that spreading velocity along the ridge had two different regimes during the last 
20Ma where the spreading velocity was almost stable, separated by a sudden change. This change was larger at 30 
N, decreasing in amplitude to the north, being close to zero south of Iceland. This plate wide change in spreading 
velocity had large influence on the evolution of the Eurasia-Nubia-North America triple junction. We discuss the use 
of outward displacements in the computation of the finite rotation poles and we show that the spreading velocities 
for the younger regime agree well with the global geophysical and geodetic models.

5.6-10 MAGNetiC siGNAtUre of deep-seA hydrotherMAl sites
dyment, Jerome; szitkar, florent; Choi, yujin; horen, helene; fouquet, yves
Institut de Physique du Globe de Paris and CNR; Univ. J. Verne, Amiens; IFREMER Centre de Brest
jdy@ipgp.fr

Since the discovery of hydrothermal vents at mid-ocean ridge at the end of the 70s, detailed deep-sea explora-
tion has been carried out in all oceans, revealing a variety of hydrothermal sites in terms of geological substratum, 
minerals, emitted fluids and ecosystems.  This effort has been recently boosted by the increasing need of metals for 
the World economy, which makes foreseeable the exploitation of submarine massive sulfide deposits accumulated at 
hydrothermal sites in a near future.  We present high resolution, near seafloor magnetic surveys carried out on several 
basalt-hosted and ultramafic-hosted hydrothermal sites.  To this end, a magnetometer has been installed on deep-sea 
vehicles such as manned submersible Nautile, remotely-operated vehicle (ROV) Victor, and autonomous underwater 
vehicle (AUV) AsterX of Ifremer.  These surveys reveal various magnetic signatures.  Basalt-hosted hydrothermal 
sites are characterized by a negative (reduced to the pole) anomaly indicating a reduced magnetization, as observed 
by previous workers. Two processes are often considered to explain this observation: thermal demagnetization of the 
basalt or alteration of the magnetic minerals.  Our survey of the inactive hydrothermal site Krasnov suggests that the 
observed magnetic signature survives the end of hydrothermal activity and therefore alteration plays the dominant 
role.  High-temperature ultramafic-hosted hydrothermal sites are characterized by either a positive magnetic anoma-
ly, indicating a stronger magnetization, at the larger sites such as Rainbow and Ashadze 1, or by a lack of significant 
magnetic signature at the smaller sites, e.g. smoking craters such Logachev and Ashadze 2.  Some measurements 
performed on rock samples suggest that the magnetic bearer is magnetite, which remains unaltered within sulfur-
impregnated serpentinized peridotites.  To conclude, high-resolution magnetic surveys may play an important role in 
deep-sea hydrothermal and mineral explorations, to detect and characterize active and fossil hydrothermal sites and 
evaluate their mining potential.

5.6-11 roCK MAGNetiC iNVestiGAtioN of deep seAfloor drilliNG Core sAMples reCoV-
ered froM the pACMANUs hydrotherMAl VeNt field iN pApUA New GUiNeA
lee, sang-Mook
Seoul National University
smlee@snu.ac.kr

The active PACMANUS hydrothermal vent field in the Eastern Manus back-arc basin, Papua New Guinea, 
has long been considered as a modern-day analog of massive volcanogenic sulfide deposits within felsic volcanic 
sequence and was drilled in November-December 2003 by Ocean Drilling Program Leg 193.  The recovery was 
generally low with less than 15% due to fragility of near-surface rocks.  Rock magnetic measurements and scanning 
electron microscope (SEM) observations were performed on samples from three major sites (Sites 1188, 1189 and 
1191).  Site 1188, a low-temperature diffused venting region also known as the Snow Cap, was drilled to 370 mbsf.  
Site 1189, a black smoker region referred to as the Roman Ruins, was drilled to a depth of 200 mbsf using rotary 
core barrel system.  The recovered rock samples have inclination close to the present-day Earth field of -7 degrees, 
but those near the seafloor exhibit much steeper inclination of up to 25 degrees.  The upper 35 m of the sites consists 
of fresh to moderately altered dacite-rhyodacite, which displays moderately high natural remanent magnetization 
(< 6 A/m).  The region below this extrusive layer largely comprises of pervasively altered rocks with little evidence 
of sulfide deposit and as a whole shows a low magnetization intensity.  However, two intervals with extremely high 
remanent magnetization were discovered below the upper extrusive layer at Site 1188 (135-211 mbsf and 280-370 
mbsf) and one interval at Site 1189 (137-190 mbsf).  In particular, the samples between 135-211-mbsf interval at 
Site 1188 have extremely high remanence with intensities ranging up to 300-500 A/m.  SEM analysis reveals that 
the magnetic carriers in these rock samples are composed of moderate-size magnetites which themselves are divided 
into numerous small grains of a few microns or less in size. It is possible that these individual grains represent 
single magnetic domain crystals and thus exhibit high magnetization intensity as a collection. Although pockets 
of magnetite are not uncommon in the ancient hydrothermal ore bodies, they have seldom been documented in 
modern-day system, and little is known about the physical and chemical condition that allows the magnetite to form 
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in hydrothermal vent systems. A number of mechanisms of high-intensity magnetite formation are explored includ-
ing the possibility that: (1) these magnetites precipitated from magnetite-rich fluid as it rapidly cooled from above 
the Curie temperature (TRM); (2) magnetization was acquired by the growth of magnetite grains below the Curie 
temperature (CRM); and (3) replacement of certain cations within titano-magnetite or hematite during alterations.

5.6-39p wdMAM VersioN 2: A New GlobAl MAGNetiC ANoMAly MAp oVer the oCeANs
Choi, yujin; dyment, Jerome; hamoudi,Mohamed; thebault, erwan; Quesnel, yohan; roest, walter; lesur, 
Vincent
IPGP and CNRS, Paris, France; Univ. Sci. Tech. H. Boumédiène, Algiers, Algeria;  CEREGE, Aix-Marseille Univ., 
Aix en Provence, France; Ifremer Centre de Brest, Plouzané, France; GeoForschungsZentrum, Helmholtz-Zentrum, 
Potsdam, Germany
choi@ipgp.fr

In this study we present a candidate model over the oceans forthe second version of the World Digital Magnetic 
Anomaly Map (WDMAM). We complement the existing marine magnetic data by building a realistic model of 
the magnetic anomalies caused by seafloor spreading. In a first step, we compute magnetization vectors using the 
age map of the ocean floor, the relative plate motions and apparent geomagnetic path for Africa, a geomagnetic 
reversal time scale, and simple hypotheses on the magnetized sources - a flat, 1 km-thick layer bearing a 10 A/m 
magnetization. Adding a present-day geomagnetic field model allows the forward modeling of magnetic anomalies 
on a spherical Earth at an altitude of 5 km. In a second step, we adjust this model to the existing marine magnetic 
anomaly data, in order to make it consistent with these data.  To do so, we extract synthetic magnetic along the ship 
tracks for which real data are available, and we compare quantitatively the measured and computed anomalies on 
100, 200 or 400 km-long sliding windows (depending the spreading rate). Among the possible comparison criteria, 
we discard the maximal range - too dependent on local values - and the correlation and coherency - the geographi-
cal adjustment between model and data being too approximative - to favor the standard deviation around the mean 
value. The ratio between the standard deviations of data and model on each sliding window represent an estimate of 
the magnetization ratio at the origin of the anomalies, i.e. after division by the magnetization of 10 A/m used in the 
model, an estimate of the equivalent magnetization under the considered magnetized source geometry. Beyond the 
scientific interest of the obtained equivalent magnetization at global scale, and as a third step, we interpolate the ratio 
of standard deviations to the whole oceanic domain and multiply it to the magnetic anomaly model in order to adjust 
it at best to the available data. As a fourth and final step, we superimpose the available data to this realistic model and 
obtain a global map of magnetic anomalies over the oceans.

5.6-40p MAriNe MAGNetiC ANoMAly ANd MAGNetizAtioN of sUbdUCtiNG pACifiC plAte 
AroUNd the JApAN treNCh
fujiwara, toshiya
Institute for Research on Earth Evolution, JAMSTEC
toshi@jamstec.go.jp

We studied marine magnetic anomaly in the northwestern margin of the Pacific Plate off Japan to examine wheth-
er the magnetic anomaly varies due to tectonic phenomenon caused by the plate subduction. For the sake of this 
study, we newly collected magnetic data aboard JAMSTEC cruises in the seaward area where was sparsely surveyed, 
and made a magnetic anomaly map by compilation of our data, data published by Geological Survey of Japan, and 
data from NGDC. The seafloor has a series of parallel magnetic anomalies (Japanese Lineation Set) during M11-M7 
(135-127 Ma). The anomalies are well lineated and have high-amplitudes of ~500-1000 nT peak-to-trough on the 
seaward slope of the Japan Trench. The amplitudes of anomalies gradually decay to the landward from the trench 
axis associated with the plate subduction.

Equivalent magnetization was calculated from the magnetic anomaly to correct for effects of increasing depth 
of subducting plate and seafloor topography. Densely distributed seismic survey profiles enabled us to constrain the 
depth of the plate. On the seaward trench slope from the trench axis to a distance of ca. 100 km, horst-graben struc-
ture is developed and large steps grow associated with plate bending and normal faulting. At the location, the mag-
netization is not influenced apparently, however this tectonics is some kind of destruction and mechanical disorgani-
zation of the magnetic layer by faulting. The magnetization gradually decreases as the plate subduction proceeded. 
The apparent decay could reflect destruction and mechanical disorganization and/or chemical demagnetization of the 
topmost part of the oceanic crust along the plate boundary. The magnetization in reverse polarity decays larger than 
that in normal polarity. The result is indicative of reduction of remanence in the oceanic crust and induced magnetiza-
tion possibly due to serpentinized uppermost mantle.

5.6-41p the teCtoNiC frAMeworK of the AfriCAN plAte illUstrAted by poteNtiAl field 
dAtA
Gaina, Carmen; Mandea, Mioara; hamoudi, Mohamed
CEED, UiO; CNES; USTHB
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carmen.gaina@geo.uio.no
The African continent preserves a diversity of tectonic provinces, from ancient Archaean cratons to recent rifted 

areas like the East African Rift system, and is surrounded by oceanic crust of Jurassic to Present day ages. Large 
areas of the African continent are not accessible or simply not mapped in detail, which makes difficult to make re-
gional tectonic interpretations and models. In order to make a consistent first order interpretation of the African’s 
tectonic provinces we assemble a set of multi-scale magnetic data by combining satellite and some available ground 
and airborne/shipborne data.

Detailed studies of the main tectonic structures linked to the southern branch of the East African Rift as well as 
regions in the Northern and Southern Africa are presented in the light of new magnetic data. Major magnetic field 
anomalies are compared with gravity anomalies provided by the recently published World Gravity Map. Finally, we 
discuss how the potential fields reflect the geodynamics of the African plate and its evolution.

5.6-42p MAGNetiC stUdy of the ChAlCo bAsiN iNside the UrbAN AreA MexiCo City.
hernández-Contreras, h.o. Augusto; hernández-Quintero e.; Cifuentes-Nava G.; Quiróz-suárez, d.
UNAM Instituto de Geofisica
h_octavio_augusto@hotmail.com

The Instituto de Geofísica of the Universidad Nacional Autónoma de México (UNAM) is performing several stud-
ies using potential methods in order to determine the deep of the local basement in the basin of Chalco, this will support 
a drilling project in order to acquire information about the thickness of the sedimentary sequence for its analysis.

Initially the proposed zone for the acquisition of the data is located southeast of Mexico City between Tlahuac 
and the municipality of Chalco (Estado de México) in the coordinates -98.977° and -98.956° of longitude and 
19.2447° and 19.2572° of latitude.

Gravimetric and magnetometric surveys were carried out during May 19 and 20, 2012. After the proper correc-
tions, a magnetic anomaly map that shows a well defined decrease in the intensity of the magnetic field in the north-
northeast direction was obtained. From a physical point of view, this means that the source of the anomaly (in this 
case the basement of the basin), is shallower in the southern part of the zone.

Secondly these data were processed with a reduction to pole (RTP) filter to build up a map that shows the anoma-
lies directly over the source. This map shows the presence of a body with a positive magnetic susceptibility.

Five profiles were projected over the anomaly and RTP maps to make 2D inversions and determine the deep of 
the basement based on Talwani (1965). In general the inversions show the deep of the basement raging from 150 
meters in the shallowest parts to about 450 meters in the deepest regions which corresponds to the northeastern part 
of the zone as mentioned before.

The models obtained from these inversions also show the presence of intrusive bodies causing anomalies in the 
upper part of the confined aquifer (Campos, 1994).

Two main conclusions were obtained: The basin tends to go deeper to the North-Northeast direction of the area. 
The shallow bodies extend in the zone between the confined aquifer and the aquitard. This can contribute to establish 
one or more drilling sites where this kind of obstacles won’t represent a problem to obtain the most deep sedimentary 
sequence.

5.6-43p iNterpretAtioN oN depth iNteGrAted MAGNetizAtioN of the feNNosCANdiAN ANd 
brAziliAN shields
Korhonen, Juha V.
Geological Survey of Finland
juha.korhonen@gtk.fi

The growth and reconstruction of mutual movement of the Fennoscandian and Brazilian shields is outlined 
between 2200 and 600 Ma ago, based on distribution of the depth integrated magnetization calculated from World 
Digital Magnetic Anomal Map (WDMAM). The reconstruction supports the SAMBA hypothesis on joint evolution 
of both shield areas during the Proterozoic Eon.

5.6-44p post proCessiNG sCheMe for ModeliNG the lithospheriC MAGNetiC field froM 
sAtellite dAtA
lesur, V.; rother, M.; Vervelidou, f.; hamoudi, M; thebault, e
GeoForschungsZentrum Potsdam (GFZ); IPGP; USTHB
lesur@gfz-potsdam.de

We derived a model for the noise appearing in lithospheric magnetic field models obtained from satellite data. 
The noise model is developed for the case where three component vector magnetic data, acquired from a nearly polar 
orbiting satellite, are used. This case is relevant for e.g CHAMP satellite data. We show that the noise from internal or 
external origin cannot be distinguished, and that the lithospheric field model is contaminated at all wavelengths. The 
noise model is non-linear but it requires only few parameters to describe the noise at relatively high spherical har-
monic degrees. We used this noise model in a post-processing scheme to improve a lithospheric field model derived 
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from the full CHAMP satellite data set to SH degree 120. The approach stands as an alternative to the well known 
along track filtering technique. It can be easily extended to models derived from the three components of magnetic 
data or from data acquired on other terrestrial planets.

5.6-45p the ACCUrACy ANd AppliCAtioN of eMM2010 iN ChiNA
xu, rugang; zhang, yi; Gu, zuowen;wang lei
Earthquake Administration of Anhui Province
xurugang04@126.com

In order to research the application of the Enhanced Magnetic Mode1 for 2010 (EMM2010) in China, the ac-
curate data of 1334 groups are analyzed quantitatively, including the geomagnetic total intensity , the geomagnetic 
declination and the geomagnetic inclination at 1302 sites and 32 observatories in China. Through analyzing and 
comparing the geomagnetic 7 elements, the differences between the geomagnetic observation values and the cor-
responding EMM2010 calculation values in China, and the standard deviation  are obtained. The results show that 
while the truncation order   for EMM2010 increases, the corresponding  decreases. When =720, the ? for  , , is 10.44?, 
7.83?, 126.89  respectively. Among the various regions in China,  is larger in the Northeast China, the North China 
and the Xinjiang autonomous regions of China; The mean value of  for  , , in these three regions is 13.07?, 8.90?, 
139.57  respectively. While is smaller in the South China, Tibet plateau and its east regions; The mean value of   for 
, , is 7.07?, 6.65?and 82.43 respectively. The standard deviation of these differences is the estimated value of the er-
rors for application of the EMM2010 in China. The errors of the EMM2010 are caused by the factors of the limited 
truncation order of the EMM2010, the geomagnetic anomaly condition in various regions of China, the errors of the 
geomagnetic observation data and so on. The results of comparing the EMM2010, the WMM2010 and the IGRF-11 
show that the corresponding of the EMM2010 is the smallest. The main reason is that the EMM2010 includes not 
only the main geomagnetic field, but also the crust magnetic field and the lithospheric magnetic field. The example 
of the EMM2010 used in China shows that it can be used by a certain degree, but is limited. The EMM2010 can not 
calculate the geomagnetic field in China accurately. Therefore, it is necessary to study the geomagnetic field model 
with high accuracy for practical application.

5.6-46p A CANdidAte for the wdMAM VersioN 2
hamoudi, Mohamed
USTHB
hamoudi@ipgp.fr

We compiled a new version of the World Digital Magnetic Anomaly Map taking a particular care of the oceanic 
domains (see Choi et al., this session).  The data set has been completed by new marine and aeromagnetic data made 
available to the project by various institutions and scientists.  The long-wavelengths have been adjusted to match 
models derived from satellite data.  Two maps will be presented, one displaying the total field anomaly, the other one 
showing the origin of the data.

5.6-47p 3d spACed 3 CoMpoNeNt MAGNetizAtioNs UsiNG VeCtor ANoMAlies MeAsUred by 
hpMs
isezaki, Nobuhiro; Matsuo, Jun, sayanagi, Keizo
Institute of Ocean Research and Development, OYO International Co Ltd,Institute of Ocean Research and 
Development
isezaki@tokai-u.jp

We have developed a High Precision Magnetic survey System (HPMS).  HPMS can measure the Three 
Components of Geomagnetic Anomaly (TCGA) fields with high precision and reliability.  The TCGA surveys have 
been conducted since 1970’s, because the Total Intensity Anomaly (TIA) field, which has been used as common mag-
netic data, does not fit neither the Laplace’s nor the Biot Sawart ‘s laws.  This means that the analytical/physical form 
describing the relation between TIA and magnetization cannot be built (Isezaki and Matsuo, 2009). HPMS consists 
of high accuracy devices such as gyroscope, magnetometer, transponder for positioning, and so on. Furthermore, 
HPMS can be used on ATCM (Airborne Three Component Magnetometer), STCM (Shipboard Three Component 
Magnetometer), DTCM (Deep-tow Three Component Magnetometer) and VTCM (automatic underwater Vehicle 
Three Component Magnetometer).  Therefore, the HPMS can be mounted on multi-platforms. We succeeded to 
measure the vector magnetic anomaly fields using DTCM, and also using VTCM despite the severe magnetic noises 
around the magnetometer sensors. The method of Isezaki(1984) works good to eliminate these noises. We got the 
very precise magnetization structure in the Bayonnaise submarine caldera area at the southern end of Izu island arc. 
Generally the magnetization changes very smoothly in each layer, however, intensity of 3 component magnetiza-
tion  decreases from the 1st layer to the 4th layer. The horizontal directions of magnetization show that they directs 
in various directions in the 1st layer, however, they are reorganized in some directions suggesting the influence of 
tectonic history in the 2nd and 3rd layers. The induced magnetization directed northward increases in deeper part of 
this region. The inversion method must be improved. we are starting to take care of the maximum likelihood method 
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using the Basian rule. We strongly recommend to carry out the magnetic survey using a three component magnetom-
eter to get TF and TA which have many advantages for magnetic analyses    (magnetization, upward continuation 
etc.) which cannot be done using scalar TIA.

5.6-48p lithosphere MAGNetiC ANoMAloUs AreAs ANd eArthQUAKe
zhe, Ni; wei, yi
Earthquake Administration of Yunnan province
a_zhe2006@126.com

According to twice geomagnetic data at 215 survey sites measured in eastern area of Qinghai-Tibet plateau during 
2011?2012, which its diurnal and secular variation be corrected by Chinas geomagnetic stations data, we established 
the geomagnetic internal field model by Surface Spline method, respectively. Each of lithosphere magnetic fields and 
its variation can be obtained by separating main field in the region. Meanwhile, the charts of lithosphere magnetic 
field distribution and its change can also be drawn. The change chart includes component and vector change chart. 

Based on analysis of the lithosphere field component and vector charts, the vector change charts of H, Z provide 
foundation anomalous areas and the component change charts of D, I, H, F, Z to confirm anomalous situation at the 
same areas, we found several anomalous areas of different component and vector change charts overlapped each 
other, and these overlapped regions be considered as lithosphere magnetic anomalous areas. These areas would be-
come earthquake risk region within the next year on the authority of geomagnetic data. For instance, There were two 
earthquakes had occurred in and near the areas during 2012?2013, YiLiang Ms5.7 and ErYuan Ms5.5. 

This study and analysis process can provide a new idea and method for us to achieve earthquake forecast using 
geomagnetic data. However, before we use the method attempted to forecast earthquake, we need some more data 
and earthquake case.

sessioN 5.7
reporter reViews - diVisioN V

5.7-1 AdVANCes the iN GlobAl GeoMAGNetiC obserVAtory NetworK
Matzka, Jürgen
DTU Space, Technical University of Denmark
jrgm@space.dtu.dk

A considerable part of geomagnetic and space physics research is linked directly or indirectly to geomagnetic 
observatory data. Observatories provide magnetic vector time series that are of special value because of their ho-
mogeneity, continuity, and long period accuracy. This talk deals with advancements in observatory technology as 
well as the progress made with the global network of geomagnetic observatories. The talk will cover observational 
techniques, operational procedures and data processing, including quality control and distribution. Special empha-
size will be given to initiatives that bring historic data, near real time data, increased time resolution data (1 Hz) and 
readily available, high quality data (quasi-definitive) to scientists.

5.7-2 reCeNt MAGNetiC sUrVeys for reGioNAl ANd GlobAl ChArACterizAtioN of the 
GeoMAGNetiC field
Arora, Kusumita; Chambodut, Aude; leichter, barbara
Magnetic Observatory, CSIR-NGRI, Hyderabad, India; Department of Geomagnetic Observatories, EOST, 
Strasbourg, France; Department Geomagnetism and Gravity, Bereich DMM / Division DMM, ZAMG - Zentralanstalt 
für Meteorologie und Geodynamik, Wien, Austria
aude.chambodut@unistra.fr

Over the past decades, geophysical surveys of the Earth’s magnetic field have been significantly advanced 
through the use of satellite technology permitting global field characterization. Large-scale airborne, land and marine 
geomagnetic surveys remain an important source for detailed regional near surface data. The combination of remote 
sensing and ground survey measurements through generation of seamless digital grids has resulted in new data sets 
describing crustal magnetic anomalies across many regions of the globe. 

This talk is a review of the studies presented during the session 5.2. It focuses on applications and case studies of 
geomagnetic surveys providing surface (land and marine) and airborne magnetic data, as well as the interpretation of 
this data with respect to the spatial and temporal evolution of the Earth’s magnetic field. 

5.7-3 reporter reView of sessioN 5.3
Mursula, Kalevi
University of Oulu
kalevi.mursula@oulu.fi

Session 5.3 deals with the observations of the geomagnetic field and their application in monitoring the condi-
tions of the near-Earth space, and thereby  the solar wind and the Sun, over short time scales (space weather) as 
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well as long time scales (space climate). In this Reporter review we will review the main developments in this field, 
especially those included in the contributions to this Session, setting them into a wider perspective, e.g., in terms of 
the development of changing Sun.

5.7-4 polAr CAp GeoMAGNetiC iNdiCes: MeANiNG deriVAtioN ANd Uses
Menvielle, Michel; McCreadie, heather; demetrescu, Crisan
Université Versailles St -Quentin, CNRS/INSU, LATMOS-IPSL, and Univ. Paris-Sud, Dépt. des Sciences de la 
Terre; University of KwaZulu-Natal; Institute of Geodynamics, Romanian Academy
michel.menvielle@latmos.ipsl.fr

Clarification of PC index derivation issues is a key issue to achieve a definition of the PC index that gains con-
sensus within the scientific community. At first, the derivation scheme submitted by the DTU Space and AARI teams 
in view of IAGA endorsement of the PC index and the Task Force report will be presented.

PC index derivation issues will then be reviewed in the light of recently published papers and of communications 
presented during the session.

5.7-5 the Use of GeoMAGNetiC obserVAtioNs iN CoNJUNCtioN with lidAr, rAdAr ANd 
other MeAsUreMeNts for ioNospheriC stUdies
Gurubaran, s.
Indian Institute of Geomagnetism
gurubara@iigs.iigm.res.in

5.7-6 MAGNetiC ANoMAlies - A reView
dyment, Jerome; ravat, dhananjay; Korhonen, Juha V.
IPGP and CNRS, Paris, France; EES, Univ. Kentucky, USA; Espoo Unit, Geological Survey of Finland
jdy@ipgp.fr

Magnetic anomalies remain an essential tool to investigate the Earth crust and lithosphere at all scales, from 
global to regional to local.  This presentation will summarize the 15 presentations given in session 5.7.  Two aspects 
will be emphasized: (1) the role of marine magnetic anomaly studies fifty years after the seminal paper of Vine and 
Matthews, and (2) the importance of past, current and future efforts to build and refine the World Digital Magnetic 
Anomaly Map (WDMAM) and the scientific outputs we can expect from such a map.
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