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and evaluation of an
adaptation decision-
making tool for
homeowners - Tina-
Simone Neset

Risk Assessment and
Regional Action Plans —
Guidance for Climate
Change Adaption in
Sweden — Cecilia Naslund

Investing in climate
change adaptation:
understanding risk when
facing an uncertain future
-Jay S. Gregg

16:00

Coffee break

16:30

Theme 1: IPCC ARS5;
so what now?

Theme 2:
Mainstreaming

Theme 2:
Mainstreaming

Theme 3: Limits and
opportunities

Adapting to mitigation
policies: Farming in
Northern Norway —
Grete Hovelsrud

Supporting cities to adapt
to climate change by using
a modular toolkit - first
results and lessons learnt -
Steffen Bender

Identifying and assessing
policy coherence in
climate adaptation in
Denmark, Finland and
Germany - Anders Branth
Pedersen

Citizen valuations for
climate change
adaptation in three
municipalities in
southwestern Scania - Erik
Persson

Modelling linkages
between adaptation
and mitigation in the
agricultural sector in
the Nordic region to
inform policy making
for effective adaptation
— Doan Nainggolan

Climate change adaptation
of buildings in Norway.
Risks, consequences,
measures and future
research - Anders-Johan
Almas

Integration of Climate
Adaptation Policy across
levels of policy making
and the adaptive capacity
of local government in
Denmark - Anne Jensen

Influence of citizens and
stakeholders in real-life
adaptation policy —
opportunities and barriers
—Sgren Gram

Bioenergy trade in a
changing climate:
identifying and
adapting to climate
vulnerable supply
chains - Olle Olsson

Management,
improvement and
prevention of flooding of
the state roads - a strategy
in action - Marianne
Grauert

National adaptation
policy processes across
Europe - Stéphane Isoard

Taking science-
stakeholder cooperation
one step further:
Experiences from the
Swedish forest sector -
Susanna Bruzell
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Climate-smart cities as
catalysts for
sustainability: A new
look at synthesized
adaptation &
mitigation planning
approaches to climate
change - Marcella
Samuels

Are Danish Homeowners
Ready to Engage in
Integrated Urban
Stormwater Management?
- Dorthe Hedensted Lund

Indicators to monitor
climate change
adaptation: an approach
and lessons from
Scotland — Suzanne
Martin

Regimes of value - climate
change adaptation and
the handling of water in
urban landscapes - Katrina
Wiberg

Climate change
adaptation in the
energy sector: an
interview study in
European companies
and public
organisations - Jyri
Hanski

Adaptation to climate
change in the German
railway system: the
interplay between actors
and institutions — Esther
Hoffmann

Database support
systems for adaptation to
climate change: an
assessment of web-based
portals across scales -

Hans
Sanderson

Decision making in high-
stake, low-probability
climatic events Looking
beyond standard
economics to explain
relevant behavioral
anomalies - Catharina
von Bilow

18:00

Departure from Scandic Sydhavn to Roskilde Harbour (Conference dinner ticket is required)

19:00

Conference Dinner at Sagafjord in Roskilde Fjord

Wednesday August 27 2014

8:00 Registration
9:00 Plenary — Theme 4: Low probability/high impacts
Jens Hesselbjerg Christensen (CRES, DMI, Denmark)
Grete Hovelsrud (CICERO, Norway)
Francis Zwiers (Pacific Climate Impacts Consortium, Canada)
10:00 | Refreshments
10:30 | Theme 1: IPCC ARS; Theme 2: Theme 3: Limits and Special: Managing
so what now? Mainstreaming opportunities climate change in

Nordic cities —
challenges of
implementation

Decisions and strategies
in forestry related to
weather extremes and
climate change - Fredrik
Lagergren

Government framings of
climate change
adaptation in three
countries: steering
insurance sector
approaches - Erik Glaas

Adaptation governance
at the sub-national level
- Halvor Dannevig

Climate Change
Adaptation in Copenhagen
- from plan to
implementation - Lykke
Leonardsen

Modelling framework of
simulating every day
storm water sewers and
cloudburst green area
runoff — Sgren Hgjmark
Rasmussen

Climate-related risk
drivers and the private
sector - Annette
Brunsmeier

What is worst: bad
planning or bad
weather? Carlo Aall

Balancing between

mitigation and adaptation

in the City of Helsinki -
Auni Haapala

Climate change
adaptation in the
railway sector: an
International
Comparison - Francesco
Ciari

A changing climate for
business - Maria Larsson

Extracting causal
linkages from a
federated database of
case studies

Patrick Arthur Driscoll

Climate change adaptation
from a planning
theoretical perspective —
ambiguous legitimacy in
Helsinki - Johannes Klein
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Environmental multi
hazards from increased
precipitation in coastal
urban areas —
Knowledge for adapting
without causing second
consequences - Gunnel
Goransson

The role of insurers in
mainstreaming climate-
related actions - Lara
Jéhannsdottir

Optimal Decision
Making, Adaptation to
Climate Change in the
Agricultural Sector- Lea
Ravnkilde Mgller

The role of socio-cognitive
and cultural factors in the
implementation of the
Copenhagen adaptation
and mitigation strategies -
Mia Landauer, Patrick
Driscoll and Sirkku Juhola

Vulnerability of cross-
country skiing to climate
change in Finland —
Interactive mapping tool

Smart pre-breeding of
barley for a future
climate with concurrent
hazards - Cathrine H.

Risk, role and
responsibility of home
owners in climate change
adaptation- Nina Baron

- Neuvonen, Marjo Ingvordsen
12:00 | Lunch
13:00 | Panel discussion (Moderator: Hans Sanderson)
(Panel: Hans von Storch, Kirsten Halsnaes, Martin Olesen, Emilie Olander, Lara J6hannesdéttir &
Markku Rummukainen)
Closing Plenary (Jens Hesselbjerg Christensen)
15.00 | --
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Opening plenary
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The Working Group II Contribution to the IPCC 5th Assessment Report

Chris Field; Co-chair IPCC WG I
Vicente Barros; Co-chair IPCC WG I

The Working Group Il contribution to the IPCC 5th assessment report, released March 31, 2014, is an update
on scientific understanding of climate change impacts, adaptation, and vulnerability. Building on a massive
increase in available literature, the WGII contribution addressed a broader range of topics than earlier
assessments. In particular, the assessment expanded in the areas of adaptation, human impacts and
vulnerability, and oceans.

The WGII contribution conceptualizes the challenge of responding to climate change as a challenge in
managing risks. This formulation improves the integration of climate change responses with historical
activities while also aligning effectively with the characteristics of projected futures.

Six major themes summarize the WGII contribution to the Fifth Assessment Report. These are:

1. Climate-change impacts are evident around the world. These impacts are widespread and consequential.
People, societies, and ecosystems around the world are vulnerable and exposed to climate change, in
different ways.

3. Adaptation is already occurring.

Climate change is a challenge in managing risks.

5. Risks are much greater with continued high emissions than with ambitious mitigation. Large magnitudes
of warming increase the likelihood of severe and pervasive impacts that may be surprising or irreversible.

6. Effective climate-change adaptation can help build a richer, more resilient world in the near-term and
beyond.

The WGII contribution to the IPCC 5th assessment report provides a conceptual map of both the problem
space and the solution space for climate change impacts, adaptation, and vulnerability.
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Helsinki 2012: Adaptation research met adaptation decision-making ? what
emerged?

Carter, Timothy R.; Finnish Environment Institute (SYKE)
Perrels, Adriaan; Finnish Meteorological Institute
Hildén, Mikael; Finnish Environment Institute (SYKE)

In August 2012 over 250 participants gathered in Helsinki for the Second Nordic International Conference on
Climate Change Adaptation: Adaptation Research meets Adaptation Decision-Making" (NORDCLAD-
Net/NONAM, 2012). This paper examines some of the issues raised at the conference and offers selected
observations, from the three co-organisers, of insights that emerged." The conference was a joint initiative
between two NordForsk-funded Nordic research networks: NORDCLAD-Net and NONAM, with co-funding from
Mistra-SWECIA, the Academy of Finland and the City of Helsinki. It attracted attendees from 30 countries,
including researchers across a range of disciplines, public and private decision-makers, regional and local
planners, professionals with a background in risk management as well as representatives of NGOs and
international organisations. A number of Nordic PhD student also participated, having attended a pre-
Conference PhD Workshop at the same venue. The conference was organised around five themes, adapted
from Eakin and Patt (2011): Risk assessment and impact response, Vulnerability and adaptive capacity, Building
resilience, Policy development and implementation and Cross-cutting issues in adaptation. Using these themes
as a loose framework, 100 oral and 49 poster presentations were included in the final programme along with
keynote presentations and Panel discussions. The policy context included the ongoing preparation of an EU
adaptation strategy (subsequently published in April 2013), the earlier launch of a European climate change
adaptation platform, Climate-ADAPT, at the European Environment Agency, and the development of similar
initiatives in many member states. Abundant evidence was presented to demonstrate how progress is being
made under each of the conference themes. Some useful insights distilled from the proceedings included:
Open data policies, an emphasis on equity and transparency and outward looking perspectives are important
ingredients for addressing adaptation Improved understanding and learning is a necessary condition for
collaborative and trans-disciplinary effort to increase adaptive capacity Uncertainty over impacts should not
automatically result in inaction. By developing collaborative approaches it is possible to reframe adaptation
tasks in terms of what we know (confidence) instead being paralysed by lack of knowledge ?Attempts to
communicate information on adaptation through online portals and other services are proliferating, but their
effectiveness remains to be evaluated. The interest and involvement of the private sector in climate change
adaptation is growing rapidly, but there are still many areas to be explored. Three related types of response,
each of which is necessary for effective adaptation, could be identified: practical (technical solutions), political
(systems and structures) and personal (assumptions and beliefs). The latter two are less well understood, yet
both may present significant barriers to progress ?Adapting to, or avoiding, undesirable outcomes of climate
change requires societal transformation, but the processes through which such transformations might occur
are only beginning to catch the attention of researchers and decision-makers. Feedback from participants
suggested widespread approval for staging such a forum in a Nordic setting, and encouragement to stage
similar events in the future. Some also expressed a preference for a format that would allow for additional
time to be devoted to cross-community (research-policy-practitioner) discussions, poster sessions and
presentations by young researchers. This suggests that the field of adaptation to climate change is evolving
towards practical applications, creating a need for more collaborative action along with activities that promote
collective learning, involving public and private actors and researchers and practitioners across a range of
sectors and disciplines.

Eakin, H.C. and Patt, A., 2011. Are adaptation studies effective, and what can enhance their practical impact?
WIREs Climate Change 2: 141-153. NORDCLAD-Net/NONAM, 2012. Adaptation Research meets Adaptation
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Decision-Making: Programme and Abstracts of the Second Nordic International Conference on Climate Change
Adaptation, 29-31 August 2012, Helsinki, Finland, 72 pp. http://www.nordicadaptation2012.net/
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Plenary - IPCC AR5; so what now?
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Keynote

Neil Strachan; IPCC WG lI
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Climate Change 2013: The Physical Science Basis - Highlights from the
latest IPCC report

Gian-Kasper Plattner; IPCC WG |

CO2 concentrations in the atmosphere are now unprecedented in at least the last 800,000 years, and they rise
more than 100 times faster than during the past 20,000 years. This is caused by anthropogenic emissions of
greenhouse gases by burning fossil fuels and land use change with consequent changes in the entire Earth
System. The newest comprehensive assessment Climate Change 2013: The Physical Science Basis by the
Intergovernmental Panel on Climate Change documents a rapidly and profoundly changing Earth System and
provides the latest understanding of changes ahead of us. Over 2 Million Gigabytes of numerical data from
climate model simulations permit an assessment of future changes whose magnitude and impact depend on
our choices today. Cumulative carbon emissions determine the peak warming in the 21st century and serve as
a tool to assess which climate targets are still achievable.
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Policy-making for an uncertain future

Jane Ellis; OECD

22



Third Nordic International Conference on Climate Change Adaptation, Copenhagen 2014

Monday session - IPCC AR5; so what now?
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Developing the skill of multi-annual climate prediction

Ralf Déscher; Swedish Meteorological and Hydrological Institute (SMHI)
Francisco J. Doblas-Reyes; Catalan Institute of Climate Sciences (IC3)
Mihaela Caian; Swedish Meteorological and Hydrological Institute (SMHI)
Klaus Wyser; Swedish Meteorological and Hydrological Institute (SMHI)
Torben Koenigk; Swedish Meteorological and Hydrological Institute (SMHI)

Climate predictions, as opposed to climate scenario projections, initialize global climate models with
observations to approach the real state of the climate system. Predictability studies indicate that forecasts up
to a decade might be skillful. The presentation summarizes the current state of multi-annual prediction with a
focus on Europe, and discusses the future development potential. Success and skill of real world forecast
depends on the GCMs, their resolution, the forcing, the ensemble set-up and especially on the initialization
method. Those challenges are systematically addressed by the ongoing EU project SPECS. Preliminary results
on effect of different resolution and initialization will be shown. Skillful climate prediction requires the
existence of forcing signals. In nature those exist in the form of solar variability, volcanoes, teleconnection
patterns, anthropogenic forcing and trends. A climate prediction model thus needs to be capable to
realistically simulate the models response to external forcing and reproduce internal processes connected to
predictability. Initialization procedures need to capture the slowly varying climate signal of the real world that
represents the major uncertainty in decadal scale climate projections. The objective of initialization is to start
the climate model from conditions as close as possible to observations in a way which fits the specific models
dynamic character. So far, different methods of direct insertion or nudging (anomalies and full-field) have been
applied and resulted in improved skill compared to persistence. Examples from the EC-Earth model will be
shown. Further improvement is expected from more accurately initializing the observed phase of natural
oscillations into the models preferred patterns of oscillation. The main observed modes of variability are
projected on the models orthogonal basis ensuring stable initial conditions while preserving the models range
of variability. Further development of initialization techniques will need to take into account more
sophisticated methods such as improved nudging, Kalman filtering or adjoint methods. In addition, coupled
initialization of ocean, sea ice and land surface in consistent ways represents a challenge. High predictability is
generally achieved over the North Atlantic ocean and in the Arctic. Recent multi-year predictions (e.g. based
on the EC-Earth climate model) give a significantly higher predictability of air temperature over a number of
European regions. A possible reason for the improvement might be the increasing resolution. Most of the
highest potential predictability areas over land are adjacent to areas with high predictability over sea.
Northwestern Europe is a densely populated area where multi- annual predictions have highest potential for
further improvement. An important message comes from the EC-Earth models ability to reproduce the decadal
variability of regional climatic extremes. A recent study at SMHI points out that initialization is systematically
improving the prediction of extremes and severe conditions over Europe. The skill of Atlantic hurricane activity
is found to benefit from initialized simulations, mostly due to capturing changes in Atlantic sea surface
temperature. Current multi-annual climate prediction experiments show growing predictability over Europe in
addition of the North Atlantic and Arctic. Skill over the European terrestrial areas depends very much on the
state of the North Atlantic and its variability modes such as the AMO. A precondition for skillful prediction is a
realistic representation of natural oscillations. Reasons for recent progress are increasing resolution and
development of initialization techniques guided by improvement of skill. Forthcoming progress in multi-annual
predictability, even for regional areas, is expected to arise from more sophisticated initialization methods and
from exploring suitable ways of coupled initialization.
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Improved regional scale projections using integrated climate and
hydrology modelling

Larsen, Morten Andreas Dahl; Technical University of Denmark

Drews, Martin; Technical University of Denmark

The study presents results from newly developed modelling tool dynamically coupling a regional climate model
with a hydrological model to include a wider and more detailed range of hydrological processes and to include
land- surface/atmosphere interaction and feedback effects. Observations and climate projections provide
evidence that water resources are vulnerable and subject to a high potential impact by climate change with
wide implications for human societies and ecosystems [1]. An improved understanding of feedback and
interaction mechanisms between the atmosphere and the land surface is therefore crucial. Something which is
especially true in light of expected global warming and increased frequency of extreme events. The skill in
developing projections of both present and future climate depends essentially on the ability to numerically
simulate the processes of atmospheric circulation, hydrology, energy and ecology. Contrary to previous
modelling efforts using each model in sequential steps, the present study presents a modelling tool
dynamically coupling a regional climate model (HIRHAM) with a hydrological model (MIKE SHE) to fully include
the land-surface/atmosphere interaction and feedback effects. To the knowledge of the authors this is the first
coupled study to include long term simulations (years) between a regional climate model and a detailed 3D
hydrology model. The results presented here include a large number of analyses in hindcast mode as a part of
the overall modelling system applicability and parameterization. However; in the context of climate change the
coupled modelling tool holds great potential in terms of both improved regional future climate projections as
well as the effect climate change on water resources as these are tightly linked. In the coupled modelling tool
the land- surface/atmosphere interaction is utilizing the MIKE SHE/SWET land surface model (LSM) which is
superior to the LSM in HIRHAM. A wider range of processes are included at the land surface, subsurface flow is
3D distributed and the temporal and spatial resolution is higher. Also, the feedback mechanisms of e.g. soil
moisture and precipitation between the two models are included. The present MIKE SHE setup was performed
for the Skjern River catchment (2500 km2) whereas the HIRHAM domain had a 4000 km x 2800 km extent. A
primary analysis in the modelling setup assessed the optimal data transfer frequency between the models in
terms of performance and simulation time, and from the investigated 12-120 min transfer intervals, 30 min
was found suitable. The HIRHAM internal model variability, as specifically noticeable in precipitation output,
was also assessed using multiple perturbed simulations and was seen to make up a evident part of the model
output variation although differences between coupled and uncoupled results were significantly higher.
Further, multiple simulations were performed in periods of extreme and non-normal weather (in terms of
precipitation and temperature) to assess the coupled performance against the well- documented uncoupled
HIRHAM model biases. Based on these studies of the coupled modelling tool the overall usefulness is highly
evident and the system provides a potentially valuable input to regional climate projection studies. Using
multiple coupled simulations focusing on both the optimal interval of data transfer between the two models as
well as periods of more extreme weather, the modelling tool is seen as highly feasible and is potentially highly
useful in future regional climate studies.

[1] Bates, B.C., Kundzewicz, Z.W., Wu, S. and Palutikof, J.P. (Eds.) (2008) Climate Change and Water. Technical
Paper of the Intergovernmental Panel on Climate Change, IPCC Secretariat, Geneva, 210 pp.
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Projecting precipitation intensities in Scandinavia under a changing
climate

Fox Maule, Cathrine; Danish Climate Centre, Danish Meteorological Institute
Mayer, Stephanie; Bjerknes Centre for Climate Research

Christensen, Ole B.; Danish Climate Centre, Danish Meteorological Institute

Here we present the projected changes in precipitation over Scandinavia in the 21st century for two future
scenarios, RCP4.5 and RCP8.5, based on four dedicated model simulations of ~8 km horizontal resolution
centered over Denmark. The basis for adapting to climate change is knowing what to adapt to. As many
adaptation measures to infrastructure are costly and may take several years to plan and implement,
knowledge of the future climate, and particularly its extremes in different places, is essential. In the
RiskChange project the main objective is to establish a consistent framework for risk-based design of critical
infra- structure (cities and municipalities, coastal protection, off-shore industries) which accounts for projected
climate changes in extreme weather events over central Scandinavia. For this project dedicated downscaling
experiments of two different global climate models (GCM) using two different regional climate models (RCM)
have been carried out in a very high-resolution grid centered over Denmark. Studies (e.g. Christensen and
Christensen, 2003; Barstad et al., 2009; Soares et al., 2012) have shown that in areas with complex topography
or coastlines increasing horizontal resolution improve the model performance. Thus for this study, focused on
Denmark and Norway, which are two countries characterized by complex coastlines and for Norway highly
variable topography, the wish was to use a high horizontal resolution and to store output at a high temporal
frequency. The experiments carried out uses a horizontal grid spacing of about 8 km and the output of central
variables as temperature, precipitation, pressure and wind-components is stored hourly. As these simulations
are computationally expensive and require large data storage capacity running 30- year time-slices was
favored over transient simulations. For validation of the RCMs, they have been run with ERA-interim re-
analysis data on the boundary allowing us to determine model biases; this is the topic of a recently submitted
manuscript by the authors. For the purpose of projecting climate change the two RCMs have both been driven
by two GCMs for a historical time-slice, 1981-2010, and two future time-slices, 2021-2050 and 2071-2100
under two different radiative forcings, RCP4.5 and RCP8.5. Here we will present the projected changes in the
frequency of wet days and wet-day intensity for Denmark, Norway and Sweden for the middle and end of the
century, as well as projected changes in hourly precipitation intensity, compared to the baseline period, 1981-
2020. From the simulations we find that the seasonal mean precipitation does not change significantly, but we
see a decrease in the wet-day frequency and an increase in the wet-day intensity in summer (JJA) in both
Denmark and Sweden.

Barstad et al. (2009). Precipitation, temperature and wind in Norway: dynamical downscaling of ERA40. Clim.
Dyn., 33(6):769-776. Christensen and Christensen (2003). Climate modelling: severe summertime Ooding in
Europe. Nature, 421 (6925):805-806. Soares et al. (2012). WRF high resolution dynamical downscaling of ERA-
Interim for Portugal. Clim. Dyn., 39(9-10):2497-2522.
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Nordic collaboration within Climate Services

Fgrland, Eirik J.; Norwegian Meteorological Institute
Lindstrom, Lena; Swedish Meteorological and Hydrological Institute

Hanssen-Bauer, Inger; Norwegian Meteorological Institute

The Nordic Framework of Climate Services, NFCS is collaboration between the climate services at the Nordic
meteorological institutes. Main objective of NFCS is to boost the availability of climate information in the
Nordic countries, by developing and sharing best practices in data handling, climate service products and
communication with users. The Nordic Framework of Climate Services, NFCS was established in 2011 in
collaboration between the climate services at the national meteorological institutes in Denmark, Finland,
Iceland, Norway and Sweden. Main objectives of NFCS are to boost the availability of climate information in
the Nordic countries, by developing and sharing best practices in data handling, climate service products and
communication with users. NFCS activities are complementary to those carried out by the Member NMHS and
focusing on elements where integration could be beneficial. NFCS will jointly provide data and expertise,
collaborate on developing tailored climate products, promote methodological development, and develop ways
of communicating scientific content of climate information in an understandable format. The NFCS user
dialogues and dissemination of climate information is performed through the national Nordic Climate Service
Centers, web-sites, reports, meetings with counties and municipalities, etc. Main NFCS activities: - High-quality
homogenized Nordic climate dataset (1890-present). Common methods and tools are used for homogeneity
testing and adjustment for inhomogeneities. - Climate Service products based on spatial interpolation. The
open data policy of the Finnish, Norwegian and Swedish meteorological institutes now opens the possibility to
produce joint Nordic gridded datasets of daily temperature and precipitation. The dataset (1961-present) will
be regularly updated and made available at the NFCS-web site. Arctic climate: A survey of Nordic NMHs links
to relevant web-pages on Arctic climate is made available at the NFCS website -Climate Normals 1981-2010:
Fennoscandian maps of temperature anomalies between the period 1981-2010 and the standard normal
period 1961-90 are made available at the NFCS web-site. - Heavy rainfall: Information on present and future
design values for short-term heavy rainfall is made available at the NFCS and KSS web-sites. The current design
values are higher for Denmark than for Sweden and Norway. Projections indicate increasing intensities and
frequencies of heavy rainfalls in Fennoscandia. - Future climate development. NFSC will deal with
harmonization of information concerning national and Nordic climate projections and elaboration of tools to
access these. A special focus will be on developing user-tailored scenarios and derived products. NFCS will also
advice on how to present information on uncertainties and provide robust results to users. - Sharing /
demonstrating good practices from communication with users. Within NFCS information is exchanged on e.g.
sea level rise estimates /management, dissemination of tailored climate data for planning and adaptation,
Nordic contributions supporting GFCS, experiences from international Climate services meetings, etc. " -

NFCS: Nordic Framework for Climate Services: http://blog.fmi.fi/nordmet/ KSS: Norwegian Climate Service
Center: www.klimaservicesenter.no
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Monday session - Mainstreaming
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Communicating and visualising climate projections - user preferences and
abilities amongst adaptation practitioners in local authorities in Germany

Susanne Lorenz, Suraje Dessai, Jouni Paavola and Piers Forster
Centre for Climate Change Economics and Politics, School of Earth and Environment,
University of Leeds, Leeds, UK

This paper finds that not only is the use of multi-decadal climate projections in local government planning
impacted by the degree of progress on adaptation at local level, but that the level of understanding of the
information content of the projections and the preferences for their visualisation can vary significantly
amongst local government practitioners.

The research on communicating climate change has long suggested that decision-relevant provision of climate
science and related uncertainties needs to be audience specific. In the field of climate change communication,
past research has focused largely on the verbal and written communication of uncertainty (e.g. Budescu et al.
2009), but increasingly attention is given to the visual communication of uncertainty and there has been a call
for more experimental evidence in this area (Spiegelhalter 2011). Empirical evidence of the extent to which
adaptation practitioners use and interpret visually communicated multi-decadal climate projections and their
uncertainties in adaptation planning is however sparse.

Focusing on the communication and use of climate projections, this paper presents results from 32 semi-
structured interviews, predominantly in North Rhine-Westphalia, and an online survey conducted with 63
adaptation practitioners at local government level from across Germany. The aim of the survey was to see not
only how the respondents understand different visual styles of presenting climate change projections that
portray the same information content but also their preferences for using these in the planning and
communication process for adaptation in their organisations.

The interviews highlight that despite adaptation occurring at local level, many German officials consider it to
be only in the starting blocks, with many of them emphasizing the perceived adaptation-supporting impact of a
more extensive regulatory framework. Furthermore, climate projections are often regarded to be too detailed
and technical to be relevant for the current stage of adaptation planning. Consequently we find that the use of
climate projections in German Local Authorities is not of a homogenous nature, but currently only seen in
individual cases with more emphasis generally given to past and current climate data.

In addition, the results from the survey show that even if adaptation practitioners were to use climate
projections, their interpretation and inclusion in the planning process would vary substantially. The survey
highlights that there are significant variations in how different graphical visualisations of climate projections
that portray the same information content are interpreted, assigned user confidence in their own assessment,
used and incorporated into the decision-making process. Furthermore, we find different graph formats impact
on respondents’ confidence in their assessment of the information portrayed.

Given the distinct variation in user understanding and preferences we suggest that providing multiple and
complementary visual formats for the users is likely to address their preferences and differing needs for
complexity more adequately than a ‘one-size fits all’ approach. However, at the same time the use of climate
projections in local government appears to be constrained by the level of progress and statutory regulation on
adaptation planning.
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A quantitative assessment of the effectiveness of climate change
communication in promoting engagement with adaptation

Gregor Vulturius; Stockholm Environment Institute
Asa Gerger Swartling; Stockholm Environment Institute

Karin André; Stockholm Environment Institute

The success of climate services is determined by its effectiveness to communicate its knowledge to certain
target groups and make it actionable. This study assess the effectiveness of climate change communication in
promoting engagement and learning about climate science and adaptation among forestry stakeholders.
Climate change is expected to profoundly affect forests in Scandinavia in the coming decades. Expected
changes will affect the frequency and intensity of extreme temperature and precipitation events. Warming
temperatures may also promise some economic benefits. Governments and scientists are increasingly seeking
to promote learning and engagement with measures that can help forest owners to cope with climate-related
risks and exploit new economic potentials. Climate change communication (CCC), that is efforts to disseminate
scientific knowledge about adaptation measures and promote their implementation take a central place in the
emerging field of climate services Despite its growing popularity, quantitative assessments of CCC are largely
absent in the scientific literature at this point. The objective of this study is to close this gap, and to assess the
effectiveness of CCC in promoting engagement with climate science and adaptation among forestry
stakeholders. The study asks if CCC can lead to cognitive, affective and relational learning and changes in
attitudes and behavior regarding adaptation to climate change risks. In detail, this study will assess if
perceptions and attitudes about climate risks and adaptation options significantly differ between forest
owners that have and forest owners that have not participated in CCC. Findings are based on a survey
comprising responses from approximately 6000 forestry owners in Sweden of which half took part in a CCC
project carried out by the Swedish Forestry Agency. Multivariate regression and related statistical methods are
used to estimate the effect of CCC on the perception of climate risks, perceived efficacy of adaptation
measures, perceived self-efficacy and actual adaptive action of participants and non-participants of CCC. The
study also examines the influence of preference for different forestry objectives, personal experience with
extreme events, trust in climate science, gender, age, social capital, education and dependency on income
from forestry activities as well as other factors on the perception of climate change risks, the efficacy of
adaptive measures and their own ability to adapt to climate change. Results from the study will offer valuable
insights into how existing CCC can become more successful in engaging certain target groups with climate
change. Key insights suggest that CCC can be improved if it more purposely addresses the varying objectives,
needs, experiences and decision making processes of different user groups of climate services.

This presentation will present preliminary findings. The survey will be completed until June. Data analyses will
commence in June.
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Climate adaptation and institutional change in Norwegian stormwater
management

Kyrre Groven; Vestlandsforsking

An ongoing shift in the water sector of Norwegian municipalities encourages a more proactive and cross-
sectoral approach to stormwater treatment, including strategies for delayed runoff and 'blue-green’
infrastructure, however restrained by numerous obstacles. This process is analyzed as institutional change and
discussed from a new institutional theory perspective. In a case study of the water sector in five Norwegian
municipalities, Hovik et al. (Accepted) find a rather proactive view on climate adaptation, and a call for
decentralized 'green' solutions in stormwater management. Water engineers complain about resistance
among land use planners when the water sector promote cross-sector cooperation. These findings were
unexpected as previous research draws a picture of a compartmentalized water sector with weak horizontal
couplings, oriented towards its own professional networks and national authorities, and with a reactive
attitude to adaptation, based on centralized solutions. The authors suggest that the change can be ascribed to
knowledge transfer on climate adaptation downwards within the water sector. The proactive and cross-
sectoral approach in the water sector observed by Hovik and colleagues corresponds with my own findings in
major Norwegian cities, where attitudes to stormwater management have changed under the last decade
(Groven 2013). Most salient is the new strategy to delay runoff rather than quickly dispose of stormwater by
conveying it to a recipient through the sewer system. Several conditions have made the sector more
susceptible to the concept known as sustainable drainage systems (SUDS): Densification driven increase of
impervious surfaces, restricted sewer capacity, more frequent flash floods, and climate projections indicating
that losses will continue to rise. What seems to be a new paradigm manifests itself as mandatory stormwater
planning as part of all regulations and building plans (the cities of Bergen, Trondheim and Stavanger), demand
for retention of precipitation and melting water within development sites, and reopening of urban waterways.
However, there are significant obstacles for the new principles to be implemented: The change is mainly taking
place in bigger cities, even though smaller municipalities face similar challenges. Further, most chosen SUDS
solutions are not 'blue-green' but 'grey' (buried retention structures), missing the positive effects vegetation
treatment may have on water quality, biodiversity and amenity. Observed obstacles include land use conflicts,
weak anchoring of new ideas in parts of the municipal organisation, ideological resistance against
expropriation of private property, financing constraints, and immature SUDS technology unsuitable for Nordic
winter conditions and with unsatisfactory documented performance, causing concern for operational
difficulties. The ongoing shift represents institutional change and will be discussed from a new institutional
theory perspective. The following questions will be addressed: Can the reported sectoral divide be confirmed,
and in that case, how could it be understood? Which are the roles of institutional entrepreneurs, which
institutional barriers operate, and are these factors conducive to varying adaptation efforts in the stormwater
management of Norwegian cities? Do we witness a paradigmatic shift in the water sector ? either through
competing institutional logics (Thornton et al. 2012) or as one paradigm replacing another, opening for a
translational interpretation (Czarniawska et al. 1996) ? or do the changes prove to be pragmatic rather than
paradigmatic?

Czarniawska and Sevon (1996). Translating Organisational Change. de Gruyter. Groven (2013). Eit politisk
skred. Korleis naturskadefgrebygging og klimatilpassing kom pa dagsorden i Bergen kommune." In: Mot en
farligere fremtid? Om klimaendringer, sarbarhet og tilpasning i Norge. Bye et al.(eds.), Akademika. Hovik,
Naustdalslid, et al. (Accepted). "Adaptation to climate change: professional networks and reinforcing
institutional environments" Environment and Planning C. Thornton, Ocasio and Lounsbury (2012). The
Institutional Logics Perspective. Oxford. "
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ADAPTING TO CHANGING FLOODS: THE ROLE OF THE NORWEGIAN CENTRE
FOR CLIMATE SERVICES IN TRANSITIONING RESEARCH TO OPERATION

Hege Hisdal; Norwegian Water Resources and Energy Directorate
Deborah Lawrence; Norwegian Water Resources and Energy Directorate

Climate change will alter the magnitude and frequency of floods. Land use planning is seen as a key climate
change adaptation tool to prevent increasing damages. This paper presents how climate cervices can help to
facilitate the use of information about future floods in land use planning in Norwegian municipalities.
Hydrological projections for floods in Norway under a future climate (Lawrence and Hisdal, 2011), show that
increasing temperatures and changes in precipitation will alter the flood regimes. Ensemble modelling based
on locally-adjusted precipitation and temperature data from 13 regional climate scenarios in conjunction with
multiple hydrological models for 115 individual catchments is used to assess likely changes in river floods.
Spring snowmelt floods are expected to decrease in the major rivers where snowmelt is the dominant flood
generation process. In rivers currently dominated by rainfall floods, floods are expected to increase in the
future. In particular, smaller tributaries will yield more frequent rapid, flash flooding caused by localised cells
of intense precipitation. Climate and hydrological projections are inherently associated with uncertainty.
However, despite differences in the magnitude of projected changes, the direction of changes in climate and
hydrology are clear and, hence, there are no grounds for delaying progress towards adaptation. An important
part of an adaptation strategy, in fact, is an assessment of how this uncertainty should be taken into account.
Due to the uncertainties in the projections for individual catchments and to the need to generalise the results
to areas outside the calibrated catchments, a pragmatic solution was to propose three categories for use in
climate change adaptation: no change, 20 % increase and 40 % increase. The Norwegian Meteorological
Institute (MET Norway), the Norwegian Water Resources and Energy Directorate (NVE) and Uni Research Ltd.
have formed the Norwegian Centre for Climate Services (NCCS) focusing on providing the municipalities and
decision makers in Norway with tailor made data for climate change adaptation. NCCS participates in a pilot
study in Northern Norway to identify the needs for climate and hydrological information in selected
municipalities, and how to integrate available information in their planning procedures. The focus area
includes the city of Tromsg, and the three rural municipalities. The need to bridge the gap between research
output and the operational needs of the municipalities in various planning processes at different levels of
detail was confirmed. Even if the selected municipalities have identified substantial challenges in preparing for
future as well as present floods, a major part of the required information is not available or not applicable in
its present form. For example, flood observations and flood inundation maps are useful tools in land use
planning, but often such data do not exist. The pilot project is important in helping to understand how the
NCCS can help facilitate climate change adaptation in Norwegian municipalities. The centre, being an
intermediate player between data providers and users must consider a number of issues including, different
user needs, communication with various user groups, capacity building, requirements in laws and guidelines,
different planning processes, amongst others. Because of the lack of data about present day conditions, e.g.
floods, and the uncertainty in specifying the magnitude of anticipated changes, very simple, robust and
pragmatic approaches, which can be used in practise, may be needed.

Lawrence, D., Hisdal, H. (2011). Hydrological projections for floods in Norway under a future climate. NVE
Report no. 2011-5, 47 pp.

33



Third Nordic International Conference on Climate Change Adaptation, Copenhagen 2014

Innovations in weather and climate services ? Analysis of key technological
and social factors shaping the future adaptation capability

Harjanne, Atte; Finnish Meteorological Institute
Pilli-Sihvola, Karoliina; Finnish Meteorological Institute
Nurmi, Vaind; Finnish Meteorological Institute

Perrels, Adriaan; Finnish Meteorological Institute

Weather and climate services provide an opportunity to reduce weather-related costs and damages through
improved preparedness and response. Thus, innovations in these services will significantly affect the climate
change adaptation capabilities of societies. This study analyzes the trends and factors shaping the future of
production and use of these services. Weather and climate services (WCS) are an example of an efficient, low-
regret adaptation activity. Regardless of the exact changes in climate and the impacts it will bring, improved
preparedness and warning systems can reduce the damage and help seize positive opportunities. In order to
understand the role of these services in adaptation, innovations have to be considered. The field of WCS is
currently under transition, as new technology enables unprecedented improvements in quality and coverage
of observations and modeling, as well as new communication options. This development, supported by open
data policies, enables diversified service supply and new business opportunities. Furthermore, improved
support for current operations is emerging. In these conditions, a new role for national hydro-meteorological
services is shaping. Currently the services rely largely on publicly funded scientific work and instruments,
thereby making policy decision an essential factor in their future development. This study analyses the
technological, social and market trends for the entire supply chain of weather and climate services from the
initial steps of collection of observations and production of information up to the end users by using a
Weather Service Chain Analysis framework, which aims to account for the inadequacies in the production,
dissemination and use of weather and climate information. The research questions are the following: - What
are the key trends inside and outside WCSs affecting the near and medium-term development of these
services? - To what extent is the development dependent on public funding and policy design? The study
reviews the developments in key enabling technologies for WCSs, such as satellites and IT sector, as well as the
changing environment in end use brought by mobile technologies. In professional end use, the focus is on
transport, energy and tourism sectors and how enhanced WCSs could improve operations and adaptation in
these sectors. The study is based on mixed methods research. The data gathering included semi-structured
interviews of experts in the field of WCS services, information and observation technologies and end-user
organizations, statistical user analysis for online weather services, market research and literature review. The
results provided are useful to both experts and policy makers. They support the service development within
the WCSs and enable more informed adaptation policy design. The study was conducted as part of an EU FP7
funded project ToPDAd (Tool-supported Policy Development for Regional Adaptation). Preliminary results have
been discussed in a project delivery report [D2.2]. Innovations in WCSs entail a large diversity of technologies,
as well as social and organizational changes. On one hand the development seems favorable, mostly due to
the reduction of unit-cost in digital processing. Crowdsourced observations and ubiquitous micro or nano-scale
instruments are examples of technologies that can enable continued improvements in the spatial and
temporal accuracy of a forecast. On the other hand, the services are likely to require major publicly funded
investments in order to materialize the benefits, since significant share of the necessary infrastructure both in
the production and application of meteorological information has public good characteristics.

Perrels, A., Harjanne, A., Nurmi, V., Pilli-Sihvola, K., Heyndricx, C., Stahel, A., 2013b. Sector specific and generic
impacts of enhanced weather and climate services in a changing climate (ToPDAd Deliverable 2.2).
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Tailoring climate services for impact challenges in municipalities in
Northern Norway

Lill-Hege Nergaard; County Governor of Troms
Guro Andersen; Directorate for Civil Protection and Emergency Planning
Hege Hisdal; Norwegian Water Resources and Energy Directorate

Hans Olav Hygen; Norwegian Meteorological Institute

Northern Norway is no exception in a world facing global warming. Global climate models indicate that the
global warming is enhanced in these northern regions, and downscaled projections indicate an increase in
annual temperatures of ca. 3 °C during this century. Annual precipitation and extreme daily rainfall are
projected to increase ca. 20%. These changes imply a strong need for climate adaptation. The Norwegian
Meteorological Institute (MET Norway) and the Norwegian Water Resources and Energy Directorate (NVE)
have initiated a Climate Service Center focusing on serving the municipalities and decision makers in Norway.
A pilot study was established, to identify the needs for climate and hydrological information in selected
municipalities in Northern Norway, and how to integrate this information in the planning procedures of the
municipalities. This project is a cooperation between the Directorate for Civil Protection and Emergency
Planning, NVE, MET Norway and the County Governor of Troms. The focus area includes the city of Tromsg,
and the three rural municipalities Lyngen, Balsfjord and Malselv. The project was led by the County governor
of Troms, which ensured a strong user driven process, with needs of the municipalities driving the process. The
role of the scientific partners, NVE and MET Norway, has been to adapt the format of the climate information
to the municipal needs. A key finding is the need to bridge the gap between research output and the
operational needs of the municipalities in climate change adaptation. The selected municipalities have
identified substantial challenges in preparing for future as well as present climatological and hydrological
extremes. Major issues include river flooding, urban runoff, avalanches, landslides, sea level rise and wind
exposure. Much of the needed data is not available, and much of the information available is not applicable in
its present form. A major challenge in the project is to establish methods to extract information from scientific
results about changes in climate and hydrology that can be used in the municipality planning processes at
different levels of detail. The project has tried to achieve the bridge between the scientific understanding and
municipal needs through the development of two products: Klimahjelperen (The climate helper) and
Klimaprofil Troms (Climate profile of Troms). The climate helper focus on how the municipalities easily can
include the climate adaptation in their daily tasks, and the climate profile gives a short summary of the
knowledge of the regions climate challenges, expected changes and available information.
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Serving adaptation through innovation in weather and climate services

Adriaan Perrels; Finnish Meteorological Institute (FMI)
V&in6 Nurmi; Finnish Meteorological Institute (FMI)
Karoliina Pilli-Sihvola; Finnish Meteorological Institute (FMI)

Atte Harjanne; Finnish Meteorological Institute (FMI)

Improved information provision is a crucial building block of adaptation, also for infrastructure systems. .
Innovation in weather services will help to smoothen the adaptation process, while lowering its cost. This
process is discussed, analyzed and illustrated in this contribution. Reviews of climate change induced
aggravation of risks for various types of infrastructure provide mixed messages (Przyluski et al 2012; Koetse &
Rietveld 2009) depending on the considered modes, area, time frame, technology development and economic
growth. Such situations call for caution regarding significant specific investments, since the uncertainty about
the adequacy is large, which in combination with investment specificity means notable risks for stranded costs.
In such cases stepwise improvements so as to maintain option values, while still immediately reducing damage
costs, is an attractive approach. Weather and climate services (WCS) play an important role for enhancing
coping ranges of infrastructure systems with respect to adverse weather. Ongoing innovation in WCS has
resulted in a steady increase of the reliable forecast period (1 day extra per decade, Nurmi et al 2013). Recent
research (e.g. Perrels et al 2013a) illustrates that innovation of WCS should be extended to the entire weather
service chain (including forecasting, information tailoring, media choice, access, comprehension, leeway for
response, benefit retention) in order to maximize the leverage of the improvement efforts. By linking
innovation not only to planned adaptation, but also to automatic adaptation the eventual cost of adaptation to
climate change may be lower than otherwise would be the case (Perrels et al 2013b). In the FP7 TOPDAD
project (http://www.topdad.eu/) enhancement of automatic adaptation through promotion of innovations is
explored. Identification of expected innovations up to about 2030 was done by means of 30 semi-structured
interviews of relevant stakeholders across Europe, representing various types of infrastructure, WCS providers,
and technology providers and developers. This was supplemented by a literature review. The identification
process during and after the interview was assisted by the Weather Service Chain Analysis (WSCA)
classification, which distinguishes 7 steps in the weather service chain. Subsequently we review the benefit
potential of WCS innovations by means of WSCA and infrastructure scenarios. Notwithstanding the innovation
boosting effect of open data policies, key innovations in WCS will depend to a large extent on public funding
due to the significant share of infrastructure with a public good character. The key drivers for innovations in
weather and climate services are: the reduction in unit-cost of measurement, observation and data-exchange -
it enables higher spatial resolution projections and responsive tailored mobile services; integration of
networks and data types, enabling further improvement of projections; third party access to public
observation and modelling data broadens innovation capacity; An intelligent road weather system would
generate annually just in Finland about 30 million euro net benefits from avoided accidents in winter. It also
reduces logistic costs.

Koetse M.J. and Rietveld, P. (2009), The impact of climate change and weather on transport: An overview of
empirical findings, Transportation Research Part D, Vol. 14(3), pp.205-221 Nurmi, P., Perrels, A., Nurmi, V.
(2013), Expected impacts and value of improvements in weather forecasting on the road transport sector,
Meteorological Applications, DOI: 10.1002/met.1399 Perrels, A., Frei, Th., Espejo, F., Jamin, L., Thomalla, A.
(2013a), Socioeconomic benefits of weather and climate services in Europe, Advances in Science & Research,
1, 1--6, 2013, www.adv-sci-res.net/1/1/2013/ doi:10.5194/asr-1-1-2013 Perrels, A., Harjanne, A., Nurmi, V.,
Pilli-Sihvola, K., Heyndricx, Ch., Stahel, A. (2013b), The contribution of weather and climate service innovations
in adaptation to climate change and its assessment, http://www.topdad.eu/news/science/sector-specific-and-
generic-impacts-of-enhanced-weather-and-climate-services-in-a-changing-climate V. Przyluski, S. Hallegatte, R.
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Tomozeiu, C.Cacciamani, V. Pavan, C. Doll (2011), Weather trends and economy-wide impacts,
http://www.weather-project.eu/weather/inhalte/deliverables.php
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Adressing the climate adaptation deficit through geographic visualization

Anna Bohman; Linkdping University
Tina Simone Neset; Linkdping University
Tomasz Opach; Norwegain University of Science and Technology

Jan Ketil Rgd; Norwegian University of Science and Technology

This presentation explores the role and potential of geographic visualization for assisting decision-making and
supporting implementation of climate change adaptation. Interviews and group discussions with planners and
decision makers indicate that besides analytical functions, geographic visualization bears primary potential for
communicative purposes. We conclude that rather than better climate predictions, awareness and
involvement may be precisely what is needed to narrow the implementation gap in climate change adaptation.
This presentation explores the role and potential of geographic visualization for assisting decision making and
supporting the implementation of climate change adaptation. A group of Norwegian stakeholders working
with climate change adaptation and risk management at local, regional and national levels were asked to
assess the potential of two geographic visualization tools for supporting adaptation actions and planning
decisions. More general challenges to climate change adaptation raised by the stakeholders were partly
related to data content and knowledge gaps. Of equal importance however, were ?governance aspects? such
as inter municipal cooperation and external as well as internal communication. Our stakeholders saw the
primary potential of the visualization tools in spurring dialogues and mobilizing support for adaptive action.
More than being beneficial for analytical purposes and functioning as decision support per se they suggest that
the visualization tools can assist the implementation processes by helping them communicate the impacts of
climate change, raising awareness and mobilizing support for adaptive action. This conclusion corresponds to
more general trends within the field of science communication where there has been a move from a focus on
information transfer towards the need for public engagement. Our study confirms that visualization tools are
helpful for creating engagement and can facilitate social learning. According to our stakeholders, this may also
be precisely what is needed to improve decision-making processes and speed up adaptive action. This follows
from the recognition of decision making and implementation as being more than a value-neutral and a
technical administrative process. Instead it involves several actors with competing views and agendas. As this
study has shown, decision making is also about making one?s voice heard, and here visualization tools provide
powerful instruments for communication. Therein, we argue, lays the primary contribution of geographic
visualization for narrowing the implementation gap in climate change adaptation. Our stakeholders considered
the tools as helpful for communicative rather than analytical purposes and suggested that their primary
potential lies in spurring dialogues and mobilizing support for adaptive action. Recognizing that
implementation may be more than a value neutral and technical administration process, the study argues that
rather more exact climate predictions, awareness and involvement may be precisely what is needed to narrow
the implementation gap in climate change adaptation.

kikjh
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Effective climate change risk communication

Blennow, Kristina; Swedish University of Agricultural Sciences
Persson, Johannes; Lund University, Sweden
Wallin, Annika; Lund University, Sweden
Vareman, Niklas; Lund University, Sweden

Persson, Erik; Swedish University of Agricultural Sciences

Measures taken as well as those not taken to respond to climate change affect benefits and risk to the society.
Studies have shown personal assessments of risk to be decisive in responding to climate change (Blennow and
Persson 2009; Blennow et al. 2012). Most agricultural land and approximately half of the forest land in Europe
is privately owned. Often the land owned by one individual is used for different purposes, such as agriculture,
grazing and forest. Since the land provides crucial services and benefits such as food, fiber, fuel, nature
experience, and recreation, every resident has a stake in the land and how and for what purposes it is used. An
understanding of, and respect for, personal risk assessments is therefore important for effective risk
communication. How then to communicate climate change risk? Based on recent results from studies on
forest-owner adaptation to climate change across Europe (Blennow et al. 2012), an approach to risk
communication that is effective as well as ethically sound (Blennow et al. 2014) is presented and exemplified.
Knowledge of heuristics and mutual information on both beliefs and desires are important in the proposed risk
communication approach. Such knowledge provides an opportunity for relevant information exchange, so that
gaps in personal knowledge maps can be filled in and effective risk communication can be promoted.

Blennow & Persson Climate change: motivation for taking measure to adapt. Global Environmental
Change(2009)19:100?104. Blennow Persson Tomé & Hanewinkel Climate change: believing and seeing implies
adapting. PLOS ONE(2012)7(11):e50181. Blennow Persson Wallin Vareman & Persson Understanding risk in
forest ecosystem services: implications for effective risk management, communication and planning.
Forestry(2014) 87:219-228.
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Remote sensing estimates of impervious surfaces for pluvial flood
modelling

Skougaard Kaspersen, Per; Technical University of Denmark

Drews, Martin; Technical University of Denmark

This paper investigates the accuracy of medium resolution (MR) satellite imagery in estimating impervious
surfaces for European cities at the detail required for pluvial flood modelling. Using remote sensing techniques
enables precise and systematic quantification of the influence of the past 30-40 years of urban development
towards the impacts of high-intensity rainfall In recent years, it has been demonstrated that cities globally
have become increasingly exposed to the impact of pluvial flooding (Field et al., 2012). There is evidence that
the observed change in risk may have been caused by a combination of large increases in the extent of urban
cover and climate change (Field et al., 2012) (Angel et al., 2011). Urban environments are dominated by
impervious surfaces (IS), which are sealed areas through which water cannot penetrate, as road infrastructure,
buildings and other paved areas occupy a main share of the urban land area (Weng, 2012). Hence impervious
surfaces are often used as an indicator of urbanization. Changes in the quantity of impermeable surfaces (IS)
have important implications for the hydrological response of a catchment. Replacing natural land cover with
artificial surfaces causes a reduction in infiltration capacity and surface storage capacity (Butler,
2011)(Parkinson and Mark, 2005). Water moves faster over sealed surfaces than over natural surfaces, and
high IS cover subsequently increases run-off volumes, peak flows and flood frequency. MR satellite imagery
offer a complete spatial and temporal coverage of global urban land cover changes during the past 30-40
years, and can be used as a basis for accurate quantification of small scale changes in IS. This research
addresses the accuracy and applicability of medium resolution (MR) remote sensing estimates of IS fractions,
e.g. for urban hydrological modelling. A main objective is to show that NDVI may be an accurate measure of
sub-pixel imperviousness for urban areas at different geographical locations, and that it can be applied for
cities with diverse morphologies and climatic conditions. For this purpose the accuracy of NDVI based
estimates of IS have been examined for eight different cities in Europe at 30m and 60m spatial resolutions. The
impervious surface fractions are estimated using pixel- based Ordinary Least Squares (OLS) regression models
between Landsat 8 Maximum Value Composite (MVC) NDVI and actual imperviousness, which is measured
manually from high resolution images. The potential spatial transferability of the city-specific regression
models was addressed by examining the homogeneity of the models. This was done by quantifying the
absolute mean errors and biases between all possible combinations of regression models and urban areas. The
results of the accuracy assessment show that the