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Summary in Dutch

Klimaat en landgebruik zijn sterk aan elkaar gerelateerd. Landgebruik beïnvloedt het klimaat, 

bijvoorbeeld doordat vegetatie kooldioxide opneemt, landbouw stikstof vastlegt en industrie 

diverse broeikasgassen uitstoot. Omgekeerd betekent een veranderend klimaat dat aanpassingen 

nodig kunnen zijn in bijvoorbeeld: landbouw (overstap op andere gewassen), natuur (veranderingen 

binnen ecosystemen), de kustzone (door zeespiegelrijzing) en het rivierengebied (meer ruimte 

voor water). Deze en andere adaptatie- en mitigatie-maatregelen staan centraal in diverse andere 

projecten van het ‘Klimaat voor Ruimte’ programma.

Centraal in het LANDS project staan de effecten van klimaatverandering op de inrichting en het 

gebruik van de ruimte. Het gaat hierbij om vragen als: 

• welke mogelijke veranderingen in het Nederlandse landgebruik kunnen we de komende 

decennia verwachten als gevolg van veranderingen in het klimaat? 

• welke adaptatie- en mitigatiemaatregelen zijn denkbaar om op deze veranderingen in te spelen?

• zijn er confl icten tussen de verschillende sectoren te verwachten of ontstaan er kansen voor 

samenwerking als gevolg van de veranderingen in het landgebruik? 

Dit project integreert de ruimtelijke adaptatie- en mitigatie- maatregelen uit diverse andere 

projecten binnen het ‘Klimaat voor Ruimte’ programma. Het gaat daarbij om onderzoeken die 

gericht zijn op specifi eke sectoren en gebieden, zoals: landbouw, natuur, rivierengebied en kustzone.

Om de kennis uit de verschillende projecten te integreren en daarmee bovengenoemde 

onderzoeksvragen te beantwoorden is gewerkt aan de volgende onderwerpen:

• een scenarioraamwerk dat op consistente wijze aannamen betreffende klimaat, bevolking, 

economie en maatschappij beschrijft als basis voor de diverse adaptatie- en mitigatiestudies;

• een gedetailleerd, gekalibreerd en gevalideerd landgebruiksmodel dat in staat is geïntegreerde 

simulaties te maken van toekomstig ruimtegebruik;

• een set indicatoren en visualisatietoepassingen behulpzaam bij het opsporen van kansen en 

confl icten in (combinaties van) landgebruik;

• een onderzoek naar relaties tussen landgebruik, klimaatverandering en waterbeheer, met 

specifi eke aandacht voor overstromingsrisico en gerelateerde adaptatiemaatregelen;

• een beoordeling van potentiële klimaatgerelateerde effecten op huidige natuurnetwerken,en 

het ontwikkelen van nieuwe strategieën om aan deze veranderde condities aan te passen. 
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Summary

Climatic changes are expected to have important implications for land-use patterns, especially in 

coastal areas and river basins. In the Netherlands, the research program ‘Climate changes spatial 

planning’ aims to develop an adequate and timely set of policies for mitigation and adaptation to 

cope with the impacts of climate change. This is done in a series of related research projects dealing 

with, for example, climate scenarios, water management and adaptations in agriculture, nature and 

inland navigation. Within the research program the LANDS project identifi es climate-change driven 

land-use developments and integrates these into balanced national visions and regional solutions.

The LANDS project produced the following components to integrate the results from the other 

projects in the research program: 

• a scenario framework, that consistently combines assumptions related to climate, population, 

economy and society, forms the common ground for the various adaptation and mitigation 

measures;

• a detailed, calibrated land-use model that integrates the sector-specifi c adaptation measures 

into simulations of future land use; 

• a set of indicators and visualisation applications that supports pinpointing the possible 

synergies and confl icts in (combinations) of land use;

• an investigation of the interface of land use, climate change and water management, with a 

focus on effects of land use and climate change on fl ooding and possible adaptation;

• an assessment of potential climate-related impacts on current nature networks and the 

development of new strategies to adapt to these changed conditions. 
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1. Introduction

It is widely believed that climate change and increased climatic variability will impact land use 

through affecting different economic sectors such as agriculture, housing, nature and ecosystems, 

and by changing the water resources system (Commissie Waterbeheer 21e eeuw, 2000; IPCC, 2001; 

Verbeek, 2003). Climate change directly affects, for example, local agricultural and hydrological 

conditions and consequently infl uences the economic development potential. Climate change thus 

modifi es the demand for land and its supply, as well as the suitability of space for certain uses 

(Beinat and Nijkamp, 1997). These processes can be assessed through land-use simulation models 

that integrate sector-specifi c demands (for housing, agriculture, etc.) and land suitability for certain 

uses and provide an indication of the likely use at a specifi c location in the future under different 

climate conditions. 

Climate change modifi es the mechanisms of the demand-supply interplay as well as the boundary 

conditions and scenarios within which it unfolds. The main processes through which climate change 

and socio-economic developments may affect the interaction between the demand and supply of 

land are:

• the physical modifi cation of the suitability of certain areas for some uses of the land;

• the modifi cation of productivity and production processes within sectors such as agriculture, 

forestry, and nature; 

• changes to the primary functioning of economy and society leading to a different set of policies 

that infl uence for instance economic development (growth) or the type of development (e.g. 

free market versus government);

• the extra demand for space as a result of adaptation strategies within various sectors. 

In order to accommodate these impacts, pro-active adaptation measures within the area of 

spatial planning are prerequisite to cope with climate change and will offer new opportunities 

for rearranging land use (Parry, 2000a; Parry, 2000b). However, such rearrangements will pose 

challenges and confl icts between the national and regional policy levels, and between sectors. For 

instance, when problems concerning water storage and fl ooding are tackled with spatial rather 

than technical measures, the capital-intensive agricultural or urban functions of these buffering 

areas will be highly restricted (Borsboom-van Beurden et al., 2005).

Obviously, climate change is not the only factor driving land-use change. Socio-economic 

developments are another major driving force. In fact, these developments interact with climatic 

changes (Dale, 1997; Watson et al., 2000). For example, economic and population growth cause 

increased emission of greenhouse gasses, which infl uence the global climate. As a result, changes in 

annual regional rainfall patterns could impact agricultural production or cause the tourist industry 

to migrate to other regions. Integration of climate-change and socio-economic factors is, in our 

opinion, thus needed in any long-term study on future land-use confi gurations and related spatial 

planning measures. 

This report presents an overview of the results of the LANDS project that aims to integrate climate-

change induced adaptation and mitigation measures with anticipated socio-economic changes in 

the Netherlands. This project is part of the Dutch research programme Climate changes Spatial 

Planning that aims to develop an adequate and timely set of policies for mitigation and adaptation 

to cope with the impacts of climate change.
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1.1 Objectives

Central to the LANDS project is the spatial dimension of climate change. It aims to provide an 

integrated outlook on a climate-proof future for the Netherlands and involves research questions 

such as: 

• which changes in land use may be expected in the Netherlands over the next few decades as a 

consequence of climate change?;

• which adaptation and mitigation measures could prepare us for these changes?;

• do the ways different sectors respond to the changes in the climate provoke confl ict or open up 

opportunities? 

To answer these questions the LANDS project integrates the results and advancements from a 

large number of research projects and practice-oriented case studies. More specifi cally the project 

consists of the following elements:

• a scenario framework that describes assumptions about the climate, population, economy and 

society in a consistent manner as a basis for the various adaptation and - to a lesser extent - 

mitigation studies;

• a detailed, calibrated and validated land use model capable of making integrated simulations 

of future land use;

• a set of indicators and visualisation tools useful in tracing opportunities and confl icts in 

(combinations of) land use developments;

• an investigation of the interface of land use, climate change and water management, with a 

focus on effects of land use and climate change on fl ooding and possible adaptation;

• an assessment of potential climate-related impacts on current nature networks and the 

development of new strategies to adapt to these changed conditions. 

1.2 Approach

The LANDS project, integrates results from many other projects in the Climate changes Spatial 

Planning research programme. It makes use of the scenarios developed by KNMI and feeds into 

the projects that analyse and propose possible adaptation and mitigation measures for different 

societal sectors and geographic regions in the Netherland. The results of these projects are also 

used to feed into the LANDS project. As the focus of LANDS project is on spatially explicit measures 

we tend to concentrate on adaptation, rather than mitigation related projects. The layout of the 

project and its relation with other projects is depicted in Figure 1.1. 

The fi gure shows that the project starts with the development of integrated climate and socio-

economic scenarios. These LANDS scenarios incorporate existing climate scenarios provided by 

KNMI (Van den Hurk et al., 2006) and socio-economic scenarios documented in the ‘Prosperity, Well 

being and Quality of life’ study (CPB et al., 2006).

The scenarios are used in the Land Use Scanner model to simulate future land-use patterns. This 

GIS-based model integrates sector-specifi c inputs (e.g. regional demand for residential land) 

from other, dedicated models. It is based on a demand-supply interaction for land, with sectors 

competing within suitability and policy constraints. Much research effort in the project focussed on 

the development, calibration and validation of a more detailed model version capable of addressing 

climate adaptation issues at the regional level. The resulting land-use simulations provide the 

starting point for different sector and region specifi c studies. The possible impact of expected climatic 

and socio-economic changes on water management issues and nature conservation objectives is 
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studied as part of the LANDS project, as well as in several other climate-related projects focussing 

on fl ood risk, adaptation measures in the Rhine basin and the spatial distribution of vegetation. 

Other, subsidiary projects dealing with possible climate-adaptation measures for, amongst others, 

agriculture (biofuel crops), fen meadows and other regions (province of Groningen, Zuidplaspolder, 

Veenkoloniën region) to some extent also use the scenario assumptions and simulated land-use 

patterns as a reference point for their analyses. 

In several cases, the adaptation strategies and other results from the sector and region specifi c are 

fed into the Land Use Scanner to simulate adjusted land-use patterns that take the possible impact 

of climate change into account. To quantify the differences between the different simulations, 

indicators are developed that characterise the outcomes at the local, regional and national level. 

Specifi c attention will be paid to evaluation measures that identify potential confl icts or synergies 

between different land-use types.

 Figure 1.1.

The LANDS framework (source: Koomen et al., 2008).
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1.3 Report layout

The main results of the project are highlighted in the following chapters:

• the scenario framework, land-use model development, calibration issues and simulation results 

are discussed in Chapter 2;

• indicator development and the potential use of visualization tools is the topic of Chapter 3;

• climate-related water management issues and adaptation strategies are presented in 

Chapter 4;

• climate-related nature conservation issues and adaptation strategies are summarised in 

Chapter 5;

• the integration of spatially-explicit climate adaptation strategies from other project in the 

LANDS-framework is addressed in Chapter 6;

• by way of conclusion Chapter 7 discusses the merits of the LANDS project and future plans.
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2. Developing scenario-based projections of future land use

2.1 Drafting a scenario framework

Land-use planning is by defi nition concerned with the future and thus has to deal with uncertainty 

about future developments in climate, society, demography, economy and technology. A much 

favoured approach to deal with the uncertainties relating to future spatial developments is the 

use of scenarios. The aim of the scenario method is to gain strategic insight by means of enlarging 

knowledge over the future (De Waard, 2005). By describing a set of opposing views on the future 

as is common in the IPCC reports, we can simulate a broad range of spatial developments, thus 

offering a full overview on possible land-use alterations. A fi rst step in the LANDS project consisted 

of the development of a consistent set of future scenarios that could serve as the basis for the 

development of adaptation and - to a lesser extent - mitigation strategies. These scenarios 

should describe climatic and socio-economic developments in suffi cient detail and represent the 

most recent insights in these domains. It was, therefore, decided to combine, the two major and 

authoritative Dutch scenario studies that were published just before the LANDS project started: a 

socio-economic scenario study performed by three Dutch planning institutes (CPB et al., 2006) and 

an updated set of climate scenarios by the Netherland Royal Meteorological Institute (Van den Hurk 

et al., 2006). 

To provide a workable set of scenarios it was decided to select only a limited number of scenarios. To 

simply couple all four available socio-economic scenarios to the four climate scenarios would result 

in sixteen different combinations. This was an overfl ow of information for the various adaptation 

and mitigation projects and, furthermore, contained the risk that each project would select its 

own specifi c combination to start from. The latter would imply that the proposed adaptation or 

mitigation measures cannot be readily integrated into a coherent set of spatial strategies as they 

all start from different assumptions regarding climate and society. Therefore it was decided to 

reduce the set of socio-economic scenarios to the two scenarios that describe the broadest range of 

possible futures. To further reduce the set of scenarios, climate and socio economic scenarios were 

linked in a logical way. 

Based on their common roots in the SRES storylines, the Global Economy (GE) scenario was 

associated with the SRES A1 scenario family, as were the high temperature rise (W or W+) climate 

change scenarios. Regional Communities (RC) was related to the SRES B2 family as can be done with 

the lower rise in temperature (G or G+). The table below summarises the resulting set of scenarios. 

The advantage of selecting the extremes on both sides of the bandwidth in terms of socio-economic 

developments is that the full extent of possible changes in land use is preserved, while at the same 

time the full variability in climate scenarios is preserved. 

Table 2.1.

Suggested combination of socio-economic and climatic scenarios in LANDS.

Regional Communities Global Economy

Circulation change Moderate temperature rise (G+) Strong temperature increase (W+)

No circulation change Moderate temperature rise (G) Strong temperature increase (W)

Source: Riedijk et al. (2007).
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The proposed combination links the strong economic growth of the Global Economy scenario with 

the larger climatic changes. This is expected to cause tension between the increased demand in 

land for various types of urban use (residential, commercial), while at same time providing ample 

space for coping with the increases in precipitation, river discharge and sea level. How will the 

government and the market respond to that? In the light of debates around ‘shrinking cities’ the 

Regional Communities scenario is highly interesting because another kind of tension related 

to adaptive measures is expected here: is a shrinking population able to fi nance the needed 

adaptation measures? The regional differences in growth in the RC scenario are large; therefore the 

competition between different regions will be large. Will the transition zone become a competitor 

of the Randstad, since there is likely to be less inundation risk? 

2.2 Developing a revised land-use model

To translate assumptions about future developments into spatial patterns the Land Use Scanner land-

use model is used. In order to be able to better address regional adaptation issues a more detailed 

version of this model was developed in close cooperation with PBL Netherlands Environmental 

Assessment Agency. This revised model version describes land use with a regular grid of 100x100 

metre cells. This resolution comes close to the size of actual building blocks and allows for the use 

of discrete (homogenous) cells that only describe the dominant land use. The previous version of 

the model had a 500-metre resolution with heterogeneous cells, providing a continuous description 

of the fractions of all present land-use types in a cell. The new model and recent applications have 

been documented extensively in a large number of applied, technical and scientifi c papers (Koomen 

et al., 2008; Koomen and Borsboom-van Beurden, 2011; Koomen and Van der Hoeven, 2008; Koomen 

et al., 2011; Van der Hoeven and Koomen, 2007; Van der Hoeven and Koomen, 2008) 

2.3 Calibrating and validating the model

To better understand the possibilities and limitations of the new version of the Land Use Scanner, an 

extensive calibration and validation analysis was performed in cooperation with PBL Netherlands 

Environmental Assessment Agency. The main objectives of this analysis were 1) to assess the 

potential of the new fi ne resolution in producing sensible land-use patterns, and 2) to compare the 

performance of the two available allocation algorithms. The sensibility of the simulated land-use 

patterns is expressed as the degree to which these correspond to the observed land-use patterns. 

The relative performance of the individual algorithms can be assessed by comparing the degree to 

which the respective simulation outcomes correspond to the observed land-use patterns (see fi gure 

below).

This validation exercise indicated that both model versions provide sensible spatial patterns. In 

fact, the two different modelling approaches produce very comparable results, given equal starting 

points. The degree of correspondence (based on a cell-by-cell comparison of simulated and observed 

land use) of the two approaches typically differs only a few per cent for the most common land-

use types. In general, we conclude that the model is well-suited to simulate possible future spatial 

patterns in the scenario or policy-optimisation studies it is typically applied in. The validation also 

made clear that the inclusion of more detailed and more specifi c explanatory variables (related to, 

for example, spatial planning and accessibility) and a focus on the explanation of recent land-use 

changes may help to improve the performance of the model in this respect. Following up on these 

results the importance of accessibility in explaining land-use patterns was analysed in cooperation 

with the Federico II University of Naples (Borzacchiello et al., 2010). Based on this validation research 
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we were also able to contribute to an international land-use modelling comparison effort (Pontius 

Jr. et al., 2012).

Figure 2.1.

Validating the discrete (left) and continuous (right) version of Land Use Scanner. For each of these model 

versions simulated 2000 land use according to different specifi cations of local land use suitability (denoted 

A and B) are compared with observed 2000 land use (below image of the Netherlands) (source: Loonen and 

Koomen, 2009).

2.4 Simulating future land use

The revised Land Use Scanner model was used to simulate future land-use patterns according to the 

scenario framework described above. Figure 2.2 shows the results of these simulations, where we 

aggregated the initial 17 types of land use to nine major categories. The maps indicate that urban 

pressure, due to projected differences in population size and prosperity, varies greatly between the 

two scenarios. The future patterns of nature and forest are similar because they follow from the 

same policies related to nature conservation and plans for the development of new natural areas. A 

more extensive discussion on applied model settings and results is provided elsewhere (Koomen et 

al., 2008; Riedijk et al., 2007). These land-use simulations were input for the development of sector 

and region-specifi c climate adaptation measures as will be discussed in Chapters 4, 5 and 6.
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Figure 2.2.

Simulated land use for the G and W scenarios 2040 (source: Riedijk et al., 2007).

3. Interpreting and visualising land-use simulation results

It has been experienced that land-use simulations often result in very detailed, attractive and highly 

interesting maps. However, it is often diffi cult to precisely interpret the results, differences and 

detailed information stored in these maps. As a consequence, on a closer examination, questions 

emerge such as: where do the maps exactly differ from each other; what do these differences say 

about the quality of the living environment; what are the effects on a specifi c land use type in 

a specifi c region; which of the scenarios fi t best into the current policy guidelines? Quantitative 

spatial evaluation methods can help to address this issue and to compare and interpret results in 

a systematic and better way. To enable a more profound evaluation, a number of such quantitative 

indicators was developed for Land Use Scanner. In addition to generic indicators describing the 

general composition and spatial confi guration of land-use patterns several indicators were 

developed that quantify land-use change in relation to a number of policy themes. These are 

discussed below together with efforts to come up with alternative ways to present results using 

3D-visualisations and overlay analysis. 
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3.1 Assessing fl ood risk

Flood risk is an important climate-change related issue in spatial planning. In fact, spatial planning 

may be an important instrument in limiting fl ood risk as it can be used to steer urban development 

away from potentially risky zones. To be able to evaluate changes in potential economic damage 

and potential casualties a methodology was developed in close cooperation with PBL Netherlands 

Environmental Assessment Agency and Deltares. This method combines land-use patterns, 

potential inundation depths and damage functions. It was tested extensively in the LANDS project 

(see Section 4.2) and added to the Land Use Scanner model as a new evaluation indicator. Using this 

approach the fl ood risk associated with different spatial strategies could be evaluated in the CcSP-

project Safety fi rst (A13) that aimed to develop an integrated discussion support system for fl ood 

risk management strategies (see, for example, Van der Hoeven et al., 2009). As part of the CcSP-

COM30 project the fl ood-risk assessment module was also applied in the Strategic Environmental 

Assessment of the new Regional Spatial Strategy of the Province of Overijssel (Province of Overijssel, 

2009).

Figure 3.1.

Comparison of economic damage in two future scenarios (source: Van der Hoeven et al., 2009).
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3.2 Characterising urban development and landscape impacts 

To further assist the ex-ante evaluation of spatial planning policies a set of functional indicators 

was implemented and tested relate to an important theme in Dutch spatial planning: compact 

urbanisation. This sets of indicators allows for a critical comparison of scenario-based simulations 

of future land-use patterns. Single indicators capture individual aspects of urbanisation like 

magnitude (through general composition indices), spatial pattern (grid cell based urbanisation 

degree), concentration (patch size distribution) and compactness (average urban area circularity). It 

is, however, the combined use of composition and confi guration indicators at various scale levels that 

makes it possible to unambiguously interpret the projected spatial developments. The indicators 

are described in detail elsewhere (Bubeck and Koomen, 2008; Ritsema van Eck and Koomen, 2008). 

Based on the experience with these indicators we cooperated with EC-JRC in the development of 

a composite index of urban compactness that can be applied in a land-use modelling applications 

(Mubareka et al., 2011). 

Another important element in the evaluation of spatially explicit planning strategies is the impact 

on landscape. Research efforts focused on quantifying the impacts of land-use change on land-use 

diversity (Ritsema van Eck and Koomen, 2008), landscape quality (Koomen, 2008) and the provision 

of open space (Wagtendonk, 2011; Wagtendonk and Koomen, 2010). For these themes spatially 

explicit indicators were developed that can be applied on land-use simulation results. These are 

implemented in the Land Use Scanner model and shared with PBL Netherlands Environmental 

Assessment Agency to help them interpret simulation results.

Table 3.1.

Examples of land-use based Indicators related to urban development and landscape impacts available in Land 

Use Scanner.

Composition metrics:

   total urbanised area [ha]

   urban population density [inhabitants/ha]

   urbanisation degree [%]

Spatial confi guration metrics:

   number of urban areas

   average urban area size [ha]

   difference maps showing local increase/decrease in specifi c land-use types (e.g. urban area)

   land-use diversity [Simpson’s diversity index ranging from 0 to 1]

   number of open spaces

   average open area size [ha]

   urban pressure on high-quality landscapes, national landscapes, natural areas etc.
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3.3 Visualising land-use change

Three-dimensional visualisations offer an interesting, alternative method for representing model 

outcomes. In cooperation with the Universitat de Girona we, therefore, explored a method that 

combines the fl exibility of digital, GIS-based map making with the attractivity of 3D visualisations. 

The visualisation process is relatively straightforward and its result is appealing, easy to distribute 

and interactive (see full description in: Lloret et al., 2007; Lloret et al., 2008). This process relies on 

the creation of 3D elements (in Google SketchUp) in combination with 2D land-use maps and the 

standard Google Earth interface. The proposed visualisation method can be used in combination 

with Land Use Scanner results as is demonstrated in Figure 3.2. 

 

Figure 3.2.

Example of a 3D-representation of land-use change in Google Earth (source: Lloret et al., 2007).

3.4 Analysing confl icts and synergies between adaptation measures

Climate adaptation measures for different societal sectors (nature, water storage, agriculture, 

energy supply etc.) are generally defi ned in isolation, making it diffi cult to draft an integrated 

spatial plan. As part of the development of a spatial strategy for the province of Groningen a 

methodology was developed and applied to analyse potential confl icts and synergies between 

sector-specifi c adaptation measures. The integration was, however, severely constrained by the 

extremely heterogeneous character of the spatial representations of the adaptation measures. All 

depictions were presented as maps, but these were ontologically inconsistent and often lacking 

spatial detail. Some of the maps provided purely conceptual ideas, depicting only schematic system 
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designs. Lastly, the way map elements related to current land use, the environment and each other 

was not defi ned comprehensively. 

To be able to produce a single map with only spatially explicit, accurately defi ned and accurately 

located features with the least overlap possible an integration methodology was applied that 

started with selecting the spatially relevant features of all sector-specifi c adaptation measures. 

Subsequently, these were iteratively further defi ned, localised and combined. To pinpoint areas with 

potential spatial confl icts between different adaptation measures, a straightforward raster-based 

overlay was applied. This analysis showed that most potential confl icts are concentrated in a low-

lying area slightly east of the centre of the province. The applied methodology is documented in 

several papers (Jacobs et al., 2009; Jacobs and Koomen, 2010), while the fi nal suggested climate 

adaptation strategy was described by Province of Groningen as part of CcSP project A18.

Figure 3.3.

Integration methodology and potential confl ict analysis for the development of a climate proof spatial strategy 

for the province of Groningen (source: Jacobs et al., 2009).

4. Flooding, spatial planning and climate change

Climate change is expected to have an important impact on fl ooding. This is especially relevant 

in the Netherlands where 25% of the land is below mean sea level and over 50% of the country is 

being protected from fl ooding by embankments. At the same time, the management of fl ood risk is 

strongly interlinked with spatial planning and land use. On the one hand, developments in land use 

affect the exposure to fl ooding, and thus the magnitude of potential damage and risk. On the other 

hand, many measures to reduce fl ood risk are spatial in nature. Examples are the so-called ‘room the 

river projects’ that aim to reduce water levels during peak discharges, or zoning measures designed 

to locate new urban developments in areas with little to no danger of fl ooding. Within the LANDS 

project, several aspects of this interface between land use, fl ooding and climate change have been 
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investigated. These include the spatial mapping of fl ood risks, assessments of fl ood risk at various 

scales, how fl ood risk changes through time because of land use change and climate change, and 

strategies to adapt to climate change. 

4.1 Mapping fl ood risk

Spatial information on fl ood risk can aid fl ood managers and spatial planners in various ways. In the 

light of the EU fl ood directive, every member state is obliged to map fl ood risk in its territory. The 

state of fl ood risk mapping activities was reviewed in order to reveal: 1) the different approaches to 

map fl ood risk; and 2) the possible ways such information can be used (De Moel et al., 2009). Different 

options to conceptually visualise fl ood risk are shown in Figure 4.1. These representations range 

from maps depicting historical fl ood events, through maps displaying specifi c fl ood characteristics 

like inundation depth, to maps depicting estimated damage for a fl ood event. It was found that 

many countries had already mapped the fl ood hazard (i.e. potential danger), but combining this 

with spatial information on potential consequences was not so common yet. Overall, the fl ood risk 

maps were used for a variety of purposes, including emergency planning, spatial planning, raising 

awareness, and insurance purposes. With respect to spatial planning the status of the fl ood risk 

information differs widely. In some countries fl ood maps serve an advisory purpose in steering 

spatial developments, but in other countries there is binding legislation related to fl ood zones 

(i.e. prohibiting developments in fl ood zones or demanding certain building measures).

Figure 4.1.

Different ways to visualize fl ood risk: A) historical fl ood events; B) fl ood extent; C) fl ood depth (single parameter); 

D) fl ood danger (combination of parameters); E) qualitative risk; and F) quantitative risk or damage (source: De 

Moel et al., 2009).
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4.2 Assessing fl ood risk at various scales

To support, amongst others, spatial planning decision making, fl ood risk assessment plays an 

important role. This relates not only to the current risk, but also to changes in risk due to certain 

(fl ood management) measures or developments (e.g. land-use change, climate change). Flood 

risk assessments have been performed at various scales to answer a variety of questions. In these 

fl ood risk assessments spatial information on exposure (e.g. land use) and the fl ood hazard (e.g. 

inundation depth) is combined in a damage model using depth-damage curves to calculate fl ood 

damage. These depth-damage curves relate for each cell the inundation depth to the amount of 

damage that will occur there, based on the land use that is present there. Annual damage estimates, 

the most common fl ood risk indicator, are determined by combining the damage results with the 

probability that they may occur.

4.2.1  Comparing different types of fl ood risk

In order to gain insight into how risks of different types of fl ooding compare to each other, fl ood risk 

assessments of fl oods due to extreme precipitation, and from the sea or river have been performed 

for a small dike ring area in Zeeland (Noord-Beveland). This research shows that fl ood risk (in 

terms of annual damage) resulting from extreme precipitation, is actually higher than the fl ood 

risk resulting from large-scale fl ooding from the sea or river (Koks et al., 2011). This implies that 

policies regulating fl ood risk (i.e. recent Dutch national norms for extreme precipitation and safety 

norms for the sea and river) are more stringent for large-scale fl ooding from the sea or river. This 

‘overprotection´ against fl ooding from the sea or river is probably related to the additional (non-

monetary) consequences large-scale fl ooding from the sea or river can have compared to extreme 

precipitation. For instance, large-scale fl ooding may also results in more human casualties and a 

longer and larger social (and economical) disruption of the area in question compared to extreme 

precipitation, which would (at least partly) justify such more stringent policies.

4.2.2 Uncertainty in fl ood risk assessments

As with every model aiming to support decision making, it is important to know how robust the 

model results are. This can be assessed using uncertainty and sensitivity analyses. To assess the 

uncertainty of fl ood risk assessments, various case studies have been performed for large dike ring 

areas in the Netherlands. For dike ring 14 (Zuid-Holland) the fl ood risk uncertainty related to coastal 

storm surges has been investigated, and for dike ring 36 (Land van Heusden/de Maaskant), uncertainty 

in fl uvial fl ooding has been studied. The results reveal that the total uncertainty surrounding fl ood 

damage estimates is substantial. Though differing between different breach locations, it can be 

said that the 90% upper and lower estimates are generally about 4.5 times larger or smaller than 

the median (de Moel et al., under review). Also for estimates of expected annual damage (EAD), 

the uncertainty was found to be substantial, with the 90% lower estimate 8 times lower, and the 

90% upper estimate 4.5 times higher than the median (de Moel et al., in prep). Sensitivity analyses 

showed that the largest contributor to these differences is the uncertainty in the depth-damage 

curves used in the damage calculation (De Moel and Aerts, 2011). Also uncertainty in other input 

factors were of considerable infl uence, most notably uncertainty in the duration of the storm surge 

or fl ood wave on the river and uncertainty in the probability of such conditions happening. Given 

this large uncertainty, absolute damage and risk estimates should clearly be used with caution. 

Proportional changes in fl ood damage (e.g. relative change with respect to a base estimate), on the 

other hand, were found to be much more robust. 
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4.2.3 Development of fl ood risk over time

Flood management measures and changes in land-use are long-term developments, usually lasting 

at least several decades, but often much longer. It is therefore important to take future developments 

into consideration in current planning practices. Moreover, analysis of historic developments helps 

to put current assessments and future projections into perspective. Changes in land use over the 

20th and 21st century were related to the fl ood hazard in the Netherlands to illustrate how fl ood risk 

has, and is projected to change over time (De Moel et al., 2011). For the analysis use was made of the 

risicokaart for the fl ood hazard (Figure 4.2: top left panel), historical land-use maps (HGN, Figure 4.2: 

top middle and right panel), and the land-use scenarios developed by the LANDS project (Figure 4.2: 

lower panels, see also section 2.4). The analysis shows that, contrary to popular believe, urban areas 

are not concentrated in fl ood-prone areas in the Netherlands. Through time, urban developments 

have, however, taken place in areas with increasingly higher potential inundation depths. Overall, 

potential fl ood damage has increased sixteen times over the 20th century due to land use change. 

Future projections show that over the 21st century it may continue to grow exponentially (ten-fold 

increase) under a high-growth scenario (global economy). Under the low-growth scenario (regional 

communities) the increase in potential fl ood damage is much more moderate (two- to threefold 

increase).

Figure 4.2.

Flood hazard in central Netherlands (top left), historical land-use change (top middle and right) and projected 

land-use change (lower panels) (source: De Moel et al., 2011).

4.3 Adaptation options

Despite the potential danger from climate change and, more specifi cally, fl ooding, there is a need 

for new urban development in the Netherlands, because of continuing economic and population 

growth. Timely attention to potential climate impacts offers the opportunity to integrate adaptation 

measures in the development of spatial plans, thus making them ‘climate-proof’. The Zuidplaspolder 

is an area in The Netherlands where a substantial amount of new houses, industry, greenhouses and 

nature is planned. In order to do this in a climate-proof way, the ‘Hotspot Zuidplaspolder’ project 

tested some of the planned measures and designed several new adaptation measures. With respect 
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to fl ooding due to extreme precipitation, it was found that the provision of additional open water 

area that is planned for each hectare of extra development (Figure 4.3, middle panel) will reduce 

inundation levels due to extreme precipitation enough to meet the current norms in almost every 

scenario. Only under the most extreme climate change scenario some areas need further measures 

(De Moel, 2008). 

Figure 4.3.

Impact of climate change and provision of additional open water on inundation levels (darker blue is deeper) 

due to extreme precipitation in the Zuidplaspolder (source: De Moel, 2008).

5. Designing strategies for climate adaptation of nature 

Drastic changes are expected in land-use patterns as a result of socio-economic developments and 

climate change. Biodiversity and other land-use functions require larger areas for adaptation to 

changes in climate and thus increase competition for available space. This requires a different, more 

multifunctional type of land-use planning and more effi cient management of resources. The LANDS 

project helped develop adaptation strategies for nature and explored their implementation in both 

top-down and bottom-up approaches. 

5.1 Adaptation strategies for nature

The combination of shifting climate zones, more frequent extreme weather events (e.g. droughts) 

and current small and highly fragmented nature areas threatens biodiversity in the Netherlands. 

Additional area is needed to limit these expected negative impacts (Vos et al., 2008; Vos et al., 

2010). Research shows that two elements are crucial in adapting biodiversity to climate change: 1) 

connecting suitable habitats to allow species to follow shifting climate zones and reach their new 

suitable habitat sites; and 2) maintaining strong key populations that allow species to reproduce 
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and produce enough offspring to colonise new areas, and that are big enough to allow survival of 

sustainable populations in more extreme weather conditions.

To adapt the current plan for a National Ecological Network (NEN) to climate change, a so-called 

Climate Adaptation Zone (CAZ) is proposed (MNP, 2008; Vonk et al., 2010). The latter is defi ned as a 

national zone of multifunctional land use that is permeable for species, contains a number of fortress 

populations, and is connected to habitat networks in neighbouring countries. From an international 

perspective, especially the Climate Adaptation Zone for wetland areas is important for sustaining 

biodiversity, as the Netherlands have an important portion and thus a special responsibility for 

wetland habitat and species in Europe. To ensure the Climate Adaptation Zone is functioning as a 

coherent ecological network, it is important to plan at a national scale, but for its realisation it is 

equally vital that the actual regional implementation is in harmony with the adaptation strategies 

for other land-use functions and thus involves local and regional stakeholders. 

Figure 5.1.

Current plan for a National Ecological Network (NEN) and proposed Climate Adaptation Zone (CAZ).

As the Dutch planning emphasis is currently shifting from national to regional or local governments 

and stakeholders’ preferences play an increasingly important role in landscape planning we 

compared two different ways to implement adaptation strategies for nature: 1) a top-down approach 

that explored the effect of different policy strategies on biodiversity at the national scale using the 

Land Use Scanner model described in Chapter 3; and 2) a bottom-up approach that, together with 

local and regional stakeholders, explored how adaption strategies for biodiversity can be realised in 

combination (preferably synergy) with adaptation strategies for other land-use functions.
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5.2 Top-down approach: allocating nature with a land-use allocation model 

To apply the Land Use Scanner model in the context of nature adaptation the model was adapted 

by subdividing the initial single-class description of nature into two separate classes related to 

wet and dry natural areas (Van Eupen 2009; Steingröver et al., in prep.). We then compared three 

separate, national scenarios that differed in their preferred locations for wet nature types: a) no 

specifi ed search area (implying that only land will be acquired that is not in demand by other users); 

b) within the current National Ecological Network; and c) within both the current National Ecological 

Network and proposed Climate Adaptation Zone. Subsequently, the landscape analysis model 

LARCH (Pouwels et al., 2002) was used to assess the effect of land-use change on the ecological 

functioning for two species groups with different spatial characteristics: large wetland birds and 

butterfl ies. 

Large wetland birds are mobile, need a national network across the Netherlands, and depend on 

large wetland areas (strongholds) for sustainability. Figure 5.2 shows that when the search area 

is confi ned to the current National Ecological Network and proposed Climate Adaptation Zone, 

both the number of strongholds and the amount of breeding pairs increase compared to the other 

scenarios. This shows that strongholds in the Climate Adaptation Zone are an effective spatial 

strategy for adaptation of these wetland species. To study the trade-off between allocating area to 

strongholds and connectivity we also looked at wetland butterfl ies, who have a limited dispersal 

capacity and whose sustainability depends on connectivity between habitat patches. This analysis 

shows that allocation of nature to the strongholds coincides with an increase in the coherence of 

wetland habitat. We thus conclude that extending the National Ecological Network with a Climate 

Adaptation Zone is an effective strategy for adaptation to climate change.

 

Figure 5.2.

The impact of land-use changes according to three different scenarios on number of strongholds and amount 

of breeding pairs of large wetlands birds (Steingröver et al., in prep).
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5.3 Bottom-up approaches: the Groningen and Salland cases

A part of the wetland Climate Adaptation Zone is projected in the province of Groningen stretching 

towards the border with Germany. By request of the province we analysed the long-term 

requirements for adaptation of the nature and water systems. This analysis focused specifi cally on 

potential synergies: can adaptation measures for water and nature be combined and, if so, where 

and how should that be done? Multifunctional adaptation can increase the chances for the actual 

implementation of adaptation measures. For collaborative planning with stakeholders we developed 

the PLAN-IT concept (Steingröver and Van Rooij, 2010). Taking possible synergy with necessary water 

adaptation measures into account, stakeholders identifi ed four possible routes between the brook 

valleys of Hunze and Westerwoldse Aa for the wetland Climate Adaptation Zone (Figure 5.3). The 

effectiveness for nature and water adaptation of these routes and their potential synergy was 

analysed in detail (Van Rooij et al., 2009). The result of applying the PLAN-IT method is a set of 

options for a multifunctional climate corridor that is effective for nature adaptation and contributes 

to water adaptation, and that is effi cient in the use of (scarce) space and other resources. 

 

Figure 5.3.

Four potential routes for multifunctional climate corridors in Groningen (marked I through IV) that are effective 

for both nature and water adaptation (Roggema et al., 2009).

Adaptation to climate change and competition for land use and limited fi nancial resources is not 

restricted to nature areas inside the National Ecological Network. The green-blue infrastructure 

outside this Network also helps to adapt biodiversity to climate change by increasing connectivity 

between larger nature areas. In Salland the province and Landscape Overijssel wanted to apply 
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the PLAN-IT method to fi nd out how and where to invest effectively and effi ciently in the regional 

green-blue network. In addition to biodiversity objectives, goals were set for water, recreation and 

landscape identity. We developed two tools to help stakeholders identify potential locations with 

synergy between different objectives: 1) Eco PLAN-IT based on the LARCH model; and 2) a GIS based 

tool to stack spatial maps (Snepvangers et al., 2010; Snepvangers et al., 2011). The resulting map 

(Figure 5.4) shows where investing in the green-blue infrastructure most effectively combines 

nature adaptation with other land use functions.

Figure 5.4.

Amount of synergy between different planning objectives of the green-blue infrastructure in Salland 

(Snepvangers et al., 2011).

5.4 Conclusion

The top-down approach gives insight into the effect of changes in land-use pressure on the 

planning of nature and the effects of different policy strategies on adaptation. It is best used as 

an ex ante assessment of possible national policy strategies for climate adaption and gives an 

answer to questions like: is this the best strategy and will it be effective? The bottom up approach, 

however, provides a reality check on local abiotic conditions and local support and identifi es spatial 

opportunities, also for multifunctional adaptation. It gives an answer to questions such as: can this 

national strategy be implemented and thus be effective for adaptation?; and how and where is 

investing in the regional green blue network most profi table for biodiversity?
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6. Integrating spatially-explicit climate adaptation strategies

The scenario framework and land-use simulations developed in the LANDS project have been used 

in various sector-specifi c projects to provide the socio-economic conditions for the development of 

climate adaptation measures. More specifi cally input was provided to the following CcSP projects: 

Developing Adaptive Capacity to Extreme events in the Rhine basin (ACER - A07), Safety fi rst (A13/A20), 

hotspot Groningen (A18), Climate sketchbooks (COM21), Integrating climate change knowledge in 

regional planning Processes (COM30), hotspot Veenkoloniën (COM32), the modelling of greenhouse 

budgets at ecosystem level (ME1) and Socio-economic Scenarios in Climate Assessments (IC11). 

From several of these projects results were fed back into the Land Use Scanner model to develop 

adaptation strategies while taking into account other spatial developments. These activities are 

summarised below. 

6.1 Developing fl ood-risk management strategies 

As climate change is expected to have a profound effect on fl ood risk in the Netherlands, the 

development of fl ood risk strategies has received ample attention in the CcSP program, most 

notably the Safety fi rst (A13/A20) project. The land-use modelling framework developed in LANDS 

played an important role in this project to: 1) indicate potential changes in land use in the long term 

(50-100 years); 2) help specify and visualise new management strategies; and 3) assess the potential 

impact of different strategies in limiting fl ood risk. 

In addition to the scenario-based land-use simulations for 2040 discussed in Section 2.4, an 

attempt was made to simulate land-use patterns for 2100 (Van der Hoeven et al., 2008). These 

simulations were tailor-made for the Safety fi rst project and indicate potential spatial patterns 

based on assumptions derived from a limited number of available long term socio-economic future 

scenarios. New long term fl ood-risk management strategies were developed within the socio-

economic boundary conditions of the new 2100 scenarios and the scenario framework for 2040 

described in Section 2.1. these strategies were visualised and implemented in the Land Use Scanner 

model (see Figure below). By using the indicator described in Section 3.1 the impact on limiting fl ood 

risk could be quantifi ed for all different strategies allowing a structured comparison between them. 

 



27

kvr 062/12  |  land use and climate change

Figure 6.1.

One of the fl ood risk management strategies developed for the Safety fi rst project (source: Jacobs and Koomen, 

2008).

6.2 Analysing the potential for biofuel crops

Biofuel crops receive substantial research and policy attention as they may help mitigate climate 

change. In the LANDS project we assessed the potential for biofuel crops in the Netherlands. Previous, 

global analysis shows that fi rst generation biofuel crops have limited value in mitigating climate 

change. Moreover, they are not likely to be grown in countries and regions that are characterized 

by a limited amount of land and a capital and knowledge intensive farming sector such as the 

Netherlands and northern France. We, therefore, chose to analyse the potential of second generation 

biofuels in The Netherlands, a country with a high pressure on land and an advanced agricultural 

sector. 

In an initial study carried out with the Agricultural Economics Research Institute (LEI) we focussed 

on two types of wetland crops: reed and willow (Kuhlman et al., 2011). Quantifying only the benefi ts 

of energy production and water storage, under currently prevailing conditions these wetland 

bioenergy crops offer signifi cantly lower benefi ts than for grassland agriculture. Conditions change, 

however, if we factor in, on the one hand, the impact of climate change (included here as higher 

groundwater levels as a consequence of sea-level rise) and, on the other hand, higher energy 

prices (a consequence of increasing scarcity of fossil fuels). Extrapolating these potential trends 
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until 2050, the viability of grassland use declines and the attractiveness of wetland bioenergy 

crops increases substantially. At energy prices not much higher than those prevailing in early 2008, 

assuming modest progress in bioenergy technology, and following a climate scenario where not 

only higher temperatures prevail but where air circulation patterns have also been affected, reed 

will outcompete grassland in large areas of the Netherlands.

Figure 6.2.

Land use for reed with water storage in the Netherlands assuming a high oil price and higher groundwater 

table (source: Kuhlman et al., 2011).

A second analysis in cooperation with PBL Netherlands Environmental Assessment Agency and 

Wageningen University and Research Centre focused on Miscanthus; a promising perennial crop 

for temperate climates in the medium long term (Van der Hilst et al., 2010). This analysis combined 

the insights from the CcSP-projects IC2 and ME4 with the land-use modeling framework of LANDS. 

Starting from a regional-level assessment of the potential of this crop in the Netherlands, a set of 

location factors is defi ned that is fed into Land Use Scanner to obtain a national assessment of likely 

locations where this crop can be grown in 2040 under different scenario conditions. This approach 

simulates local competition between different crops, while taking account of others demands for 

land stemming from, for example, urbanisation and nature development. The results indicate that 

under reference conditions (the Global Economy scenario discussed in Section 2.1) Miscanthus 

cultivation is not economically viable in the Netherlands (Diogo et al., 2011). In fact, large investment 
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costs and lower yields in the fi rst years turn biofuel cultivation into an unattractive option. However, 

according to an alternative scenario that assumed current yearly CAP subsidies provided to arable 

farming to be also allocated to biofuel crops cultivation, Miscanthus could become the most 

attractive crop in almost 25,000 hectares. When an additional subsidy for the buying of Miscanthus 

seeds (only in year 1) is included, this rises to almost 70,000 hectares. 

7. Discussion

The LANDS project combined methodological development in the fi eld of land-use modelling and 

the assessment of impacts related, primarily, to fl ood risk and biodiversity with the drafting and 

evaluation of adaptation strategies. The methodological advancements in combination with several 

case study applications have been sketched in the preceding chapters. In this last chapter we discuss 

how results and methods developed in the project can contribute to actual planning processes. In 

several cases these contributions have already taken place as is briefl y described below. 

7.1 Contributing to regional planning strategies

The detailed land-use modelling approach that was developed in cooperation with PBL Netherlands 

Environmental Assessment Agency has subsequently been used to help prepare and evaluate the 

regional spatial strategies for the provinces of Overijssel, Zuid-Holland, Drenthe and Utrecht (see, for 

example, Koomen et al., 2011). In the case of Zuid-Holland and Overijssel land-use based indicators 

related to fl ood risk and landscape quality as well as knowledge related to biodiversity impacts of 

climate change developed in the LANDS project were also applied in the Strategic Environmental 

Assessments related to the regional strategies. This knowledge transfer was made possible by the 

CcSP-Com30 project The experiences in these regional model applications are used to steer further 

development of the Land Use Scanner model (Jacobs et al., 2011; Koomen and Jacobs, 2011).

The PLAN-IT method for planning multifunctional climate corridors appeared to be effective and 

well applicable. We used the method at the regional and local scale levels. At the level of the 

province of Groningen we roughly identify climate corridor routes on areas that seem to have good 

potential for wetland development. Later we assessed three routes in more detail and were able to 

quantify the required measures and the surplus value for both nature and water adaptation. These 

results were particularly useful to the local Water Board to see how and where various goals set by 

the Water framework directive (improving water quality, rehabilitation of brooks) can be met. In this 

case, it appeared that a signifi cant part of the required nature adaptation measures for wetlands 

can be carried out by smartly planning water adaptation measures. Also it appeared that the joint 

research of hydrologist and ecologists, scientists and stakeholders resulted in the identifi cation of 

new locations and solutions where synergy between water and nature adaptation measures could 

be obtained. Herewith, it broadened the spectrum of possibilities for the realisation of nature and 

water adaptation. Furthermore, we conclude that the planning method for climate corridors is well 

understood by stakeholders. The method facilitates constructive debates between experts and 

stakeholders on ambitions for nature, required measures, and possible synergy with other land use 

functions. 
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7.2 Assessing national planning initiatives

The Land Use Scanner approach was recently also applied at the national level to assess the 

potential land-use changes resulting from the proposed changes in national spatial planning. 

Important themes in this new national spatial strategy are: abolishment of the national buffer 

zones and urban concentration policy, transferring the responsibility for National Landscapes from 

the national to regional authorities and limiting investment in the National Ecological Network. 

Especially the latter proposal has a strong relation with climate change as the currently proposed 

network is considered to be inadequate to maintain biodiversity levels at the required level in 

view of anticipated climatic changes. Knowledge on the potential impacts of climate change on 

biodiversity and ecological networks obtained in the Lands and CcSP-A02 project (Strategies for 

optimising nature conservation) was used to describe these potential impacts in the Strategic 

Environmental Assessment related to the new national spatial strategy (Elings et al., 2011).

The fl ood-risk related research of the LANDS project made clear that fl ood risk management is 

strongly interlinked with spatial planning. If fl ood risk is not taken into consideration in new spatial 

developments, such developments may continue to take place in fl ood-exposed areas, increasing 

potential fl ood risk. There are various adaptation practices possible that can counteract negative 

effects of climate change and even improve the current situation as was shown in the national 

Safety fi rst study (Aerts et al., 2008). Our analysis also indicates that fl ood risk assessments have a 

considerable uncertainty that should be taken into account in decision making. In fact, the results of 

our uncertainty analysis were used as input in the Cost Benefi t Analysis for the Water safety in the 

21st century study of the Ministry of Infrastructure and Environment.

7.3 Supporting international model development

Based on the knowledge gained on land-use model development and the relations between land 

use and climate change we have been able to participate in various international projects that 

analyse and model the links between land use and climate change. More specifi cally we:

• developed a land-use model to analyse water management implications of climate change in 

the Elbe catchment as part of the German Federal Ministry of Education and Research funded 

project GLOWA-ELBE (Dekkers and Koomen, 2007; Hoymann, 2010);

• advised the State Government of Victoria (Australia) on the inclusion of a land-use component 

in their climate adaptation research (Koomen, 2009);

• developed and applied a pan-European land-use model at 1-km resolution for EC DG-

Environment as part of larger consortium to study the possible impacts of potential EU biofuel 

and biodiversity related policies (Perez-Soba et al., 2010; Verburg et al., 2011);

• further refi ned this pan-European land use model to a 100m resolution for EC-Joint Research 

Centre to help in more detailed assessments on, for example fl ood risk (Lavalle et al., 2011);

• developed a land-use model for the Rhine and Meuse catchment areas as part of the CCsP-

ACER project to assess potential future fl ood risk (Te Linde et al., 2011); 

• participate in the development of detailed land-use model for Flanders that will be applied in 

climate adaptation research as part of University of Gent led research project. 
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7.4 Continuing after LANDS

The research initiated in the LANDS project now continues in many different research projects. The 

relation between fl ooding, land use and adaptation measures is being further explored as part of 

the new Knowledge for Climate research programme. That programme also addresses research 

questions related to climate adaptation in rural areas, water management and the development of 

new tools to help defi ne and evaluate adaptation strategies. 

In cooperation with PBL Netherlands Environmental Assessment Agency we are now updating the 

spatial elaboration of the existing socio-economic future scenarios. This development is closely 

coordinated with the Delta programme to ensure that a consistent set of scenarios is used in 

the Knowledge for Climate and Delta research programmes. Particular attention is being paid to 

developments in agriculture that may infl uence the future demand for water.

The NWO-project Integrating Global and LOcal assessment models (IGLO) now works on the 

improvement of integrated multi-scale modelling frameworks to assess the interrelationships 

between land use and climate. The project aims to consistently address the integration of processes 

operating across different scales and enhance the linkages and feedback between socio-economic 

processes and biophysical processes within the land change system. 
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Climate change is one of the major environmental issues of this century. The Netherlands are 

expected to face climate change impacts on all land- and water related sectors. Therefore water 

management and spatial planning have to take climate change into account. The research 

programme ‘Climate changes Spatial Planning’, that ran from 2004 to 2011, aimed to create applied 

knowledge to support society to take the right decisions and measures to reduce the adverse 

impacts of climate change. It focused on enhancing joint learning between scientists and 

practitioners in the fields of spatial planning, nature, agriculture, and water- and flood risk 

management. Under the programme five themes were developed: climate scenarios; mitigation; 

adaptation; integration and communication. Of all scientific research projects synthesis reports 

were produced. This report is part of the Integration series.

Integration

The question is how to increase the ‘adaptive capacity’ of our society. Analysis of the adaptive 

capacity is related to the physical component (the feasibility of physical spatial adaptation) and to 

the existing institutional structures. Areas Climate changes Spatial Planning dealt with are:  

uncertainties and perceptions of risk; institutional capacity to deal with climate change; the use 

of policy instruments; and cost benefit analysis. Adaptation strategies must be in line with the 

current institutional structures of a policy area. For a proper decision process we developed 

decision support tools, such as socio-economic scenarios, the Climate Effect Atlas and other 

assessment frameworks. 
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