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Abstract (max. 2000 char)

Accurate description of the wind energy resource in the coastal
zone is crucial for countries developing near-shore wind farms. The
RUNE experiment aims to use lidar measurements and mesoscale
modelling to study the behaviour of the ow in the coastal zone and nd
the most effective way to estimate the near-shore wind resource. In this
report we document all information regarding the measurement systems
and the coastal campaign.

The wind speed is estimated from radial velocities measured by a lidar
in sector-scanning mode, from two lidars performing dual-overlapping
scans and from ve vertical pro ling lidars, of which one was operating
offshore ona oating platform. All these instruments are inter compared,
showing generally good agreement. The availability is best for the ver-
tically pro ling lidars, followed by the sector-scan setup, the dual setup
and the lidar buoy. We have also reference measurements from the mete-
orological mast at H¥vs#re some kilometers south of the campaign’s site.

The wind climate during the campaign is characterized by strong
westerlies with occasional storms. The measurements from the vertically
pro ling lidars agree well with those from the meteorological mast and
show a decrease of mean wind speed from west to east. Two lidars (a
long- and a short-range system) measuring next to each other measured
similar winds speeds, although the wind speed from the long-range lidar
had a small positive bias. There was also a positive bias in the mean
wind speed from the sector-scan at large measuring distances.

Satellite winds from ASCAT, Sentinel-1 and TerraSAR-X were avail-
able. ASCAT were of coarse resolution and were not used for any
direct comparisons with the lidar measurements. A spatial average of
these SAR wind speeds along the coast was compared with coinciding
scanning lidar 10 min wind speeds.

TerraSAR-X retrieved winds showed a rather large deviation from
the lidar wind speed transects extrapolated to 10 m. Sensitivity tests
performed on the methods for the wind speed retrieval showed small
differences in the statistics for the different combinations of the spatial
resolution and the polarisation ratio. For the cases investigated, the wind
direction from the model was not differing by more than 15 compared
to the dual setup, but the spatial variability was not captured.
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1 Introduction

The wind resource in areas near the coastline is dif cult to predict due to the large changes in
surface roughness, topography and land-sea interactions (Floors et al., 2013; Vincent et al., 2013).
The RUNE experiment was designed to gauge the uncertainty of measured and modelled wind
speeds in this area and explore new ways of measuring the wind speed offshore from land-based
locations.

For wind resource estimation near the coast, models such as WAsSP (Wind Atlas Analysis
and Application Program) can be used, but also mesoscale models are becoming increasingly
popular (Frank et al., 2001; Landberg et al., 2003; Nunalee and Basu, 2014). One of these is the
Weather Research and Forecasting (WRF) model, which has been combined with a microscale
model to provide detailed wind resource estimations (Badger et al., 2014). This method relies on
’generalization’ of the model output, which is then downscaled using the WAsP methodology.
Near the coast this method has a higher uncertainty, due to large differences in surface roughness
and thermal properties of land and sea. These modelling issues will be addressed in a separate
report and in this paper we focus only on the measurements.

The uncertainty in wind resource estimations can be brought down signi cantly by using mea-
surements at the site of interest. Traditionally, these are performed with a meteorological mast,
but these are often expensive to install and have a long lead time. Wind lidars in vertically pro |-
ing mode have been commercially available for several years and are generally accepted as tools
to determine the wind resource (Gottschall et al., 2012). More recently, scanning lidars with a
steerable scanning head have also appeared on the market, which provide new ways to determine
the long-term mean wind resource.

One of these scanning lidar systems is the Windscanner system: it can be used to map the
wind over a predetermined scanning pattern (Vasiljevie, 2014; Berg et al., 2015). The system can
measure the ow eld by emitting the laser beams from two or more spatially separated lidars,
directing them to intersect, and moving the beam intersection over an area of interest. To save
costs, also a single lidar can be used to scan a certain part of the atmosphere and determine the
wind speed components (assuming some characteristics of the scanned volume).

Recently, also lidars mounted on buoys became available. Such a device will be deployed and
can be used to evaluate the scanning lidar at a far offshore position. Finally, the use of satellite
products can give additional insights on the spatial structure of the offshore wind eld. These
products can also be evaluated well with the spatial wind elds obtained from a scanning lidar.

Combining all these measurements provides a unique dataset for evaluations of the coastal ow
and the goal of this report is to provide all necessary information about the measuring systems
that have been deployed during the campaign and the campaign itself. In Sect. 2 we present the
devices and in Sect. 3 we give the locations and describe the terrain where they were installed.
In Sect. 4 the time line of the deployment is given, together with details about the con guration
settings, scanning patterns and the available satellite data. In Sect. 5 we present the wind climate,
how the Itering of the measurements affected the availability, inter-compare the wind speeds
available from all data sources. Finally we conclude and summarise this report in Sect. 6.
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2 Instruments

The RUNE experiment used lidars with a xed and steerable scanner head. All scanning lidars
are part of the Windscanner infrastructure from the Technical University of Denmark (DTU)
Wind Energy (Vasiljevie, 2014). They are based on the commercial WindCube WLS200S from
Leosphere operating with a laser with a wavelength of 1:54 mm. Throughout this document we
will use the names from Table 1 to refer to the individual lidars. The lidars Sterenn and Koshava
were used in a time-synchronized manner and detailed technical information about a similar
coordinated system of long-range WindScanners is given in Berg et al. (2015).

The vertically pro ling lidars were mostly Doppler systems *WindCube WLS7’ from Leo-
sphere. Alize is a Leosphere WindCube WLS70, i.e. a long-range Doppler system. These wind li-
dars have been extensively evaluated against mast measurements (Gottschall and Courtney, 2010;
Floors et al., 2013; Pena et al., 2015).

Position (UTM, WGS84, Zone 32V)

Loc. Nr.  Name Designation Usage X (m) y (m) z (m)
1 Koshava WLS200S-007 Dual setup 446080.03 6259660.30 12.36
2 Vara WLS200S-012  Sector scan 445915.64 6261837.49 26.38
2 Alize WLS70-001 Vertical Pro le 445915.64 6261837.49 26.38
2 WLS66 WLS7-066 Vertical Pro le 445915.64 6261837.49 26.38
3 Sterenn WLS200S-006 Dual setup 445823.66 6263507.90 42.97
4 3E WLS7-007 Vertical Pro le 446379.30 6263251.46 43.18
5 Bura WLS7-002 Vertical Pro le  447040.74 6263273.41 24.93
6 Lidar Buoy Posl WLS7-277 Vertical Pro le 438441 6262178 0.00
7 Lidar Buoy Pos2 WLS7-277 Vertical Pro le 440616 6262085 0.00
8 H¥vstre mast - Mast 447642 6255431 0.32
9 Wave buoy - - 438236 6262181 0.00

Table 1. Information about the measurement systems that were operating during the campaign.
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3 Site and terrain description

3.1 Description of the terrain at the experimental site

The experiment took place in a rather homogeneous, open landscape covered with large meadows
and some scattered buildings and trees (Fig. 1, left). In general, the landscape is undulating and
there is a drop in the terrain elevation near the sea associated with a cliff at the coastline (Fig. 2).
The topography of the area at a horizontal resolution of 1.6 m can be obtained via the website
of the Geostyrelsen (Geostyrelsen, 2016). Land-cover data from the CORINE dataset can be
obtained via the website of the EEA (EEA, 2016). The land-use classes can be associated with
an approximate surface roughness length zp by using Table 1 in Pindea et al. (2002).

The land-use classes around the site are shown in Fig. 1 (right). The yellow area around the
site is associated with annual cropland (zo = 0:2 m). The villages of B¥vlingbjerg ( 3 km east
of the H¥vskre meteorological mast) and Ramme ( 5 km east of the experimental site) are the
most prominent features that will impact the ow from a easterly direction at the site. The build-
up areas show zp = 0:8 m in the reclassi ed CORINE data. The mixed forest area 10 km east
of the site can also have an impact on the ow at higher measuring heights in the campaign.
Note that the roughness values that are discussed here are based on simple reclassi cation of the
land-use data, but Pena et al. (2016) found that the surface roughness at H¥vstre is much lower.
They found that zg is varying with season, direction and atmospheric stability; the all-sector long-
term zo = 0:012 m. The differences between the CORINE dataset-derived roughnesses and the
observed values is partly due to the applicability of the dataset; in mesoscale applications the
roughnness has to be representative for a grid cell of a kilometre or more, which is often higher
than the local roughness due to the non-linear impact of obstacles on the ow.

3.2 Positions of the instruments

The positions of the instruments deployed during the RUNE campaign are listed in Table 1.
For all scanning lidars it was made sure that the scanning area was unobstructed (Courtney and
Simon, 2016). The scanning patterns of the different devices will be described in Sect. 4.2. Vara
was positioned at the coast near the cliff, on the grass next to the lavatory near a church at 26
m above mean sea level (amsl). Koshava was placed to the south in open grassland in front of a
house, at a location where the cliff is not as high (15 m amsl). Sterenn was placed to the North
at one of the highest points, 20 m south of a lighthouse on an abandoned military bunker. The
location of the instruments was measured using a differential GPS system with an accuracy of

10 cm. More information on the site identi cation for RUNE can be found in Courtney and
Simon (2016).

The lidars Alize and WLS66 were installed next to Vara. The lidar 3E was installed more
inland 500 m west of Sterenn and North of Vara. Bura was installed east of 3E. Photographs
of the locations can be found in Courtney and Simon (2016).
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Figure 1. Satellite picture of the terrain around the site (left) and land use classes around the site.
The main positions described in Sec. 4.2 are given as numbered black points.

Figure 2. Topographic description (colours) of the terrain around the experimental site and the

positions of the lidars denoted with numbered points (Table 1).
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