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Abstract Land-use simulation can provide important information to regional spatial
planning. This paper introduces the application of a detailed land-use model in
different phases of the development of a Regional Spatial Strategy for the Dutch
province of Overijssel. After introducing the planning and modelling context it first
discusses an exploratory study that used potential future land-use configurations
according to trend-based scenarios and specific policy objectives. Part of this study
focused on visualising potential spatial developments according to three different
spatial policy ambitions related to: water management; safety and health; and
compact urbanisation. These depictions of policy alternatives were used to help
formulate the Regional Spatial Strategy. In the subsequent Strategic Environmental
Assessment land-use simulations were used to help assess the potential sustainability
impacts of the proposed new set of spatial policies in relation to the current spatial
policies. Based on these subsequent model applications the merits of the applied
modelling approach are discussed. In addition, we pay attention to several more
general issues related to the simulation of land-use changes in support of regional
spatial planning. These issues relate to the treatment of uncertainty, the confidence
that can be placed in the potential impact of planning initiatives and the need for
integrated data infrastructures.
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Introduction

Many geo-information tools appear to be rarely used for typical planning tasks, such
as visioning, storytelling, forecasting, analysis, sketching and evaluation of policy
alternatives (Vonk et al. 2005). Apart from basic activities, such as performing
spatial queries and generating thematic maps, the progress in the application of such
tools to help solve key planning problems remains very limited as is documented in
the wealth of literature on planning support systems (Carsjens 2009; Geertman and
Stillwell 2009; Stillwell et al. 1999; Vonk et al. 2005). This paper focuses on the
application of a specific type of geo-information tools—spatially explicit land-use
models—that have the ability to assist in many planning-specific tasks as recent
overviews document (Koomen et al. 2007; Mudgal et al. 2008; Veldkamp and
Verburg 2004). Simulations of land-use change can provide important input to
studies related to the preparation, development and, to a lesser extent, evaluation of
large-scale spatial plans and strategies (Koomen et al. 2008c). In the preparation
phase of spatial planning, land-use models are typically applied to sketch potential
spatial developments using trend analysis or a scenario-based approach (Borsboom-
van Beurden et al. 2007; e.g. Geoghegan et al. 2004; Verburg et al. 2006).
Alternatively, optimisation of land-use patterns according to specific constraints and
policy objectives can be performed to generate alternative solutions to spatial
problems (e.g. Loonen et al. 2007). In the subsequent development phase land-use
models can be applied to assess the potential land-use related impacts of proposed
policy alternatives (Sheridan et al. 2007; Van Meijl et al. 2006).

This paper demonstrates the application of a land-use model in an actual regional
planning context for the province of Overijssel in the east of the Netherlands.
Applying land-use simulation on a regional scale in close cooperation with a
regional authority to contribute to the policy formulation process is an important step
forward in the application of land-use models as it involves knowledge transfer from
academic research to actual planning practice. The paper discusses the application of
a land-use model in the preparation and subsequent development phase of a new
Regional Spatial Strategy in which the simulation of land-use patterns is a crucial
component. It is organised as follows: ‘“Planning and Modelling Context” sketches
the spatial planning context of the model applications and provides a short
introduction to the applied model. “Spatial Exploration: Overijssel in 2040~
discusses an exploratory study that provided potential future land-use configurations
according to trend-based scenarios and specific policy objectives. The results of this
study were used in the policy formulation process for the Regional Spatial Strategy.
“Strategic Environmental Assessment” describes the completion of an Environmen-
tal Impact Assessment related to the Regional Spatial Strategy. Both sections focus
on the role of the applied model in the planning process. The final section
discusses the merits of the applied modelling approach and finishes with some
more general comments related to the simulation of land-use changes in support of
regional spatial planning.
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Planning and Modelling Context
A New Regional Spatial Strategy for Overijssel

The new national Spatial Planning Act introduced in 2008 calls for a more pro-active
role of Dutch provinces (regional administrations) in the policy arena. In fact, it
demands the definition of Regional Spatial Strategies that are new in process,
content and legal status. These Strategies are the main guiding documents in spatial
planning at the regional and local level and typically focus on the year 2020 with a
further outlook on additional developments until 2040. To draft such Strategies two
questions need to be answered: what regional spatial developments can be expected
in the future?; and what role can regional policy making play to direct such
developments? Land-use simulation can help solve these questions.

In 2008, a number of provinces defined their Regional Spatial Strategies by
creating an outlook on possible spatial developments until 2040 using land-use
simulations (Atzema et al. 2008; Koomen et al. 2008a; Kuijpers-Linde et al. 2008).
For two provinces these depictions of autonomous spatial developments were
supplemented with studies on possible spatial implications of new policy
alternatives. These studies not only showed the task at hand for these provinces,
but also explored possible solutions for these tasks. In this paper we focus on the
case of Overijssel where land-use simulations were also used in the subsequent
Strategic Environmental Assessment. This case is especially interesting as it shows
the potential of land-use modelling in subsequent phases of the planning process
(problem recognition, generation of policy proposals and evaluating their impacts)
using different simulation methods (trend-based simulation, optimisation, and impact
assessment). For a more in-depth treatment of these phases in the planning process
and the different simulation methods that are typically associated with them the
reader is referred to other publications (Koomen et al. 2008¢; Vedung 1997).

Overijssel decided to adjust their prevailing strategic plans for the physical
environment in 2008. The need for a new strategic plan was especially prominent
with the emergence of new themes on the policy agenda such as climate change and
new insights in demographic developments. Climate change is a relatively new
theme in spatial planning (Kabat et al. 2005; Van Leeuwen et al. 2009) and relates in
this case foremost to sea level rise, increased river discharge and more frequent
excessive rainfall causing a series of water management issues. The province used
this new plan to introduce a new planning creed referred to as ‘steering on quality’.
The introduction of the new national spatial planning act provided a good opportunity
to redefine the provincial aims and embed these in spatial plans. For this reason the
provincial council decided to develop a new and integrated strategy for the physical
environment. This plan, the Regional Spatial Strategy (Omgevingsvisie Overijssel)
replaced five individual plans and functions as spatial structural vision, regional water
management plan, environmental policy plan, provincial transport plan and soil plan.
The sustainability and spatial quality objectives in the Strategy act as overarching
perspectives that connect the spatial themes in the plan.

At the start of the policy formulation process, the province of Overijssel wanted
to explore different options for new spatial policies. In this process, important
questions were posed: to what degree are current spatial developments ‘climate
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proof’, and what are the impacts of possible spatial policies? The applied land-use
model helped answering these questions by simulating policy-specific future land-
use configurations at different stages in the development process. From the start of
the project the specific assumptions associated with this type of research were
shared with the representatives of the province. As many future developments
contain a high degree of uncertainty, especially on the longer term, the provided
simulations should be seen as possible future land-use configurations and not as
blueprints for the future. They were used to stimulate thinking about cause-effect
relationships in relevant policy discussions. The applied land-use model thus helped
to transform academic knowledge on spatial processes and uncertainty to planning
practice.

Introducing the Land Use Scanner Model

Land-use change models can be defined as tools to support the analysis of the causes
and consequences of land-use change (Verburg et al. 2004). They can help formulate
adequate spatial policies by simulating potential autonomous spatial developments
or, perhaps more importantly, by showing the possible consequences of different
policy alternatives. Model simulations are thus able to confront policy makers with a
context of future conditions and an indication of the impact the spatially relevant
policies they propose. The many books, special issues and review papers dedicated
to land-use models show a very heterogeneous group of instruments with
considerable differences regarding their background, starting points, range of
applications et cetera (Agarwal et al. 2002; Koomen and Stillwell 2007; Parker et
al. 2003; Pontius et al. 2008; Verburg et al. 2006). Models can, for example, be static
or dynamic, focus on transformation or allocation of land use, emphasise land use
or land users, apply a probabilistic or deterministic approach, provide an integrated
or sector-specific outlook and represent space in grids or zones (Koomen and
Stillwell 2007). They furthermore rely on a wide range of theories and methods that
are linked to different scientific disciplines such as economics, geography and
mathematics.

The Land Use Scanner applied here, has its roots in economics and initially
applied a logit-type approach based on discrete choice theory to simulate the
probability that a location is selected for a certain use (Hilferink and Rietveld 1999).
It is an integrated land-use model that offers a view of all types of land use, dealing
with urban, natural and agricultural functions. It has been developed in 1997 by a
group of research institutes (www.lumos.info), and has since then been applied in a
large number of policy-related research projects in the Netherlands and abroad. The
model’s basics and recent calibration have been described extensively elsewhere
(Koomen et al. 2008b; Loonen and Koomen 2009). The model is well-suited to
perform what-if type of applications to visualise the spatial developments associated
with specified conditions. In that respect it is comparable to well-known rule-
based simulation models such as the original California Urban Futures (CUF)
model and the What If? system (Klosterman 1999; Landis 1994). Especially in the
context of strategic, scenario-based national planning, the model proved to be a
valuable tool to inform policy makers about potential future developments
(Borsboom-van Beurden et al. 2007; Dekkers and Koomen 2007; Koomen et al.
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2005; Schotten et al. 2001b) or to provide ex-ante evaluations of policy alternatives
(Scholten et al. 1999; Van der Hoeven et al. 2009). More recently the model has
also been applied to optimise projected spatial developments according to specific
policy objectives (PBL 2010). Such land-use simulations have the potential to
inform policymakers about alternative solutions for current spatial problems. An
English language overview of recent Dutch applications is available soon
(Borsboom-van Beurden and Koomen 2010), whereas applications in several other
European countries are documented in a range of papers (Hoymann 2010; Schotten
et al. 2001a; Wagtendonk et al. 2001).

The model, essentially, balances the demand and supply of land using three main
components:

+ external regional projections of land-use change, usually referred to as demand or
claims, that are land-use type specific and can be derived from, for example,
sector-specific models of specialised institutes;

* a local (cell-based) definition of suitability that incorporates a large number of
spatial datasets referring to current land use, physical properties, operative
policies and market forces generally expressed in distance relations to nearby
land-use functions;

* an algorithm that allocates equal units of land (cells) to those land-use types that
have the highest suitability, taking into account the regional land-use claim. This
discrete allocation problem is solved through a form of linear programming
(Loonen and Koomen 2009).

A completely new version of the Dutch Land Use Scanner model, offering the
possibility to use a grid of 100x100 m, became available in 2005. It covers the
terrestrial Netherlands in about 3.3 million cells. This resolution comes close to
the size of actual building blocks and allows for the use of homogenous cells that
only describe the dominant land use. The previous version of the model had a
500 m resolution with heterogeneous cells, each describing the relative proportion
of all present land-use types. Together with the introduction of homogenous cells
that represent a single, dominant land use, a new algorithm has been developed that
finds the optimal allocation of land use given the specified demand and suitability
definition (Koomen et al. 2008b). The increased spatial resolution also makes it
possible to consider applications on a regional scale, but prior to the study described
in the paper this has only been performed in one study so far (Borsboom-van
Beurden et al. 2007).

The model is comparatively static and normally uses a limited number of
intermediate time steps to simulate a final year. In the current application two
intermediate time steps (2010 and 2020) are used to simulate developments in the
2000-2040 period. This means that model results only contain a limited degree of
path dependency and associated emergent properties. The model is thus not well-
equipped to simulate dynamic natural processes such as vegetation succession. This
is not considered a problem in the Netherlands where urbanisation and nature
development processes dominate that typically follow lengthy planning processes
that can take decades. The advantage of this lack of dynamics is that the model is
extremely flexible and fast. To create a model version that is able to simulate the
natural processes typical of the more remote, rural parts of Europe the model is
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currently being combined with the well-known dyna-CLUE model (Verburg et al.
2008; Verburg and Overmars 2007).

In the Dutch modelling context global and national socio-economic scenarios are
initially downscaled to the regional level by means of sector-specific models
(Borsboom-van Beurden et al. 2007). Such models provide future projections of, for
example, residential, commercial or agricultural development according to the best
available methodological approaches, data sets and assumptions. The Land Use
Scanner then integrates these sector-specific outlooks and downscales them to the
level of individual pixels. This application of state of the art sector-specific models
comes at the cost of potential inconsistencies in underlying initial conditions,
scenario-based-assumptions and a more general lack of feedback between sector-
specific developments (Dekkers and Koomen 2006). The incorporation of such
feedbacks would, for example, allow a more integrated assessment of the relation
between residential and commercial development. Current model improvements
focus on establishing a more direct link between the sector-specific input models. In
addition research is underway to address the issue of multifunctional land use that is
notoriously difficult to incorporate in most land-use models (Verburg et al. 2009).

Spatial Exploration: Overijssel in 2040
Creating Regionalised Trend-based Simulations of Future Land Use

Starting point for the spatial exploration of Overijssel was the Second Sustainability
Outlook study carried out by the Netherlands Environmental Assessment Agency
(PBL 2010). This national study aims to show an optimal allocation of land-use
types according to several sustainability criteria. It describes two trend-based
simulations of future land use that aim to show probable spatial developments based
on past developments and current (local and national) plans and policies. The two
simulations differ, however, in the amount of urban change that is expected:
following a moderate and high growth scenario respectively. These growth rates
correspond to the Transatlantic Market and Global Economy scenario described in
the Welfare, Prosperity and Quality of the living environment study of the Dutch
assessment agencies (CPB et al. 2006). The related scenario assumptions are only
used to assess the potential diversity in the demand for residential and commercial
land. The demand for the other types of land and the spatial relations embedded in
the suitability maps for all land-use types are the same for both scenarios and reflect
current trends and spatial policies. An important assumption in both scenarios in
relation to the province of Overijssel is that the influx of citizens from the Randstad
is limited compared to directly adjacent provinces such as Gelderland, Noord-
Brabant and Flevoland.

In order to apply the national Land Use Scanner application developed for the
Second Sustainability Outlook to the specific context of Overijssel, several
adjustments were necessary. In close cooperation with various representatives of
the province, local suitability variables were adjusted to better match current regional
spatial policies. This feedback was organised through a number of workshops in
which provincial policy makers reacted on intermediate results. Their local
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knowledge allowed an iterative fine-tuning of the simulation. The most important
changes resulting from this feedback process were:

* The importance of the national concentration areas (bundelingsgebieden) for
residential and commercial development was decreased, as this national policy was
not considered to be of great importance by the representatives of the province;

* Areas close to the larger cities were considered likely locations for residential
and commercial developments. This applied only to a selection of eight relatively
large towns. This measure was implemented to limit the growth of smaller towns
that was observed in the initial national simulations and that was considered not
to be in line with current regional policies that aim to concentrate urbanisation;

* Commercial areas from the IBIS-database (a national inventory of to be
developed business locations created by Arcadis and Stec Groep 2007) were
considered attractive for new commercial development;

*+ New developments in flood-prone areas and water-retention areas were
discouraged as these are not in line with current and proposed restrictive policies;

* A spatial redefinition of the National Ecological Network' replaced an older
version. New commercial and residential functions in the Network and the
designated National Landscapes” were considered unlikely and received a higher
negative suitability factor.

The above changes were incorporated into the suitability maps that describe the
preferred locations for the different types of land use. Restrictions resulted in lower
or even negative land-use suitability values, whereas stimulating policies were
reflected as higher suitability values. The strengths of these policies, and thus their
weights in the suitability maps, were defined in close cooperation with the policy
makers and thus reflect their expert judgement and that of the modellers. Application
of the changed suitability values resulted in adjusted spatial patterns for Overijssel in
the year 2040.

The province of Overijssel was, furthermore, interested in the spatial impact of the
trend-based scenario simulations on certain sensitive areas. The impact of urbanisation
was analysed in relation to three types of areas, characteristic of different policy themes.
The rationale for these impact assessments was the following: from a nature
perspective, built-up developments in the National Ecological Network are discour-
aged; for landscape conservation, large-scale developments in the National Landscapes
are discouraged; and to reduce flood risk, building in flood-prone areas is unwanted.
The impacts were assessed by making a pixel-by-pixel comparison between the urban
(residential, commercial and greenhouse) locations in the maps showing current and
simulated land use. This straightforward raster overlay operation subtracted the binary
map with simulated urban areas from the binary map with current urban areas, resulting

' The National Ecological Network is a master plan for a spatially coherent set of nature areas. The
national delineation of this network is refined by the provinces to implement it in the planning process. An
extensive discussion and international comparison of this planning concept is provided elsewhere
(Jongman et al. 2004)

2 National Landscapes are primarily agricultural areas with significant landscape values and planning
controls comparable to the British Areas of Outstanding Natural Beauty. A more detailed description of
this planning concept and a comparison with the National Ecological Network is provided elsewhere (de
Jong 2009).
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in a map with three values: 1 (new urban), 0 (no change) and —1 (loss of urban). The
thus obtained new urban locations were then overlaid on maps representing the specific
policy themes. This procedure showed that new urban development in nature areas and
National Landscapes is limited in the two trend-based scenarios, while such
development is more abundant within flood-prone areas, especially near the larger
cities of Zwolle and Deventer. Especially in the high pressure trend scenario, the
amount of urban development in the risk-prone areas is substantial.

Visualising Theme-specific Spatial Policy Alternatives

What spatial developments can be expected if one thematic ambition is taken as the
leading objective in spatial planning? By putting one policy objective central in the
land-use simulations, the spatial impact of a successful implementation of this
specific policy can be shown. The province was interested in the potential spatial
developments related to three separate sets of spatial policy ambitions. The
ambitions were formulated as coherent sets of spatial policies related to the themes
of: 1) water management; 2) safety and health; and 3) compact urbanisation. The
high spatial pressure scenario was used for these simulations, because it maps the
impact of the policy measures more clearly. As such, it prepared policy makers for a
worst-case scenario with respect to the spatial developments that had to be
accommodated in the policy alternatives. The adjusted regional model application
described in the preceding section was used for this optimisation effort. In fact, the
model adjustment and definition of policy alternatives were performed simulta-
neously as part of a series of workshops. During these interactive sessions with
provincial policy makers the key characteristics of the policy alternatives were
defined, their implementation in the model was discussed and preliminary simulation
results were evaluated. This process led to the addition of many different datasets
describing the stimulating or restricting policies associated with the policy
alternatives to create diverging suitability maps for the three policy alternatives.
The alternatives were, however, not defined in isolation: they shared the same
demand for land and had a common basis for the definition of suitable locations.
They emphasised different policy objectives to show the potential resulting
developments to an extent that is not exactly likely to happen in reality. This over
emphasis had the advantage of presenting a clear image of potential positive or
negative impacts of proposed policies. By comparing the simulation results of the
trend-based scenario (T) and the theme-specific policy alternatives (A;,3) spatial
differences were visualised, as is depicted in the flowchart (Fig. 1).

A first thematic policy alternative comprised the optimisation of spatial develop-
ments from a water management perspective. Several policies were included here. To
prevent drought, groundwater protection areas are kept free from urban development.
To limit the potential impact of flooding, urban development is not allowed within
flood-prone areas, near the major waterways, or in areas with high inundation risks,
such as river flood plains. Compared with the trend-based scenario, this implies a shift
in developments from the lower lying cities in the west of the province to cities and
villages situated on slightly higher grounds in the north and east of the province.

A second thematic policy alternative put health and safety of the inhabitants first
in the selection of new urban development areas. Residential developments were
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National Land use
simulation (MNP,
2007)

Output Regional
trend T (Map 1)

Specific thematic
input adjustments
for policy
alternative A,

Output: results of
policy alternative
Ay

Differences in
built-up area
between output T
and A,

Input adjustments to

Specific thematic

Output: results of

Differences in

adapt to the regional input for policy policy alternative built-up area
context alternative A, A; (Map 3) between output T
(Map 2) and A; (Map 4)

Specific input
adjustments for
policy alternative

Output: results of
policy alternative
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Differences in
built-up area
between output T

As and Az

Fig. 1 Flowchart describing the creation of regionalised policy-specific land-use simulations for the water
management (A1), health and safety (A2) and urban containment (A3) alternatives. The mentioned maps 1 to 4
are included in Fig. 2

thus banned from areas with high levels of noise disturbance and personal safety risk
(e.g. near dangerous plants, dangerous goods transportation routes, gas lines or high
voltage lines). Figure 2 shows the development of this specific policy alternative and
compares its distribution of urban areas with the trend-based scenario. Crucial in this
alternative were the areas with safety and health restrictions that are safeguarded
from new developments by adding negative suitability factors. The resulting maps
showed that developments near major roads come to a halt, leading to increased
urban development near some smaller cities. Above all, however, the analysis
showed that enough alternative urbanisation locations are available to implement this
extensive set of environmental policies.

A third thematic policy alternative focussed on different urbanisation strategies.
One policy strategy spread the residential development among more and smaller
cities. Another strategy centred residential developments around the largest cities in
the province.

In short, this study revealed that the projected urbanisation patterns may locally
impact landscape quality, personal safety and water management. Developments in the
west of the province require specific attention regarding climate adaptation (especially
flood risk management). The province used the spatial exploration to frame the possible
effects of new building developments on the National Ecological Network,
preservation of the National Landscapes and flood risks. The study provided the
province with insights that were used in the policy formulation process for the Regional
Spatial Strategy. In combination with additional research, the simulation results of the
spatial exploration study initiated the incorporation of specific spatial policies in the
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T Buittaup area In 2010
 IRestrictions in scenaric A2

1, Main rosd infrastructune
[ Buite-up area in 2010
[iwater

[IEuit-up arsa in both scenarios

Fig. 2 The four main steps in analysing the spatial impact of the health and safety policy alternative (A2)
that aims to ban residential development from areas with high levels of noise disturbance and personal
safety risk, showing clockwise: 1) land use in 2040 according to the trend-based scenario; 2) restrictions to
urban development; 3) land use in 2040 according to the policy alternative; and 4) differences in built-up
area between the trend-based and policy alternative

legal documents related to the new Regional Spatial Strategy. This related to a more
explicit delineation of the zoning regulations that aim to protect landscapes (National
Landscapes) and biodiversity (National Ecological Network). Additionally, the
simulation results helped delineate specific areas that specify where water storage is
deemed necessary in times of excessive rainfall or flooding or where safety regulations
apply that limit the development of specific types of urban land use. Special regulations
were also drafted for the areas that face an increased risk of river flooding.

Strategic Environmental Assessment
The draft Regional Spatial Strategy of Overijssel was published in 2008 (Province of

Overijssel 2008) and provided an integrated vision on issues, such as, spatial
development, water management, mobility, soil and environment. Because the
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document set conditions for other, more detailed plans and activities related to, for
example, infrastructure, rural developments and natural areas protected by European
legislation (the Natura 2000 network of important ecological sites), the law required
a Strategic Environmental Assessment (SEA). A draft SEA was finalised in 2008 and
used in the public consultation process as annex to the draft Strategy. Based on
comments from general public and other stakeholders both documents were finalised
early 2009. This section focuses on the application of land-use simulation results in
the drafting of the SEA (Province of Overijssel 2009).

Defining Sustainability Indicators

The province wanted to expand this SEA from a strictly environmental impact
assessment towards a more encompassing sustainability impact assessment. Sustain-
able development was perceived here as a balanced development of human, natural and
economic capital. These three aspects are often referred to as the ‘people’, ‘planet’ and
‘profit’ dimensions of sustainability (Elkington 1994; Hermans and Dagevos 2006).
The policy impacts for these sustainability dimensions were assessed in the SEA for
the proposed Regional Spatial Strategy in comparison with the current policy.
“Assessing Environmental Impacts” discusses the applied indicators in more detail.

At the start of the assessment process, the Netherlands Commission for
Environmental Assessment, an independent expert body that provides advisory
services and capacity development on environmental assessment, suggested to do the
following: develop a list of indicators to assess sustainability impacts; perform
analyses to reveal current planning dilemmas and needs for policy interventions;
elaborate on the role of the province; and specify impacts for Natura2000 areas
(Commissie m.e.r. 2008a, b). In order to do so, a list of (qualitative and quantitative)
indicators for the people, planet and profit aspects of sustainability was formulated.
Whenever possible, the use of quantitative, reproducible methods was preferred over
qualitative methods. Apart from assessing the sustainability impacts the SEA also
meant to provide input to the policy formulation process. This included, amongst
other activities, an analysis of the current planning dilemmas and needs for policy
interventions. During the process, workshops were organised to present
preliminary results and to introduce possible policy alternatives.

The SEA study was conducted simultaneously with the formulation of the
Regional Spatial Strategy. This had the advantage that preliminary assessment results
in the SEA were used by the province in the policy formulation process for the
Regional Spatial Strategy and, as such, offered input for the policy formulation
process. A drawback of this iterative working process was that the assessed
sustainability impacts had to be updated several times to reflect the revised policies.
According to the involved representatives of the province this additional work was,
however, more than compensated for by the better-informed definition of the
Regional Spatial Strategy (Dijk and Kuijpers-Linde 2010).

Developing the Current and New Policy Alternatives

The Land Use Scanner was applied in the SEA process to simulate future land use
according to a continuation of current policy conditions (Current Policy alternative)
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and the policies outlined in the new integrated Regional Spatial Strategy (New
Policy alternative). These two simulations offered the possibility to distinguish the
specific spatial developments associated with the policy alternative in comparison to
autonomous developments. This analysis of the additional impact of the policy
alternative was the main input for the assessment of spatially explicit sustainability
impacts. The assessment of the non-spatial impacts is not discussed in this paper.

Two land-use simulations were carried out: one based on the continuation of
current policy (Current Policy alternative) and one based on the introduction of the
Regional Spatial Strategy (New Policy alternative). The regionalised national
simulations described in “Creating Regionalised Trend-based Simulations of Future
Land Use” offered the starting point for these simulations. To simplify the
assessment process only one scenario was applied. The moderate spatial pressure
scenario was selected as the demographic and economic developments underlying
this scenario were considered to be more probable than those associated with the
high pressure scenario. A slightly revised version of the trend-based scenario of the
regional exploration study was used as the Current Policy alternative. The new
policies that were expected to replace existing ones were added to the Current Policy
scenario as additional stimulations or restrictions to create the New Policy
Alternative. This related to the following policy issues:

* a spatial redefinition of the National Ecological Network was incorporated that
included a more detailed spatial demarcation and added a few new areas to
establish a better link with water management policy;

+ the current locations of greenhouses were maintained and could expand locally;

* new commercial transportation developments were stimulated on sites that are
well-connected to international water, rail and road networks;

e a compact urbanisation strategy introduced in the preceding spatial exploration
project was chosen in the New Policy Alternative, concentrating residential
developments in the larger cities;

» recreational developments were stimulated in attractive rural areas, near the
National Ecological Network or the National Landscapes.

Especially for the locations of new urban areas (highlighted in Fig. 3) the
differences between the Current and New Policy alternative were considerable.

Assessing Environmental Impacts

To what degree are sustainability-related policy aims met in current and proposed
policy? In most SEAs, impacts are described in a qualitative manner, using expert
judgement (see, for example, VROM 2008). This makes the assessment process
more difficult to reproduce, less transparent and potentially sensitive to subjectivity.
In this SEA we tried to limit these problems as much as possible, striving to
maximise reproducibility, transparency and objectivity in impact assessment. The
Land Use Scanner played a crucial role in this respect and provided a quantitative
base to support the assessment of many sustainability impacts. The degree to which
the model could be used in the assessment process is indicated in Fig. 4.

In total, 28 indicators for the domains of people, planet and profit were used to
assess whether the current and proposed policies managed to meet the set of selected
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Main road infrastructure

[ : _':Waler

[ JBuilt-up area in 2010

‘ullbuo area in both alternatives
‘ulltvup area in New Policy alternative
Built-up area in Current Policy alternative

Fig. 3 Increase in built-up area in the Current and New Policy alternatives until 2040

sustainability aims. The environmental impacts were calculated using different
approaches depending on the availability of established spatial data and analysis
methods that could be applied within the time frame of the SEA process. Table 1
presents a selection of the 12 indicators that, to some extent, linked to policy themes
for which the spatial distribution of land use is important and thus could be based on
land-use information from the Land Use Scanner model. Appendix 1 describes the
way these indicators were made operational and refers to additional sources of
information on the included data sets and methods. The remaining 16 indicators
linked to policy objectives for which land-use changes were not considered to

land-use not 2040 Current and New Policy alternative land-use configurations
used as
input
Quantitative Input for Input for
comparison external internal
model module
eg. e.g.
realization preservation e.g. abiotic e.g. flood risk
of National conditions
sustainable Landscapes Natura2000
energy aims
| more qualitative < assessment methodology> more quantitative |
] [
[ Impact assessment ]

Fig. 4 Different applications of Land Use Scanner output for impact assessment in the SEA
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Table 1 Overview of the sustainability indicators related to the Land Use Scanner model

Sustainability theme/Aspect/Indicator Relation to Land Use Scanner model
People/Landscape/Identity and diversity of landscape Quantitative comparison
People/Landscape/Landscape openness Internal assessment module
People/Landscape/Preservation of National Landscapes Quantitative comparison
People/Safety and health/Excessive rainfall floods Quantitative comparison
People/Safety and health/River flood risk Internal assessment module
Planet/Nature/Abiotic conditions in Natura2000 areas Input for external assessment model
Planet/Nature/Realisation National Ecological Network Input for external assessment model

Profit/Accessibility/Private motor vehicle accessibility rural areas Input for external assessment model
Profit/Accessibility/Private motor vehicle accessibility urban areas Input for external assessment model
Profit/Accessibility/Public transport accessibility rural areas Input for external assessment model
Profit/Accessibility/Public transport accessibility urban areas Input for external assessment model

Profit/Economy/Zero-grazing livestock farm development potential Internal assessment module

substantially influence their achievement. This was the case with issues such as the
realisation of sustainable energy aims.

Internal Land Use Scanner modules were preferably applied for impact
assessment when available. As these internal modules are designed to utilise the
simulation outputs no additional data-transformations were necessary. However, as
Table 1 indicates, internal modules were only available for a few sustainability
indicators. In case such modules lacked, the simulated land-use configurations were
used as input for an external assessment model or for a quantitative comparison. To
illustrate the process of indicator assessment in the SEA, an example is provided
below for each of the three different types of impact assessment that were performed
in relation to the land-use simulation results.

An example of an internal assessment module available within the land-use
model is the analysis of river flood risk. This module was developed through the
cooperative efforts of, amongst others, the Netherlands Environmental Assessment
Agency (PBL), Deltares and the VU University Amsterdam and made available for
application in this project through the Climate changes Spatial Planning research
program (www.klimaatvoorruimte.nl). Future land-use configurations were used in
this module to assess the potential economic damage and number of casualties that
may result from flooding (see: Van der Hoeven et al. 2009). The results of the
calculation revealed that the differences between the two policy alternatives are
negligible. A more complete overview of all land-use related indicators that can be
calculated within the Land Use Scanner model is available elsewhere (Bubeck and
Koomen 2008).

When no internal assessment module is available, land-use patterns can be
inserted in external analysis tools or models. This was, for example, the case with
the analysis of coherence and abiotic conditions in the Natura2000 areas. Achieving
favourable conditions in nature areas is an important policy goal. For this project a
systematic approach was developed to assess the impact of various spatial
developments on the basic conditions in the Natura2000 areas. Through a predefined
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set of spatial operations, made operational in an ArcGIS script, several aspects of
Natura2000 areas were analysed. These related to the coherence of the existing and
newly created nature areas; differences in nitrogen deposits in these areas; drought
effects; and adverse built-up and other developments in the areas that have a
hydrological impact on Natura2000 areas. The land-use simulations provided the
potential future configurations of nature areas and new urban areas that were used as
input variables in this assessment approach.

If land-use changes are deemed relevant for a sustainability issue, but internal and
external assessment models are lacking, Land Use Scanner output can be used for
quantitative comparison. In this SEA we analysed this by obtaining the increase in
surface area of certain land-use types (in hectares) within specific zones. Such
analyses were performed in a standard GIS-environment as this directly allowed the
preparation of output maps for the final report, but they could easily be implemented
in the land-use model. An example of such an impact assessment is provided by an
indicator related to the preservation of National Landscapes. National and regional
policies aim to preserve the core qualities of these landscapes by, amongst others,
limiting large-scale urbanisation. To assess the degree to which this objective is met
a two-step analysis was applied: first new urban areas were retrieved by comparing
simulated (2040) land use with the original (2000) land use. An overlay analysis was
then applied to select the new urban areas within the two National Landscapes of
Overijssel. The increase in urban area within the National Landscapes was then
compared between the Current and New Policy alternatives. This spatial analysis
highlighted differences in the amount and location of projected urban development.
The New Policy alternative contained slightly more built-up development in the
National Landscapes than the Current Policy. However, this difference was
considered too marginal to influence the final assessment.

The total set of 28 sustainability indicators covered a wide range of policy issues
from different domains that could not readily by combined into an integrated score
per policy alternative. They were, furthermore, expressed in different quantitative
units (hectares, euros, casualties, traffic flows, see Appendix 1) or even qualitative in
nature and thus lacked a unifying principle that could be used to easily standardise
their scores as is common in methods such as the goals-achievement matrix
(GAM, see Pettit and Pullar 2004) or related multi-criteria analysis. Advanced
standardisation of the scores as is, for example, advocated in recent work building on
Life Cycle Assessment (LCA) Impact Analysis thresholds (Walter and Stiitzel 2009)
was not considered appropriate in this case. Our main concern was that we did not
want to suggest decision makers and other stakeholders that impacts on, for
example, personal safety can be represented, let alone compared, on the same scale
as economic development potential or landscape preservation. The evaluation of the
importance of these impacts was considered to be part of the political decision
making process and not of the science-based analysis of impacts. Instead, the
indicator scores were only used in a relative sense; they were used to compare the
future state according to a policy alternative with the present situation and to
compare between the two policy alternatives. In the report’s summary these
comparisons were visualised per indicator with a simple colouring scheme: green
when the future state was considered to be an improvement compared to the current
situation, red for a deterioration and yellow when no change occurs. In addition, the
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score of the New Policy alternative relative to Current Policy alternative was
summarised in simple symbols (A representing an improvement etc.).

Discussion and Conclusion

The Land Use Scanner proved to be a useful tool for regional planning support in the
Dutch province of Overijssel. Different capacities of the model were used in the
subsequent definition and evaluation phase of establishing a Regional Spatial
Strategy. An initial spatial exploration study focussed on the representation of
potential spatial developments according to two trend-based scenarios and the
optimisation of land-use patterns according to three, rather hypothetical, sets of
policy objectives. The subsequent SEA relied on the model’s ability to provide
probable land-use patterns related to an integrated policy alternative that could be
used as input in various impact assessments. This section briefly discusses the merits
of the applied modelling approach; first touching upon the spatial exploration study
and then dwelling on the SEA. It finishes with several comments on the general
applicability of spatially explicit land-use models in the context of strategic regional
planning.

Exploring Spatial Policy Objectives

In the initial spatial exploration study the Land Use Scanner was used to frame
current policy objectives and simulate land-use patterns according to three coherent
sets of policy objectives related to: 1) water management; 2) safety and health;
and 3) compact urbanisation. In cooperation with the province the quality of the
initial input data of the model was improved by replacing several national data
sets with more recent and more accurate regional policy-related data sets. In
combination with regional knowledge on ongoing spatial developments and
anticipated changes (e.g. the demand for specific types of housing), this allowed
the creation of regionalised future land-use configurations according to two trend-
based scenarios. These offered a solid framework to develop and compare the
three different policy alternatives. As the same economic, demographic and other
scenario assumptions—and thus the same quantities of land-use change—were
used in these simulations, they offered a clear view on the specific implications of
the spatial policy alternatives. The comparison, therefore, revealed potential
(unwanted) spatial impacts directly related to the three proposed sets of spatially
explicit policies.

The use of two trend-based reference scenarios allowed the assessment of these
impacts under different levels of spatial pressure. The inclusion of more diverse
reference scenarios would have provided an even more robust assessment of the
impacts of the policy alternatives. But this benefit would have come at the cost of
obscuring the specific impacts associated with these alternatives as more variation in
the spatial developments would be introduced.

An initially underestimated but significant benefit of the modelling process lay
in its iterative, open character and its ability to transfer preliminary planning
concepts into spatially explicit potential outcomes. The presentation of intermediate
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results (land use and related impact maps) in workshop-type sessions allowed
provincial policy makers with different professional expertise (water, nature,
residential etc.) to discuss potential developments, propose alternative policies and,
above all, clarify their suggested planning interventions in a shared spatial
environment. Based on these discussions the modellers could incorporate new
spatial data sets and adjust model settings (e.g. related to suitable locations for
specific land-use types) to better simulate land use according to the proposed
policy interventions. In the interactive group process of constructing a coherent
Regional Spatial Strategy the spatially explicit modelling approach provided a
means to explore and integrate sector-specific interests and thus aid the policy
formulation process. The discussions on intermediate land-use simulation results
were a much-valued opportunity for the different policy makers to get a clearer
understanding of each other’s proposals and potential feedbacks between different
policy themes.

Linking Land-use Modelling and SEA

The subsequent SEA of the Regional Spatial Strategy is unique as it is the first
Dutch SEA in which land-use modelling results were used in the sustainability
assessment process. SEAs are often fairly qualitative and non-transparent in the
description of the proposed policies and related impacts. The use of the Land Use
Scanner helped making this planning process more transparent and reproducible in
two ways.

Firstly, it forced the proposed polices to be specified in a more concrete and
unambiguous way, as they could otherwise not be included in the model. This
increased concreteness facilitated the discussion among the involved policymakers
about to be implemented policies during the policy formulation process. The
sharpened description and depiction as land-use maps of the proposed policies in the
published Regional Spatial Strategy (Province of Overijssel 2008), furthermore,
provided additional clarity to other stakeholders and the general public.

Secondly, part of the impact assessment was done in a more analytic way,
providing relatively clear results in the form of quantitative impact assessments
and spatially explicit impact maps. This quantitative part of the assessment
process is more transparent then the hitherto more common qualitative description
of impacts as it makes use of reproducible methods that are documented in the
full SEA report and other sources that are available to stakeholders and the
general public.

These two advantages were partially acknowledged by the Netherlands
Commission for Environmental Assessment that issues non-binding advice to
government agencies responsible for environmental assessments. This independent
expert body welcomed the attempts to clarify the policy intentions and the newly
developed impact assessment framework, but suggested that the impact assessments
methods should be developed further and described in more detail and, furthermore,
criticised the lack of a clear implementation strategy of the suggested policies
(Commissie m.e.r. 2009). The former suggestion was addressed by providing
additional documentation on the applied assessment methods as the further
development of additional assessment tools was not feasible within the time frame
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of the project. The latter comment indicates a more general issue in establishing
strategic spatial policies; in our experience these often fail to become concrete and
spatially explicit. To some extent this is inherent to the very nature of strategic visions;
these documents outline development directions rather than development plans that
belong more to the local level. But the difficulty of becoming concrete may also have
more fundamental reasons such as the lack of a common understanding about what
constitutes ‘spatial planning’, and what conceptions of space and place underpin it
(Davoudi and Strange 2009) or the increasing spatial complexities at regional or
metropolitan level (de Jong and Spaans 2009; Salet and Woltjer 2009).

Based on our experiences we believe that the SEA process in combination with a
spatially explicit land-use model and quantitative impact assessments tools can help
drafting more concrete strategic visions, although this may call for the provision of
additional resources and an adjustment in the current—more qualitatively oriented—
way of working. The involved provincial policy makers greatly appreciated the results
of this particular SEA and its land-use modelling based assessment process as these
clarified discussions on potential spatial developments and related sustainability
impacts (Dijk and Kuijpers-Linde 2010). Conversely, the active involvement of
policy makers from a range of different disciplinary backgrounds in the definition of
policy alternatives and evaluation of initial impact assessments contributed to the
successful application of the land-use modelling framework. This underlines the
need for planning support systems to facilitate an integrated, interdisciplinary
approach and involve stakeholders in their application as is advocated by
Carsjens (2009). Several discussion sessions were, however, necessary to fully
explain the assessment process and especially the land-use allocation approach.
This indicates the need for a clear explanation of all individual steps in the process
and the use straightforward, well-documented assessment methods.

General Land-use Modelling Issues

The studies also revealed several more general modelling issues that we also
encountered in similar studies performed for other provinces that used the same
land-use modelling approach (Atzema et al. 2008; Kuijpers-Linde et al. 2008). These
issues related to the treatment of uncertainty, the trust planners have in the success of
planning initiatives and the need for integrated data infrastructures. Each of these
issues is briefly explained below.

In our experience planners, in general, do not like uncertainty. This has been
observed by others before (e.g. Christensen 1985; Dantzig 1999) and also shows
from the presented simulations of land-use change. In this case, as well as in
comparable studies performed for other provinces, policy makers preferred to use
only one trend-based reference scenario as they considered the inclusion of more
reference points confusing. This means that uncertainty is only marginally addressed
in the land-use simulations. Implicitly, strong confidence is expressed in the validity
of the assumed trend-based conditions that underlie them. However, this approach
has several weaknesses. Extrapolation of current trends and policies is not
necessarily likely to produce plausible results as past changes are no guarantee for
future changes. Using only one trend obscures the fact that any projection of future
socio-economic conditions has a high degree of uncertainty. In fact, the so-called
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trends are to some extent based on scenario-assumptions as is the case with moderate
and high growth projections that were used to specify the demand for residential
land in the presented study. To combine these scenario-based assumptions with other
trends that do not follow the same scenario conditions is inconsistent. These issues
are not particularly worrisome when simulations are only used to visualise planning
concepts. But when land-use simulations have a more substantial role in the
formulation process (for example to highlight potential controversial spatial
developments or the impact of policies in Strategic Environmental Assessments)
the definition of more solid reference points becomes essential. For long-term
projections (e.g. 30 years or more) we, therefore, advocate the use of a small set of,
for example, two to four scenarios covering most of the uncertainty related to key
socio-economic conditions to address a larger bandwidth of potential developments.
To meet the policymakers’ need to limit uncertainty in studies related to concrete
planning initiatives for the short term (e.g. 15-20 years) it would be good to create a
well-founded and validated reference scenario that incorporates current trends and
policies. Explicit attention should be paid here to underpinning the expected
degree of success of the included policies as is discussed hereafter. To visualise the
inherent uncertainty in the land-use maps and associated representations of
potential impacts resulting from scenarios-based studies, use can be made of
fuzzified representations (Vullings et al. 2007, 2009). In a land-use modelling
context this can be done by applying moving-window type of filtering techniques to
enhance concentrations of specific types of land use or impact values. This
potentially effective approach to deal with uncertainty was not applied in the current
study due to time constraints. On a more fundamental level, stochastic modelling
techniques can be applied to address uncertainty (Dantzig 1999); for example in
describing the strength of specific driving forces that steer land use change.
Knowing the planners’ uncertainty aversion, however, we refrained from applying
such an approach.

Prominent in the presented land-use simulations was the assumption that the
proposed spatial policies will actually be applied and that they will become fully
effective. The model thus showed what may happen if a certain policy is
successfully put in place. In practice, spatial restrictions or stimulation policies are
often not as effective as intended. Even the spatial policies that can be considered
relatively successful, such as the national Buffer Zones in the Netherlands intended
to keep green spaces between the major cities free from urban development, do not
fully stop urbanisation (Koomen et al. 2008d). The actual degree of success of
planning initiatives is especially relevant when the aim of the study is to assess the
impact of a specific policy. The model has the flexibility to account for partial
effectiveness of the implemented policies, but quantitative assessments of the degree
of success of different types of spatial policies are often lacking in planning
literature. This indicates a more generally felt lack of ex-post evaluations of spatial
plans and concepts (Lee 2006; Marshall et al. 2005; OECD 2010). The dynamic,
interrelated and often vague nature of most spatial plans and policies makes this a
difficult issue of course, and establishing the effectiveness of new planning concepts
that have no historic parallel is obviously close to impossible. Yet, more attempts in
this direction would greatly enhance planning in general and our type of land-use
modelling in particular.
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Furthermore, consistent, up-to-date and detailed input data are a prerequisite for
successful modelling. In this study the required data were scattered across three
different departments of the province and stored in a range of different data formats.
Different departments even used different socio-economic scenarios for various
sector-specific outlooks on the future. In comparable studies performed for other
provinces we encountered similar experiences. The emphasis various (supra)national
authorities currently put on spatial data-infrastructures and related geo-portals will
hopefully improve data consistency and availability and enhance the potential for
spatial analysis in general and land-use modelling in particular (EC 2007; Maguire
and Longley 2005; Vanderhaegen and Muro 2005).

Suggestions for Further Research

In conclusion, we advocate the development of integrated spatial impact assessment
platforms based on land-use modelling frameworks to assist planners in the analysis
of potential spatial developments, the exploration and definition of policy
alternatives and the assessment of their potential impacts. Based on our experiences
we suggest researchers in this field to focus on:

+ the definition of well-established and generally accepted trend-based reference
scenarios of future land use-change in the short term (15-20 years);

+ performing ex-post evaluations of the actual success of planning initiatives in
order to attach a degree of confidence to new planning initiatives that are the
topic of ex-ante evaluations;

» the application of fuzzified representation techniques to land-use and related
impacts maps ensuring that uncertainty is addressed in a way that is
understandable to planners;

* developing more elaborate impact assessment modules within or closely linked
to a land-use model and relating to themes such as accessibility, safety and health
(e.g. air pollution and external safety) to create a more extensive, quantitative
assessment base;

» the provision of spatial data infrastructures with related geo-portals to improve
data consistency and availability for spatial analysis.

With sufficient research progress in these five themes we are confident that the
assessment of spatial impacts based on land-use modelling frameworks will become
more widespread in strategic regional planning in the near future.
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Appendix 1

Table 2 Characteristics of the land-use based indicators

Sustainability theme/
Aspect/Indicator

Operationalisation of indicator

Reference to data or method
description

Relation to Land Use
Scanner model

People/Landscape/
Identity and diversity
of landscape

People/Landscape/
Landscape openness

People/Landscapes/
Preservation of
National Landscapes

People/Safety and
health/Excessive
rainfall floods

People/Safety and
health/River flood
risk

Planet/Nature/Abiotic
conditions in
Natura2000 areas

Planet/Nature/
Realisation
National Ecological
Network

Profit/Accessibility/
Private motor vehicle
accessibility rural
areas

Indication of the urban pressure
(total amount of new built-up
area in ha) on highly valued
landscapes used as part of
more qualitative landscape
impact assessment.

Loss of open area (in ha) in the
province. Open area is defined
as a contiguous open (not
built-up) area with a minimum
size of 2.5 km? without major
infrastructure or building
concentrations.

Calculation of the amount of
new built-up area (residential,
commercial, infrastructure or
greenhouses) in hectares
within the two National
Landscapes designated in
the province.

Assessment of the increase in
built-up area (in ha) in areas
that are likely to be affected
by excessive rainfall.

Calculation of the potential
damage (in euros) and number
of casualties in river-flood
prone areas based on spatial
distribution of various
land-use types.

As part of the evaluation of
the abiotic conditions within
the 25 Natura2000 areas in
Overijssel the impact of
the simulated increase in
built-up area and spatial
configuration of nature
areas was assessed with
a GIS-based method.

Analysis of the biodiversity
impact of the simulated
spatial distribution of nature
area performed with an
external expert model.

The amount of additional traffic
generated by new urban
development was taken into
account in the regional
transportation model NRM
that simulates future
transport flows for different
travel modes

Highly valued landscapes
dataset provided by Roos-
Klein Lankhorst et al.
(2005) based on national
survey

Bubeck & Koomen (2008)
describe the applied
method in more detail

Designated National Landscape
provided by Province of
Overijssel (2008)

Dataset describing potential
rain-induced flood areas
based on hydrological
modelling provided by
Province of Overijssel

Van der Hoeven et al. (2009)
describe the applied method
that combines hydrologic
modelling results with
socio-economic assessment
rules.

Province of Overijssel (2009)
describes the applied
method

Van Eupen (2008) describes
the applied method in detail

Transport model is described
by AVV (2006)

Quantitative comparison
(GIS-based overlay)

Internal assessment
module

Quantitative comparison
(GIS-based overlay)

Quantitative comparison
(GIS-based overlay)

Internal assessment
module

Input for external
assessment model

Input for external
assessment model

Input for external
assessment model
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Table 2 (continued)

Relation to Land Use
Scanner model

Reference to data or method
description

Sustainability theme/
Aspect/Indicator

Operationalisation of indicator

Profit/Accessibility/
Private motor vehicle

The amount of additional traffic Transport model is described Input for external

assessment model

accessibility urban
areas

Profit/Accessibility/
Public transport
accessibility rural
areas

Profit/Accessibility/
Public transport
accessibility urban
areas

Profit/Economy/Zero-
grazing livestock
farm development
potential

generated by new urban
development was taken into
account in a regional
transportation model (NRM)
that simulates future
transport flows for

different travel modes

The amount of additional traffic

generated by new urban
development was taken into
account in the regional
transportation model NRM
that simulates future
transport flows for

different travel modes

The amount of additional traffic

generated by new urban
development was taken into
account in the regional
transportation model NRM
that simulates future
accessibility for different
travel modes

Availability of sufficient

locations for zero-grazing
livestock farms to relocate
or expand assessed with

Land Use Scanner as part

by AVV (2006)

Transport model is described

by AVV (2006)

Transport model is described

by AVV (2006)

Spatial datasets with restrictions
and development locations for

zero-grazing livestock were
provided by Province of
Overijssel (2009).

Input for external
assessment model

Input for external
assessment model

Internal assessment
module

of the allocation process
that balances supply with
demand for land.
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