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Decision Support Tools
overall program

by Ekko van Ierland
The program Decision Support Tools aims at improving tools for design and evaluation of adaptation
strategies with a special focus on spatial planning and cross cutting issues. The program focuses on
three core elements
1. tools for formulation of the adaptation task, based on climate scenarios and economic development
2. tools for development and visualization of adaptation strategies in general and in particular related to
hotspots and case study areas of Kennis voor Klimaat and
3. evaluation and monitoring tools for assessing adaptation strategies in terms of various indicators
such as costs and benefits; side effects; equity issues; efficiency and temporal and spatial scales.
The program elaborates on results of previous research (NOP, BSIK, EU programs) and extends the
analysis in order to make further progress in the scientific domain and in order to apply the results in the
context of the case studies and hotspots of Kennis voor Klimaat in close consultation and collaboration
with stakeholders. The program will contribute to the ongoing planning process in the Netherlands at
various levels, such as Deltaprogram and current Regional Strategic Visions (Structuurvisies), the
National Adaptation Strategy (NAS) and the execution of national policies.
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A schematic overview of our main approach is given in figure 1.
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The main research questions for the overall program can be summarized as:
1. How can - in a dynamic context and given the uncertainties related to climate change- the
targets be identified for adaptation in the various sectors and the various regions of the
Netherlands and what will be the desired timing?
2. How can a consistent adaptation strategy and alternative and innovative adaptation options be
generated, both in terms of changes in infrastructure and changes in behavior and society, in
order to cope with climate change and to make the Netherlands climate proof?
3. How can assessment and evaluation tools be developed and applied for adaptation in the
various regions in the Netherlands and for the various sectors and hotspots, including
crosscutting issues ?
For further information please consult the webpage of Kennis voor Klimaat theme 8:
http://knowledgeforclimate.climateresearchnetherlands.nl/decisionsupporttools/background-information

Setting the scene for climate adaptation research
WP 1 - by Jasper Dekker
Climate change is likely to affect current agricultural practices, the conditions in nature areas and even
the locations where we live and work. These developments are, however, also strongly influenced by
changes in socio-economic conditions such as societal preferences, migration and economic
development. In Work package 1, we are currently finalising the update of the scenario-based
projections of future land use for two socio-economic scenarios: Global Economy (GE) and Regional
Communities (RC).These scenarios were initially developed by a consortium of Dutch research
institutes (CPB et al., 2006) and translated into land-use projections in cooperation with PBL
Netherlands Environmental Assessment Agency (Riedijk et al., 2007). The resulting land-use maps for
2040 were used in numerous research projects focused on climate adaption and mitigation in the
Climate changes Spatial Planning programme. We are now updating these land-use projections to
reflect new methodological advancements and newly available spatial data sets. The updated land-use
projections will be made available to the Knowledge for Climate research programme to describe the
socio-economic context for the development of new climate adaptation and mitigation strategies. As
such, it sets the scene for ongoing climate adaptation research.
To simulate future land-use patterns we use the Land Use Scanner model with a new model
configuration that is developed in close cooperation with PBL. In this model version the base year has
been updated to 2006 using new land use, land cover and topographical data from CBS, AlterraWageningen University and Research Centre and the Dutch Kadastre. The base year data is originally
composed as a 25-metre raster and aggregated to a 100-metre raster before being applied in the model
(Figure 1). To overcome inconsistencies between base year data and future land use maps, the method
to aggregate the base year data has been adapted.
Further, the land-use claims and suitability definitions for various sectors have been updated. The
sector-specific models for Residential and Commercial land use are increasingly being internalised into
the Tigris XL-model, allowing the relation between households and jobs to be modelled in a more
integrated manner using among others a transport model. The definition of suitable locations for specific
land-use types now makes use of newly available data sets describing adapted spatial plans and
policies.
Coming release of new socio-economic scenarios
We will release the updated land-use projections related to the GE- and RC-scenarios within the
coming weeks. Currently, we are fine-tuning the suitability definitions of various land use types. A report
that describes the updates in detail will be published together with the new model results. Visit
www.feweb.vu.nl/gis to download the report and model results.

Figure 1 – Newly updated base year (2006) land-use map in Land Use Scanner.

Visualisation of information on climate change
WP 4 - by Gerwin de Haan
Part of this workpackage focuses on the fast and effective simulation and visualization tools
for integrated water management policy development and planning. This work in this project (4.3) is
conducted as a part of the project "3Di Water Management", in cooperation with the Waterboards of
Delfland and Hollands Noorderkwartier, Deltares, Delft University Civil Engineering, Waterkader
Haaglanden, and Nelen and Schuurmans consultants.
Within this project, the results of the investigation can be evaluated on the basis of practical problems,
and usability of the tools can be examined.
As a first result of this project, a prototype software system has been developed for interactive
3D visualization of very large 3D geographic data sets. Raw laser scan data and photographs
from the new "Actual Height Database of the Netherlands" (AHN2) are used, in which both the
landscape and structures such as vegetation and buildings are included in great detail. Without
the need for manual 3D modelling, the visualization shows a realistic and complete picture of the
landscape in 3D. The specific data and software structure can guarantee a smooth image on the
screen, which allows interactive navigation through the 3D landscape. An initial integration with Sobek
numerical flooding models produces 3D images of static water levels, e.g. due to
extreme rainfall. Current new development introduces full integration and animation of various flood
scenarios.
The software system is suitable for large-screen stereo projection for increased the visual impactand
spatial insight. Also, a mobile stereo projection setup was built for demonstrations and case studies.
The first results of static flooding scenarios have been frequently demonstrated, including the "Deltas in
Times of Climate Change" conference held in Rotterdam. Already in November 2010, a first evaluation
of the system and visualization was performed in an emergency exercise with the Waterboard of
Delfland, the City of Delft, and local emergency services (see Figure below). Several other cases, also
for the Hotspot Haaglanden, have been applied with this system since.
We aim to further increase and evaluate usability of these techniques, enhance visualization techniques
for improved information and communication value, and investigate the integration of other types of 3D
GIS and landscape data.

Introduction PhD candidates
How important is the landscape for regional development?

WP1 - Derek van Berkel (derek.vanberkel@ivm.vu.nl)
This is a question that many regions are facing in the EU due to processes of landscape change.
Market forces have caused increased agricultural intensification in some regions and agricultural
abandonment in others. Demographic changes and policy reforms, likewise, have influenced, in some
regions accelerated, this change. This has altered the aesthetic and environmental quality of the
landscape, which is a development planning dilemma for many policymakers. To address this, my
research deals with developing tools that help local policymakers and stakeholders anticipate and
understand these landscape changes.
The first exercise uses an agent-based model to project how different scenarios can influence
landscape dynamics. Farmers’ decisions are simulated to illustrate how demographic changes, policy
reforms and different farmer types influence the development of the landscape. Visualizing the
landscape evolution overtime for the case study showed that farmers’ choices have resulted in actual
changes to the landscape element in their fields. The results were presented to different stakeholders in
a participatory workshop. Participants particularly appreciated the spatial specificity depicted in the
model indicating where landscape change can occur. Stakeholder formulated suggestions for local
interventions were also added to the model to evaluate their effectiveness. The combination of expert
and stakeholder knowledge added to a rich discussion and a better understanding of landscape issues
related to rural development.
The goal of the second exercise is to map and valuate the cultural services provided by the landscape
in the region the Achterhoek. Farm management is largely responsible for the landscape in the region,
which is a tourist attraction. Tourists were surveyed to ascertain which landscape characteristics they
most appreciated using photos examples of landscape features and structure found in the case study
area. Using the findings of this survey, maps depicting areas of high landscape appreciation will be
developed. Respondents were also asked to estimate their willingness to pay (WTP) in order to ensure
that the current landscape would be retained. Photos of the current landscape were altered to show
increased urbanisation, the cutting of tree lines for farm production efficiency and re-wilding of
agricultural lands. This gave respondents a chance to compare the possible landscape evolutions that
may affect the region in the future, comparatively evaluate the different landscape aesthetics and
assess what they would be willing to pay to prevent such changes. The WTP exercise was also
compared to a travel cost valuation method that will indicate the economic value of cultural services
provided by the landscape. This estimated service value and maps depicting hotspots of attractive
landscape will help policymakers target their interventions to specific locations of tourist importance.

Introduction PhD candidates
What is the relation between accessibility and land use change?

WP 1 – Chris Jacobs (cjacobs@feweb.vu.nl)

I am a urban planner and GIS expert. After working a number of years in transportation consultancy, I
started as a PhD student at the spatial economics department of VU University Amsterdam in 2008.
I am doing research on land use change. Land use changes are of interest for climate change studies,
as land use changes can affect the climate as well as the socio-economic impacts of climate change.
The main question in my work is “what is the relation between accessibility and land use change?”. To
answer this question I am studying relationships between accessibility and current Dutch land use
patterns at a number of geographical scales, and causal factors for railway construction in the
th
Netherlands in the 19 century.
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Have historical floods and the construction of protective measures lead to permanent
demographic changes among regions in the Netherlands?

WP2 - Trond Husby (trond.husby@ivm.vu.nl)
Recent U.S. census data suggests that Hurricane Katrina lead to a reduction of the population of New
Orleans. Could Dutch census-data reveal similar effects of historical floods in the Netherlands?
Finding evidence for demographic changes is important as migration itself is an indirect consequence of
floods, but also because population movements are an indicator of the economic importance of regions.
Furthermore, can we expect to find similar effects from the construction of protective measures? The
building of the Afsluitdijk may for example have helped reducing the economic importance of regions
who previously enjoyed direct access to the North Sea.
This study will use a data-set constructed from historical Dutch censuses with populational data on a
municipal level. Floods and the construction of protective measures thus constitute natural experiments,
with some regions being affected while others not. Thus, the approach here involves the establishment
of treatment-groups (affected municipalities) and control-groups(municipalities who are not directly
affected). In order to single-out the effect from the floods and the construction of protective measures
they will also need to be placed in their socio- economic historical context.
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Interactive tools for the development of spatial adaptation strategies

WP 3 – Tessa Eikelboom (t.eikelboom@ivm.vu.nl)
Tessa Eikelboom has been employed at IVM since 1 September 2010 as a PhD researcher on the
‘Interactive development of spatial adaptation strategies’ under supervision of Dr. R. Janssen. She
holds a master in physical geography and has a bachelor background in environmental sciences.
Her PhD research investigates the effectiveness of spatial decision support strategies with the use of
interactive tools such as a ‘Touch Table’.
To discover the potentials of interactive tools for the development of spatial adaptation strategies, a
workshop approach is used that combines expert knowledge from both research and stakeholders.
Workshops are held on local or regional scale in different case study areas in the Netherlands. The
tools that can be applied are specially designed for each case study based on the local problems. A
“Touch Table” is used to support the communication between different stakeholders and available
spatial information.
A first workshop was held in a peat meadow area in Friesland and focused on the fragmentation of
water level sections. This fragmentation provides high maintenance costs for the water board. These
costs are expected to increase due to soil subsidence and the additional effects of climate change. For
the workshop session different alternatives for the water level sections were designed. For each
alternative the water levels per section and different value maps were calculated. The value maps
provided each parcel with a rate for the achievement goals i) intensive grassland, ii) extensive
grassland, iii) nature and iv) prevention of soil subsidence. These values provided insight in
opportunities and bottlenecks for each of the alternatives. Follow up workshops in Friesland are
expected next year. A case study in Drenthe concentrates on the search for a preference alternative for
water management.
In each case study, questionnaires are given before and after the workshops sessions. The preworkshop questionnaire contains questions that concentrate on experience and expectations. In the
post-workshop questionnaire more detailed questions are asked that are grouped in 6 main topics:
expectations, level of knowledge, the workshop session, the “Touch Table”, the maps and propositions.
The outcomes of the pre-questionnaires and post-questionnaires are compared to discover changes in
opinions. In addition, questionnaires are compared for different case study areas.
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Can visualisation of the a-typical aspects of climate change improve the knowledge transfer of
climate impacts and adaptation options in the design process?
This research builds on the Climate Adaptation Atlas, an online database disclosing the impacts of
climate information through various forms of visualisation. In the past three years the Atlas has been
applied to several projects. In the coming months a paper will be written which reveals the lessons
learned in these projects in order to focus the scope of the research. The aim of the paper is to develop
a visualisation framework: what type of visualisation should be applied in what kind of situation? The
framework will be tested in the Hotspot Haaglanden region. During the first workshops, to be held on
th
th
the 10 of November the 8 of December, the opportunities and treats for urban heating in the
Haaglanden area will be presented through several visualisations. The working practices of the
participants will be evaluated through questionnaires and observations. Probably visualisations
developed within other work packages can be used for testing the newly developed visualisation
framework.
Monique de Groot

WP 4 - Monique.degroot@dhv.com

Monique is the PhD candidate for work package 4, project 1. Monique has
received a MSc. degree in architecture and urban design from Delft
University of Technology in 2005. Until 2008 she has worked for the province
of South-Holland as one of the core team members of Xplorelab
(www.xplorelab.nl) where she was involved in the Hotspot Zuidplaspolder
(one of the climate changes spatial planning projects) and has designed a
method to reveal climate impacts in spatial planning projects. Since 2008
Monique has been working as a climate consultant for DHV, an international
operating engineering and consultancy agency, where she was one of the
founders of the Climate Adaptation Atlas, developed by a consortium of
Alterra, KNMI and DHV. Last year Monique has started as a part time PhD
candidate within WIMEK (Wageningen Institute for Environment and Climate
Research). Her research topic builds on the Climate Adaptation Atlas. The aim of her research is to
improve the knowledge transfer of climate change impacts in the design process to ensure that
adaptation impacts and measurements will be implemented in spatial plans. Visualisation is an
important instrument in the planning processes since the visual language is a common language in the
partiportary spatial planning process (Al-Kodmany 1999, 2002, Dühr 2007).
During the research project new and existing visualisations will be analysed, tested and evaluated. The
goal is to measure their effectiveness in different decision making and problem contexts. The past year
methods and techniques that can be used for visualising the climate impacts and adaptation strategies
were identified, both by literature reviews and case studies.
The coming months a first paper will be written which reveals the lessons learned in order to further
focus the scope for research. Prof. dr. Pier Vellinga and prof. dr. ir. Arnold Bregt are involved in this
research as promotors. Dr. Hasse Goosen and dr. Ron van Lammeren will be acting as co-promotors.
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Economic modeling and assessment of the impacts of climate change and adaptation
strategies on fresh water resources

WP 5 – Jason Levin Koopman (jason.levin.koopman@ivm.vu.nl)

In the research project ‘Economic modeling and assessment of the impacts of climate change and
adaptation strategies on fresh water resources’ I am investigating the interconnectedness of the
economy and the environment by exploring the economic impact of short term droughts and less
reliable fresh water resources due to climate change.
Fresh water plays an integral role in society. Access to clean fresh drinking water is vital to human
health and it is an essential input for many sectors in the economy including, agriculture, the chemical
and paper industries and the energy sector. Water is also vital for a healthy ecosystem which not only
provides recreational benefits but is also the source of many other economic inputs.
For a healthy economy it is not enough that fresh water is available but that it is available at the right
time, to say irrigate crops or allow shipping traffic to flow on a river. This project examines water
markets as a tool for flexible and temporary reallocation of water when the reliability of fresh water is
threatened by climate change. Water is not just another economic good however and special attention
will be paid to the impact on fairness and equity in introducing these markets.
This project examines water markets on an international scale because the products created with water
as an input, such as food and paper for example, are traded on international markets, similarly the
hydrological system, i.e. rivers and aquifers, cross international boundaries so it is important to examine
the impacts of drought and water markets within an international context.
To this end we are using macro-economic models of water allocation, specifically computable general
equilibrium (CGE) models, to examine the affects of short term drought on the Rhine and Meuse river
basin countries, France, Belgium, The Netherlands, and Germany. This framework will allow for
incorporating the water allocation behavior of one country in the allocation decisions of another when
these countries share a water resource and water becomes scarce.
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Optimal timing, costs benefit analysis and adaptation strategies

WP 6 – Thomas van der Pol (thomas.vanderpol@wur.nl)

Expected net benefits of adaptation measures often depend on the timing of these options. One such a
problem for which timing is important is the heightening of dikes.
In a first paper we determine optimal dike heightening over time under climate change uncertainty with
the possible arrival of new information on sea level rise/ river peak discharges. This is adding to the
existing literature in that the possibility of learning is considered in the solution.
We later intend to extend the basic approach to choose from multiple adaptation measures, and use it
in one or more real-world cases on the local level. In a later stage, next to the issue of timing, we wish
to develop a methodology to provide additional insights in ancillary benefits which are currently
excluded from the Cost-Benefit Analysis of regional decision makers.
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