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The research on “Decision Support Tools” of the programme Knowledge for Climate will find its
successful completion by the end of this year. This newsletter is therefore the final newsletter on the
theme “Decision Support Tools”.
The research programme was launched in 2010 in order to make fundamental innovations in the
design of the tools to support decision making on climate change, in particular on the adaptation to
climate change. When the research programme was formulated we identified a number of important
knowledge gaps that needed attention for developing a climate resilient society.
The programme has been structured around the “Adaptation cycle” as shown in Figure 1. We started
with the consultation of stakeholders to identify their needs and to become familiar with their
perspectives and to jointly develop the best approach for making decisions on climate change
adaptation.
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Figure 1 Adaptation cycle as applied in the research programme
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We have identified the various climate adaptation options for a large number of actors and sectors in
society and we have developed the tools to assess the challenges that climate change will pose to
society. Issues involved are health, recreation, water management, safety, ecosystems, climate
resilient cities, urban heat islands and many other topics that are related to changes in temperature,
precipitation and sea level.
We have made important novel contributions in the following domains:
- Spatial scenarios with high resolution for the Netherlands based on socio-economic analysis
of the economy;
- The use of touch tables in the interaction with stakeholders to prepare decision making on
adaptation in specific regions and for specific issues, such as planning of nature and
agriculture and water management;
- Visualization of the impacts of climate change by means of the Climate Atlas, touch tables and
3 dimensional representations in real time of flooding events;
- Modelling of the secondary impacts of floods in order to assess the monetary value of the
damages related to flooding and the impacts of migration after a flood event;
- The economic modelling of freshwater allocation in transboundary river basins, based on a
profound economic analysis of the marginal costs and benefits of these allocations;
- The economic analysis of decision making under uncertainty and the learning about how
serious climate change will be in the future;
- The analysis of the monitoring of adaptation programs, based on well-designed indicators that
enable appropriate monitoring.
The results of the research have been published in international journals and have been presented in
a large number of workshops, conferences and meetings with stakeholders and in the publication
oriented at the general public. We have shared our results with leading international organisations
such as OECD, IIASA and the Potsdam Institute for Climate Impacts. The direct impact of the
research has been through direct embedding of the consortium in interactions with PBL, CPB and the
Delta-commissariaat, responsible for water management in the Netherlands. In addition we have
trained a new generation of specialists in the domain of adaptation to climate change through the
training of our PhD candidates. Results are available on the website of KvK. As usual we are
interested in sharing our results with all stakeholders, not only in the Netherlands, but also in Europe
and at the global level. Feel free to contact us at ekko.vanierland@wur.nl.

The JCAT research program for Jakarta,
Indonesia

The city of Jakarta is suffering very seriously from flooding
along the rivers in the city and along the coast in the Northern
part of the city. The JCAT project focused on assessing the
damages of flooding in order to support decision making on
flood control in the various areas of the city. Two Indonesian
PhD candidates have focused on a detailed study of the spatial
distribution of the damages of flooding and on the economic
analysis of measures to reduce flooding.
The pictures illustrate some of the problems and solutions that
are being implemented in Jakarta. The picture at the top shows
the risk of flooding in the coastal areas as a result of soil
subsidence. This subsidence in caused by the extraction of
ground water. As a result the coastal area is sinking by several
centimetres per year leading to extreme floods and a huge risk
of flooding, because the current protective sea wall is of very
low quality as shown in the pictures.
Strengthening of the current seawall in combination with newly
installed pumping stations should provide solutions in the short
run, but in the long run very drastic measures are required.
Currently a proposal has been made for a large seawall in a
project for land reclamation, which offers an integrated
solution.
The PhD candidates that have been trained in the JCAT
project will be able to make important contributions to the
planning and design of optimal measures of flood protection in
Jakarta.
For further information contact: Philip Ward, Ekko van Ierland,
Yus Budiyono, Pini Wijayanti or consult the JCAT website at:
http://www.delta-alliance.org/projects/jakarta-climatechange-adaptation-tools

WP1 – Eric Koomen
Main results of the past years and hyperlinks to the relevant output, to allow readers to directly
access the relevant output
Climate adaptation measures cannot only be defined based on expected climatic changes. They also
need to take into account that the society in which these changes take place is changing. We have
addressed this issue by integrating and downscaling national socio-economic scenarios. Central to
this downscaling is a land-use modelling framework that integrates the sector-specific models for,
amongst others, residential, commercial and agriculture development. In the past years we have
worked on improving the alignment and integration of these models to ensure a more robust link with
the underlying scenario assumptions and allow for the incorporation of feedbacks between climateinduced and other developments in different economic sectors. In addition we revised the land-use
allocation model to allow the incorporation of functional units (i.e. densities of residences) rather than
hectares of a specific land use. More specifically, the following products and results were obtained:


Extensive research has been done into the various drivers of land-use change, highlighting the
importance of accessibility, the land market and other core principles and concepts for
describing land-use change processes.



Revised socio-economic scenarios have been described and integrated to obtain new
spatially-explicit land-use projections for 2040 using an updated version of our Land Use
Scanner modelling framework.



The newly obtained results and insights in the modelling of land-use change were developed
in cooperation with PBL Netherlands Environmental Assessment Agency. PBL applied this
new-found knowledge in their land-use simulation efforts for the Delta Program. Our land-use
simulation results are disseminated in cooperation with the ‘High quality Climate Change
Projections’ project and have been used in various research activities related to, for example
the efficiency of new flood management strategies.



A new method was presented for the simulation of residential land-use density allowing the
exploration of densification alternatives in the Haaglanden case study and ultimately the
simulation of the dynamics in the use of urban space. The latter topics were further explored in
a more extensive follow-up project.



A spatially-explicit analysis was made of the impact of urban development on urban
temperatures. Based on this analysis potential future changes in the urban heat island effect
were simulated for a combination of socio-economic and climate scenarios.



Methods have been developed for the spatial quantification and valuation of cultural
ecosystem services in an agricultural landscape. Based on these assessment exploratory
scenarios and participatory backcasting methods have been implemented in an agent-based
model for participatory policy design of multi-functional landscapes in a case study for the
Winterswijk region.

Current, ongoing research focusses on describing future land-use dynamics in agriculture. It builds on
our initial scenario-based descriptions of changes in climate and society and addresses issues such
as:
 Developing spatially-explicit methods to optimize the allocation of subsidy promoting the
cultivation of biofuel crops.


Implementing a new economic valuation module in Land Use Scanner to analyse spatiallyexplicit economic impacts of future extreme climate events in agricultural systems in the
Netherlands, as well as the economic feasibility of adopting proposed adaptation measures.
This knowledge will also be applied in a follow-up project that PBL has started and that will
assess the economic potential of different climate adaptation strategies in Dutch peaty
meadow areas.



Cooperating with partners of the University of Melbourne to develop methods for the regional
planning of blue-green infrastructure in the Gippsland region, Victoria, Australia.

These results will be presented at the upcoming Conference “Deltas in Times of Climate Change II”
and documented in two scientific papers.

WP2 - Marjan Hofkes
WP2 focused on how the presence of disaster risk influences household decision making, specifically
with respect to location choice, as well as on the ensuing macroeconomic effects of an economy
responding to disaster risk. The impact of disaster risk was studied from three perspectives, from a
historical perspective, from the perspective of risk affecting household mobility via housing market
mechanisms and finally from the perspective of individual responses driving disaster losses at the
macro-level.
Our empirical analysis of the population dynamics following the flood in 1953 and the Deltaworks
constructions highlighted the consequences of flood risk management strategy focused solely on
reducing the probability of flooding, i.e. the "engineering-away" of risk. The analysis revealed that the
1953 flood had temporary negative effects on population growth, and that the protection measures
had permanent positive effects. Consequently areas that received protection, of which several were
also hit by the flood, grew at a higher rate than other areas. The rapid increase in exposure is one of
the reasons behind the shift in flood risk management towards a more integrated approach that
focuses on reducing exposure and not only probabilities.
The second perspective showed how a combination of credit and housing market mechanisms can
lead to clustering of credit constrained households in risky areas. Furthermore, migration is
increasingly seen as a form of individual adaptation to climate change. Policy makers need to ensure
that market mechanisms do not reduce the adaptation capacity of socially vulnerable households. In
addition to the equity concerns, a high concentration of vulnerable household in risky areas also has
implications for disaster risk reduction and risk financing. For example, insurance uptake is generally
lower among vulnerable households, with the result that insurance coverage is low in areas where
insurance is needed the most.
Individual responses to risk are the ultimate drivers of disaster losses. By combining elements of multi
agent modelling with a macroeconomic model we investigated the impact of public concern on
production losses following a flood event in Rotterdam. We show how public concern, shaped through
the exchange of individual opinions regarding the negative welfare effects associated with residing in a
risky area, may exacerbate disaster losses from a flood in Rotterdam by leading households to settle
in other regions than Rotterdam and reducing labour supply in Rotterdam.
Insight into behavioural responses of households is of paramount importance in shaping climate
change adaptation strategies. The models developed in this research may be helpful in providing
insight into the macroeconomic impacts of such behavioural responses in the context of disaster risk.

WP3 - Tessa Eikelboom and Ron Janssen
Interactive development of spatial adaptation strategies
Within this study a comparison of mapping tools to support regional planning in fen meadow polders in
the Netherlands was conducted. The tools feature spatial multicriteria analysis as the means to design
spatial measures from stakeholder objectives in four different ways: as colour boxes on a digital map
that represent stakeholder objectives (Figure 1), as colour boxes on a digital map that represent only a
percentage of best and worst scoring stakeholder objectives and as colour boxes on a digital map that
represent the totals of all objectives. The main plus of the approach is to get different types of people
talking so that opportunities for exchange between different sources, or types, of local and expert
knowledge can be combined.

Figure 1. Visualization of objective values on top of (a) land use, (b) water level.

Before actually using spatial tools, participants prefer to test them. In all case studies, spatial support
tools were tailored to the regional context. As suggested by the experience from the case studies,
complexity of tools has to be minimized and transparency maximized. The experiments show that
dynamic maps increase the level of confidence in the outcome and increase the understanding of
underlying processes. In the context of adaptation planning it was found that the type of tools need to
be tailored to the stakeholder tasks. The tools based on individual objectives are best used for
technical measures such as water level change, whereas tools based on total values are best used for
strategic measures such as land use change. The evaluation of the difficulty of the tools showed that
tools that involve percentages and weights are perceived more difficult.
The integration of an optimization algorithm enlarges the range of functionalities of the geodesign tool
as it provides stakeholders with the possibility to easily generate alternatives that fit their constraints.
These optimized alternatives can support the decision making process by provoking stakeholders or
as a reference or control. Especially the combination of manual changes, visualizations tailored to
tasks, dynamic feedback and the use of an optimization algorithm can support the decision making
process.

WP 4a - Hasse Goosen
Visualization
In September a new knowledge portal will be launched: www.ruimtelijkeadaptatie.nl. This portal brings
together many tools and guidelines that have been developed to support local adaptation planning and
action. The portal contains a Guideline for Spatial Adaptation to support adaptation planning activities.

The climate adaptation atlas (klimaateffectatlas) is a central component in this new knowledge portal.
The project was funded by the “Deelprogramma Nieuwbouw en Herstructurering” and the Knowledge
for Climate programme. The development of the portal and the climate adaptation atlas tool was
coordinated by the Climate Adaptation Services foundation.

From WP4 Alterra contributed to the selection of information and the design of the website and the
new interface of the Climate Adaptation Atlas (see fig 1).

The new interface was improved, based on the experiences with visualization of climate information
for the Rotterdam and the Haaglanden region.

WP4b - Elmar Eisemann
Climate change leads to rising water levels and
the deterioration of weather conditions, which can
result in heavy rainfall. These developments pose
serious threats to humans, animals and
structures. In particular flooding is an important
issue for the Netherlands and flood protection is,
consequently, of high relevance.

Besides understanding of the involved processes,
a major problem faced by researchers today is
the communication of data and results. One issue
is that the involved data sets are large (in the
order of TB) and, thus, difficult to handle
interactively. Our work addressed these issues by
providing highlighting tools to markup areas in
real-time and investigate large areas by involving
level-of-detail mechanisms.Furthermore, when
discussing solutions with decisions makers or the
general public that is not trained in the specific
aspects of the scientific domain, the barriers can be significant. Our project was launched to give
decision makers the possibility to more easily understand, simulate, and navigate flood simulation data
and plan as well as verify evacuation scenarios. One aspect was the photorealistic simulation of
flooding, which makes the impact of flooding easily comprehensible. In particular, these visualization
techniques are easily understood by the general public and help raise awareness regarding the
climate issues and their consequences for society. A large setup of our system, which interactively
visualizes the 1953 North Sea flood, is exhibited in the Science Center in Delft, as well as the
Watersnoodmuseum in Zeeland.
To improve the understanding and planning of
dikes, an interactive simulation was developed
where dikes can be modified via an intuitive
touch-screen interface and water sources and
rainfall can be added. This allows even nonexperts to easily change conditions and see
impacts in a wide range of scenarios.

The system was presented at the municipality of Delft, allowing people to experiment with different
scenarios. Other results include novel algorithms to reduce data transfer when using our solutions
over the internet, or innovative methods to improve interaction and understanding in the context of
stereo visualization.
The previously-presented results and various others were published in several high-ranked scientific
journals and conferences. Furthermore, the involved algorithms for simulation and visualization are
exploited in practice and a consortium (3Di stichting) will ensure the distribution and contact with
industrial and governmental partners. The interest was also underlined by several large-scale
presentations of our simulators, including an exposition at the Hannover Messe – the world’s biggest
industrial fair.
Despite the addressed subject being very complex and involving a large number of domains, our
results show that it is possible to render these important issues more accessible and show the
potential to strongly impact and influence decision making in the future.

WP5 - Jason Levin-Koopman, Onno Kuik and Roy Brouwer
Economic feedbacks in response to water scarcity from climate change
Climate change brings with it a range of uncertainties
and possible changes to the water supply in the
Netherlands. The W+ scenario, one of four climate
change scenarios for the Netherlands considered
equally likely by the Dutch meteorological institute
(KNMI), predicts hotter summers with less rainfall and
lower river inflow into the Netherlands.
In contemplating future climate scenarios like W+,
water managers will need to make tradeoffs,
prioritizing certain uses over others. Water demands
for healthy functioning ecosystems might need to be
balanced against water demands for flushing out
intruding salt water from the polders as well as water
demands for irrigation, industry and shipping. The
costs of any large infrastructure projects to increase
the storage and reliability of water resources in times
of scarcity would need to be compared with the
additional value of the water saved by these projects.
Therefore an economic analysis of the damage that
reduced water would bring to its various uses would
be of great help to water managers in decision making
and long term policy.
Work package 5 of Theme 8 (Decision Support Tools) has taken this economic approach to examining
water scarcity in the Netherlands and uses a macro-economic model, as well as expert knowledge
from our partners at Deltares, to capture the feedback responses to reduced water availability for
producing food and other goods. As water is not a standard commodity bought and sold on the open
market, the insights and contributions from work package 5 have been to further integrate water into
an economic framework while not losing sight of the physical, legal and social characteristics that are
unique to water.
To this end WP 5 has explored the extent of the economic feedbacks by placing the estimated
agricultural losses from irrigation water scarcity within the context of world markets for food products
and examined how the assessment changed when water scarcity was assumed to affect the wider
Rhine and Meuse catchment region (Germany, Belgium and France) rather than the Netherlands
1
alone. WP 5 has also examined the tradeoffs between allocating water for agriculture and water for
manufacturing or municipal uses, and how implementing a market for water abstraction rights among
2
these users would affect the efficiency of the outcome. Further WP 5 is examining the importance of
distinguishing the between surface water and ground water as irrigation sources and incorporating the
3
unique characteristics and vulnerabilities to climate change of each into the economic analysis.

By building upon and extending the economic tools of analysis of water scarcity and illuminating the
unique situation of the Netherlands as a delta region within a wider hydrological and economic
context, the insights generated by WP 5 will hopefully contribute to the discussion of Dutch water
policy management under water scarcity from climate change as well as the wider academic
discussion on how to best represent the unique characteristics of water within an economic analysis.
(1) Levin-Koopman, J., Kuik, O., Tol, R.S.J. & Brouwer, R. (2014). The Economic Impact of Water
Scarcity from Climate Change in an International River Basin Context. (Accepted for publication in
Climate Change Economics).
(2) Levin-Koopman, J., Kuik, O., Tol, R.S.J. & Brouwer, R. (2014) The effectiveness of water markets
to allocate water between industry, agriculture and public water utilities as an adaptation tool to
climate change. (Submitted for publication to Mitigation and Adaptation Strategies for Global Change).
(3) Levin-Koopman, J., Kuik, O., van der Vat, M., Tol, R.S.J. & Brouwer, R. (2014) The economic
impact of irrigation water scarcity from climate change: A CGE analysis distinguishing between
surface and ground water. Accepted for presentation at the conference Deltas in Times of Climate
Change II.

WP6 - Thomas van der Pol
Optimal timing, cost-benefit analysis and adaptation strategies: overview & results
Results
- Scientific contributions: a series of papers with flood risk management applications, in which
the modelling of exogenous learning about climate change impacts, data-driven learning and
its impacts, and the consistent application of dynamic minimisation of maximum regret are
covered.
- Presentations: the work has been presented and discussed at various occasions
(conferences, summer schools, and workshops).

Summary
In this work package we have addressed the ‘what?’, ‘when?’ and ‘how much?’ questions on
adaptation with economic models and numerical solution methods. We have restricted attention to
flood risk management problems. We have applied cost-benefit analysis, cost-effectiveness analysis
and regret analysis to various case studies, in which decision-makers are facing changing flood risk.
All of the case study problems are characterised by a similar decision context: uncertainty about
climate change impacts (sea level rise, increasing peak discharges, changes in the frequency of
occurrence of precipitation extremes), and the possibility that better, or new climate-related
information might become available over time. We have shown that possible information changes
can be anticipated, and that information arrival could alter the expected economic efficiency, or worstcase outcomes, of today’s decisions.

Key messages
(1) Climate change impacts are uncertain. Solutions from economic models, which are based
on expected value optimisation, either originate from single climate impact scenarios, or from
subjective probability distributions of climate impacts.
(2) In the absence of reliable probabilistic information on climate change impacts
robustness analysis can be considered, such as regret analysis. These approaches do not
necessarily perform better than expected value approaches for various reasons. However,
they do provide complementary insights in the overall or worst-case performance of
adaptation measures under a range of scenarios.
(3) New climate-related information may become available over time. For example, new
IPCC reports will be published, and the Royal Dutch Meteorological Institute has recently
released new scenarios. Moreover, new precipitation extremes, and peak flow and sea level
observations are obtained over time. Such information has an impact on the economic
efficiency of today’s decisions. We have, for example, considered an extreme case of
uncertainty reduction to study optimal dike height.

Figure 1 New information can drastically change future dike investments
(source: van der Pol et al. 2013)

We have also simulated new rainfall observations to study its impacts on investments in
detention storage.

Figure 2 Re-investment timing cannot be known with certainty provided that compliance with a flood
risk standard is required (source: van der Pol et al. 2014).
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PhD highlights

Trond Husby - WP2

Risky Business as Usual
In my first paper we analysed whether the flood in 1953 in the Netherlands had permanent impacts on
population growth in affected areas. We found that the flood itself did have only temporary negative
effects, i.e. the population growth in areas hit by the flood was lower than in non-affected areas for
some years after the flood.

However, almost right after the flood the Deltaworks were initated as a response to the flood.
Differently from the flood, we found that the Deltaworks had positive permanent effects on population
growth.

In my last paper we investigated, using an economic simulation model, one candidate mechanism
behind the decrease in population - namely that a flood causes public concern reducing the
attractiveness of a disaster struck area. Public concern is formed and shaped as people exchange
opinions in a social network. These sort of effects become more and more relevant as people become
more and more interconnected, think for example that a flood is followed by dramatic pieces on TV as
well as a flurry of twitter and Facebook messages. Public concern is therefore amplified as people talk
to neighbours, watch TV, read twitter and FB. Simulating a flood in Rotterdam, we show how public
concern after the flood reduces the attractiveness of Rotterdam as a place of residence, leading to a
decrease in population in Rotterdam.

In my first paper an eye opener was definitely the fact that we found a positive permanent impact on
population growth from the Deltaworks. On the one hand, this probably means that people think it is
safe to live in areas protected by the Deltaworks. Providing safety was of course the main purpose of
the Deltaworks, so it is probably a good thing if people felt safe. On the other hand, the protected
areas are mostly low-lying regions close to the sea which vulnerable to increased future flood risk (sea
level rise, increased river discharge etc.). In addition, although the probability of flooding is likely very
low, it is not zero. The Deltaworks reduced the probability of a flood, but it also raised the potential
consequences should a flood happen!
In my last paper, public concern after the flood in Rotterdam does not only reduce the population in
Rotterdam - it also increases the disaster losses. Household move out with their demand for products
and their labour supply, causing firms in Rotterdam to reduce their production. Public concern is
therefore an important explanatory factor behind disaster loss.

PhD highlights

Monique de Groot – WP4

Visualising complex climate information for spatial adaptation planning
The aim of the PhD research was to investigate how visualisations can be improved to make
information on climate change more relevant for policy makers involved in the adaptation planning
process at the local scale. Emphasis is made on the development of information indicators and on
visualisation techniques. Different stages and elements of the IPCC vulnerability assessment
framework (like hazard mapping, impact mapping and designing adaptation options) are investigated
within different case studies in the Netherlands. From these case studies a shift of information needs
from information to analyse the problem to more operational information that helps to solve the
problem was identified. We also found out that traditional vulnerability assessments are mainly
focused on analysing the problem and methods used to aggregate indicators require detailed impact
information and thresholds, which are often not available at the local scale. We therefore have
developed the Climate Agenda Map as a new vulnerability and mapping approach to facilitate the
identified shifting information needs. The Climate Agenda Map is based on the IPCC vulnerability
assessment framework. Instead of quantifying doses-response relations the approach centralises the
natural system of the assessed area to identify both impact and adaptation options. Local knowledge
and expert judgment on available impact information is used to draw one conclusive map that reveals
the major climate challenges for the area and sets the agenda for further spatial investments.

The Jakarta Climate Adaptation Tools (JCAT) Workshop, 21 August 2014
Pini Wijayanti
The JCAT workshop was conducted in Jakarta on Thursday 21st August 2014, in collaboration with
the Jakarta Research Council and the Indonesia International Institute for Urban resilience and
Infrastructure (i3URI). The aims of the workshop were to show case and share the tools and
knowledge developed in the JCAT project; to discuss the progress of the project within a wider scope
of city resiliency; and to explore concrete uses for further applications of tools and knowledge in
practice.
This workshop was officially opened by vice governor of DKI Jakarta, Basuki T Purnama, and was
attended by a diverse range of key persons and audience, representing the major national and
international academic and research institutions, public policy making and sectorial executors of
national and provincial levels, leading consulting firms and private sectors, multilateral funding
agencies, and relevant NGOs.
After the opening session, Philip Ward, (see
picture) the project leader of JCAT team, gave
the overview of the main results of JCAT project.
Then it was followed by key lectures from JCAT
team members who delivered four topics i.e. (1)
damage scanner Jakarta, (2) costs and benefits
of adaptations, (3) spatial tools for river basins
and environmental and analysis of management
option (STREAM) and spatial decision
assistance of watershed sedimentation (SDAS),
and (4) flood risks assessment of Jakarta. After
lunch break the workshop was continued by
other speakers who delivered interesting
presentations on (1) resilient cities in Indonesia:
a policy framework, (2) resilient Jakarta within
the framework of green metropolis 2050, (3)
hazard risks assessment of Jakarta, climate
risks of Jakarta: highlights for adaptation and
mitigation strategy, and (4) North Jakarta coastal
inundation risks and mitigating the impact: the
Garuda
Project.
During
the
workshop,
participants also interactively discussed the
JCAT results and the flood risks, adaptation and
mitigation options in Jakarta.
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