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Summary

Summary
Regional adaptation strategies are plans that consist of feasible measures to
shift a region towards a system that is flexible and robust for future climate
changes. They apply to regional impacts of climate change and are imbedded in
broader planning. Spatial information plays a key role in the design of
adaptation measures as both the effects of climate change as well as many
adaptation measures have spatial impacts.
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Interactive spatial support tools such as drawing, simulation, evaluation and
negotiation tools can assist the development process of spatial adaption
strategies. This project links tasks derived from the actual development stages
to spatial support tools in an interactive multi‐stakeholder context. The
approach is illustrated for a number of fen meadow case studies in the
Netherlands. The regional planning workshops combine expertise from both
scientists and stakeholders with an interactive mapping device. This approach
triggered participants to share their expertise, stimulated exchange and
integration of knowledge and promoted consensus on a strategy for the future.
All workshops addressed land use and water management of a fen meadow
polder. These polders were the polder Zegveld in the province of Utrecht, the
polders Reeuwijk en Abessinië in the province of Zuid Holland, the polder
Zevenblokken and the Fochteloerveen in the province of Drenthe, and finally
the Veenpolder van Echten and the de Groote Veenpolder in the province of
Friesland. The main result of the workshop in the polder Zegveld was a map
with the main policy bottlenecks. The workshops in the de polders Reeuwijk
and Abessinië both generated new land use and water management maps
together with policy recommendations for the province and water board. The
workshop in the polder Zevenblokken produced a map of potential problems
and solutions to be used as input for the decision on water levels for the area.
The workshop in the polder Echten focused on three scenarios for the water
management in this polder. This resulted in a better understanding of effects,
bottlenecks and opportunities of these scenario’s . The workshop in the Groote
Veenpolder was part of the preparation process of the regional water plan
Zuidelijke Veenpolders. In addition to a lot of information about the polder the
workshop resulted in a new land use and water management map for a large
zone bordering on the wetland reserve of the Rottige Meente.
Results from surveys conducted at the end of each workshop indicated that
participants found the tools appropriate for a workshop setting. Important
aspects in the design of the workshops included the selection of participants,
level of detail and complexity of spatial information provided and a balanced
formulation of workshop assignments. It is also important to considera
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carefully how the workshops fit into the policy process, the objective of the
workshops in this process, who to invite and to communicate all of this well
in advance to all stakeholders.
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The applications presented showed that the tool is ready for use to support
regional adaptation processes in fen meadow areas. As a follow up to this
project the Province and Water board of Friesland have commissioned a new
project as part of their regional planning process for the Frisian Fen Meadows
(“de Veenweide visie”). The tool will be used to communicate the impacts of
climate change on the Frisian fen meadow areas and to support development
of adaptation strategies for these areas. It is expected that other fen meadow
regions will follow. With some alterations the tool could also be used in other
hotspots of the Knowledge for Climate program.

Samenvatting

Samenvatting
Regionale adaptatiestrategieën bestaan uit toepasbare maatregelen voor de
transitie van een regio naar een systeem dat flexibel en robuust is met
betrekking tot klimaatverandering. Het gaat hierbij om regionale effecten van
klimaatverandering ingebed in een breder planningskader. Ruimtelijke
informatie speelt een centrale rol in het ontwerp van adaptatiemaatregelen
omdat
zowel
de
effecten
van
klimaatverandering
als
veel
adaptatiemaatregelen ruimtelijke effecten hebben.
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Interactieve ruimtelijke instrumenten zoals teken, simulatie en evaluatie
instrumenten kunnen hierbij het planningsproces ondersteunen. Dit project
koppelt de taken afgeleid van de ontwikkelingsstappen aan ruimtelijke
instrumenten in een interactieve en multi actor omgeving. De voorgestane
aanpak wordt geïllustreerd aan de hand van een aantal veenweide case studies
in Nederland. De regionale planning workshops combineren kennis van experts
en belanghebbenden rond een interactieve digitale kaarttafel. Deze aanpak
stimuleert deelnemers hun kennis te delen en stimuleert integratie van deze
kennis.
De workshops hadden elk het waterbeheer en de ruimtelijke inrichting van een
veenweide polder als onderwerp. Deze polders waren de polder Zegveld in de
provincie Utrecht, de polders Reeuwijk en Abessinië in de provincie Zuid‐
Holland, de polder Zevenblokken en het Fochteloerveen in de provincie
Drenthe, en tenslotte de Veenpolder van Echten en de Groote Veenpolder in
de provincie Friesland. De workshop in de polder Zegveld had als belangrijkste
resultaat identificatie van de beleidsconflicten in deze polder. De workshops in
de polder Reeuwijk en Abessinië hebben beide geleid tot een nieuwe kaart van
ruimtegebruik, peilvakken en drooglegging en beleidsaanbevelingen aan
provincie en waterschap. Het product van de workshop in polder Zevenblokken
was een kaart met knelpunten en mogelijke oplossingen als input voor het
peilbesluit. In de workshop voor de polder van Echten is vooral gekeken drie
scenario’s voor het peilbeheer. Het resultaat van deze workshop was inzicht
effecten, knelpunten en kansen van deze drie scenario’s. De workshop in de
Groote Veenpolder maakte deel uit van het proces ter voorbereiding van het
Watergebiedsplan Zuidelijke Veenpolders. Naast veel informatie over de polder
resulteerde de workshop in een nieuwe kaart van het ruimtegebruik en
waterbeheer voor het deel van de polder dat grenst aan de Rottige Meente.
Resultaten van enquêtes aan het eind van de workshops laten zien dat de
deelnemers de gebruikte instrumenten geschikt vonden voor gebruik in een
workshop omgeving. Belangrijke elementen in het ontwerp van de workshops
zijn de selectie van de deelnemers, detailniveau en complexiteit van de
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informatie en een evenwichtige formulering van de workshop opdrachten. Ook
is het van groot belang goed na te denken over de inpassing van de workshops
in het beleidsproces, het beoogde doel van de workshop en de uit te nodigen
deelnemers en hierover ook duidelijk te communcieren met de
belanghebbenden.
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De gepresenteerde toepassingen laten zien dat het instrument klaar is voor de
praktijk. Als een vervolg op dit project hebben de provincie en het waterschap
Friesland een vervolg opdracht gegeven als onderdeel van het opstellen van
een Veenweide visie voor de Friese veenweiden. Het instrument zal worden
gebruikt voor het communiceren van de effecten van klimaatverandering voor
de Friese veenweidegebieden en voor het ontwikkelen van
adaptatiestrategieen voor deze gebeiden. De verwachting is dat andere
veenweidegebeiden zullen volgen. Met enige aanpassing kan het instrument
ook worden toegepast in de andere hotspots van het Kennis voor Klimaat
programma.

Extended summary

Extended summary
The need for decision support within the adaptation process
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In the past years the urgency to incorporate climate change in regional
planning has grown. Mitigation and adaptation are two ways of responding to a
changing climate. Adaptation is judged to be inevitable as the effects of
mitigation measures such as emission reduction take several decades to
become apparent. Adaptation measures can deal with the effects of climate
change on a much shorter time‐scale. Multiple adaptation frameworks and
guidelines exist that describe the development stages of regional adaptation
strategies. Regional adaptation strategies are plans that consist of feasible
measures to shift a region towards a system that is flexible and robust for
future climate changes. They apply to regional impacts of climate change and
are imbedded in broader planning. Spatial information plays a key role in the
design of adaptation measures as both the effects of climate change as well as
many adaptation measures have spatial impacts.
The adaptation cycle can be described in three main stages: i) analyses of
effects, ii) design of adaptation options, and iii) evaluation. Spatial information
plays a key role in the design of adaptation strategies as both the effects of
climate change, as well as many adaptation measures have spatial impacts. In
addition the adaptation strategies themselves are spatial as they involve a
spatial allocation of adaptation measures. Design of adaptation strategies is a
complex task both from a information processing as from a process point of
view. The spatial information to be used includes multiple layers of information
ranging from detailed technical information on water management to more
general and sometimes qualitative information on development paths for a
region. The process involves a large number of stakeholders with different
backgrounds and different skills for processing the information.
Design of adaptation strategies in interactive workshops
Spatial planning involves multiple stakeholders with individual interests. In
addition, the application of spatial measures has effect on multiple indicators
such as soil subsidence, agricultural productivity and nature quality. Also, the
effect varies for different types of land use (nature, intensive or extensive
agriculture) and different water levels. In practice this can result in a high
density of maps. This study attempts to combine the above in a single polygon
map.
Spatial information plays a key role in designing adaptation measures as both
the effects of climate change and adaptation measures contain a spatial
component. A common feature of collaborative map‐based decision support
tools is the use of maps as an interface between tools and end‐users. These
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maps are implemented in an interactive mapping device (“Touch Table”).
Planning workshops were held with experts involved in the planning process. In
the workshops, the participants had the opportunity to explore, discuss and
numerically assess different land use and water management scenarios using
an interactive planning tool. Interactive spatial support tools such as drawing,
simulation and evaluation tools can assist the development process. This
project links tasks derived from the actual development stages to spatial
support tools in an interactive multi‐stakeholder context. The approach is
illustrated for a number of fen meadow case studies in the Netherlands. The
regional planning workshops combine expertise from both scientists and
stakeholders with an interactive mapping device.
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All workshops addressed land use and water management of a fen meadow
polder. These polders were the polder Zegveld in the province of Utrecht, the
polders Reeuwijk en Abessinië in the province of Zuid Holland, the polder
Zevenblokken and the Fochteloerveen in the province of Drenthe, and finally
the Veenpolder van Echten and the de Groote Veenpolder in the province of
Friesland. The main result of the workshop in the polder Zegveld was a map
with the main policy bottlenecks. The workshops in the de polders Reeuwijk
and Abessinië both generated new land use and water management maps
together with policy recommendations for the province and water board. The
workshop in the polder Zevenblokken produced a map of potential problems
and solutions to be used as input for the decision on water levels for the area.
The workshop in the polder Echten focused on three scenarios for the water
management in this polder. This resulted in a better understanding of effects,
bottlenecks and opportunities of these scenario’s . The workshop in the Groote
Veenpolder was part of the preparation process of the regional water plan
Zuidelijke Veenpolders. In addition to a lot of information about the polder the
workshop resulted in a new land use and water management map for a large
zone bordering on the wetland reserve of the Rottige Meente.
Directly or indirectly adaptation to climate change played a role in all
workshops. It was shown that although climate change was not the main driver
of these processes it increases problems linked to water management and soil
subsidence. Increased soil subsidence resulting from higher temperatures and
issues linked to excessive rainfall and droughts were incorporated in the tools
And the effects of soils subsidence on CO2 emissions were presented as a
separate policy objective. When relevant the differences in impacts between
the various climate scenarios were presented.
Comparison of interactive evaluation tools for regional adaptation planning
Within this study a comparison of mapping tools to support regional planning
in fen meadow polders in the Netherlands was conducted. The tools feature
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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, 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.
For this study it was assumed that 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.
Also the difficulty of the tools was evaluated as it is expected that tools that
involve percentages and weights are perceived more difficult and consequently
will produce poor stakeholder performance. First, different symbologies were
evaluated during an online pretest. From this survey, the use of coloured boxes
to indicate objective values on top of the current land use map was found to be
a preferred visualization. The functionality of the tools was compared during
stakeholder workshops. Although some explanation was needed for the tools
using best and worst, the tools were found useful.
The usefulness of the tools was compared based on i) performance, ii)
perception on level of difficulty, iii) perception on outcome, and iv) level of
confidence. In addition, the level of structure to the process was evaluated. The
experiments show that dynamic maps increase the level of confidence in the
outcome and increase the understanding of underlying processes. Improving
the score of one objective (such as agriculture) is easier to see through
compared to improving multiple objectives in a total score. A dynamic
approach requests some additional time to get familiar with applying measures
and receiving feedback but provides insight in underlying processes which
increases users’ confidence.
Conclusions
Organizing policy workshops is a learning process that requires substantial
effort in terms of preparation, logistics and technical challenges. An important
lesson learned is that preparation is crucial. A good start is to write a detailed
script, which includes the objectives and time table of the workshop and the
intended results of the various assignments. In addition, the script includes all
maps to be prepared and the specifications of the applications to be used. The
applications should be well tested in advance since there is little tolerance from
the participants for technical or methodological problems. A second lesson is
that, even if the workshop fits well into a policy process, it is not always easy to
convince policy‐makers to include the workshops in the planning process.
There is fear for the unknown and fear that bringing the problem outside the
usual setting would change the level of control on the process. Careful
consideration should be given to the mix of participants to be invited. To
convince participants to join the workshop, the objectives should be made
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clear at the start as well as the composition of the group. It is therefore
important to ensure that there is something in it for all the participants invited
and that the workshop is a pleasant experience. The main plus of the present
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.
Follow up
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The applications presented showed that the tool is ready for use to support
regional adaptation processes in fen meadow areas. As a follow up to this
project the Province and Water board of Friesland have commissioned a new
project as part of their regional planning process for the Frisian Fen Meadows
(“de Veenweide visie”). The tool will be used to communicate the impacts of
climate change on the Frisian fen meadow areas and to support development
of adaptation strategies for these areas. It is expected that other fen meadow
regions will follow. With some alterations the tool could also be used in other
hotspots of the Knowledge for Climate program.

Introduction

1. Introduction
Peat meadows and associated shallow waters encompass a major part of The
Netherlands. There are major challenges to regional and local governments to
come up with adaptive management strategies to cope with the major stresses
posed by climate change on basic environmental requirements for agriculture,
drinking water production, nature and residential areas. On the European level
the Netherlands needs to find ways to comply with the Water Framework
Directive (WFD) targets in face of the stress imposed on the aquatic ecosystems
by climatic change.
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This project is part of the Hotspot Fen meadows and shallow lakes. The hotspot
includes three projects:
1. Climate effects on decomposition in drained peat meadows: implications
for peat subsidence and water quality.
2. Climate influence on water quality: which trends are already apparent?
3. Managing climate effects in peat meadows and shallow lakes
The Hotspot as a whole deals with the prediction of the effects of climate
change in peat meadows and shallow lakes. The information generated is to be
used to define and evaluate adaptation strategies. This part of the project
intends to develop approaches to match the complex information generated by
the project with the objectives of the stakeholders. Both the effects and the
adaptation strategies have a clear spatial, temporal and uncertainty dimension.
The complexity and amount of information to be processed makes it necessary
to develop techniques to structure and present the information in such a way
that it can be managed by the stakeholders.
Agriculture, nature conservation, drinking water production and water quality
management in polders with peat soils all depend on the maintenance of a
well‐designed water level regime. New regimes with higher supposed degree of
sustainability have been designed, to accommodate agricultural usage and at
the same time meet targets for biodiversity conservation and water quality
(i.e., WFD). It is highly uncertain whether these new regimes will be ‘climate‐
proof’. If not, there will be high socio‐economic costs and environmental
drawbacks.
Within this project we will describe the relevant decision processes and try to
identify the information needs by the various stakeholders at different stages
of these processes. We will develop interactive workshops to facilitate problem
analysis, problem identification, design of management alternatives evaluation
of alternatives and feedback to design. The project will focus on the
development of spatial design approaches using a mixture of formal design
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routines, visualization techniques and structured feedback from participants in
workshops. Techniques will be integrated in a spatial decision support
framework implemented in hardware suitable for interactive use in a
workshop.
The current project brings together in workshops researchers generating
knowledge and stakeholders using this knowledge. Within these workshops we
will test the effectiveness of interactive spatial decision support to generate
and evaluate adaptation strategies.
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What we do know at this stage is that national and provincial agencies face
many difficulties in adjusting their policies in such a way that future land use
changes get serious consideration. On the one hand, this may be related to the
fact that the consistency of different (long term) policy goals have not yet
received due attention. On the other hand, strong public resistance at local
level against any perspective of near future landscape changes has created an
atmosphere of deadlock. Policy makers seemingly face the dilemma between
doing the right thing and doing it the right way, i.e. through consulting the
public. A participatory approach which will involve a multitude of stakeholders
may be successful in that the stakeholders will be able to identify and reflect
upon several comprehensive strategies and assess, with the help of scientists,
their specific impacts for policy areas such as climate change, water retention,
nature conservation, agriculture and other considerations with respect to
spatial planning.
Research question
To design, implement and test an interactive spatial decision workshop
approach for the development of adaptation strategies to manage the effects
of climate change on peat meadows and shallow lakes. The approach aims to
identify conflicts and compromises between stakeholders and policy makers
and provides an interface between stakeholders, policy and science. In more
practical terms this research question translates to: How can spatial decision
support tools meet the requirements of a collaborative land use planning
workshop?
Approach
In land use planning policy alternatives are usually presented as maps. Since
most people use reference maps, such as road maps, they are familiar with
their use and are happy to use them as a source of information. In practice
effective use of maps is a difficult task for many people. A task becomes more
difficult if the information density of the map increases and the direct link with
reality gets weaker.

Introduction

Land use planning requires a combination of formal analysis and holistic design.
In landscape design such as nature development in the river plains, the
landscape architect plays an important role. Hand drawn maps go hand in hand
with model output from hydrological models. Because the information load is
high spatial decision support should complement design by the landscape
architects. At present available ICT‐based instruments are insufficiently
adapted to these processes. Examples of available ICT ‐based instruments are
group decision rooms, design tools, spatial evaluation and presentation tools,
and finally interactive use of the Internet.
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Spatial decision support is not very successful in practice. One of the reasons is
that the systems are often information driven and ignoring the process and
human side of the use of these systems. This relation is central to this project.
A number of decision support systems have been developed to support water
environmental management. The use of these systems in participatory decision
processes has not always been successful (Uran and Janssen 2002). There are
two main reasons: 1. the decision support systems are not well tailored to the
needs of the participatory process and 2. information is not presented in an
adequate manner (Janssen and Uran 2002).
Within this project we intend to use an interactive mapping device (the ‘Touch
table’) to support participatory land use planning workshops. The table is used
in a series of workshops with the various stakeholders to generate, assess and
discuss adaptation strategies for the case studies. The approach involves three
types of workshops. The nature of each workshop is defined according to one
of the three frames in the framework for map use in policy making:




Analysis
Design
Negotiation

map as a research model
map as a design language
map as a decision agenda

Digital maps presented on the Touch table are the means of communication
between participants. The ‘Touch table’ makes it possible to draw maps using
for example an historical map, an aerial picture or a soil type map as
background. The participants use their hands to change the land use maps.
After each change the table provides feedback on the quality of the plan for the
various stakeholders. The table can also be used to combine information to
generate suitability maps, value maps and conflict maps. To support
negotiation multicriteria methods are used to show trade‐offs between
stakeholder objectives.
The specific contribution to innovation of methodology of this part of the
project is the integration of spatial decision support tools in a planning
workshop setting. The challenge of spatial decision support is to make sure that
the best possible plan is produced in a way that best suits all stakeholders
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involved. The first half of this statement refers to the end result, the content,
while the second half refers to the way this result was reached: the process.
Both aspects are important. In the past the focus was almost exclusively on the
result. Competent experts produced good plans without much consultation of
the people concerned. The last ten years have shown a swing in the other
direction. Competent facilitators manage the decision process, resulting in
support for the plan by people concerned; with the quality of the plan comes
second (Janssen and Horrevoets 2002). The current trend is towards a more
balanced approach between process and content. Support of the decision
process is the domain of policy sciences. Spatial decision support has to fit the
needs of these processes to be successful. Many examples show that mismatch
between process and content prevents adequate decision support (Uran and
Janssen 2003).
Case studies
Interactive methods can only be developed and tested in practice. The tools
were applied in the following case studies.
1. Zevenblokken/Fochteloerveen. This case study is part of a larger project
setting waterlevels in the region (Peilbesluit Smilde). Responsible are the Water
board Noorderzijlvest; and the Province of Drenthe.
2. Watermanagement in the Veenpolder van Echten. This polder has
hydrological relations with the Tjeukemeer and with the National Park “de
Rottige Meente” Responsible authority is the Waterboard Friesland.
3. Polder Zegveld. Province of Utrecht and Waterboard Stichtse Rijnlanden.
4. Polder Rijswijk. Responsible authorities are the Province of Zuid Holland and
the Waterboard Rijnland.
5. Polder Abessinië. Responsible authorities are the Province of Zuid Holland
and the Waterboard Rijnland.
6. Regional water management plan for the Groote Veenpolder. Waterboard
Friesland.
Outline of the report
This report is based on the following publications:
Chapter 2: The need for decision support within the adaptation process
 Eikelboom, T. & R. Janssen, 2012. Interactive spatial tools for the
design of regional adaptation strategies, Journal of Environmental
Management, vol. doi.org/10.1016/j.jenvman.2012.09.019.
Chapter 3: Description of the use of the tools within the case studies
 Eikelboom, T., F. Hellmann, A.Q.A. Omtzigt, R. Janssen, S. Kosten, & K.
Brouns, K. 2011a, Peilvakalternatieven voor een veenweide polder in
Friesland. Verslag van de workshop van 13 April Zevenhuizen,
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Friesland., Instituut voor Milieuvraagstukken Vrije Universiteit,
Amsterdam.


Eikelboom, T., F. Hellmann, A.Q.A. Omtzigt, R. Janssen, K. Brouns,
& J.T.A. Verhoeven, 2011b, Workshopverslag Zevenblokken‐
Fochteloerveen, Assen 13 September 2011, Instituut voor
Milieuvraagstukken, Vrije Universiteit, Amsterdam.



Janssen, R., F. Hellmann, & A.Q.A. Omtzigt, 2010, Verslag van de
workshop Polder Zegveld, Institute for Environmental Studies, VU
University, Amsterdam.



Janssen, R., P. Jansen, T. Eikelboom & A. Wagtendonk, 2012. Verslag
van de workshop Abessinië, Institute for Environmental Studies, VU
University, Amsterdam.



Omtzigt, A. Q. A. 2010. Verslag workshop polder Reeuwijk, Institute for
Environmental Studies, VU University, Amsterdam.
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Chapter 4: Comparison of interactive evaluation tools to support
regional adaptation planning


Eikelboom, T. & R. Janssen, (in press). Comparison of interactive spatial
tools to support regional adaptation planning. Regional Environmental
Change.

Chapter 5: Testing negotiation tools to support design of
regional adaptation plans


Eikelboom, T. & R. Janssen, (in prep). Usefulness of interactive tools to
support design of regional adaptation strategies, International Journal
for Geographical Information Science.



Eikelboom, T. & R. Janssen, 2013. Interactive spatial tools for the
design of regional adaptation strategies, Journal of Environmental
Management, vol. doi.org/10.1016/j.jenvman.2012.09.019.

Chapter 6: Conclusions

The need for decision support within the adaptation process

2. The need for decision support within the adaptation
process

2.1 Introduction
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Climate change is more and more considered in regional planning. Mitigation
and adaptation are two ways of responding to climate change, where
adaptation is judged to be inevitable as the effects of mitigation measures such
as emission reduction take several decades to become apparent. Adaptation
measures can deal with the effects of climate change on a much shorter time
scale (Füssel, 2007). Adaptation strategies can be developed on different scales
from the international level to the level of households and individuals where
each level has its own quality. The scale of autonomous adaptation by
individuals and/or businesses is expected to be insufficient to deal with climate
change impacts (CEC, 2009). Higher levels such as the national or European
scale can monitor adaptation actions and promote action by legislation (CEC,
2009; Adger et al., 2005). National plans need downscaling to smaller regions
because the regional scale is the appropriate scale to respond in terms of
spatial measures (Roggema, 2009; Adger et al., 2007). The IPCC defines
adaptation as adjustment in natural or human systems in response to actual or
expected climatic stimuli or their effects, which moderates harm or exploits
beneficial opportunities. Various types of adaptation can be distinguished,
including anticipatory and reactive adaptation, private and public adaptation,
and autonomous and planned adaptation (IPCC, 2001). The increasing interest
in adaptation strategies is reflected in the development of adaptation
frameworks and guidelines (e.g., Dessai et al., 2005; Willows & Connell, 2003;
de Bruin et al., 2009). These adaptation frameworks illustrate the different
stages in the adaptation process. However, practical tasks and spatial tools to
support the development of regional adaptation strategies are lacking. This
study focuses on how to support planned adaptation on a regional scale.
Stakeholders with conflicting goals and objectives are involved in regional
planning. One major challenge in regional planning with multiple stakeholders
is to initiate discussion whilst at the same time to create consensus. The
importance of participation in regional planning is recognized in earlier
research (Jankowski, 2009; Reed, 2008). The involvement of participation is
taking place at a much earlier stage in the planning process (Geertman, 2006).
Interaction can be defined as two‐way communication between stakeholders
and spatial information. Other studies agree that the degree of interactivity of
a tool is an important aspect that can positively influence regional planning
(Andrienko et al., 2002; Bacic et al., 2006; Goosen et al., 2007). Interaction
encourages cooperation between stakeholders and offers the possibility for the
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user to independently perform map operations. As interaction promotes
learning by doing, it increases the understanding of underlying mechanisms,
which subsequently leads to increased credibility and acceptance (Andrienko et
al., 2002).
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Spatial information plays a key role in designing adaptation measures as both
the effects of climate change and adaptation measures contain a spatial
component. More data have become available in digital form as Geographical
Information Systems (GIS) are increasingly used by other disciplines (Scholten
et al., 2009). Spatial support systems that attempt to include the complexity of
a system tend to lose transparency and are not used in practice (Vonk et al.,
2005). The limited usage of planning support systems can be explained by the
lack of awareness and lack of experience of stakeholders as well as instrument
quality (Vonk et al., 2006). Therefore, spatial support tools are recommended
to be developed in cooperation with stakeholders (Vonk et al., 2007). The
complexity of support tools can be further reduced through transparency such
as the explanation of limitations and by emphasizing the benefit of their usage
for the planning process. Carsjens and Ligtenberg (2007) and Goosen et al.
(2007) underline the need for interactive and participatory tools that can
quickly and indicatively show the environmental impact of spatial plans for
each individual stakeholder as well as the combined impact.
The aim of this paper is to analyze how spatial support tools can be linked to
assessment stages in the development process of regional adaptation
strategies with stakeholders. More specifically, the following questions are
addressed:
i) What are regional adaptation strategies?
ii) What are the different stages and tasks in the adaptation process?
iii) How can stakeholders be supported to develop regional adaptation
strategies?
First, the characteristics of adaptation on a regional scale are derived from the
wide range of definitions of adaptation strategies (section 2). Second,
adaptation assessment frameworks and guidelines are compared (section 3). A
literature review was carried out to define regional adaptation strategies and
to summarize adaptation frameworks. The review was limited to adaptation
assessment frameworks where the emphasis was on the process of formulating
practical adaptation options. The adaptation frameworks and guidelines
illustrate the different tasks in the assessment stages in the adaptation process
and serve as a basis to link spatial tools that can support the adaptation
process. This paper only describes tasks that can be fulfilled by stakeholders in
an interactive multi‐actor setting. Tools are linked to the adaptation process to
support both the spatial aspect and interaction. In this paper, “tools” refer to
spatial and interactive instruments used by stakeholders during regional
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planning. The practical implication of the link between spatial support tools and
adaptation frameworks is illustrated in the context of regional planning
workshops in the Netherlands (section 4). A workshop approach was applied
that combines expertise from both scientists and practitioners with interactive
spatial support tools. An interactive mapping device (“Touch Table”) was used
to support the workshops.

2.2 Regional adaptation strategies and the role of stakeholders
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There is a wide range of definitions of climate adaptation (Smit et al., 1999;
IPCC, 2007), but their descriptions lack details to serve for the regional scale.
This paper applies Smit & Wandel’s (2006) broader definition of adaptation
strategies in changing conditions to the narrower field of climate effects on a
regional scale; a regional adaptation strategy is defined as the combination of
possible measures that help develop from a current state of a region to one
that better manages, adjusts to or copes with climate change. The
development of an adaptation strategy is an iterative, continuous learning
process (Niang‐Diop & Bosch, 2004).
At the regional scale, adaptation strategies can provide direction in dealing
with the specific regional effects of climate change. Regional adaptation
strategies contain a set of measures that are applicable in the region.
Adaptation measures can be either autonomous or planned (anticipatory or
reactive). The appropriateness of an adaptation measure depends on multiple
factors such as vulnerability, costs, effectiveness, flexibility and stakeholder
perception. This study concentrated on spatial measures such as land use
change and changes in water management. Options such as insurance,
acceptance and evacuation were not included.
The development of an adaptation strategy requires the presence of adaptive
capacity. Adaptive capacity is the ability or potential of a system to respond to
climate variability and climate change successfully (Adger et al., 2007; IPCC,
2007). The physical capacity of a region can be influenced over time by changes
in, for example, land use and water management. In practice, a high
adaptability will not automatically translate into successful adaptation, because
there are different types of barriers to adaptation such as technological,
financial, and social barriers.
Climate change is in practice only a minor issue in regional planning. Climate
change can provide a sole reason for making a decision, but more often climate
change is only one of the factors that influence planning. Adaptation measures
are often part of broader planning and management activities, and seldom a
response to climate change alone (Adger et al., 2007). Soil subsidence in fen
meadow areas, for example, also occurs under current climate conditions.
Adaptation planning often combines climate change with secondary factors
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such as a motivation for adaptation (Ford et al., 2011). A recent evaluation
study by Preston et al. (2011) shows that weaknesses of adaptation strategies
are often related to limited consideration of non‐climatic factors.

2.3 Assessment frameworks for the formulation of regional
adaptation strategies
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The adaptation process is described in several adaptation frameworks and
guidelines (e.g. (Willows & Connell, 2003; Prutsch et al., 2010). Exploration of
these frameworks is needed to select a basis that helps to determine practical
tasks and suitable support tools. Smit et al. (2000) summarize the adaptation
process in four main questions: Adaptation to what? Who or what adapts? How
does adaptation occur? and How good is the adaptation? The European
Commission prepared a guideline on how to include climate change into
management plans. This guideline on the formulation and implementation of
regional adaptation strategies exists of four steps: (1) prepare the ground; (2)
assess vulnerability within the region; (3) set strategic direction; and (4) plan
and implement concrete adaptation measures (Ribeiro et al., 2009).
The purpose of the adaptation assessment defines the use of scenarios (Dessai
et al., 2005). Broad strategies or policies only use scenarios indicatively,
whereas more detailed scenarios are needed to make specific operational
decisions. Dessai et al. (2005) distinguishes the various adaptation frameworks
based on the role of climate scenarios in three major approaches: the IPCC
approach, risk approaches, and human development approaches. The
Adaptation Policy Framework (APF) (Burton et al., 2002) is a cross‐cutting
approach and is composed of five basic steps, where engaging stakeholders
and enhancing adaptive capacity are crosscutting components: (1) defining
project scope; (2) assessing current vulnerability; (3) characterizing future
climate risks; (4) developing an adaptation strategy; and (5) continuing the
adaptation process. This framework builds on the IPCC approach but also
contains risk‐based approaches (3) and human development approaches (2, 4
and 5). The decision‐making framework of Willows and Connell (2003)
complements the APF with more detail and covers the steps of the frameworks
discussed above. Within this framework, climate scenarios are just tools to help
assess the risk of climate change and its influence on the decision‐making
process. This framework is composed of eight stages (Figure 2.1): (1) identify
problem and objectives; (2) establish decision‐making criteria; (3) assess risk;
(4) identify options; (5) appraise options; (6) make decision; (7) implement
decision; and (8) monitor.
According to the IPCC, adaptation assessment is the practice of identifying
options to adapt to climate change and evaluating them in terms of criteria
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such as availability, benefits, costs, effectiveness, efficiency, and feasibility
(IPCC, 2001). For this paper, the widely used (Ribeiro et al., 2009; Brown et al.,
2011) decision‐making framework of Willows and Connell is selected as it
describes the actual development of adaptation strategies in three detailed
stages: assess risk; identify options; and appraise options. Another advantage
of this framework is that it shows adaptation as an iterative process. The
framework is circular and contains feedback and iteration to refine the
problem, objectives and decision‐making criteria. Iteration is important to
achieve robust decisions (Willows and Connell, 2003). This framework is used in
the next sections to link adaptation tasks and spatial tools.
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Figure 2.1: Adaptation
framework of
Willows and Connell (2003)

2.4 Stages and tasks in development of regional adaptation
strategies
The focus is on the three actual development stages, as the goal is to link
interactive spatial tools to practical tasks to support stakeholders with the
design of regional adaptation strategies. The three stages can be divided into
multiple practical tasks, such as the exploration of available information;
validation and improvement of information; exploration of current and future
vulnerability and risks; exploration of adaptation options; prioritization of
options; and evaluation of adaptation options. These tasks can be grouped into
six task categories: analysis, validation, exploration, design, evaluation and
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negotiation (based on Carton (2007) and de Bruin et al. (2009)). The task
categories can be coupled to the selected stages (Figure 2.2). As shown by the
arrows, the order of action can be in multiple directions.

Figure 2.2: Stages (bold) and
tasks during the development of
regional adaptation strategies
(adopted from Willows and
Connell, 2003)
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The purpose of stage 3 is to determine the risks of climate change effects. This
is accomplished by two main tasks: analysis and validation. Analysis is the
quantification of effects from either climate change scenarios or the
application of adaptation measures. Validation is the verification of available
information based on the expertise and knowledge of stakeholders.
During the identification of options (Stage 4), the purpose is to find adaptation
measures; this involves exploration and design. Exploration is the identification
of problems and opportunities from the maps. Design refers to the actual
development of the spatial configuration of adaptation measures.
The appraisal of options in Stage 5 results in a ranking of options to formulate
a preferred strategy, based on the input of earlier stages. In this stage, options
are evaluated and negotiated. Negotiation is the discussion between
stakeholders concerning the outcomes. Evaluation is the comparison of results
to decide on further action. Iterations of the risk assessment, options
identification and appraisal loop result in strategies.

2.5 Link between adaptation tasks and interactive
spatial support tools
Tools in this paper refer to spatial instruments that can be used interactively by
stakeholders during planning workshops. A geographical information system
(GIS) often serves as a platform for interactive spatial tools. Different type of
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tools can be used to support the tasks, as described in the previous section.
This paper divides spatial support tools into three categories:
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Drawing tools
Simulation tools
Evaluation tools

Drawing tools give stakeholders the opportunity to add comments to maps and
to highlight specific features. Lines or polygons can be sketched on a map to
indicate various opinions or knowledge given by stakeholders, such as
good/bad, high/low, wet/dry, and agree/disagree. These maps can provide
insight into possibilities for adaptation measures. Areas with high current and
future vulnerability can be highlighted to identify bottlenecks. Annotation maps
can serve as background information in the next stages.
Simulation tools are instruments that can indicatively provide insight into the
impact of changes in various spatial parameters. A simulation tool exists of
interactive maps that allow adjustments to the current situation and provide
feedback based on these changes. This tool can be applied during the
exploration stage or for the design of adaptation measures. This type of tools
allows changes made by stakeholders to improve or correct an alternative.
Evaluation tools can help to value, compare and rank strategies. For the
evaluation of the current situation or an alternative strategy, it is helpful to
assign values to its effects on the objectives for the study area. Value maps can
be combined to evaluate total effects for different land uses and objectives.
Multi‐criteria analysis (MCA) can, for example, help to identify trade‐offs,
combine multiple stakeholders and prioritize measures. The combination of
MCA and geographical information systems (GIS) has been applied successfully
in previous studies (e.g. Arciniegas et al., 2011; Alexander et al., 2012). The
value maps can serve as input to combine multiple objectives such as the
identification of ‘best and worst’ parcels for land use change. This can quickly
and indicatively show the environmental impact of spatial plans for each
individual stakeholder, as well as the combined impact. Other spatial support
tools can be either categorized as one of the three types of tools mentioned in
this section, or can apply to a task category from section 3.1.
The final step is to cluster the above tools based on their descriptions to the
identified tasks from section 3.1 in one overview. The resulting matrix shows
which interactive spatial tools are suited for what stages in the development
process of regional adaptation strategies (Table 1). The exact realization and
implementation of each tool can differ based on the variety of options within a
tool or due to the characteristics of a case study.
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Task

Table 2.1: Matrix that
links tasks, tools and the
stages in the adaptation
framework for spatial
adaptation
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Analysis
Validation
Exploration
Design
Evaluation
Negotiation

Stage 3
Assess
risk
X
X

Stage 4
Identify
options

Stage 5
Appraise
options

X
X
X
X

Interactive spatial tools

Evaluation
Drawing , Simulation
Drawing
Drawing, Simulation
Evaluation
Drawing

Applications of tools in stakeholder workshops

3 Applications of tools in stakeholder workshops

3.1 Introduction
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Table 3.1: Derivation of
tasks and tools from the
planning process

This section describes the application of tools for the fen meadow case studies
in the Netherlands. For each case study one or two planning workshops took
place. Table 3.1 illustrates the tasks and tools linked to the various stages of the
planning process in these case studies. Multiple stakeholders, such as the local
water board, the province, farmers and nature conservation organizations, as
well as individual farmers were involved in the workshops.
Case study
Polder Zegveld
Province of Utrecht and
Waterboard Stichtse
Rijnlanden)
Polder Rijswijk
Province of Zuid Holland and
Waterboard Rijnland
Polder Abessinië
(Province of Zuid Holland and
Waterboard Rijnland
Zevenblokken/
Fochteloerveen
Water board Noorderzijlvest;
and the Province of Drenthe
Veenpolder van Echten
Waterboard Friesland
Groote Veenpolder
Waterboard Friesland

Stages
Assess risk
Identify options

Tasks
Validation
Exploration

Tools
Drawing
Drawing

Identify options
Appraise options

Design
Evaluation

Simulation
Evaluation

Identify options
Appraise options

Design
Evaluation

Simulation
Evaluation

Identify options
Appraise options

Design
Evaluation

Simulation
Evaluation

Appraise options

Evaluation

Evaluation

Appraise options

Design
Negotiation

Negotiation

For each workshop a ‘pre‐workshop’ and ‘post‐workshop’ questionnaire was
filled out by the participants. The questionnaires were used to evaluate five
main themes. A list of propositions revealed changes in expectations,
knowledge and opinion. Next, both scaled and open questions were used to
evaluate the different maps, the workshop approach and the use of a ‘Touch
table’. The questionnaires contained both similar questions to make them
comparable between workshops, as well as specific questions tailored to the
study area.
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3.2 Polder Zegveld
The province of Utrecht includes a number of fen meadow regions. In most
cases a variety of policy plans is developed for these regions. As these plans are
developed by different departments they are not always compatible. Objective
of this workshop was to improve consistency of the plans that are applicable to
the polder Zegveld. Starting point was a map that combines all plans that are
available for this polder (Figure 3.1).
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Figure 3.1: Policy plans for the
polder Zegveld and surroundings.
The “table of contents” on the left
shows the various policy plans
available as map layers
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Figure 3.2: Conflict map
showing potential
conflicts between
policy plans
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Figure 3.1 was used as a starting point for the workshop. Potential conflicts
between plans were discussed switching between layers. The final result
identifying conflicts between policy plans is shown in Figure 3.2.
A full report of this workshop is available in: Janssen, R., F. Hellmann &
A.Q.A. Omtzigt, 2010. Verslag van de workshop Polder Zegveld, Institute for
Environmental Studies, VU University, Amsterdam.

3.3 Polder Reeuwijk
The objective of the first workshop was to make the trade‐offs between the
various stakeholders explicit. In preparation for this workshop three water
management alternatives were developed. During the workshop these
alternatives were evaluated and compared (Figure 3.3). The figure below shows
the exercise where the participants tested the links between weights and
values.
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Fig. 3.3: Identifying
trade‐offs for the Polder
Reeuwijk

Figure.5: Identifying trade‐offs for the Polder Reeuwijk

Within the first workshop participants selected a preferred water management
alternative. In the follow up workshop they used this as a starting point to
reallocate land use within the polder. The resulting land use plan is shown in
Figure 3.4.
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Figure 3.4: Land use plan for
the polder Reeuwijk resulting
from the workshop.
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A full report of this workshop is available in: Omtzigt, A. Q. A. 2010, Verslag
workshop polder Reeuwijk, Institute for Environmental Studies, VU University,
Amsterdam.

3.4 Polder Abessinië
The objective of the workshop was to change both the water managament and
land use in the polder in such a way that soil decline is reduced and nature
corridors can be created. Using a large number of map layers representing
groundwater levels and spil decline under various scenarios combined with
value maps representing the impact to various stakeholders two alternatives
were generated during the first workshop (Figure 3.5).Within these alternatives
the water management regime had been changed by combining various
management areas. These maps were used as the starting point for the second
workshop where the management units were changed again and the land use
was adjusted to the changing ground water conditions (Figure 3.6). This was
the final product of the workshops.
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Figure 3.5:
Alternatives 2a and 3a
showing changes to
the water
management areas
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Figure 3.6:
Alternatives 2a en 3a
showing changes
additional changes to
the water
management areas
combined with
changes in land use

A full report of this workshop is available in: Janssen, R., Jansen, P., Eikelboom,
T., & Wagtendonk A. 2012, Verslag van de workshop Abessinië, Institute for
Environmental Studies, VU University, Amsterdam.

3.5 Zevenblokken/Fochteloerveen
In “Zevenblokken”, the objective of the workshop was to design options for
water management. This means that the task was to design a future spatial
configuration that includes adaptation options. The workshop started with a
drawing tool to search for problems and possible measures. Two types of
background maps were used for the identification. The first map showed the
water surplus (figure 3.7a) and the second map was a value map for agriculture
(figure 3.7b). The value map is classified in three classes, where a score below
75% means unprofitable, a score between 76 and 90 is acceptable and a score
between 91 and 100 is optimal for agriculture. After the identification of
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possible measures by drawing, a simulation tool was provided to design
options. The simulation tool consists of a control panel with three types of
measures to choose from: 1) changing the water level of the ditches; 2)
changing the surface height; and 3) applying drainage (figure 3.7c).
Stakeholders defined the extent of one or more measures by using the control
panel. Next, the stakeholders collectively select one or more spatial units to
apply the defined type of measure and start the calculation. All measures
directly affect the mean water level of the selected water units. In turn,
changes in the water level directly lead to changes in the value map for
agriculture.
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Figure 3.7: Simulation tool:
a) Water level, b) value map
for agriculture and c) control
panel

.

Before the actual design of options, the participants first tested the simulation
tool. They applied large changes for only one single measure and one single
water level unit to investigate the effect of the different measures. As an
example, first the water level in the ditches of one water level unit was
decreased by half a meter. For another water level unit, drainage was applied
150cm below the surface. Based on these first results, a more serious run of
the tool was performed. A farmer who owned several parcels in the area
controlled the tool the most, and continued applying measures until his parcels
reached optimal scores.
For the interactive application of tools, the calculation time has to be limited to
seconds. This means that most (physical) models are too complex for direct
usage and simplification is needed. The questionnaires show that the
simulation tool was preferred in a format where changes are based on
adaptation measures instead of directly changing the height of the water level
without describing the associated measures. The mostly applied measure was
changing the water level in the ditches. A majority of 63% found the proposed
measures from which a choice could be made to be sufficient, whereas 37%
requested more possibilities to choose from. The simulation tool meets with
the transparency request as the underlying mechanisms were explained and
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kept simple. The simulation tool was applied on water level sections, which is
the most appropriate spatial unit according to 89% of the users. Next to the
changes, the simulation tool also calculates the absolute maps of the water
level and value map. This was necessary according to 44% of the respondents
and was only needed as background maps for another 44% of the participants.
A full report of this workshop is available in: Eikelboom, T., Hellmann, F.,
Omtzigt, A. Q. A., Janssen, R., Brouns, K., & Verhoeven, J. T. A. 2011b,
Workshopverslag Zevenblokken‐Fochteloerveen, Assen 13 September2011,
Instituut voor Milieuvraagstukken, Vrije Universiteit, Amsterdam.
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3.6 Veenpolder van Echten
In “Friesland”, the aim of the workshop was to compare water management
alternatives. Due to historical land consolidation, the number of water level
sections is very high. In addition, for the purpose of agriculture, the water
levels in this fen meadow area are kept low, which causes soil subsidence.
Together, these two aspects lead to high maintenance costs for the water
board. The aim of the workshop was to reduce the number of water level
sections whilst having the minimum interference with the objectives of the
stakeholders. The alternatives are based on merging water level sections from
different perspectives. An evaluation tool helps the comparison by supporting
evaluation and negotiation tasks. The evaluation tool was based on the
valuation of multiple objectives: nature, agriculture, greenhouse gases, soil
subsidence and landscape. The resulting value maps were used to identify
differences. Each objective was scaled from 0‐100 based on contributing
criteria such as land use and water level. Figure 3.8 gives an overview of the
scores for each of the objectives in each alternative.
The differences in values for agriculture between the current and alternative
configuration could also be observed from a transparency overlay of both
layers. The difference map was used for the identification of parcels where the
agricultural value decreased. The causes of the decrease where observed by
replacing the value map with a map of water level changes between the
current and alternative configuration. It was observed that although the value
decreased for some parcels, the score still remained acceptable for farming.
For other parcels the scores increased in the alternative configuration, which
suggests an improvement for agriculture. The difference maps show both the
increase and decrease of the score for agriculture. This indicates positive and
negative effects of the alternatives. They support negotiation as they provide
input to decide about the next steps in the development process. A drawing
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tool was used to search for areas with opportunities and bottlenecks for
implementation of the alternatives (Figure 3.8).

Figure 3.8: Difference in
Agricultural value between
current and alternative
(red circles are
bottlenecks)
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The value and difference maps initiated a lively discussion among the
participants. None of the alternatives was fully accepted, but together they
served as an inspiration for making changes to the alternatives. The
alternatives revealed missing information such as the costs and effectivness of
measures. On the one hand, the results of the scoring unexpectedly show an
increase in the score and only minor decreases for agricultural activities. On the
other hand, the benefits of implementation of merging water level units are
mainly for the water board; negative side effects were not fully covered in this
first inventory of alternatives.

A full report of this workshop is available in: Eikelboom, T., Hellmann, F.,
Omtzigt, A. Q. A., Janssen, R., Kosten, S., & Brouns, K. 2011a,
"Peilvakalternatieven voor een veenweide polder in Friesland. Verslag van
de workshop van 13 April Zevenhuizen, Friesland.”, Instituut voor
Milieuvraagstukken Vrije Universiteit, Amsterdam.

3.7 Groote Veenpolder
The Wetterskip Fryslân produces regional water plans (watergebiedsplannen).
These plans describe the water management for the coming ten years. The
plans are made in cooperation with local stakeholders. The regional waterplan
Zuidelijke Veenpolders is one of these plansThe planning process has started in
2013. The workshop is part of this process.
The First assignment involved relocation of maize. The participants quickly
realised that the impact of maize on soil subsidence was dependent on the
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thickness of the peat layer, groundwater level and clay cover. Farmers
indicated that each farmer wants to grow his own maize and therefore moving
maize was limited. The participants focused on the south east corner of the
region. The maps below (Figure 3.9) show soil subsidence with current land use
and after replacing maize with grass land. The dots in each parcel show the soli
subsidence in mm/year.

38
Figure 3.9: Explore relations
between soil subsidence, land
use and groundwater levels

In this assignments the participants are asked to reduce the soil subsidence
with minimal damage to agriculture. The participants were asked to improve
the soil objective by changing the ground water level. The result is shown in the
map below (Figure 3.10).

Figure 3.10: Changes in
stakeholder values as a result of
changes in ground water levels.

Applications of tools in stakeholder workshops

In this round participants were asked to relocate the maize and change
agriculture to extensive agriculture where this cannot be avoided. It is assumed
that farmers are compensated. The result is shown in Figure 3.11. The red line
was added by the farmers and demarcates the zone that in their opnion should
be designated as a buffer zone between the national park and the agricultural
land
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Figure 3.11: Land use
plan
minimizing
subsidence

soil

A full report of this workshop is available in:Brouns, K., Eikelboom, T, and
Janssen, R. Verslag Workshop Watergebiedsplan Zuidelijke Veenpolders . 28‐3‐
2013. Amsterdam, Instituut voor Milieuvraagstukken, Vrije Universiteit.

3.8 Evaluation of the workshop approach
Directly or indirectly adaptation to climate change played a role in all
workshops. It was shown that although climate change was not the main driver
of these processes it increases problems linked to water management and soil
subsidence. Increased soil subsidence resulting from higher temperatures and
issues linked to excessive rainfall and droughts were incorporated in the tools
And the effects of soils subsidence on CO2 emissions were presented as a
separate policy objective. When relevant the differences in impacts between
the various climate scenarios were presented.
In the workshops, the input of the participants was an important driver for the
adaptation process and contributed to a broader support of the resulting plans.
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The use of support tools by the participants was intuitive, which created
confidence in the participants about the reliability of the tools and on the
transparency of scientific data. Two‐thirds of the participants (total number is
48) claimed that their understanding of the effects of climate change increased
due to the workshop. Map operations with the highest added value in the
Touch Table were found to be in‐ and out zooming, transparency overlay with
background maps, drawing, and horizontally or vertically swiping of one layer
on top of another background layer. User‐friendliness and the accessibility of
information were found to be the most important points for improvement.
After the workshops, the confidence in the added value of the tools in
combination with the Touch Table increased compared to when they were
asked to value the same proposition before the workshop. Also, after the
workshops more people disagreed with the Touch Table being just a new
gadget. In particular, the combination of available information, stakeholders
and scientists was found a useful source for 66% of the participants and helped
to analyze the problem The workshops did fulfill the expectations (and
sometimes even exceeded expectations) of the participants (86%). Although
some of the respondents (55%) had little or no experience with the use of
spatial support tools with an interactive mapping device, most of them (86%)
found it fairly easy to use the Touch Table. Almost all participants (98%) would
recommend the workshop concept to others, and 78% agree that regional
discussions can be better supported with interactive tools instead of paper
maps.

Comparison of interactive evaluation tools to support regional
adaptation planning

4. Comparison of interactive evaluation tools to support
regional adaptation planning

4.1 Introduction
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Spatial information plays a key role in the design of adaptation strategies as the
effects of climate change, as well as many adaptation measures, have spatial
impacts (e.g. Wilson 2006). In addition the adaptation strategies themselves
are spatial as they involve spatial allocation of adaptation measures. Design of
adaptation strategies is a complex task both from an information‐processing as
from a process point of view. The spatial information to be used includes
multiple layers of information ranging from detailed technical information on
water management to more general and sometimes qualitative information on
development paths for a region. Interactive spatial tools can be used to support
the above tasks as many people are not familiar with effective use of maps for
a specific task (Kraak and Ormeling 2003; Andrienko et al. 2007; Carton and
Thissen 2009). Several map based methods are available to support multiple
stakeholders in their use of spatial information to design spatial plans.
However, there is limited empirical evidence on the effectiveness of different
types of methods to support specific tasks (Arciniegas et al. 2012; Ozimec et al.
2010).
This article describes the results of two experiments testing the effectiveness of
different map‐based tools to support the task linked to identification and
appraisal of options. The first experiment focussed on the exploration and
design tasks. In the first experiment participants were asked to compare a
static and a dynamic map‐based tool to identify adaptation options. The second
experiment addressed the evaluation and negotiation tasks. Participants were
asked to compare two absolute map representations for the identification of
favourable trade‐offs, then three relative map representations for the
identification of favourable land use transitions.
In the first experiment the effectiveness of static and dynamic map‐based
support were compared. Static evaluation maps combine the scoring of
regional planning objectives into comprehensible value maps that are able to
visualize favourable transitions and trade‐offs. Dynamic maps are defined as
those that change continuously as a result of user interaction (Slocum 1999). In
both approaches maps were presented in digital form in combination with
standard GIS functionality. Value and evaluation maps require the use of spatial
multi‐criteria analysis (MCA). The different approaches were translated to
spatial tools that were individually evaluated during an interactive computer
experiment. The participants were offered an interactive MCA‐GIS system
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based on Quantum GIS 1.7.4. They were asked to use all three approaches to
design a land use plan to improve the agricultural and natural values of the
region. The usefulness of the tools was compared based on i) performance, ii)
perception on level of difficulty, iii) perception on outcome, and iv) perception
on level of confidence.
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During the second experiment alternative symbolizations, such as squares,
patterns and bar charts were used to represent quantitative geospatial data on
thematic maps (see also Bertin 1983). The different map representations were
tailored to the study area in order to support evaluation and negotiation tasks.
In the online survey, participants were asked to indicate pairwise their
preference for different map representation for the evaluation of favourable
land use transitions and the negotiation of spatial trade‐offs. This chapter
addresses the following two questions:




What is the difference in performance and perception of static and
dynamic tools to support exploration and design of regional adaptation
plans?
What is the best way to support evaluation and negotiation in the
development of regional adaptation plans?

The results for the two experiments in this study are described separately.
Section 4.2 describes the comparison of static and dynamic approaches for
exploration and design tasks. The results of this first experiment provide
arguments for interactive and dynamic mapping. Section 4.3 reports on the
comparison of different mapping methods to communicate favourable design
options and the scoring of multiple objectives for individual parcels to find
spatial trade‐offs. Together, both experiments result in some
recommendations for future regional spatial support tools and their maps
(section 4.4).

4.2

Tools for exploration and design

A Frysian peat meadow ‘polder’ in the Netherlands was used as the study area
for both experiments (Figure 4.1). The polder is almost exclusively used for
dairy farming. The low water tables required for dairy farming results in soil
subsidence, increased costs of water management and loss of natural values.
Measures need to be taken to address the problems of soil subsidence and
natural quality without too much damage for agriculture.

Comparison of interactive evaluation tools to support regional
adaptation planning

Figure 4.1: Study area
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This section describes the results of the first of the two experiments testing the
effectiveness of different map‐based tools to support the task linked to
identification and appraisal of options. In the first experiment participants were
asked to test tools to support exploration and design. Exploration focused on
understanding of the relationship between water levels, soil subsidence and
land use. Design focussed on the use of the tools to use these relationships to
design a spatial configuration of available methods. For both tasks static and
dynamic tools were compared. Tools were evaluated on perception and
effectiveness. A workshop with 18 participants was held in a computer room.
This allowed for direct interaction with the tool. The participants included
students and researchers with an environmental background without
experience with spatial tools. In the first experiment participants were asked to
compare a static and dynamic map‐based tool to identify adaptation options. In
both approaches maps were presented in digital form in combination with
standard GIS functionality. The different approaches were translated to spatial
tools and were individually evaluated during a one‐hour session. To correct for
a learning effect, the order of the approaches was randomized over the
participants.
Static tool for exploration and design
The interface of the static tool was shown as four maps on the screen
(Figure 4.2). It showed the current land use and current water level in
combination with two value maps. The value maps showed the performance of
each parcel for the objectives agriculture and soil on a 1 (low) to 10 (excellent)
scale. The objective values for agriculture and soil are dependent on land use
and water level.
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Figure 4.2: Maps of the
static evaluation tool:
current land use (a), ground
water level (b), value map
for agriculture (c), value
map for soil (d)
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The participants were asked to change the land use and water levels of a
number of parcels in such a way that soil subsidence would decline while
preserving the agricultural value as much as possible. They were asked to select
the best parcels to apply a total of nine spatial measures: three parcels to be
changed from intensive to extensive agriculture; then three parcels to be
changed from extensive to intensive agriculture; then the participants were
asked to change the water level of three parcels. The purpose of the
experiment was to assess the ability of participants to understand the
underlying mechanisms that influence the objectives.
Dynamic tool for exploration and design
The interface of the dynamic tool is shown in Figure 4.3. The control panel of
the application was explained at the start of the experiment. Users select one
or more parcels and used the control panel to change the land use or water
level of these parcels. This change is immediately translated into changes in the
value maps for the agriculture and soil objectives. These maps were available
by activating the tick boxes on the relevant layers in the control box. The tool
combines multi‐criteria analysis and GIS and was implemented in Quantum GIS
1.7.4 (see also Arciniegas et al. 2011; Alexander et al. 2012, Benke et al 2011).

Comparison of interactive evaluation tools to support regional
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Figure 4.3: Interface of the
dynamic evaluation tool with
interactive land use map and
control panel.
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As in the previous assignment the participants were asked to change the land
use and water levels of a number of parcels, but in this case they were also
asked to inspect the effects of these changes immediately using the map layers
available in the tool box. The purpose of the experiment was to assess if the
possibility of trial and error increases the understanding of the underlying
mechanisms that influence the objectives.
Results for exploration
After both assignments, participants were asked to fill in a short questionnaire.
The added value of both tools were compared based on i) perception on level
of confidence, ii) perception on level of difficulty, iii) perception on
performance, and, iv) actual performance. Perceptions were evaluated with
multiple propositions using a five‐point Likert scale (Likert 1932). Performance
was judged based on multiple choice questions and the quality of the designs.
A design was judged to be good if the applied changes were in accordance with
the underlying mechanisms that influence the objective values. Both perceived
and actual performances were compared.
Survey results on perception are shown in Table 4.1. The results show that
dynamic maps led to slightly higher levels of confidence, but were also judged
to be more difficult compared with the static approaches. Although it was
expected that the possibility of trial and error would result in a better
understanding, the perception of the participants showed otherwise.
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Table 4.1: Perception of
static and dynamic tool
(% respondents n=18)
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1
Low

2

3

4

5
High

Dynamic maps

11%
17 %

33%
33%

39%
22%

17%
28%

00%
00%

Difficulty
Static value maps
Dynamic maps
Understanding

Easy
11%
00%
Insufficient

11%
17%

39%
44%

22%
28%

Difficult
17%
11%
Excellent

Static value maps
Dynamic maps

11%
17%

28%
28%

17%
33%

44%
17%

00%
06%

Confidence
Static value maps

Performance of the participants in understanding the mechanisms was tested
by asking the participants, first, how they could increase the value of the soil
objective and, second, how to increase the value of the agriculture objective.
For both questions they were offered the following options:
a.
b.
c.
d.

Change land use to intensive, raise the water level
Change land use to intensive, lower the water level
Change land use to extensive, lower the water level
Change land use to extensive, raise the water level

To increase the value for soil, option d is the correct answer and for objective
agriculture, option b. Table 4.2 shows the proportion of participants who
answered the individual questions correctly as well as the proportion that
answered both questions correctly. The table shows that the dynamic tool
generated the highest proportion of correct answers (Table 4). Comparing this
result with Table 1, this shows that the perceived understanding is highest in
using the static maps, but that the actual understanding as shown by answering
the questions correctly is higher using the dynamic maps.

Table 4.2: Correct
answers on
understanding of
relevant mechanisms
(n=18, % respondents).

Static value
maps
Dynamic
maps

Question on Soil
objective
78%

Question on
Agriculture objective
83%

Both questions

83%

89%

78%

72%

Results Design
For both tools participants were asked to make a design indicating where land
use and water level needed to be changed. For the static tool land use and
water level changes were indicated by drawing letters on a paper map (Figure
4.4 a). For the dynamic tool changes were made on the screen, resulting in
immediate changes of the two value maps (Figure 4.4b). Figure 4.4 shows
results of one of participants for both tools.

Comparison of interactive evaluation tools to support regional
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Figure 4.4: Allocation of
adaptation measures using
a static approach (a) and
dynamic approach (b).
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a.

b.

The designs produced by the participants were used to test their performance
in using both tools. Performance was judged to be good if they managed to
generate a more than 1% increase in the overall value for the soil objective in
combination with a less than 1% decrease in the overall value of the agriculture
objective. The overall objective values were calculated as the area‐weighted
sum of the values of all parcels. These values were shown next to the map. Also
in the support of design the actual performance of the participants was better
using the dynamic tool with 78% of the participants producing a good result
compared to 72% for the static tool. In accordance with Arciniegas et al (2012)
the amount of information supplied in the tools affects participants’
understanding of the tools. There is a difference between perceived and
observed performance. An average of 65 % of the participants rated
themselves as having moderate to low notion of underlying processes, though
the majority (average of 75%) was able to produce correct designs.
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Tools for evaluation and negotiation

The second experiment focussed on different map presentations to support
evaluation and negotiation. Traffic light and bar chart presentations were used
to present objective values on the map; colours, symbols, and patterns were
used to identify favourable changes for negotiation (see also Bertin 1983, Tufte
19985 and Rendgen 2012). In the online survey, participants were asked to
indicate, pairwise, their preference for different map representation for
evaluation and negotiation. In this experiment a total of 41respondents
completed an online survey that asked them to compare two map
presentations to support evaluation and three map presentations to support
negotiation.
Evaluation maps
To support evaluation the qualities of each parcel need to be presented. Two
types of evaluation maps were compared: one map inspired by traffic lights
and the other map using bar charts. For each parcel the traffic light map in
Figure 4.5 shows for three objectives, agriculture, soil and nature, if their
performance is good (green), intermediate (yellow) or bad (red). Thresholds
were set in advance. The actual value score of the objectives is not presented.
The bar chart presentation shows for each parcel the value of the three
objectives on a 1‐10 scale (Figure 4.6). Although the traffic light presentation
provides less information it was preferred by 63% of the respondents. They
found this map easier to read and more suited to the task of identifying parcels
that could be changed. The respondents that favoured the bar charts
mentioned the importance of being able to see the actual objective values.

Negotiation Tool
To support negotiation information is needed that can be used to identify
favourable changes of land use. Three types of presentations were developed
using symbols, colours and patterns. All three maps present the same
information. The map presented in Figure 4.7 combines colours and symbols.
The colour used as a fill for each parcel indicates the current land use. The
colour of the box in a parcel indicates how the current land use should change

Comparison of interactive evaluation tools to support regional
adaptation planning

Figure. 4.5: Evaluation
map (boxes)
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Figure. 4.6: Evaluation
map (bar charts)

to have the highest increase in the total value of the parcel. The total value is
calculated as the weighted sum of the objective values. If the current land use
is also the best land use the parcel is left blank. In Figure 4.8, primary colours
are used for the original land use and secondary colours to indicate the
preferred transitions. The original land use is visualized by the colour of the
border of the parcel and the preferred change by the colour of the parcel itself.
Finally in Figure 4.9, the colour of the parcel itself indicates the current use and
the texture indicates in which direction the land use should change.
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Figure 4.7: Recommended land
use changes using symbols
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Figure 4.8: Recommended land
use changes using colours
(outlines indicate current land
use)

Figure 4.9: Recommended land
use changes using texture

Comparison of interactive evaluation tools to support regional
adaptation planning
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The maps were presented to the participants in pairs. The map with the
symbols (Figure 4.7) was preferred by 83% of the participants over the map
using primary and secondary colours (Figure 4.8). Reasons were that
respondents preferred the more intuitive colours used, that the way current
and preferred land use were presented was more clear, and finally that the
limited number of legend classes was easier to use. This was summarized by
one respondent as: “it's quicker to compare two sets of different variables
(larger 'background' parcel and the small square) than to go back and forth
between the legend and the map with the extensive colour use” People in
favour of the colours presentation named, as an advantage, that the legend
identifies all possible changes, but also mentioned that they did not like the use
of the coloured outlines. In comparing the colours map (Figure 4.8) with the
patterns map (Figure 4.9) 61% of the participants voted for the patterns map
although they also indicated that they found the map complex and subject to
improvements such as different patterns. One of the responds remarked: “I like
the mixing colours because the colour showing the change combines the colours
of the old and new land use, so you can pick out patterns easier. The patterns
are not so easy to read but can be recognized easily from the legend.” Overall it
can be concluded that in this type of presentation it is recommended to use
intuitive colours and a limited number of legend classes.

4.4

Conclusions

This chapter described the results of two experiments testing the effectiveness
of different map‐based tools to support the task linked to identification and
appraisal of options. From these results the following two questions were
addressed:




What is the difference in performance and perception of static and
dynamic tools to support exploration and design of regional adaptation
plans?
What is the best way to support evaluation and negotiation in the
development of regional adaptation plans?

From the experiments, it is clear that maps can play an important role in the
development of regional adaptation strategies. The experiments show that the
dynamic tool increases the level of confidence in the outcome and increase the
actual understanding of underlying processes. The dynamic tool required
additional time from the participants to become familiar with it but provided
more insight in underlying processes, which increased users’ confidence.
Although the dynamic approach provided the best results, this approach was
also found to be the most difficult.
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In comparing the map presentations for evaluation and negotiation the main
conclusion was that the presentations offered should be as simple as possible.
Too much detail should be avoided and where possible the information should
be structured in such a way that only the main points are communicated. Using
red and green works well to reflect good and bad but primary colours to
identify land uses and secondary to identify transitions is a bridge to far for the
participants.
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The participants were students and researchers without local knowledge of the
study area. This has the advantage in these experiments that they have to rely
completely on input provided by the tools. The first experiment took place in a
computer room. This made it easier to offer interactive tools and had the
advantage that the time spend on each assignment can be controlled. The
experiment in the computer room lasted an hour. Participants worked hard
and seriously during that hour. The second experiment was web‐based. This
has the advantage that it is easier to recruit a larger number of participants. An
hour of serious work seems to be too long for a web‐based survey.
Within the experiments different tools for the same tasks were compared. The
results will be used to set up real life policy workshops. These workshops will
be used to test how the preferred tools perform in an actual planning process.

Testing negotiation tools to support design of regional adaptation plans

5. Testing negotiation tools to support design of regional
adaptation plans

5.1
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Two experimental workshops were organized to evaluate multiple interactive
spatial tools in a controlled setting. The first workshop was organized for
researchers involved in projects dealing with adaptation in fen meadow areas
in the Netherlands. The second workshop was organized for regional planners.
Tools were tested in an experimental setting to make it possible to compare
multiple tools supporting the same task. An interactive mapping device (the
Surface) was used as interface between tools and participants (figure 5.1). In
both workshops two parallel groups performed assignments on two separate
tables. The program for both groups and both workshops was the same. This
produced four sets of results for comparison. A full set of these results can be
found in the Appendix. The objective of the workshop was to assess the
usefulness of interactive tools to support design of regional adaptation
strategies. The workshops were expected to generate: (a) assessments of
performance and perceived usefulness of the tools, (b) points for improvement
of the tools; (c) usefulness of the tools for specific tasks in the adaptation
planning process; (d) ideas for new tools. The workshops included five rounds.
Each round was designed to test the support of a specific task (Table 5.1).

Round
0

Tasks
Welcome/Introduction study site

Tools

1

Locate and evaluate adaptation
measures
Explore relations between soil
subsidence, land use and groundwater
levels
Explore trade‐offs between agriculture,
soil and nature
Negotiation maximizing
objective values

Allocation and assessment tool

2
Table 5.1: Overview
workshop rounds

Introduction

3
4

5
6

Negotiation maximizing
stakeholder values
Negotiation maximizing
total values

Interactive design tool

Interactive design and evaluation tool
1 Objective tool (Traffic Light 3 classes)
2 Relative objective tool (Traffic light
20% best/worst objective value)
3 Stakeholder value tool (Traffic Light
20% best/worst stakeholder value)
4 Total value tool
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Figure 5.1: Participants
of the two workshops
Researchers table 1

Researchers table 2

Workshop table 1

Workshop table 2
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5.2

Short description of the tools

Tools to support a number of tasks were tested in the workshop. The emphasis
was, however, on the tools for negotiation. In this chapter only the negation
tools are compared. A full set of results can be found in the appendix. Four
types of negotiation tools were used:
Tool 1 Objective values tool
The tool shows objective values on a background of either land use or ground
water level. The traffic light is presented on top of either land use or
groundwater level. The value of each objective is presented as a box of three
classes where red is low, white is average, and green is a high value (Figure
5.2). The objective values depend on both land use and water level. A variation
on this tool presents the value in five classes (red, orange, white, yellow, green)
Tool 2 Relative objective values tool
The tool shows relative objective values on a background of either land use or
ground water level. The traffic light is presented on top of either land use or
groundwater level. To determine the colour of the traffic lights, the parcels are
ranked for each objective. Using this ranking the highest and lowest ranking
parcels are identified. In this example the 20% highest and lowest was used.
The relative value of each objective is presented as a box of three classes

Testing negotiation tools to support design of regional adaptation plans

Figure 5.2: Tool 1 ‐
Objective value tool
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where red represents the lowest 20%, green the best 20% and white all
intermediate parcels. The relative objective values depend on both land use
and water level. A variation on this tool presents the value in five classes (red,
orange, white, yellow, green), see figure 5.3.

Figure 5.3: Tool 2 ‐
Relative objective value tool

Tool 3 Stakeholder value tool
The stakeholder value tool is linked to land use. It is assumed that land use is
linked to a single stakeholder. Tool 3 shows potential values for each
stakeholder: the potential value if the land use is changed to the preferred land
use of the stakeholder. The map shows the best and worst 20% of the parcels
for each stakeholder. These values are static and independent of the land use
of a parcel. The three boxes now represent the three land uses. Left: intensive,
middle extensive and right nature. A threshold is specified say 20% indicating
the best and worst 20%. A box is red or green if it is with the worst or best 20%
otherwise it is empty. As the map represents the potential of each parcel for
the three land uses the traffic light colours are independent of the actual land
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use. Improvement can be seen from the increase in the stakeholder values in
the bar graph. Table 5.2 shows how the objectives are linked to the
stakeholders (Figure 5.4)

Table 5.2: Stakeholders weights
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Agriculture

Soil

Nature

Intensive agriculture

1

0

0

Extensive agriculture

.5

.25

.25

Nature

0

.25

.75

Participants look for favourable swaps: red to green. Example current land use
is intensive. Box shows red, green, green. Swap form intensive to extensive will
be favourable All groups produced more or less the same stakeholder values.
This can be partly explained by the fact that no changes in water level were
allowed in this round.

Figure 5.4: Tool 3 –
Stakeholder value tool

Tool 4 Total value tool
Tool 4 has a different map lay out (see Figure 5.5). The background colour of
each parcel represents the current land use. The colour in the box in the middle
of a parcel shows the land use that results in the largest increase total value. If
the current land use is the same as the best land use no box is shown. To
calculate total value weights need to be set for the objectives. Table shows the
weights used. These weights can be changed during the assignment.
Table 5.3:
Objective weights

Total

Agriculture

Soil

Nature

1

.50

.25

.25

Testing negotiation tools to support design of regional adaptation plans

The total value that was based on the weighted objectives was compared
between land uses. The land use with the highest total score was assumed to
be optimal and is visualized as a box in the map. A parcel without a box means
that the current land use has the highest total value (Figure 5.5). Each tool is
visualized on top of a land use map and on top of a water level map. The
advantage of this type of tool is that can be combined with any background
map depending on the subject of interest.
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Figure 5.5: Tool 4 ‐
Total value tool

All groups produced more or less the same total values. This can be partly
explained by the fact that no changes in water level were allowed in this round.
All groups to a large extent followed the suggestions provided by the tool and
moved extensive agriculture. The researchers on Table 2 chose to introduce
nature on the parcels with high water level.

5.3

Results of the questionnaire

First, each group of participants of each table generated spatial plans with all
four tools based on predefined assignments. In the workshops all tools were
employed in different assignments. The ability of the tools to support the
process was also evaluated in a questionnaire. One part of the questionnaire
tested whether the tools were able to support the tasks that were defined in
the assignments. In the questionnaire the tool and assignment was first
repeated. Next, the participants were asked to what extent the tool did
support the task. Answers could be given on a five point Likert scale where one
means little to no support and five means a very high level of support. The
results from figure 5.6 provides examples that reveal that the tools did to a
large extent support the participants in completing the specific tasks.
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Figure 5.6: Results from
the questionnaire
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The tools were applied to a peat meadow area in the Netherlands. The
participants were asked to judge the appropriateness of the tools to the
specific case study and the planning stage in which they thought the process
was. The results from this part of the questionnaire suggests a need for further
improvement. The results of figure 5.7 can partly be explained by the large
variety of the tools, the difficulty of the tools and the purpose of the
experimental workshops.

Figure 5.7: Results from the
questionnaire, continued.

The evaluation of the four different tools showed a preference for tool 1 which
is based on single objectives and tool 4 where only the optimal land use is
shown as a box on the map (figure 5.8). These tools are based on a different
methodological approach to deal with negotiation between stakeholder
objectives. Tool 1 and 2 result from negotiation based on individuals. Tool 3
and 4 result from negotiation based on totals. A combination of the approaches
is also possbile. It is either possible to put in a tool based on individuals and in a
tool based on totals at the same time or use one of the approaches to evaluate
the result of the application of the first tool that was used. The results of figure
5.9 show that in terms of preference from the participants none of the
approaches stands out prominently.

Testing negotiation tools to support design of regional adaptation plans

Figure 5.8:
Preference for a tool
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Figure 5.9:
Preference for an approach

Only a selection of the results is described in this section. More detailed results
can be found in the appendix.
Conclusions
The tools are interactive and dynamic as they allow users to apply changes and
the boxes change directly to give feedback to the stakeholders.
 the tools are able to indicate trade‐offs;
 the tools open discussion for adaptation options;
 the advantage of the objective values tools (tool 1 and 2) is that it
allows stakeholders to individually negotiate about measures;
 the objective values tools (tool 1 and 2) can be used to evaluate the
effect of measures that affect the water level for each stakeholder
individually;
 the stakeholder value tool (tool 3) is more suitable to conduct land use
changes as it compares total values for each land use;
 the advantage of the total value tool (tool 4) is that it suggests
measures that have the highest total value;

 all tools can be presented on top of different map layers such as land
use, water level, soil map, soil height, topography, etc.
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A full report is available in: Eikelboom, T. & Janssen, R. 2012b, Results of
the experimental workshops Friesland, Institute for Environmental
Studies, VU University, Amsterdam.
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Conclusions

6. Conclusions
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This study focused on the specific domain of interactive spatial tools to support
the development of regional adaptation strategies. Spatial information plays a
key role in the design of adaptation measures as both climate change and many
adaptation measures have spatial impacts. Regional adaptation strategies are
plans that consist of feasible measures to shift a region towards a system that
is flexible and robust for future changes. They apply to regional impacts of
climate change and are imbedded in broader planning. The selected adaptation
framework of Willows and Connell (2003) consists of three looped
development stages: assess risks, identify options and appraise options. Each of
the three stages contains two task categories: risk assessment includes analysis
and validation; identification of options consists of exploration and design.
Finally, appraise options consists of evaluation and negotiation as tasks needed
to make improvements for the next round. Interactive spatial tools can be
selected based on the tasks that are linked to the various stages of the planning
process. Interactive spatial support tools were chosen to be divided in four
types: drawing tools, simulation tools, evaluation tools and negotiation tools. A
number of interactive workshops in the Netherlands illustrated the application
of the spatial support tools for planned adaptation.
This report demonstrated the use of spatial decision support in interactive
workshops held at different points of the land use planning process of Dutch
peat‐meadow polders. It addressed the following research question:
How can spatial decision support tools meet the requirements of a collaborative
land use planning workshop?
To reflect on this research question in this concluding chapter four aspects are
addressed:
1.
2.
3.
4.

Use of spatial decision support tools in a workshop setting
Case study workshops
Lessons learned
Limitations

Spatial decision support
Previous studies have stressed that presenting spatial information through
interactive map interfaces during planning workshops facilitated exchange of
views on spatial decision problems (e.g., Andrienko et al., 2007; Bacic, Rossiter,
& Bregt, 2006). To achieve this, the decision support provided in the design
workshop combined maps, simple drawing tools, basic GIS functions and a
shared map interface in the Touch table to support communication of spatial
information and knowledge transfer. Maps were used to acquire drawn input
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from participants, which was then structured as GIS layers. The Touch table
made it possible to share and confront views of different participants on
various land use issues. Indeed, participants reported an increased
understanding of spatial aspects of the decision problem and a raised
awareness of the different scopes relevant to other participants, highlighting
scale and level of detail as important aspects of the backgrounds maps.
Participants found it easy to interact with the table. Sitting around the table
created an atmosphere of a joint effort and stimulated therefore cooperation.
According to earlier studies, MCA was not used as a stand‐alone tool but was
used as a component of a more integrated system (Goosen et al., 2007;
Jankowski, 2009). The spatial evaluation support offered in the analysis
workshop allowed the integration of multi‐disciplinary expertise for assessing
and ranking potential land use alternatives. The Touch table facilitated
discussions about the assessment of criteria scores and supported
simultaneous visualization of multiple value maps. Providing information on
quality in real time played a central role in fostering an immediate exchange of
feedback between participants. The information offered should be specific to
the task and the amount of information provided should be limited and well
structured. If too much information is presented, participants will ignore this
information even if it is relevant to the task. Recent studies have argued that
MCA‐based tools can provide useful support during spatial negotiations in early
phases of collaborative planning (e.g., Recatalá & Zinck, 2008). The MCA‐based
tools utilized during the negotiation workshop supported the collective
generation of consensus land use plans that improved on a reference situation.
Providing information on trade‐offs between evaluation objectives directly on
parcels on the map facilitated the negotiation process that led to reaching
agreements for the reallocation of land uses to parcels. The post‐workshop
survey showed that trade‐off information was used more extensively than the
aggregated scores. As a general rule, tools should be designed both as intuitive
and simple as possible.
Stakeholder workshops
All workshops addressed land use and water management of a fen meadow
polder. These polders were the polder Zegveld in the province of Utrecht, the
polders Reeuwijk en Abessinië in the province of Zuid Holland, the polder
Zevenblokken and the Fochteloerveen in the province of Drenthe, and finally
the Veenpolder van Echten and the de Groote Veenpolder in the province of
Friesland. The main result of the workshop in the polder Zegveld was a map
with the main policy bottlenecks. The workshops in the de polders Reeuwijk
and Abessinië both generated new land use and water management maps
together with policy recommendations for the province and water board. The
workshop in the polder Zevenblokken produced a map of potential problems
and solutions to be used as input for the decision on water levels for the area.

Conclusions

The workshop in the polder Echten focused on three scenarios for the water
management in this polder. This resulted in a better understanding of effects,
bottlenecks and opportunities of these scenario’s . The workshop in the Groote
Veenpolder was part of the preparation process of the regional water plan
Zuidelijke Veenpolders. In addition to a lot of information about the polder the
workshop resulted in a new land use and water management map for a large
zone bordering on the wetland reserve of the Rottige Meente.
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In all case studies, spatial support tools were tailored to the regional context.
Interactive spatial tools provide access to a collection of best available data for
a specific region. Workshop results showed that interactive participation
promotes stakeholder involvement and encourages knowledge exchange and
acceptance of adaptation options. Before actually using spatial tools,
participants prefer to test them. As suggested by the experience from the case
studies, complexity of tools has to be minimized and transparency maximized.
Similar conditions for effective adaptation were found by Füssel (2007). The
results of this study agree with the suggestion of Opdam (2010) that
communication between science and society is valuable for planning. The
suggestion for future research is to continue the collaboration between science
and society in both the development and evaluation of interactive spatial
support tools.
Directly or indirectly adaptation to climate change played a role in all
workshops. It was shown that although climate change was not the main driver
of these processes it increases problems linked to water management and soil
subsidence. Increased soil subsidence resulting from higher temperatures and
issues linked to excessive rainfall and droughts were incorporated in the tools
And the effects of soils subsidence on CO2 emissions were presented as a
separate policy objective. When relevant the differences in impacts between
the various climate scenarios were presented.
Lessons learned
Organizing policy workshops is a learning process that requires substantial
effort in terms of preparation, logistics and technical challenges. An important
lesson learned is that preparation is crucial. A good start is to write a detailed
script, which includes the objectives and time table of the workshop and the
intended results of the various assignments. In addition, the script includes all
maps to be prepared and the specifications of the applications to be used. The
applications should be well tested in advance since there is little tolerance from
the participants for technical or methodological problems. To test if the
assignments lead to the intended results, it is essential to conduct a dry run of
the workshop. During the workshop at least two people should assist the
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participants: one to provide support in the use of the application itself and
another one to support the discussion. Although participants can add notes to
their actions, usually only the actions are recorded. As the participants usually
make relevant remarks during the assignments, it is recommended to have a
video camera record the workshop or to appoint somebody to take detailed
notes of all actions. A second lesson is that, even if the workshop fits well into a
policy process, it is not always easy to convince policy‐makers to include the
workshops in the planning process. There is fear for the unknown and fear that
bringing the problem outside the usual setting would change the level of
control on the process. Careful consideration should be given to the mix of
participants to be invited. To convince participants to join the workshop, the
objectives should be made clear at the start as well as the composition of the
group. It is therefore important to ensure that there is something in it for all
the participants invited and that the workshop is a pleasant experience. The
main plus of the present 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.
Limitations
The present approach has four limitations. First, a successful implementation of
a workshop‐based approach depends highly on the local planning situation,
political traditions and laws, and a cooperative attitude by participants. For a
Dutch polder, the workshops were successful because of the Dutch consensus
based way of decision‐making. In other parts of the world, in situations of
sharp conflict or in a more powerbased style of decision, it is questionable
whether the approach would be as useful. Second, the low number of
particpants in each workshop makes it difficult to perform meaningful
statistical analyses. Although the participants considered all workshops to be
useful, more research should be conducted to assess spatial decision support of
this nature using objective measurements of effectiveness and suitability (e.g.,
Arciniegas et al 2012). Empirical studies with larger control groups are
recommended to support real‐stakeholder implementations. Third,
participants may not want to fit the frame of the assignments or be open to
new technologies, and hence may not participate. Fourth, the Touch table
recognizes a maximum number of users working on it, which can restrict the
amount of participants that can collaborate. Distributed approaches can be an
alternative to include a larger number of stakeholders. Multiple Touch table
sessions could be interconnected via a server computer of a computer network
or through the internet. Future studies should also address the implementation
of landscape visualization in policy workshops especially at decision stages
where future landscape scenarios are explored.

Conclusions
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For all workshops, the Touch table proved to be a useful instrument for
facilitating group work around spatial information. Format and level of detail of
the spatial information supplied in the tools were important aspects that
needed to suit each workshop. Using maps on the Touch table as tools for
communication, spatial evaluation and interactive negotiation appeared to be
an effective method to support planning meetings with stakeholders with
different backgrounds.The applications presented showed that the tool is ready
for use to support regional adaptation processes in fen meadow areas. As a
follow up to this project the Province and Water board of Friesland have
commissioned as part of their regional plan for the Frisian Fen Meadows (“de
Veenweide visie”). The tool will be used to communicate the impacts of climate
change on the Frisian fen meadow areas and to support development of
adaptation strategies for these areas. It is expected that other fen meadow
regions will follow. With some alterations the tool could also be used in other
hotspots of the Knowledge for Climate program.

Literatuurverwijzingen

References
Adger, W.N., S. Agrawala, M.M.Q. Mirza, C. Conde, K. O'Brien, J. Pulhin, R.
Pulwarty R., B. Smit & K.Takahashi, 2007. Assessment of adaptation practices,
options, constraints and capacity.
Adger, W. N., N.W. Arnell & E.L. Tompkins, 2005. Successful adaptation to
climate change across scales. Global Environmental Change, 15, 77‐86.

67

Alexander K.A., R. Janssen, G. Arciniegas, T.G. O'Higgins, T. Eikelboom & T.A.
Wilding, 201. Interactive Marine Spatial Planning: Siting Tidal Energy Arrays
around the Mull of Kintyre. Plos One 7(1): e30031
Anderson C., K. Beazley & J. Boxall, in press. Lessons for PPGIS from the
application of a decision‐support tool in the Nova Forest Alliance of Nova
Scotia, Canada, Journal of Environmental Management.
Andrienko G., N. Andrienko, P. Jankowski, D. Keim, M.J. Kraak , A. Maceachren
& S. Wrobel, 2007. Geovisual analytics for spatial decision support: Setting the
research agenda. International Journal of Geographical Information Science
21(8):839‐857.
Andrienko, N., G. Andrienko, H.Voss, F, Bernardo, J. Hipolito, U. Kretchmer,
2002. Testing the usability of interactive maps in CommonGIS. Cartography and
Geographic Information Science, 29, 325‐342.
Appleton, K., & A. Lovett, 2005. GIS‐based visualisation of development
proposals: reactions from planning and related professionals. Computers,
Environment and Urban Systems, 29, 321‐339.
Arciniegas, G. A. and R. Janssen. "Spatial decision support for collaborative land
use planning workshops." Landscape and urban planning 107.3 (2012): 332‐42.
Arciniegas G.A., R. Janssen & N. Omtzigt, 2011. Map‐based multicriteria
analysis to support interactive land use allocation. International Journal of
Geographical Information Science 25 (12):1931‐1947.
Arciniegas, G. A., R. Janssen, and P. Rietveld. 2013 "Effectiveness of
collaborative map‐based decision support tools: results of an experiment."
Environmental Modelling & Software 39.1 (2013): 159‐75.
Bacic, I. L. Z., D.G. Rossiter & A. K. Bregt, 2006. Using spatial information to
improve collective understanding of shared environmental problems at
watershed level. Landscape and Urban Planning, 77, 54‐66.

regional adaptation strategies

Benke K.K., R.G. Wyatt & V.A. Sposito, 2011. A discrete simulation approach to
spatial allocation of commodity production for revenue optimisation over a
regional region. Journal of Spatial Science 56(1):89‐101.
Bertin J., 1983. Semiology of Graphics: Diagrams, Networks, Maps.
Brouns, K., Eikelboom, T, and Janssen, R. Verslag Workshop Watergebiedsplan
Zuidelijke Veenpolders . 28‐3‐2013. Amsterdam, Instituut voor
Milieuvraagstukken, Vrije Universiteit.
Brown, A., M. Gawith, K. Lonsdale & P. Pringle, Managing adaptation: linking
theory and practice, 2011. UKCIP.

68
Bruin K. de, R. Dellink, A. Ruijs, L. Bolwidt, A. van Buuren, J. Graveland, R. de
Groot, P. Kuikman, S. Reinhard, R. Roetter, V. Tassone, A. Verhagen & E. van
Ierland, 2009. Adapting to climate change in The Netherlands: an inventory of
climate adaptation options and ranking of alternatives. Climatic Change
95(1):23‐45.
Burton, I., S. Huq, B. Lim, O. Pilifosova & E.L. Schipper, 2002. From impacts
assessment to adaptation priorities: the shaping of adaptation policy. Climate
Policy, 2, 145‐159.
Carsjens, G. J. & A. Ligtenberg, 2007. A GIS‐based support tool for sustainable
spatial planning in metropolitan areas, Landscape and Urban Planning, 80, 1–2:
72–83.
Carton, L. J. & W.A.H.Thissen, 2009. Emerging conflict in collaborative mapping:
Towards a deeper understanding? Journal of Environmental Management, vol.
90, no. 6, pp. 1991‐2001.
Carton, L. J. Map making and map use in a multi‐actor context, 2007.
Dissertation
CEC. White Paper ‐ Adapting to climate change: Towards a European
framework for action. COM, 2009. 147, Brussels, Commission of the European
Communities. Change‐Human and Policy Dimensions, 16, 282‐292.
De Bruin, K., R. Dellink, A. Ruijs, L. Bolwidt, A. van Buuren, J. Graveland, R. de
Groot, P. Kuikman, S. Reinhard, R. Roetter, V. Tassone, A. Verhagen & E. van
Ierland, 2009. Adapting to climate change in The Netherlands: an inventory of
climate adaptation options and ranking of alternatives. Climatic Change, 95,
23‐45.
Dessai, S., X. Lu & J.S. Risbey, 2005. On the role of climate scenarios for
adaptation planning. Global Environmental Change Part A, 15, 87‐97.

Literatuurverwijzingen

Eikelboom, T. & Janssen, R. 2012, Results of the experimental workshops
Friesland, Institute for Environmental Studies, VU University, Amsterdam.
Eikelboom, T. & R. Janssen, 2013, Interactive design of regional adaptation
strategies, Journal of Environmental Management,
doi.org/10.1016/j.jenvman.2012.09.019.
Eikelboom, T. & R. Janssen, in preparation, Usefulness of interactive tools to
support design of regional adaptation strategies, International Journal for
Geographical Information Science.

69

Eikelboom, T. & Janssen, R. (in press). Comparison of interactive spatial tools to
support regional adaptation planning. Regional Environmental Change.
Eikelboom, T., F. Hellmann, A.Q.A. Omtzigt, R. Janssen, R., K. Brouns & J.T.A.
Verhoeven, 2011b, Workshopverslag Zevenblokken‐Fochteloerveen, Assen 13
September 2011, Instituut voor Milieuvraagstukken, Vrije Universiteit
Amsterdam.
Eikelboom, T., F. Hellmann, A. Q. A. Omtzigt, R. Janssen, S. Kosten & K. Brouns,
2011a. Peilvakalternatieven voor een veenweide polder in Friesland. Verslag
van de workshop van 13 April Zevenhuizen, Friesland. Instituut voor
Milieuvraagstukken, Vrije Universiteit Amsterdam.
Ford JD, L. Berrang‐Ford & J. Paterson, 2011. A systematic review of observed
climate change adaptation in developed nations A letter. Climatic Change
106(2):327‐336.
Füssel, H. M., 2007. Adaptation planning for climate change: concepts,
assessment approaches, and key lessons. Sustainability Science, 2, 265‐275.
Geertman S. & J. Stillwell, 2003. Planning support systems: an introduction.
Planning Support Systems in Practice, Eds. S Geertman & J Stillwell, Springer,
Berlin, pp. 3 – 23.
Geertman, S., 2006. Potentials for planning support: a planning‐conceptual
approach. Environment and Planning B‐Planning & Design, 33, 863‐880.
German S & J. Stilwell., 2004. Planning support systems: an inventory of current
practice Computers, Environment and Urban Systems, Volume 28, Issue 4, July
2004, Pages 291‐310.
Goosen, H., R. Janssen & J. E. Vermaat, 2007. Decision support for participatory
wetland decision‐making, Ecological Engineering, 30, 187‐199.

regional adaptation strategies

Goossen, H., Janssen, R., & Vermaat, J. E., 2007. Decision support for
participatory wetland decision making, Ecological Engineering, 30, 187‐199.
Hopkins, Lewis D., R. Rajiv & G.P. Varkki, 2004. Interface for a sketch‐planning
workbench. Computers, Environment & Urban Systems, 28, 653‐666.
IPCC, 2001. Climate change: impact, adaptation and vulnerability. Working
group II contribution to the intergovernmental panel on climate change, Third
Assessment Report.

70

IPCC, 2007. Climate change: impact, adaptation and vulnerability. Working
group II contribution to the intergovernmental panel on climate change, Fourth
Assessment Report.
Jankowski, P., 2009. Towards participatory geographic information systems for
community‐based environmental decision making. Journal of Environmental
Management, 90, 1966‐1971.
Janssen, R., G. A. Arciniegas, and J. T. A. Verhoeven. "Spatial evaluation of
ecological qualities to support interactive design of land use plans."
Environment and Planning B planning and design 40 (2013): 427‐46.
Janssen, R. & O. Uran, 2002. Presentation of information for spatial decision
support: A survey on the use of maps by participants in quantitative water
management in the IJsselmeer region, the Netherlands, Journal of Physics and
Chemistry of the Earth.
Janssen, R., F. Hellmann & A. Q. A. Omtzigt, 2010. Verslag van de workshop
Polder Zegveld, Institute for Environmental Studies, VU University, Amsterdam.
Janssen, R., M. van Herwijnen, M.S.G. Horrevoets & A. Teunissen, 2002. Het
gebruik van ICT instrumenten ter ondersteuning van de ruimtelijke
planvorming, RIZA nota nr 2002.036, Lelystad.
Janssen, R., P. Jansen, T. Eikelboom, & A. Wagtendonk, 2012. Verslag van de
workshop Abessinië, Institute for Environmental Studies, VU University
Amsterdam.
Kraak, M.J. & F.J. Ormeling, 2003. Cartography: visualization of geospatial data.
2nd edition Prentice Hall, Harlow, England.
Likert, A., 1932. A technique for the measurement of attitudes. Archives of
Psychology 22(140):1‐55

Literatuurverwijzingen

Malczewski, J. (2006) Review Article: GIS‐based multicriteria decision analysis: a
survey of the literature, International Journal of Geographical Information
Science, 20, No. 7, August 2006, 703–726.
Niang‐Diop, I. & H. Bosch, 2004. Formulating an adaptation strategy.
Adaptation Policy Frameworks for Climate Change: Developing Strategies,
Policies and Measures. Cambridge University Press.
Omtzigt, A. Q. A., 2010. Verslag workshop polder Reeuwijk, Institute for
Environmental Studies, VU University Amsterdam.

71

Opdam, P., 2010. Learning science from practice. Landscape Ecology, 25, 821‐
823.
Ozimec, A.M., M. Natter & T. Reutterer, 2010. Geographical Information
Systems‐Based Marketing Decisions: Effects of Alternative Visualizations on
Decision Quality. Journal of Marketing 74(6), 94‐110.
Preston, B., E. Yuen, & R. Westaway, 2011. Putting vulnerability to climate
change on the map: a review of approaches, benefits, and risks. Sustainability
Science 6(2), 177‐202
Prutsch, A., T. Grothmann, I. Schauser, S. Otto & S. McCallum, 2010. Guiding
principles for adaptation to climate change in Europe. Technical Paper 2010/6.
The European Topic Centre on Air and Climate Change (ETC/ACC).
Reed, M. S., 2008. Stakeholder participation for environmental management: A
literature review. Biological Conservation, 141, 2417‐2431.
Rendgen, S., 2012. Information Graphics, Taschen, Koln.
Ribeiro M, C. Losenno, T. Dworak, E. Massey, R. Swart, M. Benzie & C. Laaser,
2009. Design of Guidelines for the Elaboration of Regional Climate Change
Adaptations Strategies.Study for European Commission ‐ DG Environment ‐
Tender DG ENV. G.1/ETU/2008/0093r
Ribeiro, M., C. Losenno, T. Dworak, E. Massey, R. Swart, M. Benzie & C. Laaser,
Design of Guidelines for the Elaboration of Regional Climate Change
Adaptations Strategies. Study for European Commission ‐ DG Environment ‐
Tender DG ENV. G.1/ETU/2008/0093r. 2009. Vienna, Ecologic Institute.
Rinner, C., C. Kessler & S. Andrulis, 2008. The use of Web 2.0 concepts to
support deliberation in spatial decision‐making. Computers Environment and
Urban Systems, 32, 386‐395.

regional adaptation strategies

Roggema, R., 2009. Adaptation to climate change: A spatial challenge. Springer,
59‐111.
Runhaar, H., H. Mees, A. Wardekker, J. van der Sluijs & P. Driessen, 2012.
Adaptation to climate change‐related risks in Dutch urban areas: stimuli and
barriers. Regional Environmental Change, 1‐14.
Scholten, H. J., R.J. van de Velde & N. van Manen, 2009. The role of geo‐ICT and
spatial approaches in Science. Springer.

72

Slocum, T.A., 1999. Thematic cartography and visualization, Prentice Hall,
Upper Saddle River.
Smit, B., I. Burton, R.J.T. Klein & R. Street, 1999. The science of adaptation: A
framework for assessment. Mitigation and Adaptation Strategies for Global
Change, 4, 199‐213.
Smit, B., I. Burton, R.J.T. Klein & J. Wandel, 2000. An anatomy of adaptation to
climate change and variability. Climatic Change, 45, 223‐251.
Smit, B.& J. Wandel, 2006. Adaptation, adaptive capacity and vulnerability.
Global Environmental Change, 16, 282‐292.
Tufte, E. R., 1985. The visual display of quantitative information Graphics Press,
Cheshire, Connecticut.
Uran, O. & R. Janssen, 2002. Why are spatial decision support systems not
used? Some experiences from the Netherlands, Computers, environment and
urban systems.
Vonk, G., S. Geertman & P.Schot,2006. Usage of planning support systems.
Innovations in Design & Decision Support Systems in Architecture and Urban
Planning, 263‐274.
Vonk, G., S. Geertman, & P. Schot, 2005. Bottlenecks blocking widespread
usage of planning support systems. Environment and Planning A 37(5) 909‐924.
Vonk, G., S. Geertman & P. Schot, 2007. A SWOT analysis of planning support
systems. Environment and Planning A, 39, pp. 1699‐1714.
Willows, R. I. & R.K. Connell, 2003. Climate adaptation: risk, uncertainty and
decision‐making, UK‐CIP Technical Report, Oxford.
Wilson E.,2006. Adapting to Climate Change at the Local Level: The Spatial
Planning Response. Local Environment, 11 (6), 609‐625.

To develop the scientific and applied knowledge required for
Climate‐proofing the Netherlands and to create a sustainable
Knowledge infrastructure for managing climate change

Contact information
Knowledge for Climate Programme Office
Secretariat:

Public Relations:

c/o Utrecht University

c/oAlterra (Wageningen UR)

P.O. Box 85337

P.O. Box 47

3508 AH Utrecht

6700 AA Wageningen

The Netherlands

The Netherlands

T +31 88 335 7881

T +31 317 48 6540

E office@kennisvoorklimaat.nl

E info@kennisvoorklimaat.nl

www.knowledgeforclimate.org

