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ABSTRACT 

The key innovation proposed in MultiMode is its multi-scale and multi-agent integrative 

approach for assessing and forecasting the consequences of policies aimed at 

sustainable development. The project is organised into four work packages: Meta-Model 

of Policy Options and Scenarios (WP1), Multi-scale Constrained Cellular-Automata Land 

use model (WP2), Landscape Scale Agent-Based Model (WP3) and Stakeholder 

Dialogue and Feedbacks (WP4). 

 

This document reports on work carried out in WP2 with respect to the development of a 

Constrained Cellular-Automata Land use model.  This model represents spatial 

dynamics in Belgium at three levels: 

1. the National level, representing Belgium as one entity subjected to influences from 

abroad as quantified in scenario‘s developed in WP1; 

2. the Regional level, representing Belgium in terms of its 43 arrondissements. The 

level of the arrondissements was chosen as a technical compromise providing 

sufficient regional differentiation while avoiding technical complication. As for the 

policy and planning relevance, the arrondissements are not the best choice as no 

policy making actually takes place at this level. 

3. the Local level, representing Belgium as a regular grid of cells measuring 9 ha each 

(300 m by 300 m). From a technical point of view, this resolution is appropriate as 

the CA-algorithm applied enables working with cells ranging from 50 m to 1000 m. 

 

At both the National and the Regional level the population is represented as one cohort 

and the economy is represented by three aggregated sectors, namely Agriculture, 

Industry and Services. The latter are grouped on the basis of the NACE-codes. At the 

Local level 19 land uses are modelled, 7 of which are dynamic, 3 are passive and the 

remaining 9 are static. The model is equipped with a fairly simple transportation model. 

This is sufficient to analyse the complex interlinkages between transportation 

infrastructure and land use at both the Regional and the Local level of the model. 

However, it is too simple to deal with modal split, routing of traffic and detailed 

forecasting of congestion. 

 

The model developed is considered to meet closely the needs of the other WPs in 

MultiMode. Elementary robustness and consistency tests have been carried out with 

success. The scenarios developed in WP1 were implemented in the CCA modelling 

structure. A prerequisite was that the resolution of the cellular model and the land uses 

modelled were adequate to set the spatial constraints within which the agents of the 

ABM model of WP3 can operate. The focus of the ABM model is predominantly on 

agriculture and agri-environmental measures. A methodology has been developed to 

tune different spatial and statistical datasets of agricultural land uses in order to 

quantify the scenarios developed in terms of the parameters and variables of the 

model. The scenarios were computed and analysed by means of the CCA-model and the 

resulting land use time series were incorporated into the ABM-modelling of WP3. 

 

In parallel to the work on the above defined model and with precisely the same 

modelling output in mind, work has continued on an activity-based variable-grid  

cellular automata model (AB-CA). Its aim is to simplify the modelling approach 

primarily by reducing the need for embedding models of different kinds and enabling 

the integration with the agent-based model developed in WP3. The model was first 

extensively tested on a high-quality dataset available for Dublin, Ireland and applied to 

Belgium as soon as it met preset criteria with respect to performance, robustness and 

quality. The AB-CA model outperforms the CCA model in a number of aspects. It is now 

ready for additional development and tests relative to its practical application. 
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CHAPTER 1 INTRODUCTION 

1.1 A Multiscalar and Multiagent Framework 

 

The key innovation proposed in MultiMode is its multi-scale and multi-agent integrative 

approach for assessing and forecasting the consequences of policies aimed at 

sustainable development. Integration will take place not only across different scales 

and agents, but also across a range of disciplines and approaches. The levels of 

administration and decision-making represent the scales (e.g. national, regional, 

provincial, municipal, and community) and the institutions and individuals that make 

decisions at different scales represent the agents (e.g. decision-makers, planners, 

farmers). The project is organised into four workpackages:  Meta-Model of Policy 

Options and Scenarios (WP1), Multi-scale Constrained Cellular-Automata Land use 

model (WP2), Landscape Scale Agent-Based Model (WP3) and Stakeholder Dialogue 

and Feedbacks (WP4). The integration between these workpackages is presented in 

Figure 1. This document describes the Multi-scale Constrained Cellular-Automata Land 

use model developed in WP2. 

 

As the name implies, cellular automata (CA) are mathematical models represented as 

an n-dimensional grid of identical cells. They are dynamic models featuring state 

changes. To that effect, the automaton is applied to each cell in the grid to determine 

its state transition. It is a transition rule: a function of the state of the cell itself and 

that of a discrete number of cells within its immediate neighbourhood, called the CA-

neighbourhood. Typically CA-neighbourhoods in two-dimensional models are limited to 

the 4 (Von Neuman neighbourhood) or 8 immediate neighbours (Moore-neighbourhood) 

(Tobler 1971, Couclelis 1988). Thus, the basic assumption underlying traditional CA-

land use models is that land use dynamics can be fully and solely explained by the land 

uses and associated spatial interactions present in the neighbourhood. In reality 

however, the behaviour of the cells and their resulting land use is determined and 

constrained by a variety of processes operating at larger scales (e.g. municipal, 

provincial, regional, national, European and National) and by the precise characteristics 

of the geographical environment within which they are situated. This is where 

Constrained and Hybrid Cellular Automata land use models differ from their traditional 

counterparts. Some of these have progressed beyond purely conceptual and theoretical 

considerations and aim at realistically representing geographical systems in terms of 

the processes modelled (Webster and Wu, 2001), the geographical detail attained, and 

the calibration and validation of the modelling outcomes (Clarke et al., 1997, 

Straatman et al., 2004). This trend has come with a relaxation of the standard 

definition of cellular automata and a consequent increase in the complexity and 

complication of the models developed (Couclelis, 1997).  It has led to the development 

of hybrid CA models constrained in their dynamics by coupled models operating at 

coarser spatial scales (Batty and Xie, 1994, Engelen et al., 1995, White and Engelen, 

1997) and evolving in a finite non-homogeneous cell space: a bounded cell space 

consisting of cells with different attribute values representing their physical, 

environmental, social, economic, infrastructural and institutional characteristics (Clarke 

et al. 1997, Li and Yeh, 2000).  These hybrid models are gradually becoming important 

instruments for the assessment of policies aimed at improved spatial planning and 
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sustainable development (de Nijs et al., 2004) as well as scenario-analysis (White et 

al., 2004, van Delden et al., 2007).  Paradoxically, this transition from the purely 

academic to the practical sphere of application poses new scientific challenges precisely 

because of the high quality output.  Clearly, neither good science nor practical planning 

and policy making can be based on tools which produce questionable output; rather the 

tools must be robust and reliable, based on the best available scientific knowledge and 

data.  This raises to the highest level of importance the issue of the calibration and 

validation of the models (Engelen and White, 2007).  It also confronts the community 

of land use modellers with the many scientific questions and practical difficulties 

associated with model integration: the differences in the modelling paradigms to be 

coupled, the complex interlinkages of processes operating at different temporal and 

spatial scales and the different levels of detail involved. The MultiMode project is aimed 

at providing some practical solutions to the latter. 

 

 

Figure 1: MultiMode: flow diagram of Data, Methods and Outputs in the 4 work 

packages 

 

In the MultiMode framework, policy options and scenarios at the National and European 

scale (WP1) feed the CCA model (WP2) and ABM model (WP3) as drivers of land use 

change and socio-economic decision-making processes, respectively. The CCA land use 

model applied in MultiMode (CCA) (see Chapter 2 - Chapter 5) is a useful tool for 



Introduction 

 

VITO confidential information - Copyright 2011 VITO NV 12 

assessing spatial dynamics due to the impacts of drivers and policies at various levels. 

However, the adaptation process of institutions and individuals are not captured in the 

CCA-model because the human agents, whose actions and decisions are not bounded in 

space, are not explicit in the model. Agent-based modelling (ABM) such as deployed in 

WP3 takes into account the adaptive decisions of agents and the impacts of their 

decisions on the sustainability of the local environment. However, the empirical 

application of ABM is mostly limited at a community level due to the huge amount of 

data required. ABM links the agents to their social, economic and natural environment. 

Within the integrated MultiMode approach, the spatially and temporally dynamic 

environment created in the CCA is used to define the constraints and opportunities of 

the agents in the ABM. Because the agents also include the decision-makers and 

planners at different administrative levels, the ABM results will inform the CCA about 

the impacts of adaptive decisions on changes in the social, economic and natural 

environment. Thus, MultiMode aims at a feedback between the cellular-automata and 

agent-based models, which will improve their practical use in assessing sustainable 

development. 

 

The novelty of the ABM lies in its ability to capture the behaviour of the agents in 

adapting to changes in their environment. In the ABM developed in MultiMode these 

adaptive decisions are represented by a social behavioural model (SBM), which uses 

knowledge elicited from stakeholder dialogue and feedbacks (WP4). SBM summarises 

both rational (e.g. economic maximization) and sub-rational (e.g. imitation, social 

comparison) cognitive strategies of the agents. Allowing the integration of both rational 

and sub-rational cognitive strategies in ABM will improve the current scientific practice 

of assessing future sustainability because it will allow assessment of sustainability not 

only according to economic and environmental, but also social factors. Moreover, the 

strategies will identify the sources of adaptive capacity of individual agents, whether 

these are economic such as market, technology, services and subsidies, or social such 

as knowledge, network and information, or both. Considering these factors in the 

assessment of sustainable futures is especially important where technology, 

information, network, services and market are highly interlinked with the global world, 

such as in Belgium. Moreover, the institutional and policy analysis in WP4 will inform 

the ABM about the links and interactions between the institutional agents, and the 

influence of organisational hierarchy and subsidiarity on the sustainability of the 

individual agents and their environment. 

 

In the course of the project, the question arose whether a variant of the CCA modelling 

concept could be developed which would be more transparent and simpler to 

implement, yet easier to integrate with the ABM-approach of WP3. Such variant was (1) 

to remove the layered structure of the CCA in order to represent more closely the true, 

bottom-up processes responsible for structuring space, thus embodying the decisions of 

individual agents resulting in the macroscopic, morphological structures that we 

associate with clusters of occupation and activity in cities and regions. The variant 

should also (2) reflect the fact that not land use itself, rather the activity carried out in 

a location is responsible for structuring space. Finally the variant should allow (3) to 

represent the fact that agents behave locally, but base their decision making and 

actions on information about distant places, be it that the latter information is treated 

more globally and gets less importance with increasing distance. As a result, in WP2, an 

activity-based variable-grid CA model was developed. The variable-grid is the answer to 

the criteria 1 and 3, while the activity-based approach is the answer to the criterion 2. 

The AB-CA was tested on the MOLAND land use data set available for Dublin and made 

available to the project by the Urban Institute of University College Dublin and the EU 

Joint Research Centre in Ispra. In a later phase the same model was applied to Belgium 

using the data set developed in MultiMode. For both applications its results were 

compared with the CCA model to conclude that the AB-CA outperforms the CCA in 
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representing land use dynamics on a number of criteria. Chapter 8 discusses the AB-CA 

model. 

 

The models in the four workpackages generate various measures of sustainable 

development at different scales. These measures include spatio-temporal indicators and 

maps (from WP2 and WP3) at various geographical levels as well as qualitative 

description of European generic sustainability (from WP1) and Belgian farm sustainable 

practices (from WP4). 

 

 

1.2 Objectives of the Constrained Cellular Automata land use model 

The prime objective of the work carried out in WP2 is the development and application 

of a CCA-land use model for Belgium. Such application is novel in Belgium: there is 

currently no operational land use model covering the entire territory known to the 

authors. Only limited new software development is intended to the effect. Use is made 

to the extent possible of the MOLAND1 modelling shell (Engelen et al., 2007). The 

existing software is adapted to the extent needed at the level of the algorithms and 

indicators of the model. 

 

Application of a CCA-land use model requires before all a sufficient set of data, mostly 

GIS-data but also census data including time series with regards to socio-economic 

growth in the country in the next 25-30 years. The latter are reasonably 

straightforward to access, but a sufficient set of high quality GIS-data representing the 

current status, consistently gathered nationwide, are much more difficult to obtain. 

Given the federal status of Belgium, the latter data are typically produced and managed 

by regional agencies and consistency as well as access turned out to be a major 

problem. Thus the WP2 developed its own GIS-database. It is, adequate for the 

intended model and analyses and feasible on the basis of the available material, yet, 

much better data are available at the regional level in the country. The application of 

the MultiMode methodology and the CCA-land use model in Flanders, Brussels or 

Wallonia is likely to yield better results. 

 

The development of the CCA-land use model using the MOLAND software involved 

decisions on which land use categories to include (+/- 15 classes), the spatial 

resolution (+/- 25 ha per cell), the temporal resolution (+/- yearly) and the time 

horizon of the intended simulation runs (+/- 2050). Furthermore, for each land use 

modelled, the physical, institutional and accessibility qualities of the cellular space must 

be calculated, by means of (overlay analysis) on the basis of representative constituting 

map-layers in the GIS-database. The model is equipped with a relatively simple 

representation of the Belgian transportation system. There was never the intention to 

include a full-blown transportation model. In Chapter 2 - Chapter 5 the design choices 

and technical details of the CCA model for Belgium are discussed. 

 

A the regional level, that of the arrondissements the CCA land use model generates 

time series of employment and population. At the cellular, local level (300m resolution) 

its main output are time series of maps, representing the changing land use. In 

addition to the latter indicators are computed highlighting particular characteristics of 

the developments simulated. To mention are fragmentation of the open spaces, growth 

of contiguous urban clusters, degree of urbanisation or hard surfacing of the land area, 

                                           
1
 MOLAND has been developed for the DG EU-Joint Research Centre, IES in Ispra, Italy by the Research 

Institute for Knowledge Systems, the Netherlands 
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etc. Such indicators provide targeted information for policy- and decision-making at the 

various administrative levels covered by the CCA model. 

 

In the context of MultiMode the precise representation of the socio-economic system at 

the macro-levels (National and Regional) must fit the scenarios developed and data 

provided in WP1, but it must also enable an adequate representation of the processes 

shaping and changing the socio-economic structure of the country at these levels: the 

migration flows of residents, the location and dislocation of enterprises, the flows of 

commuters, etc. As an alternative to the layered representation of the CCA in which 

models of different types are nested to represent processes at various geographical 

scales, the applicability and performance of a so-called Variable Grid Cellular Automata 

(Anderson et al., 2002) was assessed. Contrary to the fixed grid CCA described so far, 

the variable grid CA applies a CA-neighbourhood consisting of the full modelled area, 

rather than a limited number of cells. The variable grid CA thus combines the 

characteristics of cellular automata models (as it operates on individual cellular entities) 

and traditional gravity based models (as it incorporates spatial interactions covering the 

full territory). Based on a very limited number of applications carried out thus far, it 

seemed that a variable grid algorithm could outperform the fixed grid for modelling 

spatial systems featuring large variations in the spatial density of the urban functions. 

 

In MultiMode the application of an Activity-based variable-grid Cellular Automata model 

was analysed as an alternative to the classic CCA. In the latter, the state variables in 

the model are no longer the dominant land use of the individual cells, rather the density 

of each activity (residential, economic and natural) located in the cell. Benchmark tests 

were carried out to find out whether the latter is more appropriate for areas with a 

mixed and messy land use like Belgium. Further, the integration of the agent behaviour 

in the CA-model may be enhanced as it may well be more related to levels of activity 

rather than dominant land uses. This would also provide a solution to AB modelling in 

that agent based models could be developed covering processes happening over larger 

distances and in larger territories. The work carried out on the Activity-based Variable 

grid CA is still in its early stages. It will be the subject of more research to be carried 

out beyond the MultiMode project. Its development technical description and application 

is the subject of Chapter 8. 

 

As is described in 1.1, in the MultiMode framework, the CCA model is to determine at 

the appropriate scales, the changing environment within which the agents act. Vice 

versa, the CCA transition rules are to incorporate to the extent possible the manner in 

which agents, representing various land uses, interact with one another in space 

derived from the calibrated ABM model developed in WP3. Due to delays in the 

development of the ABM, the latter could not be carried out to the full extent. 

 

In order to feed the model with time series relative to the land occupied by the main 

agricultural activities and practices, research was needed to develop a methodology. 

This methodology derives from various, often inconsistent data sources, both GIS and 

statistical, the development of the main agricultural activities in terms of land area 

occupied. It does so at the regional level, that of arrondissements and feeds the model 

with time series covering the full simulation interval. The same methodology is applied 

to estimate the development of the agricultural land uses in the four scenarios 

developed in WP1. 

 

A historic calibration and validation (hindcasting) of the final CCA model was carried out 

with a view to a realistically represent a known period from the past (e.g. last decade 

documented: 1991-2001). The historic calibration tested the model on its capability to 

generate the current state. Based on the calibrated model and data relative to the 

socio-economic developments obtained from published forecasts, the model was run 

forwards in time in the context of a BAU-scenario. This BAU-scenario was the basis for 
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the quantification and computation of the four scenarios developed in WP1. The four 

scenarios were finally run. Their spatial outcomes are discussed and the land use maps 

and indicators generated were shared with other WPs of the project. 
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CHAPTER 2 MODELLING CONCEPT 

 

In this first chapter devoted to the documentation of the modelling exercise, a general 

outline of the model is presented. The next three chapters will dwell more extensively 

on the sub-models applied at each of the three levels.  

 

The model is a high resolution simulation model. It calculates the yearly changes in 

different socio-economic functions and allocates the associated spatial changes on a 

map of Belgium. The prime goal of the model is to explore the effects of different policy 

scenarios on future land use in an integrated context. The model is based on the 

systems view that spatial systems like cities, regions, countries, watersheds, etc. 

evolve as the result of endogenous processes combined with exogenous events 

including policy-induced changes. Therefore, it is essential to incorporate in the model a 

sufficient description of the autonomous processes making and changing it over time 

and to represent policy and other constraints as elements interacting with these. Thus, 

integrated pictures of possible futures of the modelled system can be presented. 

 

The model represents processes operating at three hierarchically embedded 

geographical levels (see ). At each level, a representation is chosen adapted to the 

precise needs of the problems studied and the available data in terms of the degree of 

sophistication and spatial resolution applied: the National (one spatial entity: Belgium), 

the Regional (43 entities: arrondissements) and the Local (N cellular units with a 

resolution of 300 m2). 

 

 

 

Figure 2: The CCA-model: hierarchical embedded sub-models at three levels 
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2.1 National level 

At the National level, the scale of Belgium, the model runs on exogenously provided 

time series. It integrates data taken from economic, demographic and nature related 

growth scenarios. Sophistication in producing these remains external to the modelling 

framework proper. In MultiMode the time series are generated in WP1 as part of 4 

scenarios. The main economic activities are condensed in 3 aggregated sectors 

(agriculture, industry and services) based on their characteristic spatial behaviour, the 

availability of data at the three levels of the model, and the end-use requirements. The 

population consists of a single cohort ‗population‘ but represents 2 residential 

categories: high-and low-density residential. While economic and population sectors are 

represented in terms of numbers of people and jobs, the natural land-use categories 

are expressed in terms of area occupied.  They include: wetlands, forests, shrubs and 

herbaceous vegetation. 

 

2.2 Regional level 

At the Regional level, consisting of the 43 arrondissements, the national growth figures 

are a constraint for models catering for the fact that regional inequalities will influence 

the location and relocation of residents and economic activity and thus drive regional 

development.  A standard potential based model is applied (see for example: Wilson, 

1974; White, 1977; 1978; Allen and Sanglier, 1979a; 1979b). Each region competes 

with all the other regions for residents and activity in each economic sector on the basis 

of its geographical position relative to the other regions, its employment level, its 

population size and the type and quantity of activity already present.  In addition to 

these, and novel in the context of interaction based models, three summarized cellular 

measures, obtained from the model at the Local level, characterise the regional 

attractiveness.  They are the abundance of good quality land (expressed in the 

suitability), the development status of that land (expressed in the zoning status), and 

its position relative to the transportation infrastructure (expressed in the accessibility). 

A density sub-model translates the activity and population numbers per sector into 

claims for land, expressed in numbers of cells.  The latter are passed on to the model at 

the Local (cellular) level for their detailed allocation.  The principle of supply and 

demand applies to regulate the densification of the land used as well as its spatial 

allocation.  Alternatively, and in particular for the natural land categories and 

recreational land, a claim for land is fixed and passed on as a hard constraint thus 

reflecting the fact that policies determine the amount of land that is to be allocated per 

region. 

A simple transportation sub-model, linked dynamically in the modelling framework, 

implements changes in the characteristics of the transportation infrastructure, the 

effects thereof on interregional distances and accessibility, and, the flows of people 

travelling over the networks. 

 

2.3 Local level 

At the Local level, the detailed allocation of land associated with economic activities, 

residents and natural land cover in each region, is modelled by means of a cellular 

automata based land-use model of the kind developed by White, Engelen and Uljee 

(White and Engelen, 1993; Engelen et al., 1995; White et al., 1997).  Each region is 

represented as a regular grid of cells representing parcels of land covering an area of 

300 m2.  Land use is aggregated in 19 categories, subdivided in ‗feature states‘ (land 

uses that do not change dynamically), ‗function states‘ (land uses changing dynamically 
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as the result of the Local and the Regional dynamics) and ‗vacant states‘ (land uses 

changing dynamically due to the Local dynamics only).  The function states are chosen 

with a view to guarantee to the extent possible a one-to-one relationship with the 

economic and residential categories at the Regional level.  For each cell in a vacant or 

function state, the model calculates at every simulation step the transition potential for 

each possible land use function (function and vacant state).  Cells will change to the 

land-use function for which they have the highest transition potential, until Regional 

demands for the land-use function are met.  In the latter case, they will change to the 

land use for which they have the second to largest transition potential, and so on.  The 

transition potentials are a proxy for the land rent reflecting the pressures exerted on 

the land.  It accounts for the fact that the presence of complementary or competing 

activities and desirable or repellent land uses is of great significance for the cell‘s 

locational quality and thus for its appeal to particular land use functions.  To that effect, 

the model assesses the quality of the cell‘s neighbourhood: a circular area with a radius 

of maximally eight cells.  For each land-use function, a set of rules determines the 

degree to which it is attracted to, or repelled by, each of the other functions present in 

the neighbourhood.  The rules articulate inertia, action at a distance, push and pull 

forces, and economies of scale, in short, the strength of the interactions as a function 

of the distance separating the land-use functions within the neighbourhood.  In 

addition, the transition potential comprises characteristics of the cell proper: its 

physical suitability, zoning status and accessibility.  Physical suitability and zoning 

status are represented in the model by one map per land-use function modelled.  

Suitability refers to the degree to which a cell is physically fit to support a particular 

land-use function and the associated economic or residential activity.  Zoning status 

specifies whether a cell can or cannot be taken in by the particular land use during a 

particular period of time.  It is important that suitability and zoning are handled 

separately in view of analysing policy and planning alternatives.  Both suitability and 

zoning are composite measures, prepared in a GIS on the basis of a series of physical, 

ecological, and environmental maps respectively master plans and other planning 

documents.  Finally, accessibility for each land-use function is calculated relative to the 

transportation infrastructure.  It is an expression of the ease with which an activity can 

fulfil its needs for transportation and mobility in a particular cell and accounts for the 

distance of the cell to the nearest link or node on each of the networks, the importance 

and quality of that link or node, and the particular needs for transportation of the 

activity or land-use function. 

 

2.4 Interlinked dynamics structuring space 

The linkage between the models at the National, Regional and Local levels is very 

intense: the National figures are imposed as constraints on the Regional model, the 

Regional model distributes and allocates National figures to the regions and imposes 

the resulting Regional figures on the cellular model.  Finally, the cellular model 

determines land use at the highest level of detail.  Vice versa, the cellular model 

returns to the Regional model aggregated information on the quality and availability of 

space for each type of economic or residential activity.  It is an input into the spatial 

interaction calculations at the Regional level and influences the relative attractiveness 

of the individual arrondissement.  Arrondissements running out of space for an activity 

will loose part of their competitive edge and exert less attraction.  This framework 

constitutes a flexible and powerful instrument for representing non-linear spatial 

dynamics operating across a range of scales. 

 

The model is used typically for analyses on the mid to long term horizon, meaning 

some 5 to 30 years into the future.  It runs on a yearly time step and generates 

alongside the changing land use a series of social, economic and environmental 
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indicators, each of which becomes available in the course of the simulation as a time 

series of maps, both at the Regional and the Local level.  It thus is an excellent 

instrument for scenario-analysis (de Nijs et al., 2004) as well as ex-post and ex-ante 

assessments of spatial policies and planning options, including transportation policies 

(Geurs, 2003). 

 

In the next three chapters the technical description of the model is provided. 
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CHAPTER 3 MODEL DESCRIPTION AT THE NATIONAL 
LEVEL 

 

At the National level, the scale of the entire modelled area, there is only one region 

modelled, namely Belgium. The model integrates data taken from economic, 

demographic and nature related growth scenarios. Thus, at the National level, the 

model essentially runs on exogenously provided time series. 

 

The base year of the model is 2000. It is the year for which a land use map is available 

(CORINE 2000) as well as statistical data. Hence, the match between the numbers 

reported in the statistics and the expansion measured on the ground for the various 

activities can be made. A typical simulation run will look 30 years ahead in time, but 40 

or 50 years are possible if this would be required by the scenarios of WP1. The 

simulation steps through time in yearly time steps. For every year, output can be 

generated and stored. 

 

3.1 Sectors and activities in the model 

 

The model deals with economic and demographic activities in practically the same 

manner. They are both ‗activities in need of space‘. In this text the term ‗activity‘ is 

thus used to refer to either real economic sectors or population. The term ‗sector‘ refers 

to an aggregation of economic or residential activities. Activities are aggregated based 

on the available data, their locational preferences, their typical spatial behaviour, and, 

their use of land. Generally speaking, a good model is one incorporating sectors with 

few but distinctly different spatially-dynamic behaviour and not one with the highest 

number of sectors. 

 

The population consists of a single cohort and is represented in two residential 

categories, namely: inhabitants in continuous urban fabric and inhabitants in 

discontinuous urban fabric. 

 

The economic activity is represented in three aggregated sectors, namely: agriculture, 

industry, and services. The information to that effect is taken from the European 

System of Accounts 1995 (ESA 95). This is a system of uniform statistical definitions 

and classifications, aimed at achieving a harmonised quantitative description of the 

economies of the EU Member States. It is based on the internationally used System of 

National Accounts. The Belgium national and regional accounts are compiled by the 

National Bank of Belgium for the National Accounts Institute (NAI). Regional 

employment figures are collected at the NUTS3 level as part of the regional accounts. 

Regional total employment is used in the model. Regional total employment (ESA 1995, 

11.11) covers all persons – both employees and the self-employed – engaged in some 

productive activity in a specific region. 

 



Model description at the National level 

 

VITO confidential information - Copyright 2011 VITO NV 21 

The regional total employment is subdivided in the following economic sectors (NACE 

branches): 

A_B Agriculture, hunting, forestry and fishing  

C_D_E Mining and quarrying; manufacturing; electricity, gas and water supply 

F Construction  

G_H_I Wholesale and retail trade, repair of motor vehicles, motorcycles and 

personal and household goods; hotels and restaurants; transport, 

storage and communication 

J_K Financial intermediation; real estate, renting and business activities 

L_P Public administration and defence, compulsory social security; education; 

health and social work; other community, social and personal service 

activities; private households with employed persons 

 

For the purpose of the model the above sectors are aggregated into 3: 

Agriculture = A_B 

Industry = C_D_E + F 

Services = G_H_I + J_K + L_P 

 

While economic and population figures are posed in terms of numbers of people, or 

jobs, the natural land-use categories are expressed in terms of total area occupied. The 

area occupied by natural land-use categories can be imposed on either the National or 

Regional level by means of scenarios. This is justified by the fact that in densely 

populated areas, like Belgium, the expansion of areas occupied by natural land-use is 

an act of deliberate policy, rather than a spontaneous process. Policy also protects 

valuable natural areas from the expansion of other (socio-economic) land-uses that 

realize a higher added value per unit of area. There are three Natural land use classes, 

namely (1) wetlands, (2) forests, and (3) shrubs and herbaceous vegetation. This 

choice is based on the available information on the CORINE land use maps as well as 

the scenario‘s to do with the expansion and/or preservation of natural land use. 

 

3.2 Growth of activities at the National level 

 

At every time step t and for each sector K the total National amount of activity (tXNatK) 

is externally determined and given as an input to the National level of the model. 

 

The National growth tEK in sector K, defined as the total activity in the current year 
tXNatK minus the activity in the previous year, is the most important external driving 

force for the dynamics at the National level of the model. It is calculated as: 

 1

1

R
t t t

K NatK Ki

i

E X X



   (1) 

 

Where: 
tXKi is the activity of sector K in region i 

R is the tot number of regions in the Regional model = 43 arrondissements 

 

The growth figures (tXNatK) are taken form externally provided scenarios. In the first 

place these are developed in WP1. In addition they are obtained from the various 

national and regional agencies such as the Federal Planning bureau (Federaal 

Planbureau / Bureau Fédéral du Plan). 
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3.2.1 Population projections 

 

The Federal Planning Bureau in cooperation with the Directorate-general Statistics and 

Economic Information of the FPS – Economy carried out an extensive study of the 

future development of the Belgium population „Bevolkingsvooruitzichten 2007-2060 / 

Perspectives de population 2007-2060, Planning Paper 102, May 2008‟. Their 

projections can serve as a base-scenario (BAU-scenario) for the population at the 

National level. Their projections are depicted in Figure 3. 

 

 
Source:  Bevolkingsvooruitzichten 2007-2060 / Perspectives de population 2007-2060 

Federal Planning Bureau and Directorate-general Statistics and Economic Information 

Figure 3: The population projections until 2060  

 

3.2.2 Employment projections 

 

The scenarios for the employment in the BAU-scenario are based on 2 sources: 

i. „Economic outlook 2008 – 2013‟, Federal Planning Bureau, May 2008. This 

medium-term outlook analyses in detail the expected development of public 

finances, as well as that of the labour market and energy demand. 

ii. „Ontgroening and vergrijzing in Vlaanderen 1990 - 2050‟, Edwin Pelfrene, 

Ministerie van de Vlaamse Gemeenschap, Administratie Planning en Statistiek, 

October 2005. This author describes 3 scenarios for the development of the 

labour force participation rates per age group and estimates their effects on the 

labour market and social services. Despite the title all 3 regions of Belgium are 

included and compared. 

 

The trends forecasted in both studies are shown in Figure 4. The employment scenarios 

for the agriculture, industry and services are constructed as follows: 

1. figures for the years 2000 – 2013 are taken directly from (i); 
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2. for the years 2020 and 2030 the labour force participation rates of scenario B 

(following the Stockholm norm) from (ii) are multiplied with the age structure of 

the population from the „Bevolkingsvooruitzichten 2007-2060 / Perspectives de 

population 2007-2060‟. This gives the labour force in 2020 and 2030. We make 

the assumption that in those years unemployment is relatively small and can be 

ignored, so labour force equals employment. 

3. the employment from (2) is to be distributed over the 3 aggregated sectors. 

This is done by extrapolating the data from 1995 – 2007 and correcting for the 

available employment. Table 1 contains the resulting numbers. Figure 5 to 

Figure 7 show the resulting trend lines. 

 

 

Figure 4: Published data and projections for the total employment in Belgium 

 

Table 1: The employment scenarios per economic sector 

  Agriculture Industry Services Total 

2000 94800 926800 3069700 4091300 

2001 91900 935500 3122400 4149800 

2002 89100 905900 3149300 4144300 

2003 86300 885500 3174300 4146100 

2004 85000 871500 3217700 4174200 

2005 84500 867900 3272800 4225200 

2006 83400 870500 3324200 4278100 

2007 83200 875100 3389800 4348100 

2008 81600 865600 3449300 4396500 

2009 79800 859000 3494300 4433100 

2010 77600 855600 3540600 4473800 

2011 75700 853700 3587200 4516600 

2012 74200 851100 3633100 4558400 

2013 72800 846300 3680200 4599300 

2020 53189 792752 4205031 5050972 

2030 19535 609151 4341547 4970234 
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Figure 5: BAU-scenario (2000-2030) for the development of employment in Agriculture 

 

 

Figure 6: BAU-scenario (2000-2030) for the development of employment in Industry 

 

 

Figure 7: BAU-scenario (2000-2030) for the development of the employment in 
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CHAPTER 4 MODEL DESCRIPTION AT THE REGIONAL 
LEVEL 

 

The choice of the appropriate regional subdivision is part of the research. Possible 

choices are: provinces, arrondissements and municipalities. In the current version of 

the model, a regional subdivision in arrondissements is implemented. This is also the 

NUTS 3 level in Belgium. This choice is based on the fact that the 43 regions are a good 

model-technical compromise for the analysis of spatial differentiation at the regional 

level: 9 provinces would be overly coarse, while the municipalities would be overly 

detailed. Moreover, the software of the model handles 256 regions maximally. The 

choice is further based on the fact that a lot of data from EU, Federal and Regional 

sources are available at the level of the arrondissements. As for the policy and planning 

relevance, the arrondissement are not the best choice as no policy making actually 

takes place at this level. As a consequence, data related to municipal policies are to be 

aggregated at the arrondissement level and thus entered in the model. Similarly 

implementing provincial policies will require their disaggregation at the arrondissement 

level 

 

The borders and geographical extent of the arrondissements are taken from the GISCO 

NUTS 2003 layer at scale 1:3,000,000 and rasterised to the resolution of the Local level 

(see Figure 8). 

 

 

Figure 8: The location of the 43 arrondissements 
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In line with the National level, the Regional model differentiates 4 different sectors in 

the current setup, i.e. population, agriculture, industry, services. Activities resulting 

from growth at the National level are passed on to the Regional level to be allocated to 

the 43 arrondissements of Belgium. Three coupled sub-models can be distinguished at 

the Regional level: 

 For the regional allocation and relocation of the population and the economic 

activities per sector, a standard potential based interaction model is applied. Each 

region competes with all the others for new residents and new activities in all 

economic sectors on the basis of its geographical position relative to the other 

regions, its employment level, the size of its population, the type and quantity of 

the activity already present. In addition to these summarized cellular measures 

obtained from the model at the Local level characterising the available space within 

the regions are additional factors determining the relative regional attractiveness. 

Three Local level measures are: the abundance of good quality land, the zoning 

status of that land, and, its accessibility relative to the public and the private 

transportation infrastructure. 

 A density sub-model translates the regional growth numbers of population and 

employment into spatial claims. In addition, the spatial claims imposed by policy 

(e.g. for natural land use) are assigned regionally. The regionally assigned spatial 

claims are passed on to the model at the Local (cellular) level for a detailed 

allocation. Two principles may be applied: 

o either a claim for land is fixed and passed on as a hard constraint. This 

principle reflects the fact that for particular activities policies determine the 

amount and location of land that is to be created or to be preserved in a 

region. It applies mostly for the natural land categories and recreational land. 

o or the principle of supply and demand is applied to regulate the densification of 

land use as well as its spatial allocation. This principle applies in particular to 

housing and most of the economic activities. 

 A simple transportation sub-model calculates the flows of people and goods 

between the regions. 

 

Each sub-model calculates one or more state variables per region, based on appropriate 

mathematical expressions and adjustable parameters. The state variables are strongly 

interdependent. The parameters have either a technical origin or depend on policies at 

the European or Belgian level. They represent aspects like: energy cost, cost of 

transportation and mobility, technological development, social values and human 

behaviour, demands for space and land-use per capita or unit, etc. The latter aspects 

are not directly defined in the model, but have a clear relationship with the model 

parameters (see Chapter 6). They are adjustable depending on scenarios that can 

represent policies. 

 

The Regional model considers ‗activity‘, tXKi, on the one hand as the number of 

inhabitants (per residential class) and on the other hand the employment (per 

economical sector).  The model calculates the area occupied by each sector. The 

translation from activity (inhabitants and employment) to occupied area is determined 

using density (tWKi), which is calculated using the density sub-model (section 4.7). The 

density changes in time, except for nature categories. It is calculated per sector K and 

per arrondissement i. It determines how much land (expressed as a discrete number of 

cells) is occupied by a sector, given the demand for space, the available area, the 

suitability and zoning status2. 

 

                                           
2
 The term zoning used in the context of the model is broadly defined as space which is made available by 

policy for the deployment and/or expansion of a particular activity. The availability can be derived from policy 

documents in the form of maps. 
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The model is a strong simplification of reality. It assumes that an activity will grow in 

regions with a relatively high attractivity for the activity. An increase in activity implies 

an increase in the pressure on the land, which causes a densification. Densification has 

an impact on the attractivity of the regions for the same and/or other activities. In this 

way regions can loose activities to other, more attractive, regions. Besides density, 

attractivity is also determined by the population, employment and activity of the same 

type in the region. Additionally, the quality of the space in terms of physical suitability, 

policy (zoning) and accessibility is important. Figure 9 shows the most important 

variables and feedbacks in the model. 

 

 

Figure 9: Flowchart with important variables and their feedbacks at different levels of 

the model. 

 

In the next sections the mathematical formulations of the Regional level model will be 

explained. Subscript i refers systematically to the regions (arrondissements). R refers 

to the number of regions (= 43).  The initial values (for t = 0) of all state variables 

included in the simulation model are introduced from external sources. For every other 

time step (t ≠ 0) the values are calculated by the model. The data sources will be 

discussed in the text. 

 

4.1 Regional activities 

 

Like at the National level, activity is defined as the number of jobs in the economical 

sectors (agriculture, industry, services), the number of inhabitants for the residential 

sectors (continuous urban fabric and discontinuous urban fabric) and areas (number of 

cells) occupied by the remaining sectors (nature classes). 

 

For the base year, these are taken form statistical sources and entered in the model. 

Population data for the NUTS 3 regions is available through ECODATA, the web-

application of the Belgium Federal Public Service Economy to interactively query and 

analyse Belgium macro-economic data. Population data can also be found on EuroStat. 
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Data is available for the years 1989 to 2007 (see ANNEX A). The employment figures 

can be downloaded from the website of the National Bank of Belgium and the website 

of EuroStat. They are available for the years 1995 – 2006 (see ANNEX B). 

 

For each consecutive year, t > 0, the effective amount of activity (population, jobs and 

natural land uses) that is eventually placed in a region is determined for all sectors and 

land uses in each region i by the following equation, for each. 

 
t t-1 1t t

Ki Ki Ki KiX W N XR    (2) 

In this equation, t-1WKi is the density (jobs or population per cell) of sector K in region i 

(eq. (26)) in the previous time step, tNKi represents the number of cells that are 

occupied by land use K in region i, given by the micro model, and t-1XRKi represents the 

amount of activity that was not allocated to cells (eq. (32)) in the previous time step. 

 

To determine the demand of activity in each sector and for every region, the model 

calculates on the one hand the distribution of the accumulated demand, and on the 

other hand, the movement of activity between the regions on the basis of their relative 

attractivity for the sector.  

The demand for sector K in region i is given by: 

 
t t t

Ki Ki KiD X D   (3) 

The term 
t

KiD  is determined as: 

 
t t t t

Ki EKi IKi OKiD D D D     (4) 

The change in the demand for K in region i is calculated as the allocation to region i of a 

part of new exogenous activity (tDEKi), increased with the influx from other regions 

(tDIKi) and decreased with the outflow to other regions (tDOKi). 

The outflow from i, tDOki, is the total number of reallocations minus the calculated flow 

from region i to i itself (relocation within the region): 

  1t t t

OKi K Ki OKiiD X D     (5) 

with: 

  1

t

Kijt t

OKij K Ki t

Kij

j

AT
D X

AT


 
 

    
 
 


 (6) 

where φK is the inertia parameter. This parameter represents the amount of activity 

that may not relocate between regions from one time period to the next. It is used to 

calculate the maximum amount of activity that may be relocated out of region i. 

 

The inertia parameter φK can be estimated from the observed migration between the 

arrondissements: 

K
population

migration mentarrondisse-inter
K  98.002.011  (7) 
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For the time being, the economic sectors are all assumed to have the same inertia. 

 

Table 2: Inter-arrondissement migrations in 2001 and 2003 

2001 Arrondissement of departure 

BR VL WA BE 

Arrondissement of 

destination 

BR 0 10511 10539 21050 

VL 14812 86679 5598 107089 

WA 13079 7147 59379 79605 

BE 27891 104337 75516 207744 

Population  964405 5952552 3346457 10263414 

Source: Loop van de bevolking en migraties in 2001, NIS 

2003 Arrondissement of departure 

BR VL WA BE 

Arrondissement of 

destination 

BR 0 10607 10448 21055 

VL 16808 92167 5670 114645 

WA 14382 7684 61200 83266 

BE 31190 110458 77318 218966 

Population  992041 5995553 3368250 10355844 

Source: Loop van de bevolking en migraties in 2003, NIS 

 
tATKij is a measure for the attractivity of the target region j for an activity K leaving 

region i. This variable is explained in section 4.2. 

 

The incoming demand, i.e. into region i, is then determined by the sum of the outgoing 

demand of all regions into region i: 

 t t

IKi OKji

j i

D D


  (8) 

This variable is, next to the inflow and outflow presented above, part of the formula for 

the exogenous demand (tDEKi) for every activity K that ends up in region i3: 
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 (9) 

 If  tDOki = 0, then 1
OKi

t

IKi

t

D

D
 (10) 

In this equation, β5K determines the influence of the relative existing activity. And β9K 

determines the influence of the relocation of demand. This equation states that a region 

is attractive for more of the activity when relatively large numbers of this activity are 

already present in the region, and/or if the region has witnessed already a distinct 

reallocation of the activity, i.e. it is a growing region. 

 

                                           

3 If  
t
DOki = 0, then 1

OKi

t

IKi

t

D

D
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4.2 Regional attractivity 

 

The attractivity of region j relative to i for activity K is given by: 

  (11) 

Next the various terms determining the variable attractivity (tATKij)are described. 

 

The parameter nlongtermK represents the distance exponent for sector K. It expresses 

the sensitivity of long term relocations (= migrations) to the interregional travel 

distances. A higher value of nlongtermK will result in relocations over shorter distances. 

 

An important input in this calculation are the interregional travel distances dij (distance 

from region i tot region j) calculated in the transportation sub-model (see 4.4). An 

additional factor is applied to find the intra-regional distance:  

 

  (12) 

Where TM stands for transport module and b is the intra-region distance factor. The 

parameter b is introduced to allow a better balance between inter- and intra region 

relocation. A lower value of b will lead in the macro model to a shift from inter-region to 

intra-region relocation. 

 

 represents the regional component of the attractivity, meaning the regional 

benefits offered by region j for activity K: 

  (13) 

This constitutes the pull-forces exerted on the activity K by the region of destination. 

The three terms represent three activity indicators in the destination region, each 

expressed as a potential and representing economies of scale, respectively: the total 

population, the total employment and the amount of activity K itself. The exponents of 

these terms, as well as the other terms in the expression tATKij, enable their weighing 

as a function of their relative importance. 

 

The potentials are calculated using the classic definition: 

Population potential:  (14) 

Employment potential:  (15) 
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Potential of the activity K proper:  (16) 

The parameters ndailyK express the sensitivity to frequent travelling over shorter 

distances to find people P (being: consumers en employees), employment J, or activity 

of the same type K (being: partners, suppliers and clients). 

 

is one divided by the density of the region.  The higher the density, the 

smaller will be the force to attract activity to the region of destination. The density 

calculation is the subject of 4.7. 

 

is  the local component of the attractivity. It is determined by the quality of 

the space internal to the region j for activity K: 

  (17) 

 
6Kt

Kjnab


 This term represents the mean neighbourhood effect of cells that are 

occupied by the sector in the destination region. The higher this 

neighbourhood effect, the greater the propensity of activity to relocate 

to the destination region (see also 4.11). 

 
7Kt

Kjsuit


 This term represents the mean suitability of cells that are occupied by 

the sector in the destination region. The higher this suitability, the 

greater the propensity of activity to relocate to the destination region 

(see also 4.11). 

 
8

1
Kt

KjZf


  The relative amount of land zoned for but not yet occupied by the 

sector in the destination region. The higher the amount of land zoned, 

the greater the propensity of activity to relocate to the destination 

region. 

 
10Kt

Kjacc


 This term represents the mean accessibility of cells occupied by the 

sector in the destination region. The higher this accessibility, the 

greater the propensity of activity to relocate to the destination region. 

(see also 4.11). 

 

Not necessarily all terms are relevant for each sector K in the model. Terms can be 

switched off by setting the corresponding β-parameter to 0. When parameters are not 

switched off, they have a value other than 0. The β-parameters are defined in the 

calibration process of the model. 

 

The β-parameters represent the following: 

β1K Influence of the population of a region on the attractivity of that region for 

activity K (P = Population) 

β2K Influence of the employment of a region on the attractivity of that region for 

activity K (J = jobs) 
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β3K Influence of the activity in sector K of a region on the attractivity of that region 

for that activity K  

β4K Influence of the relative regional density on the attractivity for activity K 

β6K Influence of the relative regional neighbourhood effect on the attractivity for 

activity K 

β7K Influence of the relative regional suitability on the attractivity for activity K 

β8K Influence of the relative regional zoning on the attractivity for activity K 

β10K Influence of the relative regional accessibility on the attractivity for activity K 

 

4.3 Policy constraints on the regional demand 

 

The demand tDKi, (equation (3)) for an activity in a region is subjected to a policy 

constraint. This means that it cannot be smaller than a given lower bound (lb) or higher 

than a given upper bound (ub). These bounds are determined exogenously as part of 

the particular policy exercise that the model is used for. Such scenarios can for 

example focus on slowing down or on stimulating the growth of activities in certain 

regions. The constraints are not meant to influence the total national demand, 

therefore the correction made by applying the constraints is compensated 

proportionally over the regions, according to equation (18): 

   min max , ,C

Ki KiD lb f D ub   (18) 

where DC is the demand subjected to the policy constraints. The compensation factor f 

is calculated iteratively to match the constraint of equation (19). 

 C

Ki Ki

i i

D D   (19) 

 

4.4 Transportation infrastructure 

 

The transport infrastructure plays a major role in both the Regional and the Local model 

to calculate the interregional distances (see 4.5) in the former and the local 

accessibility (see 5.7) in the latter. The model uses of the following networks from the 

Tele Atlas Multinet Shapefile 4.3.1: 

 Slip roads 

 Motorways 

 Express roads 

 Major roads 

 Secondary roads 

 Railways 

 Railway stations 

 

Figure 10 displays the various networks. 
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Source: Tele Atlas Multinet Shapefile 4.3.1 

Figure 10: The transport infrastructure in the model. 

 

4.5 Interregional distances 

 

The interregional distances are calculated as the shortest paths, measured in time, 

along the road-network between the centroids of the arrondissements. For this purpose 

each road type gets a theoretical average driving speed assigned (see Table 3). The 

characteristics of the individual roads are not taken into account, nor is the congestion. 

The centroid is the most centrally located network node in the arrondissement. 

 

 

Table 3: Theoretical average driving speed per road type 

Road type Theoretical average driving speed 

Slip road 50 

Motorway 110 

Express road 90 

Major road 70 

Secondary road 50 
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Figure 11 shows the road segments that are part of the shortest paths between the 

arrondissements. 

 

 

Figure 11: The shortest paths between the centre nodes of the arrondissements. 

4.6 Intraregional distances 

 

The intraregional distances are assumed to be dependent on the surface area of the 

region.  The underlying assumption is that the region can be approximated with a 

circle. Then the intraregional distance corresponds to a constant times the radius of this 

circle. 

  (20) 

 

A first calibration using only population data resulted in: b = 0.0145. 

 

4.7 Density 

 

The density represents the amount of activity that can be placed in a region per cell of 

the Local level model. This variable has a crucial role in the connection of the models at 

Regional and the Local level. The density is determined for all sectors. For land use 

types for which the activity is expressed as an acreage (e.g. Recreation, Greenhouses 

and Nature) the density is less relevant, it is constant in time and the same for all 

regions it is set equal to the area taken in by 1 cell (= 9 ha/cell). The equations to 

calculate the density are presented later, but first some auxiliary variables are 

introduced. 

i

i
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The number of cells demanded by the Regional model for sector K in region i (tND*
Ki) is 

calculated by dividing the demand by the density. The asterisk (*) is added, since this 

formula uses the density calculated in the previous time step. Once the current density 

is determined, tNDKi is calculated again (using the density of the current time step) and 

returned to the Local level model. 

 
1

t
t * Ki

Ki t

Ki

D
ND

W
  (21) 

Because in the Local level model the border of the regions coincide with the cell borders 

an because tND*
Ki is an integer, the above value needs rounding to an integer. The total 

demand from the Regional level model for cells in region i is then given by: 

 t * t *

i Ki

K

ND ND  (22) 

The variable tLi is the ratio of the total cells demanded in a region to the cells available 

for allocation. It is essentially an index of crowding in a region. If tLi is larger than 1, 

then more cells are demanded by the Regional model than available in the region. 

 
t *

t i
i t

i

ND
L

Q
  (23) 

where 

 t t t

i Ki Li

K L

Q N N    (24) 

Variable tQi is the total amount of space (number of cells) in a region that can be 

potentially occupied by dynamically modelled land use classes. K is the set of the 

functions and L is the set of the vacant land use types (5.1). The number of cells, tNKi 

and tNLi are received each time step from the Local model. Static land use classes, e.g. 

surface water, dump sites, infrastructure, etc. are not included in tQi. 

 

The initial density is determined by4: 

 

0
0

0

Ki
Ki

Ki

X
W

N
  (25) 

In every following time step, this value is determined dynamically by: 

 Ki

t

Ki

t

Ki

t

K

t

Ki WlokWregWW ...1 1   (26) 

 

This equation consists of three terms: 

 

1. Densification/thinning based on a trend over time: 

                                           
4
 This is only valid if 

0
NKi > 0 and 

0
XKi > 0. If not, 

0
WKi = wminK. This is the minimum density. The condition 

0
NKi = 0 applies in particular when a land use K is not represented in a region i. 
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 t
WKi = 

t
δK∙

t-1
WKi (27) 

2. Densification/thinning based on properties at the Regional level tWregKi: 

  (28) 

Densities for all regions are rescaled on the basis of the new level of demand 

relative to the existing level of density. Max(1, tLi) is used in rescaling the densities 

so that tLi only affects the densities if the value is larger than 1. In other words, tLi 

serves only to increase the density, never to decrease it. 

 

3. Densification/thinning based on properties at the Local level tWlokKi: 

 

(29) 

Densities for all regions are rescaled on the basis the relative change in average 

neighbourhood effect, accessibility, suitability and available zoned land in the 

region. 

 

The density parameters δ represent the following: 
tδ1K Absolute influence of the current density (This is actually a trend which can take 

different values for every time step) 

δ2K Absolute influence of the demand for activity on the availability of activity 

δ3K Relative influence of the demand for activity on the availability of activity 

δ4K Absolute influence of the excess of available space 

δ5K Relative influence of the excess of available space  

δ6K Absolute influence of the growth in the neighbourhood effect 

δ7K Relative influence of the growth in the neighbourhood effect  

δ8K Relative influence of the change in the accessibility of the occupied space 

δ9K Relative influence of the change in the suitability of the occupied space 

δ10K Absolute influence of the change in the space that is made available by zoning 

δ11K Relative influence of the change in the space that is made available by zoning 

 

Here the number of parameters can be reduced without affecting the model behaviour. 

Since all parameters referring to an absolute influence may be combined into one 

according to equation (30): 

 
3 5 7 11'

' ' ' '
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 (30) 

For this reason, the parameters δ2K, δ4K, δ6K and δ10K are essentially removed from the 

model by setting them to 1 and parameter δ1K remains to be calibrated. 

 

For the first three terms in tWlokKi it holds that the effect (nab, acc or suit) is summed 

over all cells occupied by sector K in region i. The ratios are equal to 1 in the first 
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iteration, or if the numerator or denominator equals 0. In the zoning term (tZfK), the 

numerator uses quantities from the National level, so that the density is only increased 

(decreased) if the proportion of available zoned land in the region is lower (higher) than 

that at the National level. 

 

4.8 Demand for space 

 

Once the density is determined, the number of cells demanded by the Regional model 

for sector K and region i must be calculated. This value is then returned to the Local 

model (Chapter 5). 

 

0          if   

    otherwise       

t

Ki K

t t
Ki Ki

t

Ki

D wmin

ND D

W

 


 



 (31) 

This value is integer, hence it should be rounded before it is returned to the Local 

model. The parameter wminK is a boundary condition. It is the minimal density needed 

for a cell can get the dominant land use K. 

 

Next the residual (un-allocated) activity must be updated. This is done by: 

 
t t t t

Ki Ki Ki KiXR D ND W    (32) 

At the Local level, an activity can exist in only one or more land use types. Population, 

for example, exists in land use class ‗Continuous urban fabric‘ and ‗Discontinuous urban 

fabric‘ (see Table 4). The linkage between activities (in the Regional model) and land 

use classes (in the Local model) is established in the Land use – Sector matrix (see 

Table 5). 

Table 4: Correspondence between activities and land uses 

Activity Unit Corresponding land uses 

Population persons Continuous urban fabric, Discontinuous urban fabric 

Agriculture persons 
Arable land, Permanent crops, Pastures, Heterogeneous 

agricultural areas 

Industry persons Industrial or commercial units 

Services persons 
Industrial or commercial units, Continuous urban fabric, 

Discontinuous urban fabric 

 

Table 5: Land use – Sector matrix 

 
 

Population Agriculture Industry Services

Arable land 0.05 0.95 0 0

Permanent crops 0.05 0.95 0 0

Pastures 0.05 0.95 0 0

Heterogenous agriculture 0.25 0.75 0 0

Continuous urban fabric 0.55 0 0.05 0.40

Discontinuous urban fabric 0.85 0 0.05 0.10

Industrial and commercial units 0 0 0.55 0.45
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The cells of the Land use – Sector matrix define FKfK, the proportion of land use f that is 

occupied by activity K. The demand for space for the activities K is then translated to a 

demand for land use F using the following equation (33). 

 








f

fKfi

t

FKFi

t

Ki

K

t

Fi

t

FKN

FKN
NDND  (33) 

4.9 Total employment 

 

The total employment can be calculated by adding the jobs in all sectors: 

 , , , , ,

t t t t t t

i ag i fish i services i industry i sociocultural iJ X X X X X      (34) 

 

4.10  Introduction of a new activity 

 

In this section, an algorithm is presented to introduce the activity K in regions that are 

lacking it at time t. So this are regions where tXKi = 0. The application of the algorithm 

is necessary, because equations (1) - (3) will always return a demand for sector K in 

region i, tDKi = 0 if the current tXKi = 0. 

 

Thus, in cases where tXKi = 0, vrati the ratio of regional population potential to the 

mean population potential is calculated, using: 

 
1
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 (35) 

with: 1  vrati  (R+1), i  

 

Next, a uniform random variate distribution (uniform, 0 < rand < 1) rand () is called, 

weighed by a function of the potential ratio vrati, and rescaled. 
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ilog vrat
rw rand

log


 

   
 

 (36) 

with: 0  log(vrati)  log(R + 1), and log(vrati) = log(2) for VPi = mean (VPi). 

 

A threshold parameter 1 and a scaling parameter 2 are chosen. 2 is chosen in the 

interval 0  2  1. If 2 is equal to 0, then there is no weighing by the potential. 

 

In order to ensure that no new activity is located in regions currently lacking it, set 1 = 

1 and 2 = 0, such that rw (equation (36)) < 1. 

 

If the re-scaled random variate rw > 1 assign the exogenous production: 
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    t t

EKi i KiD vrat W   (37) 

Since the activity allocated to the region is exogenous, it must be deducted from the 

current year‘s stock of exogenous production that will be allocated (equation (38)): 

 1

1
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t t t t

K NatK Ki EKi

i

E X X D



    (38) 

4.11  Synthetic cellular properties 

 

The Local model supplies at each time step information to the Regional model about the 

state of the space in each region i and for each activity K. This is a mean value of the 

neighbourhood effect, the accessibility and the suitability for cells occupied by the 

activity: 
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 (41) 

with: 
tNKc  is the neighbourhood effect of cell c at time t for land use K as calculated in the 

Local model. 
tAKc is the accessibility of cell c at time t for land use K as calculated in the Local 

model. 
tSKc  is the suitability of cell c at time t for land use K as calculated in the Local 

model. 
tGKc  = 1 if cell c in region i is occupied by land use K at time t. 
tGKc  = 0 if cell c in region i not occupied by land use K at time t. 



Model description at the Local level 

 

VITO confidential information - Copyright 2011 VITO NV 40 

CHAPTER 5 MODEL DESCRIPTION AT THE LOCAL 
LEVEL 

 

At the Local level, Belgium is represented as a raster of cells: a regular grid of 768 rows 

by 934 columns. Out of the 717,312 cells 340,685 are inside the modelled area. The 

cells measure 300 by 300 meter (9 ha). From a modelling-technical point of view, this 

resolution is appropriate as the kind of CA-model applied works fine with cells ranging 

from 50 m to 1000 m. The 300 m resolution is still sufficiently small to enable working 

with dominant land uses. This is more the case in the Walloon than the Flemish part of 

the country. The neighbourhood of the CA-model has a radius of 8 cells, hence, covers 

a distance of 8 x 300 m = 2400 m. Thus, spatial interactions between land uses at the 

Local level have an immediate effect over this distance. Or, to put it differently, the 

users of land in need of a (new) location have knowledge of and value the land uses 

present within this radius in their assessment of alternative locations. Finally, the land 

use map used by the Local model is CORINE. The spatial entities represented on this 

map cover an area of 25 ha minimally. Thus, the 9 ha of the Local model are well below 

this threshold and thus a lot of odd shaped entities (in particular, the long and narrow 

ones) are captured in the land use map. 

 

The detailed allocation of land associated with economic activities, residents and natural 

land cover in each region, is modelled by means of a cellular automata (CA) based 

land-use model of the kind developed by White, Engelen and Uljee (White and Engelen, 

1993; Engelen et al., 1995; White et al., 1997). Cellular automata are dynamic 

systems consisting of an Euclidian space containing identical cells in a regular grid. In 

this application the CA consists of square cells in a two dimensional (the earth surface) 

matrix. The cells are in one of a discrete number of states (land use classes). Cells are 

surrounded by a neighbourhood, consisting of a template of neighbouring cells. A 

transition rules describes the change of state of a cell as a function of the state of the 

cell itself and that of the cells in its neighbourhood. For each cell the neighbourhood 

template is applied and the transition rules are calculated in order to know their new 

state. Next, all cells are simultaneously converted to the new state. 

 

In the transition rule applied in the Local model, four elements determine whether a cell 

is taken in by a particular land use function (figure 12): 

 Dynamics at the Local level is the most important factor representing the impact of 

land uses in the area immediately surrounding a location. The presence of 

complementary or competing activities and desirable or repellent land uses is of 

great significance for the quality of a location and thus for its appeal to particular 

activities. For each cell, the model assesses the quality of its neighbourhood: a 

circular area with a radius of eight cells (see 5.2). 

 Physical suitability is represented in the model by one map per land-use function 

modelled. The term suitability is used here to describe the degree to which a cell is 

fit to support a particular land-use function and the associated economic or 

residential activity. The maps are prepared within a GIS (see 5.8). 

 Zoning or institutional suitability is also characterized by one map per land-use 

function. It is another composite measure based on master plans and planning 

documents available from national or regional planning authorities including: ecolo-
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gically valuable and protected areas, protected culturescapes and buffer zones. For 

maximally three consecutive planning periods, determined by the user (e.g.: 2005-

2009, 2010-2014 and 2015-2030), each zoning map specifies which cells can and 

cannot be taken in by the particular land use. The maps are prepared within a GIS 

(see 5.9). 

 Accessibility relative to the transportation infrastructure for each land-use function 

is calculated. It is an expression of the ease with which an activity can fulfil its 

needs for transportation and mobility in a particular cell. It accounts for the distance 

of the cell to the nearest link or node on each of the networks, the importance and 

quality of that link or node, and the particular needs for transportation of the 

activity or land-use function (see 5.7). 

 

 

Figure 12: Four elements determining the propensity for a cell to change to a particular 

land use 

 

On the basis of these four elements, the model calculates for every simulation step the 

transition potential for each cell and each function.  Cells will change to the land-use 

function for which they have the highest transition potential, until Regional demands 

are satisfied. Thus, the transition potentials are a proxy for the land rent reflecting the 

pressures exerted on the land. As such they constitute important information for those 

responsible for the design of sound spatial planning policies. The allocation of a land 

use function to a cell follows the principle of competition for space among all possible 

land use functions. The land use of each cell is questioned at each time step (every 

year). This results in a dynamic, non-linear behaviour of the model. 

 

These different parts and aspects of the CA-model will be explained and specified in the 

remainder of this chapter. 
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5.1 Land uses 

 

A cell in the Local model can be occupied by one of a discrete and limited number of 

land uses. This is the dominant land use within a cell. Every land use belongs to one 

out of three possible types: ‗dynamic land use classes‘ or ‗functions‘, ‗passive land use 

classes‘ or ‗vacants‘, and ‗static land use classes‘ or ‗features‘. Their properties are 

defined as: 

 Functions (Lfct) (dynamic land uses) have their own dynamics at both the Regional 

and Local levels. They can change over time in size and location (at both levels). 

Their overall development is calculated by the Regional model and is passed on to 

the Local model as a constraint. The Local model determines their precise allocation. 

The Regional model can also pass on developments of certain land uses imposed 

per scenario. This is especially relevant for the natural land use classes. 

 Features (Lfea) (static land uses) do not have their own dynamics but through their 

presence or absence influence the dynamics of functions. They are typically land 

uses with dynamics at completely different timescales than those modelled, or, land 

uses which dynamics are entirely determined by policy. Examples are wetlands, 

water bodies, dump sites, etc. 

 Vacants (Lvac) (passive land uses) only have dynamics at the Local level but their 

expansion or contraction in time is not determined by the Regional level. These are 

typically land uses like abandoned land, forest and scrub. They often supply land to 

economically stronger activities. They will typically occupy cells not occupied by 

features and that remain available when all functions have been assigned. Also 

construction sites can be included in this category, especially if it is not clear in what 

land use the construction will result. 

 

Note that throughout this chapter, L represents the set of all land uses, and fctL L , 

LL fea  and LLvac   represent respectively the set of the functions, features and 

vacants. 

 

The land uses as well as the land use map are derived from the CORINE land cover 

2006 seamless vector database (see section 6.2.1). At its most detailed level the 

CORINE land cover map distinguishes 44 land cover classes. Not all classes are found in 

Belgium nor are all relevant to the model. Table 6 lists the 20 land uses which have 

currently been retained in the model as well as the areas they occupy. 

 

Table 6: The land uses at the Local level of the model 

Name CLC-code Type Area (ha) 

Abandoned - vacant/passive 0 

Forest 3.1 vacant/passive 609939 

Scrub and/or herbaceous vegetation 

associations 

3.2 vacant/passive 

33948 

Arable land 2.1 function/active 672867 

Permanent crops 2.2 function/active 8217 

Pastures 2.3 function/active 355779 

Heterogeneous agricultural areas 2.4 function/active 727803 

Continuous urban fabric 1.1.1 function/active 4833 

Discontinuous urban fabric 1.1.2 function/active 509751 

Industrial or commercial units 1.2.1 function/active 50670 

Artificial, non-agricultural vegetated 

areas 

1.4 feature/static 

23868 

Road and rail networks and associated 1.2.2 feature/static 10890 
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Name CLC-code Type Area (ha) 

land 

Port areas 1.2.3 feature/static 6957 

Airports 1.2.4 feature/static 5760 

Mineral extraction sites 1.3.1 feature/static 8460 

Dump sites 1.3.2 feature/static 1440 

Beaches, dunes, sands 3.3.1 feature/static 1098 

Inland wetlands 4.1 feature/static 8928 

Maritime wetlands 4.2 feature/static 612 

Water bodies 5 feature/static 19467 

 

 

The resulting land use map at the Local level is shown in Figure 13. 

 

 

Figure 13: The land use map 

 

5.2 CA-neighbourhood 

 

In the Local model, a circular shaped CA-neighbourhood is used with a radius of eight 

cells, as shown in Figure 14 and Table 7. All 196 cells in this neighbourhood are in 

precisely one of 30 concentric circles. These concentric circles, d  D, get a distance-

number as determined by their Euclidean distances to the centre (i.e. circle 1) and give 

them a ring value according to their position in an ordered list of the distance values. 

The distance is calculated as: 

 
22 YdXdringdist   (42) 
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where Xd and Yd are the distance shown at the bottom respectively the left of Figure 

14. 

 

 

Figure 14: All cells in the neighbourhood are in exactly one concentric circle 

 

Table 7: Numbers and distances of the concentric rings in the CA-neighbourhood 

Concentric 
circle 

1 2 3 4 5 6 7 8 9 10 

Distance 
ringdist 

0 √1 √2 √4 √5 √8 √9 √10 √13 √16 

 
Concentric 
circle 

11 12 13 14 15 16 17 18 19 20 

Distance 
ringdist 

√17 √18 √20 √25 √26 √29 √32 √34 √36 √37 

 
Concentric 

circle 

21 22 23 24 25 26 27 28 29 30 

Distance 

ringdist 

√40 √41 √45 √49 √50 √52 √53 √58 √61 √64 

 

Spatial stationarity applies in the model, as every cell, independent of its position in the 

grid, applies the CA-neighbourhood in the same way to determine the transitions to 

new states. 

 

5.3 CA-transition rules 

 

A CA-transition rule is developed for every Function land use. It is a weighted sum of all 

distance functions calculated relative to all other land uses present in the model. The 

set of distance functions (Figure 15) describe the locational preferences and derived 

spatial interaction mechanisms active in the Local model. 
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For each possible combination of a Function or Vacant land use and any other land use 

(Function, Feature or Vacant) a distance function can be defined (Figure 16). It 

expresses the extent to which the (Function or Vacant) cell in the centre of the 

neighbourhood is influenced by the presence of the particular land use L at any possible 

distance d  D in the CA-neighbourhood. The distance functions thus express the push 

and the pull forces between land uses as a function of the distance from the centre of 

the neighbourhood. 

 

 

 

Figure 15: The CA-transition rules are distance rules 

 

 

Figure 16: The transition rule of a Function land use is a weighted sum of all distance 

functions calculated relative to all other land uses present in the model 

 

At every possible distance (ringdist), the distance function is determined by an 

interaction weight. Hence, in total, a distance function is determined by 30 weight 

values. During the calibration of the model these weights are fine-tuned. However, fine-

tuning 30 points per function would make the model hard to calibrate. To overcome this 

difficulty, the distance rules are simplified to rules defined by only four points. For these 

rules the following properties should hold. 

1. The inertia value is always given on the y-axis, i.e. at distance 0. Thus, the first 

point should be (0, inertia). 

2. The second point should be presented at distance 1, so the point is called (1, a). 

3. There should be one point such that on the right of this point, the function value 

is always equal to 0. This point is called (d, 0). Thus, for every distance that is 

larger than d, the function value is 0. 

4. And there is one point, (b, c), that can be anywhere in the graph, but it should 

fulfil that 1 < b < d. Thus, point b is not allowed to appear at the left of distance 

1 and not at the right of the first distance at which the function value is 0. 
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An example of a four point transition rule is shown in Figure 17. The vertical lines 

represent the ringdist distances of the 30 concentric circles. Still, the model is using 

weight values for each concentric circle interpolated on the segments of the 4-point 

rules. 

 

 
The coordinates of this rule are (0, inertia) = (0, 0), (1, a) = (1, 45), (b, c) = (2, 17) 

and (d, 0) = (4, 0). 

Figure 17: Four point transition rule. 

 

5.4 Transition potential 

 

The transition potential is a dimensionless value (either positive or negative) that 

represents the likeliness that a cell will change state. The transition potential is 

calculated for every function and is based upon a number of terms, which are described 

in detail in the following sections. 

 

The transition potential is calculated for every land use l  L and cell c  C as: 

If  0t

l ,cN    t t t t t

l ,c S l ,c Z l ,c l ,c l ,c l ,cP w S w Z A N R        (43) 

If  0t

l ,cN       t t t t t

l ,c S Z S l ,c Z l ,c l ,c l ,c l ,cP w w w S w Z A N R          (44) 

In both cases, the random factor tRl,c is determined by: 

  10
a

t t

l ,c l ,cR log rand   (45) 

with: 
tPl,c Transition potential 

wS, wZ Weights for respectively suitability and zoning 

Sl,c Suitability 
tZl,c Zoning 
tAl,c Accessibility 
tNl,c Neighbourhood effect (= tNl,nbh + tNl,0) 
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tRl,c Random factor 
trandl,c Is drawn from a uniform (0, 1) distribution, with P(trandl,c < x) = x 

a Stochastic factor 

 

In particular, the value of the stochastic factor will determine the amount of noise. Low 

values of a will result in a very deterministic behaviour, which assumes a perfect 

knowledge and sense for optimal locational choices. High values result in the opposite. 

Research carried out (White and Engelen, 1993; White et al., 1997) has demonstrated 

that sufficient noise is required in the model in order to generate realistic spatial 

patterns. 

 

5.5 Land use allocation 

 

Cells are assigned a land use type on the basis of the transition potential and the 

regional constraints. The state of a cell is in one of three independent sets, 

. The allocation of land uses from each of these sets functions 

differently.  

 

Feature cells remain unchanged. Thus, if a cell is a feature cell, it will also be a feature 

cell in the next time step. 

 

For function cells, the allocation is somewhat more complicated. Land uses are 

allocated by means of a combinatorial algorithm which allocates functions according to 

the highest potential until all cell demands are met. Suppose there are two cells a and 

b. If the potential in cell a for the land use of cell a is greater than the potential in cell b 

for the land use of cell b, then the potential of the land use of a in cell a is greater than 

or equal to the land use of a in cell b. Thus: 

if: t t
a b

t t

LU ,a LU ,b
P P  (46) 

then: t t
a a

t t

LU ,a LU ,b
P P  (47) 

where tLUc represents the land use in cell c at time t. This condition holds for all 

function land uses in a and b. 

 

For the case in which the land use of a is a function and the land use of b is a vacant, 

equation (46) must hold (so without the condition in (47)). 

 

Furthermore, for a certain land use K in region i, it should hold that the number of 

function cells in that region is equal to the number of function cells that is demanded 

(which is tNKi, i.e. the number of cells at time t for sector K and region i). 

 
  t

c fct K
i

t

KiLU , L
c C

N


   (48) 

In this equation, a ,b  = 1 if a and b are equal, and 0 otherwise, and Ci is the set of 

cells in region i. 

 

fct fea vacL ,L ,L L
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After the function and features are allocated to cells, the remaining cells are occupied 

by vacants. If a cell is a vacant cell, then it should hold that the transition potential of 

the land use in this cell is equal to the maximum potential of all vacant land uses in 

that cell. 

  t
c

t t

l l ,c vacLU ,c
P max P | l L    (49) 

5.6 Neighbourhood effect 

 

The neighbourhood effect is calculated using the following equation: 

 t
x

d

t

l ,c l , LU ,d
d D x C

N w
 

 
  

 
   (50) 

with: 

D The set of distances in the CA-neighbourhood of cell c  C. 

Cd The set of cells at distance d  D, with dC C . 
tLUx The land use of cell x  Cd at time t. 

wl,m,d The interaction weight between cell c  C with land use l and cell x  Cd with 

land use m at distance d  D in the CA-neighbourhood. 

 

This means that the neighbourhood effect sums the interaction weight between land 

use l and every other land use that occurs in a cell x which is part of the set of cells at 

distance d, for every distance d  D in the CA-neighbourhood of cell c. 

 

5.7 Accessibility 

 

Accessibility is a spatially distributed measure (on a map) expressing, in values ranging 

between 0 and 1, the degree to which a cell can be accessed via the transportation 

infrastructure. 

 

In the current version of the model, accessibility is a composite measure of two types 

of accessibility: local accessibility and implied accessibility. They are explained below. 

 

 Local accessibility 

The local accessibility reflects the distance of a cell to the transport infrastructure. The 

transport infrastructure consists of a number of networks, which may consist of either 

points (such as railway stations or access points to motorways) or lines (such as roads 

or canals). A cell that is positioned closer to a line or point of a network has a higher 

local accessibility. 

 

For each network the effect of proximity on accessibility is calculated according to 

equation (51). 
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1
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t s ,l

s ,l ,c
s ,c s ,l s ,c

s ,l

a
A

D a D

a

 




 (51) 

with: 
tAs,l,c Accessibility of cell c for land use l concerning the network s. 

Ds,c The distance of cell c to the nearest cell on the network s. 

as,l The accessibility coefficient representing the importance of a good access to 

the network s for land use l. as,l ≥ 0 

 

A special case are land use classes that suffer rather than benefit from accessibility, in 

particular the natural land uses. For these the accessibility is calculated differently: 

 1t neg t s ,c

s ,l ,c s ,l ,c

s ,c s ,l

D
A A

D a
  


 (52) 

This is indicated in the user-interface by entering a negative value for as,l. 

 

The combined effect of the nearness to the various networks is calculated according to 

the following equation. 

 
 

 

1 1

1 1

s ,l c ,s
t s

l ,c

s ,l

s

w A

L
w

  


 




 (53) 

where s is the index iterating over the different networks. The weights ws,l  [0,1] give 

the relative weight of the proximity to the different networks in the total local 

accessibility (tLl,c). The effect of equation (53) is ‗decreasing additive‘. It is additive, 

because the good access to an additional network will result in a higher accessibility. It 

is however decreasing because the inclusion of an additional network will lead to a 

reduced contribution of the individual networks. 

 

 Implied accessibility 

The implied accessibility reflects the fact that when an area is occupied by urban land 

uses, policy measures will be taken to improve its networks and assure its accessibility. 

This is the case even if it does not appear so in the various networks. For the Local 

model this is especially significant because while the cellular automata model changes 

the land use map it does not change the network layers accordingly. 

 

The implied accessibility takes one of two possible values for each land use class: Urbl 

for urbanized areas or NUrbl for non-urbanized areas. A cell c is urbanized if its land use 

type belongs to the set of built up classes (U). Which land use classes are built up can 

be configured, but currently these are: Continuous urban fabric, Discontinuous urban 

fabric, Industrial or commercial units, Road and rail networks and associated land, Port 

areas, and Airports. 
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U = {Continuous urban fabric, Discontinuous urban fabric, Industrial or commercial 

units, Road and rail networks and associated land, Port areas, Airports} 

 

where tLUc is the land use class found at cell c at time t. 

 

 Composition of total accessibility 

The accessibility is eventually calculated as the product of the local accessibility and the 

implied accessibility. 

 cl

t

cl

t

cl

t ILA ,,, .  (55) 

 

Figure 18: Accessibility for industry shown for part of Antwerp province 

 

5.8 Suitability 

 

Suitability is a spatially distributed statistic and dimensionless value on a map that 

expresses the appropriateness of each cell to receive a land use in values in the interval 

{0, 1}. It is a composite measure based on ecological, physical, technical or economical 

factors determining its physical appropriateness. The suitability maps remain constant 

over time unless they are changed interactively. 
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Figure 19: Suitability map for Arable land 

 

The factors are weighted and synthesized to a single measure which is rescaled to the 

interval {0, 1} using a GIS application. The weighting can be done using a multiple 

regression approach, but is most often based on expert judgement. A suitability value 

of 0 is assigned to the least suitable cell, while a value of 1 is assigned to the most 

ideal and most suitable cell for the given activity and its associated land use. 

 

The Local model supplies the synthesised information to the Regional level model about 

the suitability for every land use (or activity) l and for every region i (see 4.11). 

 

5.9 Zoning 

 

Zoning (ZMl,c) is a spatially distributed statistic dimensionless value on a map that 

shows in a binary manner whether a cell can (= 1) or cannot (= 0) be occupied by a 

certain land use. The zoning can change in time and space. The model allows making a 

distinction between three planning periods per land use: 

 Zoning period zp = 0: from start date (t=t0) till first data set (t=t1). 

 Zoning period zp = 1: from first date set (t=t1) till second date set (t=t2). 

 Zoning period zp = 2: from second date set (t=t2) till end date of simulation 

t=T) 
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Figure 20: Zoning map for Discontinuous urban fabric enabling vast expansion after 

2025 

 

The assumption is made that once a land use is allowed in a cell, it will be allowed for 

the remainder of the simulation period. Hence, in numbers varying from 0 to 3, the 

zoning maps, ZMl,c, indicate for each cell from which period onwards the land use is 

allowed in the cell: 

 ZMl,c = 0: the land use is allowed starting in zoning period 0, 

 ZMl,c = 1: the land use is allowed starting in zoning period 1, 

 ZMl,c = 2: the land use is allowed in zoning period 2, and 

 ZMl,c = 3: the land use is never allowed. 

 

It is further assumed that the change in the zoning status of a cell from not allowed (0) 

in the present zoning period to allowed (1) in the next zoning period is gradual. Hence, 

that a change in the zoning status is anticipated and a cell will change state as a 

function of the elapsed time in the present zoning period. The parameter ζ expresses 

the level of anticipation of the future zoning status. High values (1<ζ<) represent 

rigorous zoning regulations. In the given case, anticipation does not lead to freeing-up 

more land, except in the very last years of a zoning period. Low values (0< ζ <1) 

represent lenient zoning regulations. The gradual change in the zoning status has the 

technical advantage over a sudden change in that it avoids an unrealistic behaviour of 

the model during the first time step of a new planning period (when suddenly a lot of 

newly zoned land may become available). It represents reality much better in that the 

zoning status of land is changing gradually within broadly defined planning periods. 

If l ,cZM zp  and zpt t  for zp = 0, 1, 2, then 1t

l ,cZ   (56) 

If l ,cZM zp  and 1zp zpt t t    for zp = 1, 2, then: 
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And in all other cases,  0t

l ,cZ   (58) 
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With: 
tZl,c Zoning status of cell c  C for land use l  L at time t  {t0, t1, t2, T}. 

ZMl,c Zoning map of cell c  C for land use l  L. 

ζ Anticipation of future zoning status ( 0   ). 

 

Figure 21 shows the result of equation (57) for different values of x. 

 

 

Figure 21: Anticipation of the availability of newly zoned land in the next planning 

period 

 

The Local level model supplies synthesized information to the Regional level model 

about the zoning for every land use (or activity) l and for every region i (see 4.11). 
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CHAPTER 6 AGRICULTURAL LAND USE AND 
LINKAGES WITH BOTH THE ABM AND 

CCA MODELLING FRAMEWORKS 

6.1 Introduction and objectives 

In the multimode project, two modelling frameworks are being developed in parallel: an 

Agent Based Model that focuses on the agri-environment and a Constraint Cellular 

Automata Model. The main aim of this chapter is to find common ways of linking the 

two modelling approaches through agricultural areas.  

 

A major part of the statistical data on agricultural land use is available for 

administrative units with no direct way to assign them to units more relevant from a 

geographical point of view (e.g. catchments, agricultural regions). The Belgian 

agricultural census data held every year on 15th May, of which the results are reported 

to the Farm Structure Survey (FSS) in Eurostat, provide for a long term dataset on 

farming activities in Belgium. The data include the structure of the farming holdings, 

their managers, the land use, livestock and the labour force. The agricultural production 

database, as part of the census dataset, provides yield, surface area and production 

statistics on all major crops in Belgium aggregated to the country, region and province 

level.  

 

The yearly datasets provide inter alia for an invaluable source to elicit trends in 

agricultural surface area for different crops. The agricultural census data, however, 

cover statistics on the agricultural sector but may not sufficiently reflect (agricultural) 

land use outside the professional agricultural sector. A comparison with other data 

sources is necessary to reveal differences and their significance with relation to land 

use partitioning.  

 

In order to spatially allocate statistics from administrative regions to another spatial 

dimension, the statistics should be redistributed via a spatial modelling process. A 

spatially explicit land cover map for Belgium is the Belgian Corine Land Cover map (BE-

CLC). BE-CLC provides for a limited time series of land cover (1990, 2000, 2006) 

produced with a methodologically uniform nation-wide coverage. A methodology needs 

to be developed to localise the information more precisely while limiting information 

loss. The assignment of statistical data and information on agricultural land cover to 

BE-CLC will have to consider different spatial allocation algorithms, the potential of 

using ancillary data such as soil or elevation maps and uncertainty.  

 

The objectives are to  

o Compare BE-CLC and statistical land cover data and define a common 

classification scheme that is relevant for studying sustainable agriculture and 

environment;  

o Define statistical trends in agricultural surface area and their likely evolution in 

future; and, 

o Define a methodology to spatially allocate statistics and evolution to BE-CLC. 
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6.2 Comparison of Belgian databases on agricultural land use/cover 

The most important Belgian databases on agricultural land use/cover are:  

o Belgian Corine Land Cover  

o agricultural census database 

o kadaster parcel database 

o LPIS parcel database (including IACS) 

 

A comparison of the different databases is made in terms of spatial characteristics, data 

allocation, classification and data acquisition. The importance of the geometric precision 

of the different databases is closely related to the size of the aggregation unit or 

administrative region. The error of precision plays an important role for objects placed 

along the border of an administrative region or spatial unit.  

6.2.1 The Belgian Corine Land Cover (BE-CLC) 

The determining elements of the CLC database are:  

 Classification nomenclature 

A description of the CORINE land cover classes can be found at: http://etc-

lusi.eionet.europa.eu/CLC2000/classes. Agricultural land use comprises the following 

classes: 

CLC Level 1 CLC Level 2 CLC Level 3 

2. Agricultural 
areas 

2.1. Arable land 2.1.1. Non-irrigated arable land 

2.1.2. Permanently irrigated land (NA) 

2.1.3. Rice fields (NA) 

2.2. Permanent crops 2.2.1. Vineyards (insignificant) 

2.2.2. Fruit trees and berry plantations 

2.2.3. Olive groves (NA) 

2.3. Pastures 2.3.1. Pastures 

2.4. Heterogeneous agricultural 
areas 

2.4.1. Annual crops associated with 
permanent crops 

2.4.2. Complex cultivation patterns 

2.4.3. Land principally occupied by 
agriculture, with significant areas of natural 
vegetation 

 

 The 25 ha minimum mapping unit 

A drawback of the 25 ha minimum mapping unit (which corresponds on the ground 

to a square of 500 x 500 m) is the omission of small objects. Agri- environmentally 

important or sensitive areas (e.g. wetlands) are too small to be considered at this 

minimum mapping unit.  

 100 m minimum width of linear objects  

Linear objects, such as roads, are only considered in the database if their minimum 

width is more than 100 m. In rural areas the implementation of this rule, leads to 

the omission of hedges and other linear features which are desirable for 

environmental purposes.  

 Geometric precision    

The geometric precision of CLC corresponds to 100 m. This means that the 

delimitation of a boundary of an area in the CLC database should be within 100 m 

from its true location on the ground.  

 Data acquisition 

http://etc-lusi.eionet.europa.eu/CLC2000/classes
http://etc-lusi.eionet.europa.eu/CLC2000/classes
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The three years of acquisition are 1990, 2000 and 2006. 

6.2.2 Belgian statistical data 

The Belgian statistical data on agriculture are derived from agricultural census data 

held on a yearly basis. Two major derivatives exist of this agricultural statistical data: 

the farm holding structure data and the production database.  

 

The determining elements of the agricultural census database are: 

 
 Classification nomenclature 

The datasets received from the Federal Statistics Belgium Office comprise the 

production database with the secondary headings listed in the table below. The 

surface areas are reported in ha. These datasets are also reported to Eurostat where 

further data handling occurs.  

Further data handling at Eurostat involves the introduction of classes into principal 

headings: arable land (D), kitchen gardens (E), meadows and pasture (F), 

permanent crops (G), others (e.g. wood, roads, buildings,...) (H). The holding AA 

(Agricultural Area) is the sum of D+E+F+G areas, and the total area of the holding is 

the sum of AA + H area.  Besides this, in the category I successive crops, area under 

glass and mushrooms are entered. 

 

Cod
e 

Principal heading Important secondary headings 

D Cereals Common wheat, spelt, rye, barley, oats, grain 

maize, triticale and other cereals 

 Industrial Crops Potato, sugar beet, chicory, flax, oilseed, 
tobacco, hop and other fibre and oilseed crops 

 Dried Pulses Beans, peas 

 Fodder crops Fodder beet, Fodder maize, rape, brassica, 
fodder carrots, temporary pastures and green 
fodder mixtures  Horticultural crops Vegetables, strawberries, ornamental plants 

 Other crops of arable land Arable land seeds and seedlings, fallow land 

E Kitchen gardens Kitchen gardens 

F Permanent pastures and 
meadows 

Permanent pastures and meadows 

G Permanent crops Fruittrees, berry plantations, tree and plant 
nurseries, willow (wijmen) and permanent 
crops under glass H Unutilised agricultural land unused agricultural area, woodland 

I Successive secondary crops successive secondary crops, mushrooms, 

greenhouses  

 Geographical breakdown 

The nomenclature is used for the definition of geographical units in the FSS 

database. Yearly census data are available in a three level breakdown of the whole 

country (BE), the regions (BXL, FL, WA) and the provinces (9-10).  

 Threshold for inclusion 

The Census does not include all agricultural holdings and their parcels in its survey. 

As a general rule, only holdings of more than 1 ha of agricultural land or an 

equivalent level of economic activity are included in the survey. The rationale for this 

minimum size limit is that generally there is a large number of small holdings which 

makes a very small contribution to the total agricultural production.  

The second criterion for inclusion has an economic dimension. It has been fixed at 

1% or less of the total standard gross margin (SGM) and ensures that only those 
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holdings are excluded from the survey whose combined agricultural economic 

activity is less than 1% of the region‘s total.  

 Legal seat of the holding 

The agricultural statistics of the parcels belonging to one holding are always 

attributed to the administrative region in which the holding has its legal seat, 

independent of the actual location of the parcels which may be a different 

administrative region. An effect is possible if large holdings (or industrial enterprises) 

are domiciliated in a small administrative region. 

 Data acquisition 

The agricultural statistics are yearly census data that exist for the period 1947-2008.  

6.2.3 Belgian cadastral parcels 

 
 Classification nomenclature 

The dataset from the Federal Statistics Belgium Office comprises several classes of 

parcels of which only three classes are relevant to agricultural land use. 

 

Level 1 Level 2 

Parcels without buildings Grassland 

 Arable land 

 Fruit trees 

 Other non-built classes such as parks, 

recreation area, rough areas, … 

 

 Geographical breakdown 

The total area of parcels is aggregated to the level of the provinces, regions and 

country, and is based on the underlying geodatabase with individual parcels (CADMAP).  

 
 Threshold for inclusion 

The origin of the geodatabase with individual cadastral parcels is fiscal interest.  

 
 Aggregation level 

The connection between parcel and the administrative unit of the municipality is 

geographically correct. Parcel sizes however may be different than those used for 

agricultural purposes. 

 
 Data acquisition 

Yearly upgrades exist from 1983 til 2007. 

 

6.3 Historical trends in agricultural area 

6.3.1 Proposed agri-environmental classification 

 

The proposed aggregated classes and link between the statistical data and the spatial 

BE-CLC is detailed in the follwing table. The statistical classes (FSS) are aggregated 
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according to the effect that the crop has on the environment. The BE_CLC classes 

remain unchanged in the table. 

 

Table 8: Link between BE-CLC (Belgian Corine Land Cover) classes and STAT (Farm 

holding census data) classes, and proposed aggregation 

 
 

6.3.2 Trends in agricultural surface area and future evolution 

 Level 1: Utilised Agricultural Area 

The Utilised Agricultural Area is the sum of Arable land, kitchen gardens (i.e. plots with 

vegetables situated in agricultural land), permanent crops (mainly fruit trees), 

grassland (pastures and meadows). 

 

Figure 22: The Utilised Agricultural Area (in 1000 ha) in Flanders and Wallonia 

according to farm holding statistics. 
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Figure 23: The Utilised Agricultural Area in Flanders and Wallonia in km² as represented 

in the BE-CLC 

Trend: 

There is a historical downward trend until 1993, followed by an upward trend till 2000 

and again a downward trend until present. BE-CLC shows a downward trend from 1990 

to 2006. The huge difference between the statistics and BE-CLC – reasons are 

attributed to the differences between land cover (CLC is based on interpretation of 

satellite imagery) and land use (statistics); the effect is particularly strong for 

grasslands.  

 

Future:  

The expectation is that from 2000 onwards there will be a (weak) exponential decay. 
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 Level 2: Grassland 

 

Figure 24: Area (in 1000 ha) covered by grasslands in Flanders and Wallonia according 

to farm holding statistics. 

 

 

Figure 25: Area covered by pastures and meadows in Flanders and Wallonia in km² 

according to the BE-CLC. 
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Figure 26: Difference in area (in 1000 ha) covered by grassland in Belgium according to 

different datasets. 

Trend: 

The historical downward trend has been halted in recent years thanks to the Cross 

Compliance regulation with a GAEC on Permanent Pastures which stipulates that each 

Member State maintains the ratio of permanent pastures to total agricultural area 

under single payment. In BE-CLC a marginal decline of pastures and meadows is 

observed. An analysis of all different datasets available (BE-CLC, cadastral, statistical 

production database and statistical farm holding database) revealed a notable 

difference between the different datasets. Cadastral parcels with grasslands show the 

highest surface area, followed by the agricultural production database  and the 

agricultural holding database (both from the national statistics and Eurostat database). 

The huge difference between the BE-CLC class ‗pastures and meadows‘ and the other 

datasets is a reflection of the method used to detect grasslands. Grasslands under 

agriculture are difficult to distinguish from grasslands for nature or recreation (e.g. 

pastures for horses). A justification for adding the CLC class ‗Agriculture and Nature‘ to 

the class ‗meadows and pasture‘ is that there exist restrictions on farmland adjacent to 

nature such that farmers prefer to locate their low-input activities near nature. The 

result provides for a close match between total grasslands in the national statistics 

based on farm holding data (PP-total, ESTAT) and CLC (pastures and P+NAT). The 

production database results (NIS total) is considerably larger than the farm holding 

database. Further analysis revealed that part of the grasslands for mowing are 

harvested twice (2 cuts) and therefore the area is counted twice adding up to higher 

surface areas. The reason for the total cadastral parcels amounting to the highest 

surface area is that non-agricultural parcels under grassland are also included.  

 

Future:  

The likely future trend, provided the trend of declining cattle, is an exponential decay 

within the allowed boundaries set by the agricultural policy. For permanent pastures the 

decline in ratio is - 7.5% for agricultural pasture under the single payment. 
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 Level 2: Permanent Crops 

 

 

Figure 27: Area (in 1000 ha) covered by permanent crops in Flanders, Wallonia and 

Belgium according to farm holding statistics. 

 

 

Figure 28: Area covered by permanent crops in Flanders, Wallonia and Belgium in km² 

according to the BE-CLC. 
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Figure 29: Difference in area (in 1000 ha) covered by permanent crops in Belgium 

according to different datasets. 

Trend 

The historical trend according to the farm holding database and predominantly present 

in Flanders, is a sigmoid curve with a stagnation during the recent years. The statistics 

data show a much larger area that is devoted to permanent crops as compared to BE-

CLC data in Flanders. An explanation for this is that most plots under permanent crops 

are relatively small. In the fruit tree region, part of the area under CLC class ‗complex 

cultivation patterns‘ can be added to the current CLC class permanent crops. The 

difference of the agricultural statistics with the cadastral data demonstrates that many 

parcels under permanent crops are not part of the professional agricultural sector. 

 

Future  

A light increase is expected due to the presence of biomass generating woodlots. 

 Level 2: Arable Land 

 

 

Figure 30: Area (in 1000 ha) covered by arable land in Flanders and Wallonia according 

to farm holding statistics. 
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Figure 31: Area covered by arable land in Flanders, Wallonia and Belgium in km² 

according to the BE-CLC. 

 

Figure 32: Difference in area (in 1000 ha) covered by arable land in Belgium according 

to different datasets. 

Trend 

The historical trend shows a sigmoid curve until 2000, whereafter a prominent decline 

occurs in Wallonia but not in Flanders. These trends are not captured by the BE-CLC. In 

a separate analysis the agricultural areas in different datasets are compared. The 

Arable production area as presented in the NIS production database seems to match 

the CLC arable closely. The total surface area of parcels under agricultural land use 

(excluding grassland) according to the cadastre is the highest. Included are all parcels, 

also unutilised agricultural parcels or set-aside land and parcels not belonging to 

farmers. The farm holding data only include arable utilised land as used by professional 

farmers. This also includes the area under temporary pastures, set-aside and other 

crops such as vegetables. The production database (green in the above figure) only 

describes arable production or arable prduction plus temporary grassland. The inclusion 

or exclusion of certain classes explains the difference between the surface area. The 

BE-CLC class ‗arable land‘ corresponds well with the arable land in the statistical 

production database. 
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A decrease in arable land is expected in the future, in tune with the overall declining 

trend of agricultural area.  

 

 Level 3: Cereals 

Trend: 

The class cereals comprises common wheat, spelt, rye, barley, oats, grain maize, 

triticale and other cereals. The major crops in area are winter wheat and winter barley. 

Since 1995 there is a clear upward trend in cereals in Flanders. In Wallonia there is a 

marginal upward trend from 2000 onwards.  

 

Future:  

A continuing upward trend is expected due to the abolition of set-aside in the health 

check and the favourable market price. 

 

 

 

Figure 33: Area (in 1000 ha) covered by cereals in Wallonia (left) and Flanders (right) 
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 Level 3: Root Crops 

 

Figure 34: Area (in 1000 ha) covered by root crops in Wallonia, Flanders and Belgium 

Trend 

The main root crops are sugar beet, potatoes and chicory. The historical upward trend 

stops in 2005 due to a decline in the sugarbeet area following the sugar regime reform. 

 

Future: 

Root crop areas are expected to remain fairly constant. 

 

 Level 3: Fodder Crops 

 

Figure 35: Area (in 1000 ha) covered by fodder crops in Wallonia, Flanders and Belgium 

 

Root Crops

Year

1970 1975 1980 1985 1990 1995 2000 2005 2010

A
re

a

40

60

80

100

120

140

160

180

YEAR vs BE 

YEAR vs VL 

YEAR vs WA 

Plot 1 Regr

Fodder Crops

Year

1970 1975 1980 1985 1990 1995 2000 2005 2010

A
re

a

0

50

100

150

200

250

300

350

YEAR vs BE 

YEAR vs VL 

YEAR vs WA 



Agricultural land use and linkages with both the ABM and CCA modelling frameworks 

 

VITO confidential information - Copyright 2011 VITO NV 67 

Trend 

Fodder crops are fodder maize, rape, brassica, fodder carrots, temporary pastures and 

green fodder mixtures. A historical sigmoid growth in area has shown a recent decline 

notably in Flanders due to a reduction in animal husbandry 

 

Future 

A further decline is expected in tune with the decline in animal stocks. 

 Level 3: Industrial Crops 

 

Figure 36: Area (in 1000 ha) covered by industrial crops in Wallonia, Flanders and 

Belgium 

Trend 

A sigmoid growth curve of the area under industrial crops can be observed for Flanders. 

In Wallonia the upward trend is still on-going but is expected to reach its maximum in 

the near future. The trends can be explained by the increase in oilseed area.  

 

Future 

It is expected that with reaching the maximum area of oilseeds in the Wallonian 

farming system, a maximum is also reached for Belgium in the near future. Scenarios 

encouraging the use of bio-fuels will have to take into account a larger area devoted to 

oilseeds.  
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 Level 3: Complex cultivation patterns 

 

 

Figure 37: Area (in km²) covered by complex cultivation patterns in Wallonia, Flanders 

and Belgium 

 

Notes 

The downward trend of this BE-CLC class can be attributed to a tendency towards 

bigger plots. The area under this class will be an amalgam of all farming land cover in a 

patchy and fragmented landscape. 

 

Future 

A marginal decline is expected.  

 

 

 Level 3: Agriculture and Nature 

 

 

Figure 38: Area (in km²) covered by Agriculture and Nature in Wallonia, Flanders and 

Belgium 

 

Trend 

There is slightly downward trend. The class is probably completely linked to grassland. 
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A potential rise is expected in regions with high nature value grasslands. 

 

 

6.3.3 Trends in production units, agricultural production and farm 

decision making 

Agricultural production units are changing in Belgium. There is a general tendency for 

less but larger farms in Flanders (); a similar trend is taking place in Wallonia. This 

tendency centralises the decision making on agricultural land and provides for an 

important factor in land use / cover changes. 

 

The share of farming area under agri-environmental measures is proportionally 

increasing to utilised agricultural area (). The most common measures are the 

maintenance of green cover grass strips related to the water framework directive and 

small landscape elements. AEM areal increase relates to landscape conservation and 

environmental concerns. 

 

 

 

  

Figure 39: Number of farms and average farm size in Flanders. 

 

 

Figure 40: Areal share of agri-environment measures to utilised agricultural area. 
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Agricultural production is projected to change with climate change. Different reports 

and figures exist to this respect depending on the assumptions made. Average yield 

losses of 12 to 27% were simulated for sugar beet and 23 to 44% for potatoes owing to 

drought and heat stress (Gobin, 2010). Projected losses for winter cereals are 5 to 

12%, mainly owing to waterlogging, whereas yield increases up to 6 or 7% are 

projected as a result of temperature increases and favourable vapour-pressure deficits. 

These losses assumed the same rainfed farming practices and cultivars as currently 

used. Reports taking into account technological advances such as irrigation, the use of 

drought and heat stress tolerant varieties and improved farming practices, predict a 

continuation of yield trends observed during the past three or four decades. The choices 

made by society will alter the different options in the scenarios. For example if equal 

production is aimed for, then it can be realised through areal increase or through 

technological advances in conjunction with environmental considerations (irrigation 

fully, partially or not allowed).  

 

In the MultiMode project we assume that farm sizes will increase, agri-environmental 

concerns will rise, and technological advances will continue such that future farms are 

considered more resilient to climate impacts. 

 

6.4 Implementation of scenarios  

6.4.1 Demand for agricultural area in Belgium 

The scenarios described in WP1 are subsequently implemented using the spatial 

allocation methodology described in the previous section. Land claims in the agricultural 

sector for various farming systems and per arrondissement have been established using 

different databases of past trends re-aggregated per arrondissement and per farming 

system. The spatial allocation methodology and databases have been used with 

scenarios from WP1 and with the ABM from WP3. Agricultural land uses associated with 

WP1-scenarios have been further quantified. 

 

The trend towards fewer and larger farms and the increasing share of agri-

environmental measures to utilised agricultural area is quantified in the BAU scenario.  

The overall decline in agricultural area is translated into a declining share of complex 

cultivation patterns and to a lesser extend a decline in ‗agriculture and nature‘ area. 

Pastures and Arable land is assumed to remain fairly constant. With livestock 

maintained and horse keeping increased in the peri-urban areas, pastures and 

grasslands increase in this scenario. 
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Figure 41: Trends of main agricultural land use classes in the BAU scenario   

 

The four multimode scenarios (GES, GEE, LEE, LES) are subsequently quantified with 

storylines underpinning the different implemented trends () that are compared to the 

baseline scenario (BAU). 

 

Of all scenarios, the GES scenario (A2) is most closely related to the BAU scenario. 

Spatial planning, however, is assumed to be more organized as in BAU. The emphasis 

on multifunctional agriculture results in a lower decline of complex cultivation patterns 

as compared to BAU. Heterogeneous agriculture occurs around the cities and 

settlement areas. In contrast to BAU, livestock numbers are declining which results in 

slightly less pasture and much less arable land since the demand for fodder is lower.  

 

The GEE scenario (A1) is characterised by distinctly differentiated land use / cover 

areas. The trend towards larger farms is assumed to coincide with a trend towards 

larger parcels or a grouping of parcels with the same land cover. Complex cultivation 

patterns are therefore the lowest of all four scenarios. With the focus on production 

agriculture, the class ‗agriculture and nature‘ is the lowest of all scenarios. Included in 

the promotion of production agriculture is the increase of pasture for livestock. The 

arable land is the largest of all scenarios and is characterised by large parcels. The area 

under permanent crops is also the largest of all scenarios. The total agricultural land is 

the lowest of all scenarios but is assumed to be compensated for by high production 

and industrialisation 

 

The LEE scenario (B1) is characterized by a strong regional differentiation in agriculture 

with a chaotic implementation that results in the coexistence of large and small parcels, 

and a very fragmented landscape. With little governmental regulation, grasslands are 

further declining to the lowest area of all scenarios. The total agricultural area is 

declining towards a level similar to the GEE scenario.    
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Figure 42: Projected trend of major agricultural land use classes in the four different multimode sceanrios   

 

 



Agricultural land use and linkages with both the ABM and CCA modelling frameworks 

 

VITO confidential information - Copyright 2011 VITO NV 73 

Since the LES scenario (B2) focuses on local marketing and promoting local quality, the 

demand for agricultural area is the highest of all scenarios. The current trend towards 

larger farms is maintained but parcels remain relatively small. Agriculture is situated 

around village settlement areas in a concentric pattern from high input horticultural 

activities to low input arable farming. The agricultural land use classes ‗complex 

cultivation patterns‘ and ‗agriculture and nature‘ are the highest of all scenarios. 

Permanent crops are assumed to be predominantly present in these classes such that 

the area with larger parcels with permanent crops is the lowest of all scenarios. A 

similar reasoning is followed for arable and pasture parcels. 
 

6.4.2 Spatial allocation of agricultural area at the arrondissement level 

Subsequently further spatial allocation of the different areas set in the different 

scenarios was realised by coupling the different historical areas to the land use classes.  

 

The assessment of the relationships between statistics and CLC data in Belgium and the 

Wallonia and Flanders regions has shown that it is possible to establish connections 

between the two databases. These connections are further explicited using data 

disaggregated at the province level for which level both datasets are available. At the 

arrondissement level (the level at which the CCA model operates), no statistical data 

are available and a principle of constant share with respect to the province level is 

implemented.  

 

At the province level both datasets are matched through the development of 

redistribution coefficients. A perfect match between CLC and statistical data was 

possible at the level of directly comparable classes, redistribution coefficients 

determined which percentage of additional CLC classes (e.g. complex classes) needed 

to be added to fully match the statistical figures. An example at the national level was 

provided for the grasslands. In addition this requires that all statistical classes are 

aggregated to a level for which a reasonable link to the CLC database can be 

established. To this extend the results presented in Table 10 are used. In all cases 

complex classes are considered as soon as the direct matching CLC class is fully 

attributed. For grasslands preference is given to the CLC class ‗agriculture and nature‘. 

 

The schema for linking statistical data to the CLC is: 

1. Overlay between province and CLC 

2. Establish the difference between CLC and area statistics 

3. Ranking the differences 

4. STAT>CLC then heterogeneous classes are used to fill the gap 

5. CLC>STAT then classes of the statistical database are considered to be added, 

e.g. temporary grasslands. 

6. The difference between the CLC and agricultural statistics is also evaluated with 

the aid of the cadastral parcels. This is only possible for the classes grassland, 

arable and fruit trees since these classes feature in the two databases.  

 

The explored trends are subsequently implemented in the different scenarios. For 

example scenarios with assumed decline in livestock numbers will result in little 

influence of trends in fodder crops and green fodder on trends in arable area; in this 

case trends in cereals, root crops and industrial crops will prevail. The schema for 

implementing the scenario trends is completed with the following steps: 
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1. The trends at province level are established first for BAU and subsequently for 

GEE, GES, LEE and LES taking into account statistical trends and prevailing 

storylines. Provinces with little surface area in a certain land cover class will 

consequently have less influence from that class on the overall agricultural land 

use trend. 

2. A constant share principle is applied to downscale the areas from province to 

arrondissement level. This required a spatial allocation of provincial agricultural 

areas to the 43 arrondissements into which Belgium is divided.     

The resulting area demands and trends are subsequently implemented in the CA model. 

 

6.5 Conclusion 

The coupling of statistical data to the spatially explicit land cover data enables to tune 

the Agent Based Modelling efforts to the Constraint Cellular Automata model. In 

addition it allows for an incorporation of statistical observed trends into land use 

modelling efforts.  

 

We anticipated the link between the ABM and CCA by defining subclasses in the CLC 

that adhere to three important factors that may describe a potential utility function to 

be used in the ABM. These are an economic component (e.g. production, subsidy 

related to the first pillar, food safety), an environmental component (e.g. agri-

environmental considerations, payment schemes) and a socio-cultural component 

(traditional rotations, landscape conservation). 
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CHAPTER 7 SIMULATING SCENARIOS WITH THE 
LAND USE MODEL 

7.1 Introduction: procedure to quantify scenarios 

It is one of the main aims of MultiMode to quantify, compute and analyze the detailed 

spatial consequences of the scenarios developed in WP1 by means of the CCA land use 

model developed in WP2. To this effect, the scenarios developed in WP1 have to be 

translated as completely as possible in terms of the parameters and variables of the 

CCA model. The scenarios therefore are interpreted with respect to the qualitative and 

quantitative descriptions of the development of activities and land uses in the period 

2000-2060. Also, the causal aspects of this behaviour are inferred to the extent 

possible. For example, if the income level in a scenario is assumed to change, then it 

should describe why, when and how it changes. Also why and how this changes the 

spatial behaviour of the population. Is this population then spreading out over the 

countryside? Rather, is it clustering in small villages? Or, is it rather concentrating in a 

few mega-cities? What is the reason behind this choice and does it have other origins 

or consequences? For example is it caused by a reduced mobility due to an increase in 

the costs of energy? 

 

This is not an easy exercise as the parameters in the model are highly technical in 

nature and further, the scenarios are not necessarily very explicit in the type of spatial 

developments that they assume. More so, scenarios may well show inconsistencies in 

the assumptions made with regards to aspects dealt with by the model. Hence, a gap 

needs to be bridged between the model and the modellers on the one hand and the 

scenario‘s and scenario-developers on the other. Frequent exchanges of information 

back and forth between the two groups of specialists is required. 

 

The different Multimode scenarios developed in WP1 (Table 9) were linked to the IPCC 

SRES (emission scenarios) such that the storylines could be tuned to international 

established frameworks (Figure 43). This facilitated also the further quantification and 

parameterisation. The ‗global economy‘ GEE scenario is similar to SRES A1 with 

emphasis on technological development, freedom and individualism, large-scale 

agriculture and no subsidies. The GES or ‗Global cooperation‘ scenario is similar to 

SRES A2 and emphasises global solidarity, government intervention, clean technology 

and multifunctional agriculture. The ‗continental markets‘ or LEE scenario is similar to 

SRES B1 and is characterised by separate large supranational regions, emphasis on 

security, allows for new coalitions to be established and aims for differentiation in 

(subsidised) agriculture resulting all in a chaotic landscape and land use pattern. The 

‗Regional Societies‘ or LES scenario (SRES B2) emphasises regional identity and closed 

systems, bans export subsidies and promotes small scale agriculture in a predominantly 

culturally inspired landscape. 
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Table 9: Qualification of the 4 scenarios in terms of the main variables in the land use model 

 GEE GES LEE LES 

Population  Attracted by existing 

concentrations 

More equally spread More equally spread More equally spread 

Economic 

activity 

Attracted by existing 

concentrations 

More equally spread Attracted by existing 

concentrations 

More equally spread 

Location of 

residences 

Cities and semi-urban areas Villages and rural areas Villages and rural areas Villages and rural areas 

Location of 

businesses 

In city centres or industry 

and services parks 

In city centres or industry 

and services parks 

Local small stores and 

businesses  

Local small stores and 

businesses 

Zoning Few limitations on expansion 

of human and economic 

activities. 

Lenient implementation of 

EU environmental policies. 

Few limitations on expansion 

of urban and economic 

activities. 

Strict implementation of EU 

environmental policies. 

Few limitations on expansion 

of human and economic 

activities. 

Lenient implementation of 

EU environmental policies. 

Strict limitations on 

expansion of urban and 

economic activities. 

Strict implementation of EU 

environmental policies. 

Suitability Flooding and soil erosion 

have a negative influence on 

human and economic 

activities. 

Flooding and soil erosion 

only have little influence on 

human and economic 

activities 

Flooding and soil erosion 

have a negative influence on 

human and economic 

activities. 

Flooding and soil erosion 

only have little influence on 

human and economic 

activities  

Accessibility Higher As in baseline scenario As in baseline scenario Lower 
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Table 10: Correspondence between categories used in the scenarios of WP1 (based on DGSIE) and those of the land use model in WP2 

(based on CORINE) 

CORINE categories used by WP 2  DGSIE categories  

Code Category 
Area in km² 

Code Category 
Area in km² 

1990 2000 2006 1990 2000 2006 

2.1 Arable land 6762.10 6719.12 6698.28 1.1 Arable land 7599.28 8630.85 8407.27 

2.2 Permanent crops 75.81 82.28 81.50 1.2 Land under permanent crops 171.38 222.89 222.48 

2.3 Pastures 3601.08 3554.63 3548.85 1.3 
Land under permanent meadows and 
pastures 

5786.26 5069.46 5173.06 

2.4.2 
Complex cultivation 
patterns 

5464.64 5404.28 5375.62 

1.4 All other agricultural land, n.e.s. 4744.33 3729.92 3590.08 2.4.3 

Land principally occupied 
by agriculture with 
significant areas of 
natural vegetation 

1919.91 1892.40 1890.08 

2.4 
Heterogeneous 
agriculture 

7384.55 7296.68 7265.70 

  17823.54 17652.72 17594.32   18301.25 17653.12 17392.89 

1.1.1 Continuous urban fabric 48.32 48.32 51.50 

3.1 Residential land 1790.73 2220.95 2409.36 1.1.2 
Discontinuous urban 
fabric 

5061.29 5107.85 5149.71 

  5109.60 5156.17 5201.20 

1.2 
Industrial and 
commercial units 

405.97 502.47 526.87 

3.2 
Industrial land, excluding land used 
for quarries, pits, mines and related 
facilities 

412.81 506.34 534.16 

3.4 Commercial land 114.81 142.10 148.02 

3.5 

Land used for public services 
(excluding transport, 
communications and technical 
infrastructure) 

176.50 200.90 204.99 

3.8 Land used for technical infrastructure 14.12 22.44 25.89 

  781.24 871.78 913.06 

  5515.57 5658.64 5728.07   2571.97 3092.73 3322.42 
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Figure 43: Multimode scenarios as linked to IPCC SRES (emission scenarios) 

 

A first step in the quantification procedure consisted in harmonizing the land use 

categories defined in WP1, which are essentially based on statistical data available 

from DGSIE, and those used in the land use model of WP2, largely based on CORINE. 

The correspondence between both classifications is shown and quantified in Table 10. 

From the table it can be concluded that the correspondence is not perfect at the level 

of the individual categories, but that the totals are less problematic. This is very 

obvious for the total agricultural area, for which further refinement is discussed in 

Chapter 6. As to the urban categories, there is more urbanised land on the CORINE, 

and hence in the land use model, then assumed in WP1. Also, the categories 

continuous and discontinuous urban fabric comprise more than the residential land 

use, rather include some industrial, commercial and service activities too. In fact, the 

confusion reported here demonstrates the merits of an activity-based approach like 

the one developed in WP2 (Chapter 8), as it enables activities of various kinds in the 

urban land use categories. The information in Table 10 enables to apply conversion 

factors to the figures in the scenarios in order to translate them in growth figures of 

the correct land use categories. 

 

The approach consists in developing two tables that show on the one hand (Table 11) 

spatial processes affected by the various drivers considered in the scenarios of WP1 

and on the other hand (Table 12) a table which links as much as possible the drivers 

to the various parameters of the model. With this material in hand, the scenario-

developers are better informed on the information that the modellers need and vice 

versa. 

 

Prior to the quantification and parameterization of the 4 scenarios developed in WP1, a 

fifth scenario was developed. This is named BAU and stands for Business As Usual. 

More than the other 4 scenarios from WP1, BAU is based on a continuation of trends 

from the past. Typically, BAU-scenarios are considered to describe a most ‗likely 

future‘, yet, and as discussed in WP1, due to the uncertainty associated with long term 

forecasts, ‗likely future‘ has to be interpreted with care. However, BAU is used in WP2 

to provide a reference for the interpretation and quantification of the 4 scenarios. 
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Table 11: Drivers considered in the scenarios of WP1 and the spatial processes that 

they may affect 

 

Driving Forces and Drivers 
 

Economic growth  

Income level/equity Influences the behaviour of people and thereby the spatial pattern and density of 
the residential land uses.  

Urban-rural income ratio Influences the behaviour of people and thereby the spatial pattern and density of 
the agricultural and residential land uses.  

Employment  Drives the economic and agricultural activities and land uses of the model. 

Costs and prices Transportation costs and land prices influence the spatial pattern and density of 
all land uses.  

Foreign trade and 
investment 

Influences the type of economic activities (logistics). 

Technological progress  

Transport network Determines the accessibility and distances between regions.  

Communication network Influences the behaviour of people and economic activities and thereby the 
spatial pattern and density of the residential and economic land uses. 

R&D investment Influences the type of economic and agricultural activities (high-tech). 

Agricultural yield Is a result of other drivers. 

Renewable energies Influences the type of agricultural activities (bio fuels) and their spatial pattern. 

Demographic development  

Population growth Drives the population and residential land uses of the model. 

Ageing population Influences the behaviour of people and thereby the spatial pattern and density of 
the residential land uses. 

Migration and immigration Internal migration is driven by the relative attractiveness of the regions and the 
inertia of the population. These are influenced by other drivers. Immigration is 
part of the population growth, but also influences the behaviour of people and 
thereby the spatial pattern and density of the residential land uses. What about 
emigration? 

Rural depopulation Is caused by other drivers. Influences the spatial pattern and density of the 
residential land uses. 

Urbanization rate Is caused by other drivers. Influences the spatial pattern and density of the 
residential land uses. 

Social/Institutional structure  

Public services (health & 
education) 

Influences the types of economic activities (more service oriented). 

Domestic protection policy ? 

Rural development policy Influences the relative attractiveness of the regions. 

Community network Influences the behaviour of people and thereby the spatial pattern and density of 
the residential land uses. 

Authority devolution Influences the zoning regulations (maps) and the strictness of applying them. 

Environmental condition  

Water pollution Influences the suitability for agricultural and residential land uses near the rivers 
and canals. May result in the application of restrictive zoning policies. 

Biodiversity loss Is in part a consequence of the land use patterns (fragmentation) and the 
(recreational) use of natural areas. 

Soil erosion Influences the suitability for the agricultural and residential land uses. 

CO2 Climate change will make certain areas more prone to flooding. This will influence 
suitability. 
Climate change has much more effects but most of them manifest themselves 
through other drivers. 

Temperature 

Agri-environmental 
management 

 

Organic farming Influences the types and spatial pattern of agricultural activities. 

Farm diversification Influences the types and spatial pattern of agricultural activities. 

Administration of AEMs Influences the application of AEMs but has no direct influence on the model. 
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AEMs may limit the transition of agricultural land to other uses. 

Application of AEMs Influences the application of AEMs but has no direct influence on the model. 
AEMs may limit the transition of agricultural land to other uses. 

(Re)Forestation (Carbon 
sinks) 

Drives the amount of forest. In this case forest has to be actively modelled. 

 

The next step in the procedure consisted in quantifying the drivers and along with it 

the associated parameters in the model. This results in a parameter set per scenario. 

In Annex D the parameter values pertaining to the BAU scenario are shown alongside 

those of the 4 scenarios from WP1. In short, the main results of the quantification are 

as follows: 

 

 The growth of the population and jobs in the industry and service sector is 

taken from WP1 and applied in the respective scenario. 
 The trends in the spatial extent of the 5 agricultural land use classes (Arable 

land, Permanent crops, Pastures, Complex vegetation patterns and Agriculture 

with natural vegetation) are as derived and discussed in Error! Reference source 
not found.. Thus trends are computed per scenario, land use class and 

arrondissement. The figures for Brussels Capital have been adjusted and 

reduced to take into consideration the pressure of the urban expansion in the 

arrondissement. In particular the demand for land occupied by ‗Agriculture with 

natural vegetation‘ is limited to 46ha in 2060. However, in the simulation this 

demand cannot be met due to a lack of the required space in the 

arrondissement at the time. 
 The absolute figures for the area occupied by urban activities in the CORINE 

map, and hence the land use map of the model, differ too much from the data 

used in WP1. As a result these figures cannot be used in the scenarios as such. 

The parameters in the density equation of the regional model have therefore 

been tuned to reflect the trends forecasted in the expansion of the urban land 

use in WP1. The area taken in by the urban categories in the simulation 

interval is next computed by the model based on these evolving densities. In 

this context, the model was adapted: the land use class ‗Industrial and 

commercial areas‘ was split in ‗Industrial areas‘ and ‗Commercial areas‘ as they 

represent very different densities. 

 The distribution of activities, population and jobs, over the various 

arrondissements is calibrated in the BAU scenario by means of an historic 

calibration (hindcasting) based on the period 1995-2007. The parameters of 

the attractivity and density equations of the regional model are estimated 

accordingly. These parameters are next adapted to represent the different 

trends of the 4 scenarios from WP1. 
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Table 12: Parameters and Variables in the model and their relation with the drivers of WP1 

This table presents possible linkages between the information in the scenarios of WP1 and the state variables and parameters of the 
model. It is derived from the Prelude report (http://scenarios.ew.eea.europa.eu/reports/fol077184/fol752533/fol929536/-

PRELUDE_Regions_TA_FINALnew.pdf/download, pages 81-84). The column ‗Comment‘ describes what a scenario should or could specify. 

 

Key to the colours 

Jt
i  State variable or Intermediate variable 

2K Parameter 

K Symbol used as a subscript indicating social/demographic group, economic sector, type of land use/land cover, region, cell location, etc. 

t
 

Symbol used as an exponent to indicate time dependency of parameter or variable 

 
Variable / 

Parameter 
Description Linked to driver Comment 

yxK

t A ,,  
Accessibility of cell (x,y) for land use K at time t; 

[-] 
Transport network 

The accessibility is computed by the model from the 

transportation network. 

The scenario should quantify changes in the transportation 

network, i.e. which infrastructure element will be build (or 

upgraded) and when. 

*

,,, yxKr

t A  
Accessibility of cell (x,y) to infrastructure 

element r for land use K at time t; [-] 
Transport network 

Areai The total surface of the Region i; [km
2
] - Based on NUTS3 regions (= arrondissements). 

ar,K 

Distance decay accessibility coefficient 

expressing the maximum distance at which land 

use K is still benefiting from the presence of 

infrastructure element r; [1/cells] 

Transport network, 

Communication network, 

Costs and prices 

Scenario could give clue on whether and how to deviate 

from default value. 

bK 
Inherent accessibility of the Built-up area for land 

use K; [-] 

Transport network, 

Communication network, 

Costs and prices 

Scenario could give clue on whether and how to deviate 

from default value. 

bnK 
Inherent accessibility of the non Built-up area for 

land use K; [-] 

Transport network, 

Communication network, 

Costs and prices 

Scenario could give clue on whether and how to deviate 

from default value. 

Dr 
Distance between cell (x,y) and the nearest cell 

(x’,y’) on infrastructure element r; [cells] 
Transport network Computed by model. 

http://scenarios.ew.eea.europa.eu/reports/fol077184/fol752533/fol929536/PRELUDE_Regions_TA_FINALnew.pdf/download
http://scenarios.ew.eea.europa.eu/reports/fol077184/fol752533/fol929536/PRELUDE_Regions_TA_FINALnew.pdf/download
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Variable / 

Parameter 
Description Linked to driver Comment 

iK

tDBn ,  
Guaranteed minimum level of Activity K (set by 

policy) in Region i; [persons] 
Rural development policy 

For example a government can give subsidies to industries 

to relocate to a certain region and so guarantee a minimum 

level of jobs. 

If applicable the scenario should quantify it. 

iK

tDBx ,  
Imposed maximum level of Activity K (set by 

policy) in Region i; [persons] 

Rural development policy, 

Water pollution 

For example the government can impose a maximum on the 

expansion of certain industries due to certain environmental 

regulations. 

If applicable the scenario should quantify it. 

Dt
iK ,  Demand for Activity K in Region i; [persons] 

Employment, Population 

growth 
Computed by model. 

Dt
iEK ,  

Demand for additional activity K in Region i; 

[persons] 

Employment, Population 

growth 
Computed by model. 

Dt
iIK ,  

Demand for activity K in Region i flowing in 

from the other Regions; [persons] 

Employment, Population 

growth 
Computed by model. 

Dt
iOK ,  

Demand for activity K in Region i flowing out to 

the other Regions; [persons] 

Employment, Population 

growth 
Computed by model. 

dt
ji,
 Interregional distances [€ or minutes] Transport network 

The scenario should quantify changes in the transportation 

network, i.e. which infrastructure element will be build (or 

upgraded) and when. 

The interregional distances are  computed by the model 

from the transportation network in km, or in € or minutes ( 

a cost per km/travel speed should be given per (type of) 

infrastructure element). 

The interregional distances can also be read from file. In 

this case the transportation network is only used to compute 

the accessibility 

K
t E  

Change (National) in level of Activity K; 

[persons] 

Employment, Population 

growth 

The growth of the population and the growth of the 

economic sectors should definitely be quantified by the 

scenario. 

Jt
i  Employment in Region I, [persons] Employment Computed by model. 

K Activity or economic sector K  See next section. 

L Land use L  See next section. 

K

t N  
Total number of cells occupied by activity K; 

[cells] 

Employment, Population 

growth 
Computed by model. 
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Variable / 

Parameter 
Description Linked to driver Comment 

iK

t N ,  
Number of cells occupied by selected land use K 

in Region i; [cells] 

Employment, Population 

growth, Reforestation 

For specific activities, instead of computing the number of 

cells by diving the demanded activity by the newly 

calculated density, the number of cells per region can be 

entered as a scenario. This can be useful if there is a 

reforestation policy. 

nK 
Distance exponent for sector K (nK), employment 

J (np), or population p (np); [-] 

Costs and prices, 

Communication network 

Scenario could give clue on whether and how to deviate 

from default value. 

yxK

t P ,,  
Transition potential (map) of cell (x,y) for land 

use K at time t; [-] 

Employment, Population 

growth 
Computed by model. 

iK

t Pm ,  

(Regional) mean transition potential for land use 

K of all cells (x,y) occupied by land use K in 

Region i at time t; [-] 

Employment, Population 

growth 
Computed by model. 

K

t PTm  
Overall mean transition potential for land use K 

of all cells (x,y) occupied by land use K; [-] 

Employment, Population 

growth 
Computed by model. 

p Population   

t

iQ  Total capacity in cells of Region i; [cells] - Computed by model. 

yxK

t R ,,  
Neighbourhood effect for cell (x,y) for land use K 

at time t; [-] 

(Human behaviour, Social 

values) 
Computed by model. 

r Infrastructure element   

yxKS ,,  Suitability (map) of cell (x,y) for land use K; [-] Water pollution, Soil erosion 

Scenario could give clue on whether and how to deviate 

from default map. For example, when due to climate 

change an area will flood more often the suitability will get 

lower. 

iK

tSm ,  

(Regional) mean suitability for land use K of all 

cells (x,y) occupied by land use K in Region i at 

time t; [-] 

Water pollution, Soil erosion Computed by model. 

K

tSTm  
Overall mean suitability for land use K of all cells 

(x,y) occupied by the land use K at time t; [-] 
Water pollution, Soil erosion Computed by model. 

s Set of vacant states: s  { Natural, Forests}   

t Time t  A start and end year should be specified 

iK

tT ,  Attractiveness of Region i for activity K; [-] 
Employment, Population 

growth 
Computed by model. 
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Variable / 

Parameter 
Description Linked to driver Comment 

Tt jiK ,,  
Interregional attractiveness for activity K; [-] 

Employment, Population 

growth 
Computed by model. 

K
tV  

Overall (global) sum of potentials for sector K, 

total employment J, or population p; [persons] 

Employment, Population 

growth, Transport network 
Computed by model. 

Vt iK ,  

Potential for sector K, total employment J, or 

population p in Region i; [persons] 

Employment, Population 

growth, Transport network 
Computed by model. 

vt

 
Scalable stochastic perturbation term in the 

transition potential; [-] 

(Human behaviour, Social 

values) 
Computed by model. 

Wt iK ,  
Land productivity of sector K in Region i; 

[persons/cell] 

Employment, Population 

growth 

Computed by model. 

minWt K  
Minimum Land Productivity; [persons / units per 

cell] 

Employment, Population 

growth 

The technical purpose of this parameter is to ensure that the 

land-productivity is greater than 0, but it can also be used to 

impose a certain minimum density. 

Scenario could give clue on whether and how to deviate 

from default value.  

cLKw ,,  

Weighting parameter expressing the strength of 

the interaction between a cell with land use K and 

a cell with land use L at a distance c in the CA-

neighbourhood; [-] 

(Human behaviour, Social 

values) 

The scenario should specify the interaction between the 

main land uses, especially when they are relevant to the 

scenario. 

Xt
iK ,  Total Activity in sector K in Region i; [persons] 

Employment, Population 

growth 

The values for the initial year are an input in the model. 

Values for the following years are computed by the model. 

For calibration purposes it is useful to have values for other 

years too. 

iK

t XR ,  Unallocated activity K in Region i; [persons] - Computed by model. 

XTt
K  

Total jobs.  Vector of sectoral employment in the 

formal economy; [persons] 

Total (National) demand for Activity K; 

[persons] 

Employment Computed by model. 

t
XTp Total Population; [persons] Population growth Computed by model. 

yxKZ ,,  
Zoning map of cell (x,y) for land use K; [-] Authority devolution 

The scenario should specify the zoning regulations and 

restrictions for the main landuses , especially when the are 

relevant to the scenario. The scenario could also state how 

well the zoning is upheld  
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Variable / 

Parameter 
Description Linked to driver Comment 

yxK

tZ ,,  
Zoning status of cell (x,y) for land use K at time t; 

[-] 
Authority devolution Computed by model. 

iK

tZm ,  
Regional unoccupied zoned land for land use K in 

Region i at time t; [-] 
Authority devolution Computed by model. 

K

tZTm  
Mean regional unoccupied zoned land for land 

use K at time t; [-] 
Authority devolution Computed by model. 

α Stochastic noise factor; [-] 
(Human behaviour, Social 

values) 
Used in the calculation of vt

. Scenario could give clue on 

whether and how to deviate from default value. 

K1  
Influence of the relative regional Population 

potential; [-] 

Community network, 

Transport network, 

Communication network, 

Costs and prices 

These parameters are used in calculation of the 

interregional attractiveness Tt jiK ,, . They determine what 

makes one region more attractive than another. The relative 

attractiveness is used in the calculation of the migration 

between regions, both for population and economic 

activities. 

Scenario could give clue on whether and how to deviate 

from default value. 

2 K  Influence of the relative regional Job potential; [-] 

Transport network, 

Communication network, 

Costs and prices 

3K  
Influence of the relative regional (own) Potential 

of activity K; [-] 

Transport network, 

Communication network, 

Costs and prices 

4 K  
Influence of the relative regional Land-pro-

ductivity; [-] 

Costs and prices, R&D 

investment 

6K  
Influence of the relative regional CA transition 

potential; [-] 

Employment, Population 

growth 

7 K  
Influence of the relative regional mean 

Suitability; [-] 
R&D investment 

K8  Influence of the relative regional Zoning; [-] Authority devolution 

K10  
Influence of the relative regional mean 

Accessibility; [-] 

Costs and prices, 

Communication network 

5K  Influence of the relative existing Activity; [-] 
Employment, Population 

growth These parameters are used in the calculation of the 

distribution of the growth of the activity over the regions. 

Scenario could give clue on whether and how to deviate 

from default value. 
K9  Influence of Relocation of demand; [-] 

Employment, Population 

growth 

K  
Inertia in the relocation of the demand for 

existing Activity K; [] 
Employment, Transport 

network, Costs and prices, 
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Variable / 

Parameter 
Description Linked to driver Comment 

Community network 

K

t 1  
Influence of the current land productivity on land 

productivity; [-] 
Income level/equity 

These parameters are used in the calculation of the land-

productivity Wt iK , . 

Scenario could give clue on whether and how to deviate 

from default value. 

2K  
Influence of the demand for the activity over the 

supply of the activity on land productivity; [-] 

Employment, Population 

growth, Costs and prices 

4K  Influence of the crowding on density; [-] 
Employment, Population 

growth 

6K  
Influence of the growth of the regional mean 

Transition potential on land productivity; [-] 

Employment, Population 

growth 

K8  

Influence of the growth of the regional mean 

suitability of the space occupied on land 

productivity [-] 

R&D investment 

K10  

Influence of the growth of the unoccupied space 

available according to Zoning plans on land 

productivity; [-] 

Authority devolution 

λr 
Relative importance of infrastructure element r 

for the local accessibility of land use K; [-] 
Costs and prices, CO2 

This parameter is used in the calculation of the accessibility 

yxK

t A ,, . 

Scenario could give clue on whether and how to deviate 

from default value. 

1K 

Exponent determining whether the effects of 

Suitability are taken into consideration in the 

calculation of the CA-transition potential. 

R&D investment 

These parameters are used in the calculation of the CA-

transition potential yxK

t P ,, . 

Scenario could give clue on whether and how to deviate 

from default value. 

2K 

Exponent determining whether the effect of 

Zoning is taken into consideration in the 

calculation of the CA-transition potential. 

Authority devolution 

3K 

Exponent determining whether the effect of 

Accessibility is taken into consideration in the 

calculation of the CA-transition potential. 

Costs and prices, 

Communication network 

4K
 

Exponent determining whether the effects of the 

CA-transition rules are taken into consideration 

in the calculation of the CA-transition potential. 

Employment, Population 

growth 
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 As discussed in WP1, the population is distributed over the Belgian territory on 

the basis of the typology of the Belgian municipalities. At the regional level, the 

CCA model operates on the level of the arrondissements, hence has no input nor 

knowledge of municipalities. The regional model itself computes and allocates 

activity levels (population and jobs) to each arrondissement based on its build-in 

mechanisms (principally the relative attractivity of each arrondissement). Thus, 

for each scenario, the discrepancies in population at the level of the 

arrondissement between each of the 4 scenarios and the BAU scenario was 

computed. Next, the model was calibrated to mimic the population distribution 

for each scenario as closely as possible. To the effect the parameters of the 

regional model (essentially those of the attractivity equation) originally 

estimated for the BAU scenario were fine-tuned for each scenario. 

The parameters for the distribution of jobs in industry and services estimated for 

the BAU scenario are applied in the other four scenarios without change. 
 The transition rules of the distance decay interaction rules among the various 

land uses applied in the transition potential of the cellular automata model are 

kept identical for all scenarios. This reflects an identical spatial interaction 

behaviour of all spatial agents (in fact land uses) in all scenarios. This is a 

simplification of reality as the land uses may differ slightly in composition and 

hence also the effect that they exert on one another. 
 The suitability maps of all land uses are kept identical in all scenarios, thus 

reflecting that the physical constraints on the land use dynamics is the same in 

all scenarios. However, in the LES scenario, the importance given to suitability in 

finding and occupying appropriate locations in space is less than in all other 

scenarios. 
 in the CCA-model, accessibility parameters are only significant for the urban 

land use categories, not for agriculture nor for natural vegetation. The 

parameters are the same for all scenarios. This reflects the assumption that the 

need for access for all land uses is the same in the various scenarios. Again this 

is a simplification as the market oriented scenarios (GEE and LEE) may need 

better access to means of transportation to export the goods produced. 
 Zoning maps are based on the official legislative zoning maps and protected 

areas as they apply in the three regions of Belgium: Flanders, Wallonia and 

Brussels. For as far as they are not incorporated in the previous, the Natura 

2000 areas are incorporated too. The scenarios BAU, GEE and LEE share the 

same zoning map. GES and LES share another set of zoning maps. The latter 

differ from the former in that NATURA 2000 areas cannot be taken in by urban 

nor by agricultural activities. In the LES scenario, the zoning map is given more 

weight in the transition potential. 

 Finally, scenarios incorporate trends with respect to urban functions and 

agriculture, but not nature. The extent of the natural land use is in part kept 

constant and fixed in space. This is the case for the protected nature. Natural 

land use which is not protected is dealt with as a vacant land use, meaning that 

it can be taken in by any of the agricultural or urban land uses. 

7.2 Output of scenarios 

In this section the spatial output of the scenarios computed with the CCA land use 

model is discussed. The land use model generates land use maps on a yearly basis. 

Alongside land use, it also computes a series of user-defined indicators derived from 

land use. The output of each scenario therefore represents a considerable volume of 

maps. This output is available to the user for further analysis by means of dedicated 
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instruments, not in the least map comparison software5. On top, tabular output is 

available with respect to the variables of the regional model. In contrast to this rich 

output, as well as the possibilities that it entails for inter- and intra-scenario map 

comparison, the description of the results in this report will focus on the essential only. 

 

Cell-by-cell comparison will be used mostly for comparing maps, either within the same 

scenario, hence to visualize the evolution over time (= intra-scenario), or, to compare 

the spatial outputs of different scenarios (= inter-scenario). This type of categorical 

comparison is applied on a class-by-class basis. This will, for instance, demonstrate 

clearly the evolution in the spatial extent of a particular land use class over time. In 

addition, the Fuzzy Kappa metric (Hagen A., 2003) has been applied to analyse 

categorical maps. The Fuzzy Kappa metric compares cells in all classes on the maps 

and results in a single measure. It shows areas of high and low similarities on a 

continuous scale. The legends for the land use maps, the per category comparison 

maps and the Fuzzy Kappa metric are represented in Figure 44 and Figure 45. 

 

 

Figure 44: Legend for the Land use maps 

 

   

Figure 45: Left: Legend for Fuzzy Kappa comparison maps, Right: Legend for per 

category comparison maps. 

                                           
5
 The Map Comparison Kit software package, developed by the Research Institute for Knowledge Systems in 

Maastricht, The Netherlands is  used to carry out the map comparison. 
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In the discussion of the simulation results, land uses will be grouped into the broader, 

aggregated, categories ‗urbanised areas‘, ‗agricultural land‘, ‗open space‘ and ‗natural 

areas‘. The aggregations applied to the land uses of the model are visualised in Table 

13. The area occupied by the aggregated categories in 2000 and in 2060 in each 

scenario is shown in Table 14. In the table, the ‗natural areas‘ are defined as the open 

space not taken in by agricultural land. 

In the discussion of the model output, first the BAU-scenario will be discussed. Next the 

focus will be moved towards the four scenarios of WP1. Thus the specifics of each 

scenario in comparison to a reference (BAU) evolution and that of the other 3 scenarios 

from WP1 will become clear. 

Table 13: Definitions of the aggregated land use classes „Urbanised area‟, „Agricultural 

land‟, „Open space‟ and Natural areas 
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Abandoned         

Forests         

Scrub and/or herbaceous vegetation associations         

Arable land         

Permanent crops         

Pastures         
Complex cultivation patterns         
Land principally occupied by agriculture, with 
significant areas of natural vegetation         

Continuous urban fabric         

Discontinuous urban fabric         

Industrial or commercial units         

Artificial, non-agricultural vegetated areas         

Road and rail networks and associated land         

Port areas         

Airports         

Mineral extraction sites         

Dump sites         

Forests reserves         

Other nature reserves         

Beaches, dunes, sands         

Inland wetlands         

Maritime wetlands         

Water bodies         
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Table 14: Aggregated land use classes: evolution of land use per scenario 

  BAU BAU GEE GES LEE LES 

Agriculture land 1,770,354 1,518,093 1,476,072 1,510,812 1,469,493 1,583,037 

Urbanised areas 560,493 811,467 843,534 814,401 869,157 728,991 

Natural areas 703,287 704,574 714,528 708,921 695,484 722,106 

Total 3,034,134 3,034,134 3,034,134 3,034,134 3,034,134 3,034,134 

       

    evolution 2000 - 2060: absolute numbers in ha 

    BAU GEE GES LEE LES 

Agriculture land   -252,261 -294,282 -259,542 -300,861 -187,317 

Built-up areas   250,974 283,041 253,908 308,664 168,498 

Natural areas   1,287 11,241 5,634 -7,803 18,819 

Total   0 0 0 0 0 

       

    evolution 2000 - 2060: percentage change 

    BAU GEE GES LEE LES 

Agriculture land   -14 -17 -15 -17 -11 

Built-up areas   45 50 45 55 30 

Natural areas   0 2 1 -1 3 

Total   0 0 0 0 0 

 

7.3 Output of the BAU-scenario 

As can be concluded from the Figure 46, Figure 47 and Figure 48, the expansion of the 

urban land uses is remarkable. This is most explicit in the 2030-2060 period. It is also 

more obvious in the Flanders region then Wallonia. The Brussels region is already 

nearly completely urbanised in 2000 (Figure 46), hence, can hardly undergo more 

urban expansion. The urban expansion generally happens to the disadvantage of the 

agricultural land uses, mostly the class complex cultivation patterns, and, to a lesser 

extent the forests 

 

With a view to localise the most important changes in the period 2000-2060, the Fuzzy 

Kappa map of Figure 49 is generated. It shows in the reddish tones the areas that 

undergo the strongest changes. These are on the one hand located at some distance 

from the biggest agglomerations: Antwerp, Brussels, Liège and Charleroi. It reflects the 

continuation of the growth of these agglomerations until 2060 and at growing distances 

away from the historic centres of the agglomerations. On the other hand, there are also 

major changes in the western part of West Flanders province, the Eastern part of 

Antwerp province and the central part of Limburg province. These changes require a 

closer look to be explained. 

 

A per (land use) category comparison confirms that the most dramatic changes in the 

land use are due to the expansion of the discontinuous urban land use class. All areas 

coloured blue in Figure 50 will be urbanised in the period 2000-2060. This map 

confirms that new urban areas appear at a certain distance from the already urbanised 

core of agglomerations in 2000. The latter are the green coloured areas covering the 

centres of a.o. Antwerp, Brussels, Liège, Gent, Bruges, Charleroi and Namur. Urban 
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expansion is predominantly present in the central and eastern parts of Flanders and the 

historic industrial Sambre-Meuse-Vesdre axis in Wallonia. 

 

 

Figure 46: BAU, land use in 2000. For legend, see Figure 44. 

 

 

Figure 47: BAU, land use in 2030. For legend, see Figure 44. 
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Figure 48: BAU, land use in 2060. For legend, see Figure 44. 

 

 

Figure 49: BAU, Fuzzy Kappa comparison of land use in 2000 and 2060. For legend see 

Figure 45. 
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Figure 50: BAU, comparison of land use in 2000 (map 1) and 2060 (map 2) for 

discontinuous urban. For legend see Figure 45. 

 

Forests (Figure 51) are generally disappearing (coloured in red) from the central part of 

Belgium formed by the diamond-shaped polygon Antwerp, Gent, Charleroi, Liège. They 

are generally expanding in the areas outside this polygon, most prominently in Western 

Flanders province, southern Hainaut and Namur provinces, Luxemburg province, 

eastern Liège province and north-eastern Limburg and Antwerp provinces. Forests 

disappear inside the polygon because they are taken in by urban land uses, while they 

appear outside the polygon because of the abandonment of agricultural activities in the 

absence of demand for urban land. In fact it is predominantly the agricultural class 

complex cultivation patterns which is abandoned and taken over by forests. 

 

The evolution of forests also explains part of the important changes observed outside 

the agglomerations in the Fuzzy Kappa map of Figure 49. 

 

An interesting, and spatially very concentrated, development is that of the Permanent 

crops. Indeed, there is an expansion of this class, mostly fruit trees, from southern 

Limburg province into central Limburg and eastern Brabant provinces. This too explains 

the important changes observed in those areas in the Fuzzy Kappa map of Figure 49. 
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Figure 51: BAU, comparison of land use in 2000 (map 1) and 2060 (map 2) for forests. 

For legend see Figure 45. 

 

Figure 52: BAU, comparison of land use in 2000 (map 1) and 2060 (map 2) for 

permanent crops. For legend see Figure 45. 
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7.4 Output of the four WP1 scenarios 

The BAU-scenario is the basis on which the four scenarios of WP1 are developed. The 

specifics of the latter and the parameter values that apply can be consulted in Annex D. 

In Table 14 and Table 15 the main characteristics of the four scenarios are 

summarised. In the remainder of this chapter, the geographical results of the scenarios 

are described and compared with the BAU scenario. 

 

As to the land use in 2060, Figure 53 shows the strongest expansion of the built-up 

area in LEE (+55%), while LES (30%) shows the least expansion (Table 14). This is in 

contradiction to the size of the population, which is least in LEE and highest in GEE 

(Table 15). Similarly, the occupation of land by industrial and commercial activities is 

rather modest in LEE in comparison to the expansion of the built-up area in this 

scenario. In other words, the density of the urban fabric in LEE is clearly lower than in 

GEE and in the other three scenarios (as well as BAU). For LES the opposite applies: it 

has a high density and therefore the amount of built-up land area is least of all 

scenarios. At the same time, it is the scenario with the least employment, yet, with a 

reasonably high population. 

 

 

Figure 53: Land use in 2060 for the 4 scenarios 

Although it is difficult to derive it from the maps, GEE is the scenario with the highest 

amounts of land taken in by industry and services, while LES is most modest in this 

respect. 
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Table 15: Population and employment in Industry and Services in 2060 per scenario 

 BAU GEE GES LEE LES 

Population 12,662,761 13,146,689 12,662,761 12,176,980 12,661,785 

Jobs in Industry 717,000 611,773 698,234 690,521 616,227 

Jobs in Services 4,289,000 4,738,585 4,179,129 4,132,967 3,688,293 

Total Jobs 5,046,000 5,384,756 4,916,622 4,852,604 4,348,000 

 

The same trends can be observed in Figure 54 which shows the amounts of built-up 

area per arrondissement in the 4 scenarios in comparison to BAU. From this figure it is 

obvious that GEE and LEE result in more built-up area in most arrondissements (not in 

Brussels and Philippeville in GEE). This is in contrast to GES and LES. In particular LES 

has less built-up area in all arrondissements except Brussels. LEE is very expansive as 

far as built-up area is concerned. This is in particular the case in the arrondissements 

outside the diamond shaped polygon Antwerp, Gent, Brussels, Liège. Most of Wallonia 

undergoes a strong process of urbanisation, be it that this is at low densities. 

 

 

Figure 54: Built-up area in 2060 in comparison to BAU. 

 

As to the Agricultural land, GES is most closely related to the BAU scenario. Spatial 

planning, however, is assumed to be more organized as in BAU. The emphasis on 

multifunctional agriculture results in a lower decline of complex cultivation patterns as 

compared to BAU. Heterogeneous agriculture occurs around the cities and settlement 
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areas. In contrast to BAU, livestock numbers are declining which results in slightly less 

pasture and much less arable land since the demand for fodder is lower. 

 

There is a steep decline in the amount of agricultural land towards 2060 in all 

scenarios. This decline is most pronounced in LEE and GEE (both -17%) and least 

pronounced in LES (-11%). In GEE the loss of agricultural land is compensated by high 

productivity levels. In LES, local marketing and promotion of local quality maintains an 

important amount of activity in the agricultural sector. Much of the land lost in 

agriculture is urbanised in 2060. In LEE, the urban expansion results in a slight decline 

(- 1%) of the nature areas on top of the loss of agricultural land. The growth of nature 

is most pronounced (+3%) in the LES scenario. 

 

With respect to the location of the changes in agricultural occupation, Figure 55 shows 

somewhat similar results for all scenarios. Agricultural land is mostly lost in the areas 

near the urban centres where urban expansion is most explicit. In LEE, due to its low 

density urban land use, agriculture is pushed back further away from the urban 

centres, while in the more compact LES, the loss of agricultural land is considerably less 

and is still found closer to the urban centres in 2060. In all scenarios new agriculture 

invades land previously taken in by nature in Antwerp, Limburg and Liège provinces. 

This is much less the case in the GES and LES scenarios with more strict planning 

regulations. 

 

 

Figure 55: Agricultural land, changes 2000-2060 
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The total amount of land taken in by natural areas (Figure 56) changes by hardly a few 

percent in all scenarios. In all but the LEE scenario, area taken in by natural land use is 

slightly growing. The most explicit growth is in the LES scenario with close to 19,000 ha 

new natural land. New nature areas show up in West Flanders province in all scenarios 

but also in Luxemburg, Liège and Hainaut provinces in both GEE and GES. Natural 

areas are lost is all scenarios near the bigger agglomerations: Antwerp, Liège, Charleroi 

and to a lesser extent Gent and Brussels. Also, the central part of Limburg and the 

eastern part of Brabant province loose nature areas in all scenarios. This is due to the 

expansion of the permanent crops. 

 

 
 

Figure 56: Natural areas, changes in 2000-2060 

 

The area taken in by Arable land (Figure 57) declines least in both GEE and LEE, which 

are most driven by market forces. It is most explicit in the LES scenario. Loss of arable 

land is due to a decline of the need for fodder. In LES, decline of Arable land is most 

localised in a broad, semi-circular strip just north of the Sambre-Meuse valley, 

extending from Western Flanders province in the west towards Liège in the east and in 

the Southern Brabant province. Except for Western Flanders province, this decline can 

be attributed to urban expansion. In Western Flanders, it is more a matter of 

abandonment and the expansion of natural land. In LEE and even more so in GEE, 

there is some minor and diffuse expansion of the Arable land in Antwerp and Brabant 

provinces as well as in central Liège en Eastern Hainaut provinces. 
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Figure 57: Changes in Arable land in 2000-2060 

 

The evolution in the spatial distribution of the Complex cultivation patterns (Figure 58) 

shows a somewhat complementary picture of the Arable land discussed above. Complex 

cultivation patters withstand best the pressure exerted by other land uses, not in the 

least urban development, in the GES and even more so the LES scenarios. This is due 

to the emphasis on multifunctional agriculture. There is even some expansion of this 

land use near the urban areas, most explicitly on the axis from Antwerp via Hasselt to 

Liège in GES and in the vicinity of smaller towns and settlements in LES. Although the 

size of farms grows in the scenario, like in all others, small parcels are kept in 

production. Complex cultivation patterns shrink very much in the GEE scenario. This is 

due to a trend towards fewer but larger farms, larger parcels, and a grouping of parcels 

into larger spatial entities. To some extent the area lost is taken in by Arable land, and 

vice versa. 
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Figure 58: Changes in Complex cultivation patterns 

 

The expansion of Pastures (Figure 59) is most explicit in both the GEE and the LES 

scenarios. In both market driven scenarios, LEE and more so GEE, pastures take in 

previously natural areas. In GEE this reflects the increasing importance of livestock. 

This is most explicit in the northern part of Antwerp and Limburg provinces as well as in 

Luxemburg, Liège and Namur provinces. Nature areas are better protected in the GES 

and LES and thus pastures are expanding in areas previously taken in by complex 

cultivation patterns or arable land. 
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Figure 59: Evolution of Pastures in 2000-2060 

 

Agriculture with Nature (Figure 60) is lost most explicitly in the GEE scenario. It 

withstands pressures from other land uses best in the LES scenario. In fact, pastures 

expands in the latter scenario. This is most explicitly the case in the strip of land just 

north of the Sambre-Meuse valleys. In this area, land previously taken in by Arable 

land is now converted to agriculture with nature, mostly referring to the abandonment 

of intensive agricultural activity. 

 

Clearly permanent crops are very concentrated in Belgium (Figure 61). They are limited 

to the eastern part of Brabant and south and central parts of Limburg provinces. In the 

course of time, the area occupied shrinks in GES and more so in LES. In both GEE and 

LEE the activity expands north. This is most explicit in the GEE-scenario. The expansion 

is mostly in areas previously taken in by natural land. These areas are protected 

against human activities in the GES and LES, thus hampering the expansion of the 

activity. 
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Figure 60: Changes in land taken in by Agriculture with Nature, in 2000-2060 
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Figure 61: Evolution in land area taken in by Permanent crops 

 

 

7.5 Four spatial indicators 

In parallel to the land use, four selected indicators, based on land use are computed by 

the CCA model for all scenarios. The purpose of the indicators is to put particular 

emphasis on specific characteristics of the development forecasted. The indicator maps 

therefore should be more straightforward to read and interpret. Like the land use, the 

indicators are computed on a yearly time step. They are available in the model as 

maps, but are also aggregated per arrondissement and for the whole of Belgium. They 

thus can be consulted as time graphs showing their evolution over time. The selected 

indicators are: 

 

1. Degree of urbanisation; 

2. Urban pressure on agricultural land; 

3. Cluster size of urbanised area; 

4. Cluster size of open spaces. 
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7.5.1 Degree of urbanisation 

Definition: 

This indicator is computed as the percentage of urbanised cells in a circular area with 

radius 1.5 km positioned around each cell. Table 13 lists the land uses that are defined 

as urbanised. 

 

 
 

Figure 62: Degree of urbanisation in 2000 

 

 

Figure 63: Degree of urbanisation (average of all cells) according of the four scenarios. 

Evolution 2000-2060 
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Result on the map: 

Urbanisation in GEE (Figure 62) is stronger in the urbanised centres of the larger cities: 

Antwerp, Gent, the Sambre-Meuse Vesdre axis. New urbanisation is also developing in 

northern Limburg and Antwerp provinces as well as in northern Liège province. In 

comparison, GES witnesses more urbanisation in the smaller urban nuclei. LEE is  most 

urbanised of all scenarios, but the population and employment density is low in its 

urbanised areas. LES is least urbanised but has the highest densities. 

 

 

Figure 64: Degree of urbanisation in 2060 according to the four scenarios 

 

7.5.2 Urban pressure on agricultural land 

Definition: 

This indicator is computed as the percentage of urbanised cells in a circular area with 

radius 1.5 km positioned around each cell occupied by an agricultural land use. Both 

the definition of Agricultural land and Urbanised areas can be obtained from Table 13. 

For the computation of the indicator no distinction is made between the land uses: they 

are all weighted equally. The higher the value of the indicator, the more the agricultural 

land is enclosed or fragmented by urban land uses. The agricultural activity therefore 

can be assumed to be under a pressure of urbanisation. 
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Figure 65: Urban pressure on agricultural land in 2000 

 

 

Figure 66: Evolution 2000-2060 of „Urban pressure on agricultural land‟ (average of all 

cells) according to 4 scenarios and BAU. 

 

Result on the map: 

LEE and LES differ strongly for as far as urban pressure on agricultural land is 

concerned. This is due to the low density of the urban tissue in LEE and hence the 

larger amount of urban cells as compared to the compact and high density character of 

LES. Especially in Western Flanders province there is less urban pressure on the 

agricultural land in both GES and LES. The same applies for northern Antwerp and 

Limburg provinces. 
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Figure 67: Urban pressure on agricultural land in 2060 according to the four scenarios 

 

7.5.3 Cluster size of urbanised areas 

Definition: 

For every cell taken in by an urban land use (see definition of urban land uses in Table 

13). The extent of the cluster of contiguous urban cells to which it pertains is 

computed. A cell is considered to be part of an urban cluster if one or more of its 

immediate neighbours is also urban. Immediate neighbours share a common edge. 

Hence, a cell is part of a cluster if it has at least one common edge with the cluster. 
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Figure 68: Clusters of urban area in 2000 

 

 

Figure 69: Evolution 2000-2060 of „Cluster size of urbanised area‟ (average of all urban 

cells) according to 4 scenarios and BAU. 
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Figure 70: Clusters of urban area in the four scenarios in 2060 

 

Result on the map: 

For all scenarios the existing urban clusters expand. Typically, more clusters move up 

in the hierarchy to become part of a higher class. This is very much the case in the 

northern and central part of the country and much less in the area south of the 

Sambre-Meuse valley. On the map this results clearly in clusters of the largest class 

growing towards and into one another. The main urban axes therefore become more 

accentuated. This is the case for the urban axis Antwerpen via Mechelen and Brussels 

towards Charleroi, the urban axis in the Sambre-Meuse valley from Liège via Namur 

and Charleroi towards Mons, the axis from Turnhout via Antwerpen, and Gent towards 

Kortrijk. Large clusters are also growing the area east of Mechelen, near Aalst and 

Dendermonde. 

 

As to the scenarios, the LEE scenario has the largest area taken in by clusters of the 

largest size (>= 1000 ha), followed by GEE. As could already be observed on the land 

use maps, the LES scenario has least area in the largest clusters and in fact urban 

clusters generally. In LEE more new urban clusters are growing to the largest size. This 

is the case for among others: Andenne, Ath, Jodoigne, Spa, Wellen, Lanaken, 

Wuustwezel, and Hoogstraten. This is typifying the low density and diffuse urban 

character of this scenario. 
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7.5.4 Cluster size of open spaces 

Definition: 

Similar to the Cluster size of urbanised area, this indicator computes for every cell 

taken in by a land use pertaining to the aggregated class ‗open space‘ (see Table 13) 

the size of the cluster of contiguous open space cells that it belongs to. A cell is part of 

a cluster if it has at least one common edge with the cluster. 

 

 

Figure 71: Clusters of open space in 2000 

 

 

Figure 72: Evolution 2000-2060 of „Cluster size of open spaces‟ (average of all open 

space cells) according to 4 scenarios and BAU 
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Result on the map: 

Clusters of open space are getting smaller, hence the open space is increasingly 

fragmented (Figure 72). This is the case in all scenarios. It is least in LES and most 

explicitly in LEE. In LES the fragmentation of the open space is reasonably stable until 

2020, but then it takes off to follow trend which is very similar to that of the other 

scenarios.  

 

In all maps (Figure 73) this development can clearly be observed in the area north of 

the Sambre-Meuse axis. In contrast, to the south of this axis, this is much less the 

case. Apart from urbanisation, the transportation infrastructure as a source of 

fragmentation can be seen in all maps. In the Flanders region, which is largely subject 

to fragmentation, Western Flanders province as well as the northern part of Limburg 

and Antwerp provinces are less affected in both the GES and the LES scenario. This 

demonstrates the effect of stricter rules for nature protection. 

 

 

Figure 73: Clusters of open space in the four scenarios in 2060 

7.5.5 Conclusions 

There are clear differences in the spatial outcomes of the four scenarios. They are 

consistent with the main drivers of the scenarios. The ‗free market‘ character of GEE 

and LEE emphasizes the urbanisation of the Belgian territory in higher (GEE) or lower 

densities (LEE) with a more (GEE) or less (LEE) pronounced decline in agricultural 

activity, yet more concentrated appearance (GEE) in larger farms with more clustered 
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arable land or pastures and a higher level of productivity. LEE is more messy with 

respect to its agricultural landscape. 

 

The GES and LES scenarios assume stricter government control and spatial planning. 

They result in less consumptive use of the land for urban activities and in fact higher 

densities (LES). In general, the urbanisation is less pronounced in the largest 

agglomerations. Urbanisation is spread to the regional urban centres too. LES maintains 

most land in the open spaces and in the agricultural state. Agricultural activity is 

generally taking place in areas closer to the consumer which is in line with the level of 

self-sufficiency assumed in this scenario. 
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CHAPTER 8 THE ACTIVITY-BASED VARIABLE GRID 
CELLULAR AUTOMATON MODEL 

 

Important note: The meaning of the symbols used in the mathematical expressions is 

not compatible with that  used in the previous chapters of the report. 

 

8.1 Introduction 

 

Standard cellular automata (CA) are a powerful tool for modelling land use dynamics.  

But realistic models developed for practical applications are always constrained in one 

way or another in order to ensure that the total area of each land use reflects 

anticipated needs based on projected changes in population and economic activities. 

Such a constraint also ensures that the total areas of the various land uses remain in 

reasonable balance with each other.  The constraints may be as simple as a file 

specifying the requirements for each type of land use year by year, or, increasingly, 

other models, such as demographic economic, or agricultural models, linked to the CA 

that provide estimates of population and activity levels that can be translated via 

productivity relations into land use demands.  Such integrated models are useful 

because they are more than mere land use models: they allow an urban or regional 

system to be treated as a dynamic whole.  The problem with this approach is that it is 

very cumbersome.  Each individual model has a number of parameters, and additional 

parameters are required to link them with each other.  Furthermore, all standard 

models of population and economic activity are either non-spatial or make use of a 

space subdivided into political or statistical regions which are implicitly assumed to be 

internally homogeneous.  In other words these models have extremely low resolution 

compared with the CA to which they are linked.  Consequently the integrated model is 

more difficult to calibrate and the output is not nearly as accurate or detailed as it could 

be. 

 

But if the spatial dynamics of the demographic and economic activity are modelled 

directly in the CA, then these problems disappear.  The single model is much simpler, 

requiring many fewer parameters, and the demographic and economic activity is 

modelled at the same, relatively high, resolution as the land use.  Furthermore, since 

the CA makes use of a wide range of micro-scale data—e.g. neighbourhood quality, 

land quality, accessibility, land use regulations, etc.—the activity estimates should 

normally be better.  But a standard CA captures only very short range interactions in its 

transition rules, while the processes determining the spatial dynamics of population and 

economic activity operate at the scale of the entire modelled region, so to model them 

within the CA would require expanding the neighbourhood to include the entire region.  

On the other hand such a neighbourhood would typically include a half million or more 

cells, and the run time of the CA would be so degraded that the model would be 

useless.  However, use of a variable grid in the CA eliminates the run time problem and 

makes possible the use of the large neighbourhood. 
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In the MultiMode model, the modelled area (Belgium) is covered with a regular grid of 

cells, 300 m x 300 m.  The model then determines, at each iteration (typically 

representing one year), the land use and corresponding activity levels on each cell as a 

function of land use and activity levels in the entire surrounding area (i.e. all of 

Belgium), as well as other factors such as the inherent suitability of the cell for the 

activity, accessibility to the transport system, land use regulations, and externalities 

such as congestion costs and land prices.  Because the activity on each cell influences 

activity on every other cell, the dynamics are complex but realistic. 

 

8.2 The neighbourhood 

 

The basic feature of the variable grid cellular automaton (CA) used in the MultiMode 

project is that the neighbourhood is defined in terms of cells which become 

progressively larger toward the periphery of the neighbourhood, so that the number of 

cells in the neighbourhood remains small even though the neighbourhood always 

covers the entire modelled area.  Specifically, the 300 m x 300 m cells of the basic grid 

are defined as level zero, or L0.  Then L1 cells are defined as 3 x 3 aggregates of L0 

cells, and so on, so that each cell of level L contains 32 cells of level L - 1, or 32L cells of 

L0 (Figure 74). 

 

 

Figure 74: A variable grid neighbourhood 

As in a conventional CA, each cell is assigned a state according to its dominant land 

use(s).  If the state (e.g. housing) is one which corresponds to a modelled activity, 

then the cell is also assigned an activity level (e.g. population).  Cells with other states 

(not modeled) are assigned an activity level equal to the area of the cell.  In addition, 

relatively low levels of secondary activities are assigned along with the dominant 

activity that corresponds to the land use.  Cells of level L > 0 are characterized not by 

states, since in general these larger cells include multiple land uses, but rather by a 

vector of activity levels.  For each modelled land use, the activity level is the sum of the 
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activity levels of the L0 cells contained in the cell.  At the cellular level, land use data is 

more reliable than activity data, since activity data is available only for statistical 

sectors or regions that are much larger than a cell, and thus must be interpolated down 

to the cellular level.  Therefore priority is given to land use data in the allocation 

process:  land use is determined first and then corresponding activity is allocated.  Each 

land use category has one dominant activity corresponding to it, or, in the case of 

heterogeneous categories, two or more co-dominant activities; in addition, each cell will 

in general have one or more minor, secondary activities assigned.  Since these 

additional minor activities also implicitly represent land use, even though they do not 

appear on the land use map at the 300m cellular resolution,  the model is in fact a 

multiple land use model.  And, since multiple land uses are determined on the basis of 

the activities present in the cell, the model is an activity-based cellular automata. 

 

The model developed here is based on and is an extension of the Constrained Variable 

Grid Cellular Automata (CA) model described in White (2005) and  van Vliet et al. 

(2009).  In that model each cell contains only one activity, corresponding to its land 

use (the cell state).  In the present model each cell in general has multiple activities.  

 

8.3 Cell types 

 

Each cell is defined by a land use type, e.g. residential, but some types may be 

heterogeneous (e.g. mixed commercial and residential).  Each cell type is assigned 

one or more associated dominant activities because (a) this seems most typical and 

(b) activities can be tied to land use, and land use is the only real data available at the 

cellular level.  In addition, each cell is assigned relatively small amounts of several 

secondary activities; the amounts are constrained by compatibility factors that limit 

the amount of each secondary activity that can be associated with each dominant 

activity.  Currently, heterogenous cells are not modelled so each cell type has one 

corresponding dominant activity. 

Activity levels must be interpolated down from the areas for which data is available to 

the individual cells (e.g. each residential cell receives a population).  A proportional 

allocation within the area would be the simplest approach to that end, but techniques 

like dasymetric mapping (Gallego and Peedell, 2001), logistic regression (Verburg et 

al., 2004) or logit choice modelling (Hilferink and Rietveld, 1999) are more appropriate.  

Also, a special interpolation technique tailored to the model has been developed, see 

section 8.4.4 

 

8.4 The model 

 

The basic idea of the model is that the spatial dynamics of land use and activities are 

generated by changes in land use and activity mix on specific cells as activities relocate 

in an attempt to find better locations, locations with a higher utility.  The utility of each 

cell for each possible activity or land use is defined by a transition potential, which is 

calculated as a function of such factors as the mix of activities in the neighbourhood 

(the neighbourhood effect), the inherent suitability of the cell for the activity, the 

zoning, the accessibility to the transport network, and the diseconomies of 

agglomeration due to local crowding.  Cells are then ranked by transition potentials, 

and converted to the land use with the highest potential until all land use demands 

are allocated.  As each cell is assigned a land use (whether changed or unchanged from 

the previous iteration), it gets an activities assigned, both primary and secondary. 
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These activities add up to the total activity demands.  Land use demands and activity 

demands for the area modelled are specified for beginning and end years, as well as 

other intermediate years if desired, and values for other years are interpolated.  

Density trends for the modelled area are thus specified implicitly, and there is no 

possibility for specifying density trends for individual regions within the modelled area. 

 

8.4.1 The transition potential 

 

Specifically, the transition potential VTJi for a change of cell i to land use K is given by 

                
       (59) 

                       (60) 

 
))log((1 randomr   (61) 

where: 

VTKi = the transition potential of the cell i to land use K 

VKi = the activity potential of the cell i to land use K 

r = a random perturbation 

ZKi = zoning status of the cell i for land use K 

SKi = intrinsic suitability of the cell i for land use K 

TKi = accessibility to the transport network of the cell i for land use K, see section 

5.7 

EKi = diseconomies of agglomeration of the cell i for land use K 

NKi = neighbourhood effect of the cell i for land use K 

IK = inertia to change of land use from use K 

mK = exponent on the potential for land use K 

 

The measure of diseconomies of agglomeration, accounting for the effect of higher land 

costs and congestion in large, densely settled areas, is calculated as: 

      
 

            
      

     
    

 (62) 

 where:                  

EJi = the relative level of diseconomies of agglomeration for activity K at the cell i, 

Ni,pop = the population potential at the cell i, 

Ncrit = the critical level of population potential at which diseconomies appear, 

<Ninit> = the mean value of initial population potentials, 

κK , λK = parameters to scale the relative importance of diseconomies for activity K,  

ε = a parameter expressing the critical level relative to the initial mean population 

potential. 
Note:         is the neighbourhood effect, i.e. it includes also the off-diagonal weighting 

functions that apply to population.         may exclude the inner levels of the cell 

neighbourhood to allow for local interactions even if there is a potential diseconomies of 
agglomeration effect.        is also the neighbourhood effect, but is always calculated 

without exclusion of any levels; thus it is normally the case that                   when 

exclusion level > 0. 
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The neighbourhood effect for each activity K is calculated as the weighted sum of the 

activity values of all levels L ≥ 0 cells j in the neighbourhood: 

                       
 
 (63) 

where: 

NKi  = the neighbourhood effect for activity K in cell i 

wKJdj = weight of the effect of activity J in L≥0 cell j at distance dj on the potential for 

activity K  

TJ = the total level of activity K  

TJj = the level of activity J in L ≥ 0 cell j 

a = a parameter determining the degree of weighting by activity levels; with a = 0 

the weighting is effectively only by land use  

 
The division by    in the calculation of the neighbourhood effect is to rescale the various 

activities so that they all have comparable values.  This is necessary because they may 

be measured in very different units, and especially when the potentials are raised to 

the mK power, the transition potentials for the various activities would be completely 

incommensurate. 

 

Since the weights are a function of distance, the neighbourhood effect captures long 

distance as well as local interactions (Figure 75). 

 

 

Figure 75: Weights as a function of distance 

 

8.4.2 Activity assignment 

 

There are four major components to assigning activity to cells.  First, during data 

preparation, an estimate must be made of the proportion qK of the total amount of each 

activity that is located as a dominant (primary) activity, and for the compatability 

coefficient c for the amount of secondary activities allocated.  Second, during 

initialization of the model, the total amount of each activity must be distributed among 

the cells either as primary activity (i.e. located on cells with the corresponding land 

use) or secondary activity (i.e. located on cells with other land uses).  Third, during a 

run of the model, each time the land use of a cell is changed, appropriate activity levels 

must be assigned, and fourth, activity levels on all cells must be adjusted at each 
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iteration to reflect the exogenous trend on the activity split q,  the exogenous trend in 

total yearly activity, and optionally, the change in relative potentials. 

 

8.4.3 Activity assignment during the simulation 

First, update the regional activity totals to reflect the growth in activity. 

 

             
   

      (64) 

               
   

      (65) 

                (66) 

                                    , L ≠ K (67) 
 
  

 
  = the current amount of activity K  

  
   

  = the previous amount of activity K   

TRK  = the amount of activity K in region R 

ARK  = the amount of primary activity K in region R 

BRK  = the amount of secondary activity K in region R 

BRKL  = the amount of secondary activity K on land use L in region R 

qK  = the proportion of activity located as dominant activity 

cKL  = the compatibility coefficient for activity K on land use L 

 

When the land use of a cell changes, new primary and secondary activities are assigned 

to it based on the regional activity and adjusted for the relative transition potential VTKi 

of the cell. 

 

               
        

           (68) 

                 
        

                        (69) 

 

AKi  = the amount of primary activity K in cell i with land use K  

BJKi  = the amount of secondary activity J in cell i with land use K  

γK  = scaling parameter for the effect of the relative potential on the assignment of 

activity K 

 

The fact that the activity assignment is quantified by the regional total means that the 

existing activity distribution tends to be maintained as the model runs, and so also are 

discontinuities at boundaries. 

 

In the case that there is no activity K in region R the new activity is derived from global 

activity. 

 

              
        

          (70) 

                
        

                       (71) 

 

Note also that at this stage it is likely that more activity than exists will be allocated, 

but it is also possible that not all activity will be allocated, e.g. when the number of 

cells required is declining.  

 

Next, adjust the activity levels to take into account the change in potential: 

 

             
       

  
         

  
       

   
  

      
  

      (72) 

              
       

  
         

  
       

   
  

      
  

                    (73) 

 



The Activity-Based Variable Grid Cellular Automaton Model 

 

VITO confidential information - Copyright 2011 VITO NV 119 

mK  = exponent on VK calculated in initial assignment  

τK  = exponent on the relative potential adjustment term for activity K 

 

Finally, rescale to the activities get the correct amount of activity TK. 

 

                                             (74) 

                                               (75) 
 

And rescale the activities to correct the global proportion of primary activity to the 

current value of the parameter qK without changing regional totals already calculated. 

 

                          (76) 

                          (77) 

                                                  (78) 
 

 

In a final step, at each iteration, activity levels for each cell are summed within 

statistical or administrative regions to give regional activity levels.  This permits 

comparison with actual data for purposes of calibration or validation. 

 

 

8.4.4 The initial assignment of activities to cells 

 

The initial assignment aims to distribute regional activities to cells in such a way as to 

mininimize discontinuities at regional boundaries.  It uses the potential calculation 

described in 8.4.1, more specific in equation (60).  Thus a preliminary set of influence 

functions needs to be set up.  Activity is assigned to cells in proportion to a power of 

the activity potential, with the power chosen that minimizes the regional errors.  The 

procedure is iterative, with potential re-calculated according to the new activity 

distribution each time the power giving the minimum error is found. 

Note that the regions used in the initialisation are not necessarily the same as the 

region used in the simulation, in general they will be smaller. 

 
3. For each activity K, divide the total activity    into the amount to be allocated as 

a primary land use,   , and the amount that will be allocated as a secondary 

land use,   .  Distribute the total primary activity    equally among all cells with 

the corresponding land use (i.e. ignore regions).  Distribute    equally among all 

other possible cells i, but in accordance with the compatibility factors for each 

land use L:   

             (79) 

              (80) 

       
  

  
   (81) 

         
     

   
          

            (82) 

 

4. Calculate the activity potential VKi for each cell i following equation (60). 

 

5. Find mK such that the total relative error EK is minimal. 
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  (83) 

 
To calculate the estimated regional activity       redistribute activity without 

regard to region among cells in proportion to    
  , where    is allocated among 

cells with the corresponding land use and    is allocated among the other land 

uses subject to the compatibility factors:  

 

          
    

  

   
   

  
    

  (84) 

         
         

  

    
           

  
      

    

     (85) 

 

6. In each region, multiply the estimated primary and secondary activity in each 

cell with the proportion            
      

  to correct the regional error in total 

activity:                 and                .  This step will create discontinuities 

across regional boundaries in the densities of primary activity. 

 

7. By now, the proportion of primary and secondary activity will vary widely from 

region to region, and from the nominal global value,   .  So, rescale the primary 

and secondary activity on each cell to correct the global proportion of primary 

activity: 

                       (86) 

                        (87) 

                                            (88) 
 

8. Note that the potentials implicitly established by the new activity levels will not 

have the same values as the ones used to generate the activity levels in the first 

place so repeat steps 2-5 ω times.  

Tobler (1979) also starts with an assumption of uniform density within a region, and so 

will find at most one interior peak per region, thus missing multiple local concentrations 

like towns within regions. 

 

Discontinuity Index 

This index measures the change of slope across boundaries between regions, in order 

to evaluate the success of the smoothing procedure used in the initial assignment. 

 

1.  Find groups of four contiguous cells with the same primary activity which have two 

cells within region R and two within region R‘.  Start with a cell on the boundary of R 

and check whether there is an adjacent cell in R‘ with the same primary activity.  

Always check first for rook adjacency and if there is no adjacent cell, then check for 

bishop adjacency.  If a pair of cells is found, one in R and one in R‘, look for two more 

cells, one each adjacent to each of the boundary-crossing pair, but not adjacent to the 

boundary.  If both are present, then we have a string of four contiguous cells—two 

each in each of two regions.  Label them from one end to the other i, j, m, n; the 

boundary lies between j and m.  Proceed along the boundary and continue until all 

boundaries have been processed, on both sides (this last will pick up boundary cells 

that were not used as the cross-boundary partner cell when the boundary was 

processed from the other side). 

2.  Calculate a value for each string of four cells: 

                                                            (89) 
where q = 1 for rook adjacency and q = sqrt (2) for bishop adjacency 
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3.  Calculate the index: 

              
   (90) 

where    
 = the total number of    values.  

 

     indicates a tendency for discontinuity in activity densities at borders, 

     indicates no discontinuity, 

     indicates less change in density across borders than just inside borders. 
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Figure 76: Illustration of the discontinuity index 

8.4.5 Network Distances 

 

Distances from a cell to cells in its neighbourhood are only used to locate the 

appropriate weights in the influence functions.  Distances are calculated as Euclidean 

distances from the central cell of the neighbourhood and increase by discrete steps, 

and with each step, four cells share the same distance because of the symmetry of the 

grid.  These discrete steps, by a factor of 3 for horizontally and vertically located cells 

and a factor of 32 for diagonally located cells, are reflected in the scale intervals of the 

influence function graphs.  To overcome these disadvantages one could use shortest 

path distances along the transport network.  Using network distances each 

neighbourhood cell has a unique distance from the target cell. 

 

The distance from a cell to nearby cells in its neighbourhood (up to several levels) is 

always taken to be the geometric distance.  Thus each four cells of a ring have equal 

distances, and the corresponding weights can be read directly from the influence 

function.  There are two reasons for using geometric distances in the inner part of the 

neighbourhood.  First, on the basis of previous applications of the variable grid model, 

it seems that the influence function is highly kinked, with an inner part characterized by 

very large weights but a very steep slope, and an outer part with low weight values and 

a very slight slope.  Interpolated distances in the inner part of the neighbourhood would 

mean that very minor differences in distance would result in large changes in the value 

of the weight being read.  Second, at very short distances network distances would be 

very inaccurate, and perhaps irrelevant, to the extent that people react to their 

immediate neighbourhood on the basis of their image or knowledge of it rather than 

their movements within it.  Since network distances would be very inaccurate at these 

short distances, the interpolated weight values would be largely arbitrary. 

 

For more peripheral, higher order cells in the neighbourhood, the model could be 

improved by taking the distances as network distances.  These will be calculated in the 

initialization.  Specifically, each zero-level cell will have a network node associated with 

it.  The distance from a zero-level cell to a sufficiently higher-level cell will be the 
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network distance between the associated nodes.  Using network distances, the weights 

applied to a cell are determined by interpolating on the influence function.  The 

interpolation of weight values could also be done in the initialization. 

 

The level at which network distances replace geometric distances should be the higher 

of the following:  (1) the first level beyond the kink point of the influence curve and (2) 

the level at which the geometric distance exceeds the mean link length of the network.  

 

8.5 Application 1:  the Greater Dublin Region 

The first application is to the Greater Dublin Region of Ireland, a region consisting of 

the counties Louth, Meath, Kildare, Wicklow, and the former county Dublin (county 

Dublin has recently been divided into four counties).  This area has been the focus of 

the Urban Environment Project (UEP) carried out at the Urban Institute Ireland in 

collaboration with the Joint Research Centre of the European Union, and as a 

consequence relevant land use and activity data are available for several periods.  A 

further advantage is that the UEP used the Moland model to forecast land use change 

at a resolution of 100m,  and activity totals at the county level.  The Moland model 

consists of two linked models: (1) a macro-scale spatial interaction based regional 

model that allocates and re-allocates activity to the five counties and (2) a linked CA 

based land use model that is driven and constrained by cell demands generated in the 

regional model.  It is thus possible to compare the performance of the multiple activity, 

variable grid based model described here to that of the Moland model. 

 

Both models employ Corine land use data augmented by several essentially urban 

categories, specifically industry, commerce, public and private services, and ports.  

However, the multiple activity, variable grid based model uses only a subset of the land 

use categories used in Moland; the four essentially residential categories in Moland—

dense, medium dense, discontinuous, and discontinuous sparse urban land use—have 

been combined into a single residential category.  Also, for the application reported 

here, only population is treated as an activity since it was considered that the 

initialization process would not produce sufficiently accurate spatial distributions of the 

four economic sectors to be useful.  (The application to Belgium, described in the next 

section, makes use of three activities and their associated land uses.)  Population data 

comes from the censuses of 1986, 1991, 1996, 2002, and 2006, interpolated to 1990 

and 2000 to match the dates of the land use maps, which correspond to 1990, 2000, 

and 2006.  The CA in the Moland model has a resolution of 100m; the resolution of the 

L0 level cells of the variable CA used in this application is 200m. 

 

The initialization process generating the starting distributions of both primary 

population (population located in residential cells) and secondary population (population 

located in cells of other land uses), is based on census data for Electoral Districts (EDs).  

These are small areas, typically with populations of 2000-3000.  There are 629 of them 

in the five-county Greater Dublin Region.  The good spatial detail provided by the large 

number of EDs produces a better cell-level population distribution; however, for 

calibration and validation purposes, as well as comparison with the Moland results, 

counties are used. 

8.5.1 Calibration and simulation results 

Since the actual modelling is carried out at the cellular level and does not involve 

regions at all, activity results can be aggregated in any way that is useful or 

convenient. Calibration and validation also involve land use, and since densities at the 
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basic cell level as well as at larger units such as EDs and counties can vary, the 

relationship between the land use pattern and the population of EDs or counties is 

relatively loose.  In other words, calibration is an exercise in multi-criteria optimization, 

with both the land use pattern—which can itself be characterized in a number of ways—

and the population distribution at the ED or county level needing to be optimised 

concurrently. 

 

The calibrated results presented here are only one of several possible calibrations, each 

with somewhat different outcomes in terms of predicted land use and population 

density patterns, as well as county populations.  The weights defining the distance 

decay functions that represent the influence of several activities and one land use on 

population (eq. (63)) are shown in Table 16, and the weights for the effect of 

population on itself are also displayed in Figure 77.  Note that in this calibration most 

land uses have no effect on the location of population.  In reality, that may not be the 

case, but in this case the effect of these other land uses is small enough that it can be 

ignored in the interest of keeping the model simple. The effect of forests on population 

is also slight, but it is included as an example of the role of natural land uses on the 

location of population.  The effect of population on itself is by far the most important, 

but all influence functions except that defining the effect of industry on population show 

the two part structure that separates strong but very local effects from relatively weak 

but far reaching effects.  Industry has its greatest effect at intermediate distances, 

where it is advantageous to population as a source of employment but distant enough 

not to constitute a dis-amenity.  The weight at -1 represents the inertia of residential 

land use. The value may seem very large, but when it is compared to the activity 

potential calculated from the weighted sum of the 195,340 cells in the modelled area 

the value is proportional.  Weights (not shown) are also defined for the influence of 

various activities and land uses on industry, commerce, and public and private services.  

Global parameters are shown in Table 17, and parameters for accessibility to the 

transport infrastructure for population in Table 18 and Figure 78. 
 

Table 16: Influence weights for calculating the neighbourhood effect on population 

(residential land use).  Blank values are interpolated. 

Distance(log3) Population Industry Commerce Services Forest 

-1 500000     

0 600 0 70 50 50 

0.315 400 0  35 30 

1 100 5  5 15 

1.315 60  10 3  

2 5 0.5 3 0 5 

2.315 4 0.3  0  

3 2.5 0.2 0.2 0 0 

4 1 0 0 0 0 

5 0.42 0 0 0 0 

6 0.41 0 0 0 0 

7 0.41 0 0 0 0 

8 0.4 0 0 0 0 
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Table 17: Value of global parameters 

These parameters modify the influence functions (m, τ), determine the diseconomies effect (є, 
λ), and set the level of random perturbation (α).  Band =2 signifies that the neighbourhood 
consisting of the inner two Moor rings (rook radius = 4 basic cells) is excluded from the 
calculation of the diseconomies factor. 

Parameter         Value

              m 0.4

            τ 0.9

                є 1.35

                λ 0.85

            α 0.6

        band 2  
 

Table 18: Accessibility parameters applying to population 

       Network    Relative   Distance

        Element Importance      Decay

Motorway 0 0

Motorway junction 0.99 9

Dual carriageway 0.7 9

National routes 0.7 4

Regional roads 0.6 4

Local roads 0.5 4

Railways 0 0

Railway stations 0 1

Light rail 0.99 2  
 
 

 

Figure 77: Weights for the influence of population on population (from Table 16). 
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Figure 78: Part of the accessibility surface for population defined by the parameters 

shown in Table 18. The gradient scale runs from red (high) to blue (low). 

8.5.2 Results: residential land use and population density 

The model produces reasonable land use and activity density maps when run over the 

calibration period of 1990-2000.  The left panel of Figure 79 shows the actual land use 

in 2000 for a part of the modelled area, while the right panel shows the land use 

predicted by the model  (a portion rather the whole area is shown in order to make 

details visible).  The maps are quite similar, although several of the towns just to the 

west of Dublin proper were predicted to grow more in terms of land use than they 

actually did.  Of course the model contains a stochastic perturbation term, and so each 

run of the same calibration will produce somewhat different results.  Thus any 

particular land use or activity map can be considered only an example of the range of 

outcomes.  A more appropriate way of viewing land use predictions is a probability map 

of outcomes.  Figure 80 shows the probability of cells being occupied by residential land 

use in 2000.  The map shows that most cells are either very likely or very unlikely to be 

occupied by residential land use in 2000 according to the model.  Only a relatively few 

small areas, mostly within the western fringe of Dublin proper, are difficult to predict in 

the sense that their probabilities for residential development are in the 40-60% range. 

 

Figure 81 shows the predicted population densities.  The green and yellow areas, with 

densities in the range of zero to 16 people per cell (i.e. up to 400 people per square 

kilometre), are those where people are living in areas mapped as non-residential.  

These are largely rural land uses like arable, pasture, mixed agriculture, and forest, but 

some are urban land uses like parks. The most densely populated of these low density 

non-residential cells are those which are becoming denser, and are likely to be 

converted soon to residential land use; they tend to be located on the fringe of Dublin 

and the larger towns.  Some cells with high population densities are also non-

residential; this is especially true of commercial cells in the centre of Dublin. 

 

Figure 82 shows the activity potential for population in 2000.  It is on the basis of these 

potentials that the densities would be updated for 2001 and cells converted to 

residential land use.  An area of higher potential in a large zone around Dublin is 
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evident, along with much smaller zones around peripheral towns.  Bands of higher 

potential along major roads are also clearly visible. 

 

 

Figure 79: Actual (left) and simulated (right) land use, 2000 for part of the greater 

Dublin region. 

 
 

Figure 80: Probability of a cell being occupied by residential land use in 2000 

 



The Activity-Based Variable Grid Cellular Automaton Model 

 

VITO confidential information - Copyright 2011 VITO NV 127 

 

Figure 81: Predicted population density, 2000. 

 
 

 

Figure 82: Activity potential, population, 2000. 
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8.5.3 Validation: land use 

The model as calibrated for the period 1990-2000 was run forward to 2006.  In general 

this is a more difficult test than the usual one of applying the calibration from the 

earlier period to data for a later start date, which would be 2000 in this case, because 

the simulation enters the later time period with errors accumulated in the earlier years 

of the simulation, rather than beginning it without those errors.  The resulting land use 

map is shown in Figure 83.  The main difference from the actual land use is the 

excessive spread of residential land use in several of the towns to the west of Dublin 

proper, especially Maynooth, a phenomenon that was already becoming visible in the 

simulation to 2000.  Cells for a particular land use can be aggregated by ED or county 

and compared with actual counts in the final year of the simulation as a crude measure 

of the quality of the calibration.  Errors for cell counts by county (expressed as a 

percent of the actual county total) for the year 2000 are shown in  

Table 19 below, together with mean cell counts and standard deviations. 
 

Figure 83: Actual (left) and simulated (right) land use, 2006, using the 1990-2000 

calibration. 

 

Table 19: Residential land use: simulation results for 10 runs to 2000. 

County Mean Cells Std. Dev. Error 

Louth 561.3 4.31 -6.61% 

Meath 687.4 5.94 0.79% 

Dublin 4525.3 9.13 0.61% 

Kildare 951.3 8.78 2.18% 

Wicklow 739.7 8.90 -1.77% 

 

Calibration and validation over short time periods is notoriously unreliable.  Even an 

empirically excellent calibration may be fundamentally in error either because over-

calibration tunes the model to idiosyncratic details of the particular data set used, or 

more fundamentally because the data set may be unrepresentative of the range of 

possibilities present in the system being modelled (Brown et al., 2005; Engelen and 
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White, 2007).  In this context running a model forward for a very long time period may 

be the most powerful validation tool available.  This is because the non-linearities 

present in the dynamics of all reasonable models of complex systems mean that while 

the model output may be good over short time periods, in the longer run the output will 

diverge exponentially from what is realistically possible if the model or its calibration 

does not capture the fundamental properties of the system being modelled.  As a test 

of the fundamental quality of the model and its calibration, the model was run for a 60 

year period, to 2050.  The results for land use and population density are shown in 

Figure 84.  The maps do not appear unreasonable, though the swollen tips on the 

tentacular growth of Dublin may be suspect.  These are produced by a growth history in 

which development proceeds somewhat faster around the towns on the periphery of 

Dublin than it does along the radial transportation routes. 
 

 

Figure 84: Land use (left) and population density (right), 2050. 

 

More specifically, the growth process of complex systems, including cities and regions, 

tends to produce fractal structures.  In particular, landscapes, both urban and rural, are 

usually characterized by a linear cluster size - frequency relationship, independently of 

the age of the system (White, 1993, 2006).  Also, urban areas, without exception, 

show a bi-fractal structure in terms of the radial dimension for both the urbanized area 

and for major individual land uses: when the log of the area is plotted against the log of 

the radius, the relationship is linear but kinked, with a steeper slope in the inner zone 

(Frankhauser, 1991, 1994; White, 1993, 2006).  While the two slope values for the 

urbanized area are very similar for most cities, values for residential land use are more 

variable, at least for the inner zone.  However the inner zone usually has a slope 

greater than two, reflecting the relative absence of residential land use in central areas, 

and its increasing dominance away from the centre.  The outer zone, out to the outer 

edge of the urbanizing area, usually has a slope within the range 1.0 to 1.2 

(Frankhauser, 1994; White, 1993).  These relationships may be used in a validation 

process to identify bad models or bad calibrations: specifically, if the cluster size – 

frequency relationship and the radial dimensions of the simulation results do not 

conform to the empirically established norms, then either the model is not correctly 

specified or its calibration is not good.  These tests are particularly effective at 

eliminating bad calibrations that may appear to be quite good over normal calibration 

and validation periods, and such calibrations are surprisingly common.  However, it is 

possible to have bad calibrations that are successful in passing these tests; for example 
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the cluster size distribution may be good, but the clusters may be in the wrong 

locations. 

 

Both relationships were calculated for the 2050 simulation shown in Figure 84.  The 

cluster size – frequency relationship is shown in Figure 85, together with the empirical 

relationship for 1990 for comparison purposes.  It is normal that the largest clusters 

have very low frequencies—one or two—and so the tail of the plot typically spreads out.  

These points are excluded in calculating the trend line for the main part of the 

distribution, which is highly linear at the start date and remains so to 2050, with the 

slope virtually unchanged (1990: slope = -2.066; 2050: slope = -2.009).  The model 

and this calibration are thus strongly supported by this test. 

 

 

Figure 85: Cluster size – frequency graphs for residential land use.  Trend line excludes 

cluster sizes with a frequency of 1 or 2, shown in grey symbols. 

 

Results of the radial dimension analysis are not as good.  The kink is still present 

(though much less pronounced), having moved much further out from the centre of the 

city, from a radial distance of 25 cells to 60, as is to be expected in a rapidly growing 

urban area.  The slope of the inner zone remains greater than two, and although its 

value is less, it is still reasonable.  However, the slope of the outer zone is much 

greater, and higher than empirically observed values in existing cities.   

 

  
 

Figure 86: Area – radius plots for residential land use: actual data, 2006, left; 

simulation results, 2050, right.  Plot for 2006 uses radial increments of 5 basic cells; 

plot for 2050, increments of 10 cells. 

The greater slope reflects the bulging tips on the fingers of growth that are visible on 

the land use map of Figure 84.  This result suggests that the calibration is not optimal.  
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The spatial pattern of growth suggests that the relative strength of the diseconomies 

effect may be too great, and should be re-calibrated. 

8.5.1 Validation: population estimates 

Since the activity based variable grid model is intended to replace two linked models, it 

should produce output corresponding to both models in order to retain a comparable 

functionality.  The results discussed so far correspond to the output of the cellular land 

use component of the Moland model, or more generally to any CA based land use 

model.  But since the output consists not only of land use but also of activity levels on 

each cell, the model in effect produces predictions of activity levels comparable to those 

of the Moland macro model, or of any inter-regional activity model—it is only necessary 

to aggregate the cellular activity levels to the desired set of regions.  Here we 

aggregate to the county level to produce predictions of county populations.  County 

population predictions were one of the criteria used in the calibration process, together 

with residential cell totals by region, the cluster size and radial dimensions, and the 

actual land use pattern.  Better county population predictions than those shown for the 

calibration and validation periods could easily be achieved, but at the expense of worse 

performance on the other criteria.  Optimising one criterion is likely to produce a 

calibration which is fundamentally wrong and so will give worse predictions over time 

scales beyond the calibration period than would more balanced calibrations. 
 

Figure 87 shows the percentage errors in the county populations as predicted by the 

activity based model, the Moland model, and the constant share ―null‖ model.  The 

results shown for the activity based model are the mean errors of ten runs of the 

model; this is necessary because of the stochastic nature of the model.  Standard 

deviations of predicted county populations are shown in Table 20. The constant share 

errors are calculated on the assumption that each county maintains its initial share of 

the total population as the region grows.  In the results for the 1990-2000 calibration 

period, the multiple activity variable grid based model outperforms the other two for all 

counties.  The results for the 2006 predictions are not strictly comparable, since for the 

multiple activity based model the 2006 predictions were made by running forward from 

1990 using the calibration based on the 1990-2000 period, while for the Moland model 

the results were generated from a calibration over the entire 1990-2006 period.  

Nevertheless, in spite of this advantage, the Moland model was out-performed by the 

multiple activity based model in four of the five counties.  
 

  
Left panel shows errors at the end of the 1990-2000 calibration period; right panel shows errors 
for the 1990-2000 calibration when run forward to 2006 (Activity Based model), 2006 errors for a 

1990-2006 calibration period (Moland model), and 2006 errors based on 1990 shares (Constant 

Share model). 

Figure 87: Percentage errors in predicted county populations for three models. 
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Table 20: Standard deviation of population and cell predictions (as % of county value) 

from 10 runs of the activity based model. 

County Population Cells 

Louth 0.75% 0.72% 

Meath 0.50% 0.87% 

Dublin 0.08% 0.20% 

Kildare 0.77% 0.94% 

Wicklow 0.71% 1.18% 

 

8.6 Application 2:  Belgium 

The model has also been applied to Belgium. This application is an interesting contrast 

to the Dublin case.  Whereas the Greater Dublin Region is dominated by the Dublin 

agglomeration, Belgium contains an entire urban system together with its rural matrix; 

the system is thus completely polycentric.  Since a good model should be generic, i.e. 

applicable to a wide variety of situations, the Belgian application is a good test of 

whether the model can be successfully applied in a variety of geographical contexts. 

 

The Belgian application is at a resolution of 300m and makes use of three urban land 

uses—continuous urban fabric (essentially city centres), discontinuous urban fabric 

(largely residential) and commercial and industrial units—together with their associated 

activities. It was not necessary to run the initialization routine for this application, 

because activity maps at the 300m resolution of the simulation had already been 

prepared by a dasymetric mapping procedure applied to the Corine land use / land 

cover data set.  The mapping distributed population data (available by small areas 

known as statistical sectors) and data on employment by major economic sector 

(available by commune or gemeente, i.e. by NUTS 5 units).  These maps are probably 

more accurate than the activity density surfaces that would have been produced by the 

initialization routine developed for the simulation software.  Land use maps, again 

based on the Corine classification, were available only for the years 2000 and 2006.  

Unfortunately, very little land use change occurred over this period, and some of the 

apparent changes, especially for continuous urban fabric, were clearly classification 

errors.  Thus it was not possible to base a calibration on this data.  Nor was the 

complete road network available in the database for this simulation, so it was not 

possible to properly calibrate the accessibility parameters. 

 

For the simulation, activity values are available by the 43 arrondissements (NUTS 3 

units) into which Belgium is divided; these are urban centred regions, although some 

agglomerations, notably Brussels, extend into several. Since the population data is 

especially reliable, and the corresponding land use, discontinuous urban fabric is by far 

the most important of the non-rural classes, a preliminary calibration was carried out 

using arrondissement populations for 2000 and 2006.  This was refined by running the 

model forward to 2060, the horizon specified in the MultiMode project, using MultiMode 

projections of total Belgian population and land use for the three urban classes for that 

year, and then adjusting the influence weights and general parameters in order to keep 

the 2060 cluster size – frequency relationship consistent with that for 2000 (Figure 88).  

Calibrated values are shown in Table 21 and Table 22.  A basic calibration was also 

carried out for employment in the sectors corresponding to continuous dense urban 

fabric and industrial and commercial units. 



The Activity-Based Variable Grid Cellular Automaton Model 

 

VITO confidential information - Copyright 2011 VITO NV 133 

 

Figure 88: Cluster size – frequency distributions for discontinuous urban fabric, 

Belgium.  Left: actual, 2000;  right, simulated, 2060. 

 

Table 21: Weights for the effect of discontinuous urban fabric on itself, Belgium. 

 

 

Table 22: Global Parameter values, Belgium. 

 

The calibration for the application to Belgium is very approximate compared to that for 

Dublin, but the results are nevertheless reasonable.  Errors in predicted 2006 

arrondissement populations were generally small.  For 15 of the 43 areas, errors were 

less than 1%; only 12 had errors of 2% or more.  Errors were on average less in 

Flanders, the more highly urbanized northern half of the country, where more than half 

of the arrondissements (12 of 22) had errors of less than 1%.  The land use and 

activity patterns also look reasonable (Figure 89 - Figure 91), given that the total 

amount of discontinuous urban fabric projected for 2060 by MultiMode and used in this 

simulation is probably excessive.  The somewhat blobby pattern of urbanization in the 

2060 map results from the absence of the complete road network in the input for the 

simulation, and the consequent lack of a proper calibration of the accessibility 

parameters. 
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Figure 89: Land use, Belgium.  Left, actual land use, 2000; right, simulated land use 

2060. 

 

 

Figure 90: Population density, Belgium.  Left, actual density, 2000;  right, predicted 

density, 2060. 

 

 

Figure 91: Industrial and Commercial activity, Belgium.  Left, actual employment, 

2000;  right, predicted employment, 2060. 
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Several interesting phenomena emerge in the results.  The urban system dynamics 

implicit in the model generate an uneven distribution of growth, one favouring Flanders.  

The 22 Flemish arrondissements together grew 19% more than the 20 arrondissements 

of Wallonia (Brussels, the third region of Belgium, was excluded from this analysis).  In 

particular, the major urban areas of Flanders grew much more rapidly than those of 

Wallonia:  Antwerp (+20.5%), Ghent (+25.0%), and Leuven (+26.0%) clearly 

outperformed Charleroi (+8.4%) and Liège (+9.2%).   The greater Brussels area, 

consisting of the arrondissements of Brussels, Halle-Vilvoorde, and Nivelles, grew by 

20.4%.  In light of these growth rates, it would seem that the extensive growth in the 

Sambre-Meuse urban axis of Wallonia largely represents low density urban sprawl 

rather than demographic growth.  These results illustrate, if not necessarily the 

probable future of the Belgian urban system, at least the rich and suggestive behaviour 

of this modelling approach. 

 

8.7 Conclusions 

The model proposed here has both practical and scientific strengths.  The practical 

advantage is that it gives users a much richer output than other approaches.  The 

single model produces not only detailed predictions of land use but also high resolution 

predictions of population and employment.  Furthermore, these activity predictions, 

while associated with land use, are not tied to it in a one-to-one relationship, for  each 

cell, whatever its land use, will in general host several activities, and activity densities 

vary continuously over the region.  Because activities are modelled at the same 

resolution as land use, it is possible to aggregate activity estimates to any desired set 

of regions, even quite small ones, and spatially detailed activity predictions can be 

particularly useful for planners.  Of course the smaller the regions, the larger, on 

average, the prediction errors will be, so there is a trade-off between resolution and 

accuracy, or to put it another way, between spatial and quantitative error.  Currently 

we are investigating the magnitude and distribution of errors in population predictions 

for the 629 EDs of the Greater Dublin Region.  In general, having high resolution 

predictions of both land use and activities gives a much richer picture of the possible 

futures of the region being modelled, and permits a more thorough and nuanced 

investigation of the consequences of various planning scenarios.   

 

The Dublin application demonstrates that the model performs well enough to be useful 

as a planning tool.  In fact it outperforms existing models like the Moland model, which 

is being used in an experimental context by the Dublin Regional Authority in 

collaboration with the Urban Institute Ireland to assess the adequacy of plans for future 

waste water treatment infrastructure.  If the multiple activity approach were to be used 

in place of the Moland model, the spatially detailed predictions of population and 

employment generated by it would permit a more accurate estimate of the future 

spatial distribution of wastewater origins, and hence a better assessment of the plans.  

 

The model performs well not only for the urban centred region of Dublin, but also for 

the polycentric, national scale application to Belgium, even though because of data 

limitations,  it is not yet possible to fully calibrate the Belgian application.  The fact that 

the model gives good results in both of these very different settings is a strong 

indication that it captures the generic spatial processes that underlie the formation of 

spatial structure in urban and regional systems.  Such a model is one that can be more 

confidently applied to other cases.   

 

The multiple activity, variable grid based CA framework is efficient, not only in the 

sense that a single generic model can be applied to a wide variety of situations, but 
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also in that it models two different classes of phenomena—land use and activities—with 

a single mechanism.  It thus replaces the two types of models that were developed to 

deal with these phenomena independently, as well as the hybrid model created by 

linking those models.  In doing so it produces richer results with a simpler algorithmic 

structure and fewer parameters. 

 

This efficiency means that it is a more ―risky‖ model in the Popperian sense.  In other 

words, it makes a greater number of testable predictions using fewer parameters.  

Such a model is considered to be stronger scientifically than a less risky one, both in 

terms of content and in terms of the degree of confidence we can have in it, as long as 

it has been empirically validated.  In this case, the fact that it is possible to find a 

calibration that simultaneously gives good predictions of both land use and activity 

levels with empirically reasonable parameter values justifies increased confidence in the 

model,.  Again, this is an indication that the model successfully captures the 

geographical processes generating the phenomena being modelled.  Such a model 

more reliably gives reasonable and useful results. 
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CHAPTER 9 CONCLUSIONS 

 

The availability of the Cellular Automata land use model has demonstrated the 

feasibility of setting up the kind of model for Belgium. Effort is still needed for its 

advanced calibration and validation. In scientific terms, the latter is a challenge as good 

calibration and validation methods for high resolution spatially-dynamic land use 

models are still missing. 

 

While the modelling itself progressed well, the data acquisition turned out to be less 

easy. At the federal level, the availability of GIS-data sets is limited. The regional 

authorities are better equipped to the effect, however, using regional maps in a model 

spanning the complete country runs a serious risk of putting material together that was 

never intended to. The consistency across the regional borders with regards to the 

types of maps available and the classifications and legends used for representing the 

physical objects or classes, is less than anticipated. From EU-sources there is some 

usable GIS material available covering the full Belgian territory. 

 

Collecting the data from statistical sources needed at the National and Regional levels 

of the model has been much more straightforward and could be obtained from the 

Ecodata and Eurostat servers. Also information with regards to future trends in the 

development of the population and the economic activities could be obtained from the 

literature. 

 

The Constrained Cellular Automata model developed represents spatial dynamics at 

three levels: 

 the National level, representing Belgium as one entity subjected to influences from 

abroad as quantified in scenario‘s (among others those under development in WP1); 

 the Regional level, representing Belgium in terms of its 43 arrondissements. The 

level of the arrondissements was chosen because it is a good modelling-technical 

compromise providing sufficient regional differentiation while avoiding technical 

complication. As for the policy and planning relevance, the arrondissements are not 

the best choice as no policy making actually takes place at this level. As a 

consequence, data related to municipal policies are to be aggregated and fed into 

the model at the arrondissement level. Similarly implementing provincial policies 

will require their disaggregation at the level of the arrondissements. 

 the Cellular level, representing Belgium as consisting of a regular grid of cells 

measuring 9 ha each (300 m by 300 m). From a modelling-technical point of view, 

this resolution is appropriate as the CA-algorithm applied works fine with cells 

ranging from 50 m to 1000 m. The 300 m resolution is still sufficient to work with 

the dominant land use of the cells. The neighbourhood of the CA-model has a radius 

of 8 cells x 300 m = 2400 m. Thus, spatial interactions at the Cellular level have an 

immediate effect over this distance. 

 

At both the National and the Regional level the population is represented as one cohort 

and the economy is represented by three aggregated sectors, namely Agriculture, 

Industry and Services. The latter are grouped on the basis of the NACE-codes. At the 

Cellular level 19 land uses are modelled, 7 of which are dynamic (named function), 3 
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are passive (named vacant) and the remaining 9 are static (named feature). The 

linkage between the population and sectors of the Regional level and the land uses at 

the Cellular level is established in the Land use-Sector matrix. 

 

The model is equipped with a fairly simple transportation model. This is sufficient to 

analyse the complex interlinkages between transportation infrastructure and land use 

at both the Regional and the Cellular level of the model. However, the model is too 

simple to deal with modal split, routing of traffic and detailed forecasting of congestion. 

 

The model was  calibrated by means of hindcasting on data for the period 1991-2001. 

It was used to develop a BAU-scenario for the period 2000-2050. Based on the latter 

and on information available from WP1, the model was used to compute the spatial 

consequences of the 4 scenarios developed in WP1. To the effect, the drivers quantified 

in the scenarios were mapped to the extent possible on the parameters of the model 

and quantified. The trend lines for each scenario computed in WP1 were complemented 

with trend lines for the various agricultural activities derived from a number of 

statistical sources as well as GIS-maps. The set of trend lines and parameters relative 

to each of the 4 scenarios were fed into the model and simulated. 

 

The spatial outcome of the scenarios consists of land use maps per year of the 

simulation interval supplemented with 4 indicators derived from the land use. The 

results of the simulated scenarios was shared with the other workpackages for further 

analysis.  There are clear differences in the spatial outcomes of the four scenarios. They 

are consistent with the main drivers of the scenarios. The ‗free market‘ character of 

GEE and LEE emphasizes the urbanisation of the Belgian territory in higher (GEE) or 

lower densities (LEE) with a more (GEE) or less (LEE) pronounced decline in agricultural 

activity, yet more concentrated appearance (GEE) in larger farms with more clustered 

arable land or pastures and a higher level of productivity. LEE is more messy with 

respect to its agricultural landscape. 

 

The GES and LES scenarios assume stricter government control and spatial planning. 

They result in less consumptive use of the land for urban activities and in fact higher 

densities (LES). In general, the urbanisation is less pronounced in the largest 

agglomerations. Urbanisation is spread to the regional urban centres too. LES maintains 

most land in the open spaces and in the agricultural state. Agricultural activity is 

generally taking place in areas closer to the consumer which is in line with the level of 

self-sufficiency assumed in this scenario. 

 

In collaboration with Prof. White from Memorial University of Newfoundland, Canada, 

an Activity Based Variable Grid Cellular Automata algorithm has been implemented. It 

is novel in two respects: 

 Firstly, the Variable Grid algorithm features a cellular automata neighbourhood that 

essentially spans the full modelled area. This is in contrast with the classic Fixed 

Grid CA algorithms which neighbourhood is typically limited to the immediate 

neighbours (in the current model a relatively large circular template is used with a 

radius of 8 cells, thus encompassing a total of 196 cells). The Variable grid 

aggregates more remote areas to mean field approximations. More distant cells are 

aggregated into fields of increasing size the further away they are from the central 

cell in the neighbourhood. This limits the number of spatial relations to be computed 

while incorporating the maximum amount of land use information. Thus the model 

incorporates long distant relations as well as local effects and may well make the 

Regional model redundant. This is of course a great simplification and advantage as 

it simplifies the model greatly. 

 Secondly, the approach is no longer based on dominant land uses, rather is Activity 

Based and is stated in terms of the activity levels in all sectors present in the cells. 

This is expected to be beneficial for modelling regions characterised by mixed and 
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messy land uses like Belgium. In the given situation, even small cells feature a rich 

variety of activities and associated land uses, hence representing them in terms of 

their dominant land use only, is a strong simplification of reality. An additional 

benefit of the approach is that land use modelling becomes possible even with land 

use maps of a lesser quality. 

 

Two applications were developed: one to the larger Dublin metropolitan region, 

essentially a single agglomeration (Dublin) developing in an otherwise mostly rural 

area, and the other to Belgium. In both cases, the outcomes of the AB-CA could be 

compared with that of a ‗classic‘ CCA-land use model. The results of the benchmark test 

runs carried out show that the Activity Based Variable Grid algorithm outperforms the 

traditional Fixed Grid CA applied in WP2 in a number of aspects.. More extensive testing 

as well as more applications to other regions will be required to confirm the latter. 
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ANNEX A POPULATION PER ARRONDISSEMENT 

Table 23: Inhabitants per arrondissement on January 1st of the years 2000 to 2007 

Arrondissement 2000 2001 2002 2003 2004 2005 2006 2007 

Bruxelles/Brussel 959318 964405 978384 992041 999899 1006749 1018804 1031215 

Antwerpen 932103 931567 935381 940681 944921 948858 954680 961131 

Mechelen 305670 306413 307433 308665 309865 311472 314243 316224 

Turnhout 406199 407672 409636 411773 414026 416528 419570 423215 

Hasselt 382981 384503 386283 388469 390212 392451 395032 398055 

Maaseik 218733 220231 221580 222793 223902 225323 226603 228034 

Tongeren 189464 190051 190720 191266 191672 192168 193023 194183 

Aalst 262294 262337 262193 262542 262945 263914 265665 267274 

Dendermonde 186484 186553 186988 186991 187328 187783 188882 189638 

Eeklo 79484 79428 79357 79374 79464 79671 80262 80547 

Gent 495368 496608 498631 500794 502492 505267 508996 512407 

Oudenaarde 114345 114390 114433 114609 114801 115379 116098 117125 

Sint-Niklaas 223648 224356 225050 225826 226690 228058 229547 231262 

Halle-Vilvoorde 558220 560138 563370 565759 568791 572697 576008 580407 

Leuven 456484 458265 459451 462080 463113 465089 468125 472060 

Brugge 270866 271437 272011 272305 272987 273613 274435 274772 

Diksmuide 47992 48082 48036 48037 48109 48259 48357 48570 

Ieper 104278 104320 104168 104168 104030 104272 104506 104798 

Kortrijk 278311 277786 277893 277430 277126 277190 277515 278160 

Oostende 142430 142946 143899 144903 145701 146496 147292 148325 

Roeselare 140465 140684 140949 141211 141306 141542 142060 142776 

Tielt 88061 88034 88085 88192 88330 88527 88787 89178 

Veurne 56371 56751 57234 57685 58213 58604 58914 59299 

Nivelles 349884 352018 355207 358012 360717 363776 366481 370460 

Ath 79085 79372 79840 80147 80302 80567 81007 81825 

Charleroi 421059 420214 420590 420653 420528 421394 421801 422598 

Mons 249334 249153 248818 248832 249054 248986 249500 249878 

Mouscron 70056 70016 69737 69674 69719 69966 70387 70718 

Soignies 173297 174142 174801 175357 176409 177398 178659 180154 

Thuin 146086 146253 146426 146212 146211 146627 146977 147475 

Tournai 140550 140673 140830 140831 140977 141337 141748 142196 

Huy 100020 100543 101224 102135 102709 103565 103972 104756 

Liège 585678 584398 585726 585444 587033 588287 590972 594579 

Verviers 265546 266334 267800 268504 269366 270822 273086 274973 

Waremme 68198 68767 69380 69759 70497 71350 72267 73106 

Arlon 51902 52301 52749 53232 53648 54241 54911 55593 

Bastogne 40574 41103 41505 41906 42097 42466 42801 43444 

Marche-en-Fam. 50359 50911 51101 51486 51998 52108 52806 53123 

Neufchâteau 55598 55743 56039 56331 56687 57231 57660 58151 

Virton 48387 48692 49012 49340 49690 49958 50369 50867 

Dinant 99683 100298 100719 101295 101705 102570 103118 104017 

Namur 282727 283793 285181 286930 288659 290576 292318 294320 

Philippeville 61493 61733 61875 62170 62492 62717 63138 63646 

Total 10239085 10263414 10309725 10355844 10396421 10445852 10511382 10584534 
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ANNEX B ECONOMIC DATA PER ARRONDISSEMENT 

Table 24: Regional employment in Agriculture 

Arrondissements 2000 2001 2002 2003 2004 2005 2006 

Bruxelles/Brussel 488 470 457 467 479 500 450 

Antwerpen 4015 3831 3723 3741 3777 3820 3866 

Mechelen 3087 3025 2870 2907 2909 2864 2835 

Turnhout 5298 5164 5103 4931 4834 4902 4884 

Hasselt 3868 3778 3732 3453 3316 3269 2995 

Maaseik 2326 2412 2370 2225 2128 2124 2052 

Tongeren 3758 3705 3661 3505 3532 3351 3220 

Aalst 1335 1408 1379 1325 1309 1290 1258 

Dendermonde 1891 1852 1820 1801 1765 1753 1684 

Eeklo 1838 1844 1790 1712 1666 1659 1658 

Gent 5575 5530 5437 5401 5306 5209 5128 

Oudenaarde 1407 1391 1339 1277 1234 1230 1199 

Sint-Niklaas 2359 2292 2308 2190 2160 2165 2157 

Halle-Vilvoorde 3363 3413 3312 3279 3235 3238 3168 

Leuven 4224 4117 4031 3725 3703 3693 3649 

Brugge 3330 3316 3133 2932 2907 2883 2798 

Diksmuide 2447 2339 2253 2159 2107 2113 2123 

Ieper 3916 3689 3540 3397 3321 3294 3291 

Kortrijk 2229 2109 2071 2061 2026 1984 1973 

Oostende 1365 1294 1224 1171 1163 1176 1153 

Roeselare 3291 3058 2966 2885 2822 2812 2734 

Tielt 3530 3355 3276 3194 3126 3102 3072 

Veurne 1245 1165 1101 1051 1030 1015 1023 

Nivelles 2435 2264 2198 2213 2241 2245 2245 

Ath 1266 1284 1236 1135 1099 1093 1093 

Charleroi 1075 1051 1005 986 969 1012 1012 

Mons 1059 974 930 963 935 931 931 

Mouscron 452 442 440 431 419 425 425 

Soignies 1367 1316 1269 1257 1237 1191 1191 

Thuin 1662 1604 1544 1511 1482 1485 1485 

Tournai 1950 1768 1697 1668 1645 1646 1646 

Huy 1162 1056 966 947 922 919 919 

Liège 1386 1348 1311 1307 1332 1302 1302 

Verviers 3423 3332 3185 3023 2968 2934 2934 

Waremme 916 794 893 753 783 744 744 

Arlon 336 333 314 314 319 314 919 

Bastogne 1638 1548 1485 1423 1381 1377 1302 

Marche-en-Fam. 1106 1000 943 996 970 967 2934 

Neufchâteau 1560 1571 1538 1481 1437 1466 744 

Virton 804 743 693 668 669 664 4788 

Dinant 96199 96907 97277 97890 98322 99100 104017 

Namur 275897 277255 277870 278773 279675 280908 294320 

Philippeville 926 894 857 817 794 797 791 

Total 462804 462041 460547 459345 459454 460966 484112 
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Table 25: Regional employment in Industry 

Arrondissements 2000 2001 2002 2003 2004 2005 2006 

Bruxelles/Brussel 68993 70749 66679 64300 61850 60839 61300 

Antwerpen 97030 96136 92585 88808 87642 86603 86438 

Mechelen 31696 32288 31027 31095 31473 31541 32113 

Turnhout 56319 57736 55823 56869 56812 57616 57949 

Hasselt 54340 55831 53026 49791 46732 45495 45636 

Maaseik 26256 26598 26094 25283 24683 24685 24622 

Tongeren 12651 12749 12674 12576 12042 11709 12193 

Aalst 19358 18758 17618 17506 17750 17497 17003 

Dendermonde 18257 18682 17751 17467 17056 16875 17042 

Eeklo 6842 6943 6698 6362 6131 5986 5963 

Gent 56952 56644 56226 55509 55810 55907 57783 

Oudenaarde 16365 16560 15125 14400 14372 14010 13524 

Sint-Niklaas 21824 22724 22265 22032 21431 21784 21761 

Halle-Vilvoorde 40183 40393 38661 36120 36081 35494 35268 

Leuven 27767 26902 25297 24520 24144 23557 23486 

Brugge 22975 23326 23030 22778 22062 21937 22131 

Diksmuide 4101 4102 3980 3968 3885 3954 3854 

Ieper 12021 12310 12373 12374 12507 11981 11936 

Kortrijk 46258 46864 44937 44915 43706 43324 42550 

Oostende 7277 7473 7196 6890 7221 7371 7542 

Roeselare 23379 23648 23077 22697 22210 21851 21976 

Tielt 18103 18852 18873 18080 17827 17959 17838 

Veurne 3814 3754 3580 3425 3302 3863 3974 

Nivelles 24037 24728 24458 24536 24345 24650 24959 

Ath 4140 4154 4143 4260 4240 4374 4486 

Charleroi 38039 37151 36329 36731 35974 36291 36264 

Mons 12177 11766 11270 11110 10809 10581 10707 

Mouscron 8596 8989 8751 8609 8439 8190 8102 

Soignies 9260 10632 10751 10694 10545 10615 10821 

Thuin 7310 7299 7116 6512 6331 6187 6336 

Tournai 8592 9135 8815 8408 8310 8464 8579 

Huy 6265 6611 6510 6800 6535 6431 6242 

Liège 44950 43852 43815 42131 41753 42305 41226 

Verviers 25783 25848 25239 24665 23643 23399 23645 

Waremme 3558 3435 3305 3471 3460 3571 3586 

Arlon 3362 3394 3371 3006 2896 2834 2880 

Bastogne 2554 2637 2558 2587 2714 2786 2867 

Marche-en-Famenne 3518 3509 3452 3369 3609 3714 3810 

Neufchâteau 4170 4225 4056 4358 4407 4497 4744 

Virton 3128 3221 3061 2987 2978 2916 2853 

Dinant 4352 4389 4205 4226 4315 4491 4612 

Namur 17699 17969 17631 17081 17349 17502 17460 

Philippeville 2617 2619 2567 2264 2221 2300 2488 

Total 926868 935585 905998 885570 871602 867936 870549 
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Table 26: Regional employment in Services 

Arrondissements 2000 2001 2002 2003 2004 2005 2006 

Bruxelles/Brussel 571511 581854 583864 594471 592417 597918 604958 

Antwerpen 318980 323431 328160 329193 334064 339959 345935 

Mechelen 80651 83970 85306 87428 89761 91931 93794 

Turnhout 96322 98029 99268 100697 101394 104325 106503 

Hasselt 110642 113537 114811 116927 119803 122734 126288 

Maaseik 45897 46619 47727 48104 48747 49671 50387 

Tongeren 36240 37187 37893 38824 38983 39165 39616 

Aalst 55839 56201 57060 57255 59038 59858 60602 

Dendermonde 35659 36271 36721 37030 37343 37853 38245 

Eeklo 16112 16194 16853 16888 17058 17342 17619 

Gent 162412 164546 167346 170053 172577 175814 178509 

Oudenaarde 23334 23755 24501 25071 25472 25885 26412 

Sint-Niklaas 54231 55603 56366 56090 58163 59487 60663 

Halle-Vilvoorde 191317 199148 195176 191557 194820 199598 203042 

Leuven 125976 128361 128950 132332 133883 135917 139143 

Brugge 87265 89253 91392 91585 92480 93905 95606 

Diksmuide 9742 9717 9744 9881 9964 10278 10589 

Ieper 23652 24060 24315 24219 24556 24841 25230 

Kortrijk 78027 77975 79595 79680 80590 82591 84815 

Oostende 38055 37981 38629 38764 39627 40083 40717 

Roeselare 37260 37902 38587 38800 39585 40316 41567 

Tielt 17588 17960 18080 18272 18330 18374 18717 

Veurne 16943 17029 17279 17784 17997 18301 18760 

Nivelles 94345 97880 98970 98972 101016 103523 104754 

Ath 14887 15193 15094 15412 15196 15644 16226 

Charleroi 100056 101077 101594 101076 103577 106474 107805 

Mons 61322 61617 61751 62557 64793 65509 66286 

Mouscron 17921 18064 18620 18669 19071 19449 19823 

Soignies 36358 36348 36318 36096 36778 37763 38154 

Thuin 24394 24448 24633 24565 25471 26150 26755 

Tournai 38106 38797 39632 39920 41004 41984 42066 

Huy 20809 21010 21101 21458 22333 22905 23391 

Liège 166395 167361 167708 168178 172260 175227 177382 

Verviers 65402 66012 66530 65991 66974 66969 67222 

Waremme 11832 12218 12131 11961 12323 12293 12490 

Arlon 16142 16124 16193 16559 16514 17302 17059 

Bastogne 8467 8438 8913 8814 8995 9026 9124 

Marche-en-Famenne 14364 14690 15084 14992 15496 15839 16042 

Neufchâteau 14887 15155 15258 15278 15669 15716 15871 

Virton 7759 7847 7946 8090 8426 8437 8466 

Dinant 24076 24181 24352 24393 24313 24709 25088 

Namur 80127 81011 81917 83258 84619 86305 87062 

Philippeville 12665 12603 12638 12669 12958 12843 12826 

Extra regional 5766 5786 5312 4497 3205 2669 2495 

Total 3069735 3122443 3149318 3174310 3217643 3272882 3324104 
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ANNEX C MAPS USED FOR SUITABILITY AND ZONING 
 

In this Annex the main maps are presented which are used to develop the suitability 

and zoning maps of the Local model. 

 

The term suitability is used here to describe the degree to which a cell is fit for a 

particular activity (see for example: Wright, 1990).  The Suitability maps articulate the 

degree of suitability of a cell based on physical and environmental characteristics, while 

the Zoning maps express the suitability of the cell as the result of institutional and 

organizational characteristics.  For the analysis of policy and planning alternatives, it is 

paramount that both forms of suitability can be handled separately, because zoning is a 

man made instrument for imposing particular spatial policies onto a system, while 

suitability is most often a fact of life.  This does not exclude that suitability can be 

altered, but it usually means an intervention in the physical environment (for example; 

deepening navigation channels, altering slopes, filling in land, etc), while altering 

zoning requires (only) an intervention in the legal and institutional environment. 

 

Technically speaking, suitability is a composite measure that is calculated on the basis 

of so called factors.  A factor is a unique geographical characteristic of a location such 

as a slope, soil composition, master plan designation or protected habitat.  Variations 

within a factor such as slope gradient classes, soil classification classes, designation 

categories and habitat types, are called factor types.  A factor map represents the 

geographical location and distribution of factor types of 1 specific factor.  By means of 

GIS-operators, the factor maps can be combined and weighted to generate a suitability 

map that will show how good or bad the conditions are in a given geographical unit to 

maintain a particular activity, land use or land cover. 

 

For calculating the suitability a so-called linear combination method is applied.  In this 

method the importance of a category of a specific map in the final suitability map is 

calculated as the product of the factor weight and the factor score.  Weight and scores 

are set as a value in the interval [0 - 10].  In he final suitability map a rescaling 

operation assures for the fact that the results are presented in the interval [0 - 1].  The 

value 1 is assigned to the cell with the highest suitability value. 

 

For the zoning, a binary combinatorial method is applied as the scores and weights are 

to result in a binary map for 3 consecutive planning periods. To that effect Min- and 

Max-operators are applied on the factor maps. The Min-operator is usually applied for 

the set of factor maps facilitating a particular land use. As a result, a cell is available for 

a land use as soon as a single factor enables its presence.  The Max-operator is usually 

applied for the set of maps restricting a particular land use, meaning that a cell is 

forbidden for the land use as soon as 1 factor prohibits its presence. 

 

The factors used to calculate suitability are: elevation, slope, aspect, soil suitability and 

actual land use in 2000 (CLC2000). The factor maps used to calculate zoning are: 

Gewestplan and Ruimteboekhouding for the Flemish region, combined with the Plan du 

secteur for the Walloon and Brussels regions, the Natura 2000 sites and the actual Land 

use in 2000 (CLC2000). These maps are presented here. 
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Gewestplan of the Flemish Region 

 

 
Source: Agentschap voor Geografische Informatie Vlaanderen (AGIV) 

Figure 92: The “Gewestplan” for the Flemish Region 

 

Plan du secteur of the Walloon Region 

 

 
Source: Direction générale de l'aménagement du territoire, du logement et du 

patrimoine (DGATLP) 

Figure 93: The “Plan de secteur” for the Walloon Region 
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Natura 2000 sites 

 

The network of Natura 2000 sites is spread throughout Europe.  It is the result of 2 

directives issued by the European Union to protect the most seriously threatened 

habitats and species across Europe: the Habitats Directive and the Birds Directive. 

 

The map of Natura 2000 sites in Belgium is used in the construction of the zoning maps 

to discourage developments in these areas. For more information on the Natura sites in 
Belgium, see http://www.biodiv.be/implementation/protected_areas/natura-2000-belgium 

 

 
Source: European Environment Agency 

Figure 94: The Natura 2000 sites in Belgium (except Brussels). 

 

Elevation, Slopes and Aspect: Shuttle Radar Topography Mission 

 

The Shuttle Radar Topography Mission (SRTM) is a joint project between NASA, the 

National Geospatial-Intelligence Agency, and the German and Italian Space Agencies.  

The SRTM obtained elevation data on a near-global scale.  The SRTM data is easily 

accessible and has good quality. Data for Belgium is available at a 90 meter resolution 

and has been resampled to 300 meter for this application. 

 

A slope and aspect map has been derived from the elevation data. These 3 maps are 

used in the composition of the suitability maps.  The slope has a more important weight 

in the suitability than elevation and aspect. 

 

Legend 

Natura2000 

http://www.biodiv.be/implementation/protected_areas/natura-2000-belgium
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Source: CGIAR Consortium for Spatial Information (CGIAR-CSI), http://srtm.csi.cgiar.org 

Figure 95: The SRTM digital elevation model for Belgium. 

 

European soil database 

 

Soil Geographical Database of Eurasia provides a harmonised set of soil parameters 

covering Europe at scale 1:1000000. These soil parameters include the texture, the 

moisture regime, the stoniness, etc.  Considering the scale the areas delineated are 

relatively large and the parameter values represent the general and dominant 

characteristics of the area. For more information, see the European Soil Portal home 
page http://eusoils.jrc.it. 

The Soil Geographical Database data is used in the construction of suitability maps. 

Especially the suitability maps of the agricultural land uses depends heavily on the soil 

characteristics. 

 

 
Source: The European Soil Database distribution version 2.0, European Commission 

and the European Soil Bureau Network, CD-ROM, EUR 19945 EN, 2004 

Figure 96: Soils: the dominant parent material. 

 

Legend 
sandstone 
claystone/mudstone 
limestone 
marl 
acid to intermediate plutonic rocks 
acid regional metamorphic rocks 
holocene coastal sand with shells 
marine and estuarine clays and silts 
fluvial sands and gravels 
river terrace sand 
fluvial clays, silts and loams 
terrace clay and silt 
residual and redeposited loams from silicate rocks 
stony loam 
clayey loam 
loess 
loamy loess 
sandy loess 
eolian sands 
dune sand 
cover sand 
organic materials 

http://srtm.csi.cgiar.org/
http://eusoils.jrc.it/
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ANNEX D PARAMETER SETS PER SCENARIO 
 

In this Annex the parameters that results from the quantification of the scenario‘s are 

documented. The contents of this annex are very technical in nature and make only 

sense in the context of the model description in Chapters 3 to 5. 

 

Prior to the quantification and parameterization of the 4 scenarios developed in WP1, a 

fifth scenario was developed. This is named BAU and stands for business As Usual. 

More than the other 4 scenarios, BAU is based on a continuation of trends from the 

past. Typically, BAU-scenarios are considered to describe a most ‗likely future‘, yet, and 

as discussed in WP1, due to the uncertainty associated with long term forecasts, ‗likely 

future‘ has to be interpreted with care. However, BAU is used in WP2 to provide a 

reference for the interpretation and quantification of the 4 scenarios. In the annex the 

parameter values pertaining to the BAU scenario are shown alongside those of the 4 

scenarios from WP1. 

 

The parameters are grouped in logical packages reflecting major sub-models of the CCA 

land use model. In Table 27 a general overview is given of the parameters that have 

been used to represent specific aspects of one or the other scenario. It will be clear 

from this table that not all parameters differ per scenario, rather than quite a few have 

been kept constant between the various scenarios. This reflects the fact that the model 

contains parameters provoking rather similar behaviour in the model, and, that not all 

scenarios provide sufficient information and detail to quantify each individual 

parameter, nor is there a need to do so. In a second set of tables, the specific 

parameter for the various scenarios are represented on a sub-model by sub-model 

basis. 

Table 27: Overview of parameters used to quantify the scenarios 

Parameter Description 
Part of sub-

model 
Comment 

κ Multiplier for intra-regional distance 

Intra- & 

Interregional 
distances 

BAU value for all scenarios 

λ Exponent for intra-regional distance 

Intra- & 

Interregional 
distances 

BAU value for all scenarios 

nK 
Distance exponent for daily effects for sector K 
(nK); [-] 

Intra- & 

Interregional 
distances 

Per scenario per sector 

nK 
Distance exponent for longterm effects for sector K 
(nK); [-] 

Intra- & 

Interregional 

distances 

Per scenario per sector 

 
   

λr 
Relative importance of infrastructure element r for 

the local accessibility of land use K; [-] 
Accessibility Per road type, BAU value for all scenarios 

ar,K 

Distance decay accessibility coefficient expressing 

the maximum distance at which land use K is still 
benefiting from the presence of infrastructure 

element r; [1/cells] 

Accessibility 
Per road type, per sector, BAU value for all 
scenarios 

bK 
Inherent accessibility of the Built-up area for land 
use K; [-] 

Accessibility Per land use, BAU value for all scenarios 

bnK 
Inherent accessibility of the non Built-up area for 

land use K; [-] 
Accessibility Per land use, BAU value for all scenarios 

    

yxKS ,,  Suitability (map) of cell (x,y) for land use K; [-] Suitability Per land use, BAU value for all scenarios 

yxKZ ,,  Zoning map of cell (x,y) for land use K; [-] Zoning Per land use, per scenario. 

cLKw ,,  

weighting parameter expressing the strength of the 
interaction between a cell with land use K and a 

cell with land use L at a distance c in the CA-

neighbourhood; [-] 

Transition 

Rules 
BAU value for all scenarios 

α Stochastic noise factor; [-]  BAU value for all scenarios 
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Parameter Description 
Part of sub-

model 
Comment 

 
   

K1  
Influence of the relative regional Population 

potential; [-] 
Attractivity Per sector per scenario 

2 K  Influence of the relative regional Job potential; [-] Attractivity Per sector per scenario 

3K  
Influence of the relative regional (own) Potential of 
activity K; [-] 

Attractivity Per sector per scenario 

4 K  
Influence of the relative regional Land-pro-

ductivity; [-] 
Attractivity Per sector per scenario 

6K  
Influence of the relative regional CA transition 
potential; [-] 

Attractivity Not used 

7 K  
Influence of the relative regional mean Suitability; 

[-] 
Attractivity Not used 

K8  Influence of the relative regional Zoning; [-] Attractivity Not used 

K10  
Influence of the relative regional mean 

Accessibility; [-] 
Attractivity Not used 

5K  Influence of the relative existing Activity; [-] Attractivity Per sector per scenario 

K9  Influence of Relocation of demand; [-] Attractivity Per sector per scenario 

K  
Inertia in the relocation of the demand for existing 

Activity K; [] 
Attractivity Per sector per scenario 

 
   

K

t 1  
Influence of the current land productivity on land 
productivity; [-] 

Density 
Per sector per scenarios. Computed based on 
WP1 output 

2K  
Influence of the demand for the activity over the 

supply of the activity on land productivity; [-] 
Density Per sector, BAU value for all scenarios 

4K  Influence of the crowding on density; [-] Density Per sector, BAU value for all scenarios 

6K  
Influence of the growth of the regional mean 

Transition potential on land productivity; [-] 
Density Not used 

K8  

Influence of the growth of the regional mean 

suitability of the space occupied on land 
productivity [-] 

Density Not used 

K10  

Influence of the growth of the unoccupied space 

available according to Zoning plans on land 
productivity; [-] 

Density Per sector, BAU value for all scenarios 

K11  

Influence of the growth of the regional mean 

accessibility of the space occupied on land 

productivity; [-] 

Density Per sector, BAU value for all scenarios 

minWt K

 

Minimum Land Productivity; [persons / units per 

cell] 
Density 

BAU value for all scenarios and sector (=1), 

except for the economic sector ‘Agriculture’ 

(= 10000 in order to avoid a generation of 
demand for land). 

 

Land use – sector table 

 

The land use – sector table (Table 28) is identical for all scenario‘s. This reflects the fact 

that the mix of activities (= the type of economic activities or residential activity carried 

out in an average cell of each land use class) is considered to be the same in all 

scenarios. In other words, there is no difference with respect to multiple land use in the 

various scenarios. 

 

The coefficients with respect to the mixed land uses, represented in the lower right 

hand corner of the matrix are the result of an optimisation. To the effect, the 

population and the jobs per arrondissement, know from the national statistics, is 

allocated to the buildings for residential, industrial and commercial usage, known from 

the Belgian Cadastre, with a minimum of error. Hence, the resulting coefficient can be 

considered coefficients of a multiple regression. 
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Table 28: Sector - Land use matrix 

 
 

 

Accessibility parameters 

 

Table 29: Accessibility parameters 

 
 

Sector
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y

S

e

r

v

i

c

e

s

Arable land 1 0 0 0 0 0 0 0 0

Permanent crops 0 1 0 0 0 0 0 0 0

Pastures 0 0 1 0 0 0 0 0 0

Complex cultivation patterns 0 0 0 1 0 0 0 0 0

Agriculture, with natural vegetation* 0 0 0 0 1 0 0 0 0

Continuous urban fabric 0 0 0 0 0 0.36 0 0 0.64

Discontinuous urban fabric 0 0 0 0 0 0.91 0 0.02 0.07

Industrial or commercial units 0 0 0 0 0 0 0 0.54 0.46

La
n

d
 u

se

Slip road Motorway Express road Major road Secondary road Railway Station Waterway

Average speed (km/hour) 50 110 90 70 50 - - 25

λ r

(Relative importance of infrastructure element r for the 

local accessibility of land use K; [-])

Abandoned 1 1 1 1 1 1 1 1

Forests 1 1 1 1 1 1 1 1

Scrub and/or herbaceous vegetation associations 1 1 1 1 1 1 1 1

Arable land 1 1 1 1 1 1 1 1

Permanent crops 1 1 1 1 1 1 1 1

Pastures 1 1 1 1 1 1 1 1

Complex cultivation patterns 1 1 1 1 1 1 1 1

Agriculture, with natural vegetation* 1 1 1 1 1 1 1 1

Continuous urban fabric 0.1 0.1 0.1 0.25 0.1 0 0.25 0

Discontinuous urban fabric 0.25 0.25 0.25 0.75 0.75 0 1 0

Industrial or commercial units 1 1 1 0.75 0.25 0.25 0.25 1

a r,K

(Distance decay accessibility coefficient expressing the 

maximum distance at which land use K is still benefiting 

from the presence of infrastructure element r; [1/cells])

Abandoned 0 0 0 0 0 0 0 0

Forests 0 0 0 0 0 0 0 0

Scrub and/or herbaceous vegetation associations 0 0 0 0 0 0 0 0

Arable land 0 0 0 0 0 0 0 0

Permanent crops 0 0 0 0 0 0 0 0

Pastures 0 0 0 0 0 0 0 0

Complex cultivation patterns 0 0 0 0 0 0 0 0

Agriculture, with natural vegetation* 0 0 0 0 0 0 0 0

Continuous urban fabric 52 52 20 20 10 5 10 5

Discontinuous urban fabric 25 25 25 25 25 20 10 20

Industrial or commercial units 10 10 20 20 20 10 10 10

* originally labelled: Land principally occupied by agriculture, with significant areas of natural vegetation
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As can be concluded from Table 29, accessibility parameters are only significant for the 

urban land use categories, not for agriculture nor for natural vegetation. The 

parameters are the same for all scenarios. This reflects the assumption that the need 

for access for all land uses is the same in the various scenarios. The table shows that, 

compared to the urban fabric, the industrial and commercial units are better served by 

good access by waterways, the high capacity road network and less by the public 

transportation system. 

 

Suitability 

 

Table 30: Weights of the map classes applied in the suitability computation 

 

 
 

Map layer Layer class Weight per land use class
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 Landuse 2000 Abandoned 10 5 8 5 5 7 7 5 10 10 10

Forests 3 10 7 7 7 7 7 8 10 10 10

Scrub and/or herbaceous vegetation associations 3 9 10 7 7 7 7 8 10 10 10

Arable land 3 8 9 10 9 9 9 7 10 10 10

Permanent crops 6 9 9 9 10 9 9 9 10 10 10

Pastures 0 8 9 8 8 10 8 9 10 10 10

Complex cultivation patterns 6 8 7 9 9 9 10 8 10 10 10

Agriculture, with natural vegetation 3 9 9 9 9 9 9 10 10 10 10

Continuous urban fabric 10 7 0 1 1 1 1 1 10 10 10

Discontinuous urban fabric 9 8 5 5 5 5 5 3 10 10 10

Industrial or commercial units 10 7 3 3 3 3 3 3 10 10 10

Artificial, non-agricultural vegetated areas 10 7 3 5 5 5 5 3 10 10 10

Road and rail networks and associated land 10 7 3 3 3 3 3 3 10 10 10

Port areas 10 7 3 3 3 3 3 3 10 10 10

Airports 10 7 3 3 3 3 3 3 10 10 10

Mineral extraction sites 10 7 5 3 3 3 3 3 10 10 10

Dump sites 10 9 5 3 3 3 3 3 10 10 10

Forests reserves 0 10 7 7 7 7 7 8 10 10 10

Other nature reserves 0 9 9 7 7 7 7 8 10 10 10

Beaches, dunes, sands 0 9 9 3 3 3 7 7 10 10 10

Inland wetlands 0 9 9 1 1 1 1 7 10 10 10

Maritime wetlands 0 8 9 0 0 0 0 0 10 10 10

Water bodies 0 0 0 0 0 0 0 0 10 10 10

Outside 10 0 5 5 5 5 5 5 10 10 10

* originally labelled: Land principally occupied by agriculture, with significant areas of natural vegetation
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The (physical) suitability map per land use is computed by means of a linear 

combination algorithm consisting of two steps: first the various classes of the maps are 

weighted with respect to their importance in the suitability of the land use class in the 

model (see Table 30). Next, the maps as a total are weighted (Table 31). The latter 

enables to boost or reduce the importance given to a particular factor in the suitability 

computation. The linear combination consist in the product of the weights in Table 30 

and those of Table 31. This product is next divided by 100 to result in final suitability 

values between 0 and 1. Mind that the European Soil Database, described in Annex C 

was eventually not used in the suitability computation because of its high level of 

similarity with the Belgian soil map. 

Map layer Layer class Weight per land use class
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NODATA 10 10 10 0 5 5 5 5 10 10 10

No information 10 10 10 0 5 5 5 5 10 10 10

No limitation to agricultural use 10 5 10 10 10 10 10 10 10 10 10

Gravelly 10 10 10 7 9 9 9 9 10 10 10

Stony 10 10 10 5 8 8 8 8 10 10 10

Lithic 10 10 10 2 6 7 7 7 10 10 10

Excessively drained 10 10 10 2 2 7 6 7 10 10 10

Aspect 0 .. 45 (North) 10 10 10 8 8 8 8 8 10 10 10

East 10 8 10 9 9 9 9 9 10 10 10

South 10 5 10 10 10 10 10 10 10 10 10

West 10 8 10 9 9 9 9 9 10 10 10

315 .. 359 (North) 10 10 10 8 8 8 8 8 10 10 10

Flat 10 5 10 10 10 10 10 10 10 10 10

Soil NODATA VALUE 10 5 10 5 6 9 5 9 10 10 10

niet gekarteerde zones 10 5 10 5 6 9 5 9 10 10 10

duinen 10 9 10 1 4 10 1 10 10 10 10

polders 10 10 10 6 7 10 7 10 10 10 10

moeren en veengronden 10 9 10 2 2 8 2 8 10 10 10

overdekt Pleistocene gronden 10 10 10 7 8 10 7 10 10 10 10

zandgronden zonder profielontwikkeling 10 10 10 6 9 8 6 8 10 10 10

lemige zandgronden 10 10 10 8 9 10 8 10 10 10 10

lemige zandgronden met diepe antropogene humus A horizont 10 10 10 10 9 10 10 10 10 10 10

niet gedifferentieerde zandige substraatgronden 10 10 10 9 8 10 9 10 10 10 10

zandleemgronden met verbrokkelde textuur B horizont 10 10 10 8 9 10 8 10 10 10 10

zandleemgronden met textuur B horizont of verbrokkelde 

textuur B horizont 10 10 10 8 9 10 8 10 10 10 10

leemgronden met textuur B horizont 10 10 10 9 10 10 9 10 10 10 10

niet gedifferentieerde zandlemige of lemige substraatgronden 10 10 10 9 9 10 9 10 10 10 10

stenige leemgronden 10 10 10 5 9 10 5 10 10 10 10

leemgronden met textuur B horizont 10 10 10 9 8 10 9 10 10 10 10

kleigronden 10 10 10 6 7 10 6 10 10 10 10

alluviale gronden 10 10 10 10 7 10 10 10 10 10 10

zones met steile hellingen 10 9 10 6 6 10 6 10 10 10 10

Slope 15.00 ... 35.00 10 5 10 1 7 7 4 8 10 10 10

7.50 ... 15.00 10 7 10 5 8 9 6 9 10 10 10

2.50 ... 7.50 10 9 10 8 9 10 8 10 10 10 10

0.25 ... 2.50 10 10 10 10 10 10 10 10 10 10 10

0.00 ... 0.25 10 10 10 10 10 10 10 10 10 10 10

Agricultural 

limitations
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As can be concluded from both tables, there are no suitability maps for the urban land 

use categories. This is due to the fact that the various map layers used in the suitability 

computation have little or no relevance for the suitability of land for urban 

development. More relevant maps, such as flood risk were not available for the full 

study area. 

 

The physical suitabilities remain the same in all scenarios. However, in the LES 

scenario, the importance given to suitability is less than in all other scenarios as can be 

seen in Table 36. 

 

Table 31: Weights of the maps applied in the suitability computation 
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A
b

an
d

o
n

e
d

Fo
re

st
s

Sc
ru

b
 a

n
d

/o
r 

h
e

rb
ac

e
o

u
s 

ve
ge

ta
ti

o
n

 a
ss

o
ci

at
io

n
s

A
ra

b
le

 la
n

d

P
e

rm
an

e
n

t 
cr

o
p

s

P
as

tu
re

s

C
o

m
p

le
x 

cu
lt

iv
at

io
n

 p
at

te
rn

s

A
gr

ic
u

lt
u

re
, w

it
h

 n
at

u
ra

l v
e

ge
ta

ti
o

n
*

C
o

n
ti

n
u

o
u

s 
u

rb
an

 f
ab

ri
c

D
is

co
n

ti
n

u
o

u
s 

u
rb

an
 f

ab
ri

c

In
d

u
st

ri
al

 o
r 

co
m

m
e

rc
ia

l u
n

it
s

Agricultural limitations 0 5 0 10 10 10 10 10 10 10 10

Aspect 0 5 0 5 5 5 5 5 10 10 10

Bodem 0 10 0 10 10 10 10 10 10 10 10

Slope 0 5 0 5 5 5 5 5 10 10 10

 Landuse 2000 10 10 10 5 5 5 5 5 10 10 10

* originally labelled: Land principally occupied by agriculture, with significant areas of natural vegetation
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Zoning parameters 

Table 32: Zoning parameters 

 
  

Map Layer Layer class Weight per land use and scenario

Arable land Permanent crops Pastures Complex cultivation patterns Land principally occupied by agriculture, with significant areas of natural vegetationContinuous urban fabric Discontinuous urban fabric Industrial or commercial units

BAU GEE GES LEE LES BAU GEE GES LEE LES BAU GEE GES LEE LES BAU GEE GES LEE LES BAU GEE GES LEE LES BAU GEE GES LEE LES BAU GEE GES LEE LES BAU GEE GES LEE LES

Land use plan Wallonie ---

Habitat + + + + + + + + + + ++ ++ ++ ++ ++

Habitat à caractère rural ++ ++ ++ ++ ++ + + + + + ++ ++ ++ ++ ++

Services publics et équipements communautaires ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

Centre d'enfouissement technique ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

Loisirs

Activité économique mixte ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ + + + + +

Activité économique industrielle ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ + + + + +

Extraction ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

Aménagement communal concerté + + + + + + + + + + + + + + +

Aménagement communal concerté à caractère industriel ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ + + + + +

Agricole + + + + + + + + + + + + + + + + + + + + + + + + + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

Forestière

Espaces verts

Naturelle

Parc

Plan d'eau

Non affecté  ("zone blanche")

Land use plan Flanders ---

wonen + + + + + + + + + + ++ ++ ++ ++ ++

recreatie

natuur en reservaat

overig groen

bos

landbouw + + + + + + + + + + + + + + + + + + + + + + + + + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

industrie ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ + + + + +

overige

 Land use plan Brussels ---

wonen + + + + + + + + + + ++ ++ ++ ++ ++

recreatie

natuur en reservaat

overig groen

bos

landbouw + + + + + + + + + + + + + + + + + + + + + + + + + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

industrie ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ + + + + +

overige

Natura 2000 ---

birds directive - - - - - -

habitat directive - - - - - - - -

both - - - - - - - -

Protected areas ---

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Map Layer Layer class Weight per land use and scenario

Arable land Permanent crops Pastures Complex cultivation patterns Land principally occupied by agriculture, with significant areas of natural vegetationContinuous urban fabric Discontinuous urban fabric Industrial or commercial units

BAU GEE GES LEE LES BAU GEE GES LEE LES BAU GEE GES LEE LES BAU GEE GES LEE LES BAU GEE GES LEE LES BAU GEE GES LEE LES BAU GEE GES LEE LES BAU GEE GES LEE LES

Landuse 2000 Abandoned

Forests

Scrub and/or herbaceous vegetation associations

Arable land t0 t0 t0 t0 t0 + + + + + + + + + + + + + + + + + + + +

Permanent crops + + + + + t0 t0 t0 t0 t0 + + + + + + + + + + + + + + +

Pastures + + + + + + + + + + t0 t0 t0 t0 t0 + + + + + + + + + +

Complex cultivation patterns + + + + + + + + + + + + + + + t0 t0 t0 t0 t0 + + + + +

Land principally occupied by agriculture, with significant areas of natural vegetation+ + + + + + + + + + + + + + + + + + + + t0 t0 t0 t0 t0

Continuous urban fabric t0 t0 t0 t0 t0 + + + + + + + + + +

Discontinuous urban fabric + + + + + t0 t0 t0 t0 t0 + + + + +

Industrial or commercial units + + + + + + + + + + t0 t0 t0 t0 t0

Artificial, non-agricultural vegetated areas

Road and rail networks and associated land

Port areas

Airports

Mineral extraction sites

Dump sites

Forests reserves

Other nature reserves

Beaches, dunes, sands

Inland wetlands

Maritime wetlands

Water bodies

Outside

Landuse 2006 Abandoned

Forests

Scrub and/or herbaceous vegetation associations

Arable land t0 t0 t0 t0 t0 + + + + + + + + + + + + + + + + + + + +

Permanent crops + + + + + t0 t0 t0 t0 t0 + + + + + + + + + + + + + + +

Pastures + + + + + + + + + + t0 t0 t0 t0 t0 + + + + + + + + + +

Complex cultivation patterns + + + + + + + + + + + + + + + t0 t0 t0 t0 t0 + + + + +

Land principally occupied by agriculture, with significant areas of natural vegetation+ + + + + + + + + + + + + + + + + + + + t0 t0 t0 t0 t0

Continuous urban fabric t0 t0 t0 t0 t0 + + + + + + + + + +

Discontinuous urban fabric + + + + + t0 t0 t0 t0 t0 + + + + +

Industrial or commercial units + + + + + + + + + + t0 t0 t0 t0 t0

Artificial, non-agricultural vegetated areas

Road and rail networks and associated land

Port areas

Airports

Mineral extraction sites

Dump sites

Forests reserves

Other nature reserves

Beaches, dunes, sands

Inland wetlands

Maritime wetlands

Water bodies

Outside
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The table shows for the various scenarios and land uses modelled whether and when 

the land use can develop in the areas delineated by the selected map layers in the 

Zoning-overlap analysis. The various symbols used in the table refer to the following: 

 

-  areas that are forbidden for the land use at all times of the simulation interval 

t0  areas that can be taken in by the land use from the start of the simulation 

interval (= 1990); 

+  areas that can be taken in by the land use as of 1999; 

++  areas that are fully available for the land us as of 2060. In the course of time 

from 1999 until 2060 these areas become gradually available for the land use 

as defined by the curve ‗ZA 0, ZAP 0.75‘ in Figure 97. On the X-axis of this 

curve, 0 refers to the year 1999 and 1 to the year 2060. The values on the Y-

axis evolve from ‗not available‘ (= 0) to ‗fully available‘ (=1) for the land use 

function. This curve thus represents a near to linear availability of the land 

area as time is progressing. 

 

 

Figure 97: Zoning anticipation algorithms and example anticipation trends 

 

Broadly speaking, the scenarios BAU, GEE and LEE share the same zoning map. GES 

and LES share another set of zoning maps. The latter differ from the former in that 

NATURA 2000 areas cannot be taken in by urban nor by agricultural activities.  

 



References 

 

VITO confidential information - Copyright 2011 VITO NV 160 

Intra- and Interregional distances 

 

Table 33: Parameters used to calibrate the computation of intra- and interregional distances 

 
 

The coefficients expressing the mobility of the population have been calibrated for the 5 scenarios. For industry and services the tendency to relocate 

the activities is kept the same for all scenarios. 

 

 

Attractivity parameters 

 

Table 34: Parameters of the regional attractivity sub-model 

 
 

For the BAU scenario, the parameters of the attractivity sub-model in Table 34 are computed based on the historic calibration of the model 

(hindcasting) for the time interval 1995-2007. For the other 4 scenarios, the parameters are calibrated to guarantee a distribution over the 

Parameters for intra- and interregional distances

BAU GEE GES LEE LES BAU GEE GES LEE LES BAU GEE GES LEE LES

nK Distance exponent for longterm effects for sector K (nK) ; [-] 2.2449 1.7372 2.2135 2.5139 2.6061 1.3788 1.3788 1.3788 1.3788 1.3788 2.3157 2.3157 2.3157 2.3157 2.3157

nK Distance exponent for daily effects for sector K (nK) ; [-] 1.1749 1.8904 1.1624 1.1920 1.1020 4.0000 4.0000 4.0000 4.0000 4.0000 3.1821 3.1821 3.1821 3.1821 3.1821

κ Multiplier for intra-regional distance; [-] 0.659

λ Exponent for intra-regional distance; [-] 0.125

b Multiplier for diagonal VOT; [-] 1

Population Industry Services

Attractivity parameters

BAU GEE GES LEE LES BAU GEE GES LEE LES BAU GEE GES LEE LES BAU GEE GES LEE LES

Influence of the relative regional Population potential; [-] 0.0000 0.2705 0.2393 0.4634 0.3769 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Influence of the relative regional Job potential; [-] 1.6661 0.5774 1.5305 1.1671 1.5694 0.0000 0.0000 0.0000 0.0000 0.0000 0.3457 0.3457 0.3457 0.3457 0.3457 0.0000 0.0000 0.0000 0.0000 0.0000

Influence of the relative regional (own) Potential of activity K ; [-] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0429 0.0429 0.0429 0.0429 0.0429 0.1919 0.1919 0.1919 0.1919 0.1919 0.0000 0.0000 0.0000 0.0000 0.0000

Influence of the relative regional Landproductivity; [-] 0.8316 0.5463 0.8334 0.9446 1.1533 0.1635 0.1635 0.1635 0.1635 0.1635 0.9844 0.9844 0.9844 0.9844 0.9844 0.0000 0.0000 0.0000 0.0000 0.0000

Influence of the relative existing Activity; [-] 0.6229 0.7456 0.6149 0.4878 0.5174 1.9613 1.9613 1.9613 1.9613 1.9613 1.2704 1.2704 1.2704 1.2704 1.2704 1.0000 1.0000 1.0000 1.0000 1.0000

Influence of the relative regional CA transition potential; [-] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Influence of the relative regional mean Suitability; [-] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Influence of the relative regional Zoning; [-] 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Influence of Relocation of demand; [-] 0.0000 0.0000 0.0047 0.0000 0.0000 2.0000 2.0000 2.0000 2.0000 2.0000 0.3695 0.3695 0.3695 0.3695 0.3695 0.0000 0.0000 0.0000 0.0000 0.0000

Influence of the relative regional mean Accessibility; [-] 1.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000

Inertia in the relocation of the demand for existing Activity K ; [-] 0.9140 0.9526 0.9278 0.8207 0.8159 0.9658 0.9658 0.9658 0.9658 0.9658 0.9800 0.9800 0.9800 0.9800 0.9800 1.0000 1.0000 1.0000 1.0000 1.0000

Population Industry Services Agriculture

K1

2 K

3K

4 K

6K

7 K

K8

K10

5K

K9

K
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arrondissements of the population and activity in the industrial and service sector in line with the output of WP1. For agriculture, the parameters are 

specified to result in a constant share of the shrinking activity. 

 

 

Density parameters 

 

Table 35: Parameters of the density sub-model 

 
 

For the BAU scenario, the parameters δ1K of the density sub-model in 34 are computed based on the historic calibration of the model (hindcasting) 

for the time interval 1995-2007. For the other 4 scenarios, the parameters are calibrated to guarantee a distribution over the arrondissements of the 

population and activity in the industrial and service sector in line with the output of WP1. Due to the differences in the areal extent of various land 

uses between the statistical sources used in WP1 and the CORINE land use map used in the CCA model discussed in Chapter 6 and Chapter 7, the 

calibration of the densities in the model is to guarantee trends rather than absolute numbers that are similar to those computed in WP1. For the 

other parameters, the values obtained from the historic calibration of the BAU scenario are applied also in the other 4 scenarios. 

 

Density parameters

BAU GEE GES LEE LES BAU GEE GES LEE LES BAU GEE GES LEE LES

Influence of the current land productivity on land productivity; [-]

2000 0.9911 0.9952 0.9911 0.9900 0.9910 0.9803 1.0018 0.9808 0.9793 0.9835 1.0042 1.0298 1.0049 1.0029 1.0074

2010 0.9941 0.9947 0.9941 0.9906 0.9963 0.9909 0.9920 0.9900 0.9857 0.9877 1.0058 1.0085 1.0048 1.0014 1.0007

2020 0.9951 0.9931 0.9951 0.9917 0.9987 0.9967 0.9797 0.9933 0.9908 0.9900 1.0033 0.9924 0.9999 0.9989 0.9976

2030 0.9930 0.9920 0.9930 0.9924 0.9956 0.9883 0.9815 0.9864 0.9867 0.9891 0.9984 0.9959 0.9965 0.9968 0.9985

2040 0.9930 0.9920 0.9930 0.9919 0.9953 0.9881 0.9834 0.9899 0.9863 0.9891 0.9980 0.9980 0.9997 0.9960 0.9984

2050 0.9937 0.9929 0.9937 0.9929 0.9957 0.9874 0.9805 0.9888 0.9863 0.9887 0.9981 0.9967 0.9995 0.9965 0.9985

2060 0.9943 0.9937 0.9943 0.9937 0.9961 0.9874 0.9805 0.9880 0.9867 0.9883 0.9986 0.9979 0.9992 0.9970 0.9986

Influence of the demand for the activity over the supply of the activity on land productivity; [-] 0.90 0.90 0.90 0.90 0.90 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Influence of the crowding on density; [-] 1.35 1.35 1.35 1.35 1.35 2.00 2.00 2.00 2.00 2.00 1.00 1.00 1.00 1.00 1.00

Influence of the growth of the regional mean Transition potential on land productivity; [-] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Influence of the growth of the regional mean accessibility of the space occupied on land productivity; [-] -2.00 -2.00 -2.00 -2.00 -2.00 -2.00 -2.00 -2.00 -2.00 -2.00 -2.00 -2.00 -2.00 -2.00 -2.00

Influence of the growth of the regional mean suitability of the space occupied on land productivity [-] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Influence of the growth of the unoccupied space available according to Zoning plans on land productivity; [-] 1.00 1.00 1.00 1.00 1.00 1.50 1.50 1.50 1.50 1.50 0.50 0.50 0.50 0.50 0.50

Minimum Land Productivity; [persons / units per cell] 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Population Industry Services

K

t 1

2K

4K

6K

K8

K10

minWt K

K11
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Parameters of the Transition Potential algorithm 

 

Table 36: Parameters of the transition potential algorithm 

 
 

As can be observed from Table 36, the parameters used to compute the transition 

potentials of the cellular automata model are identical, except for the LES scenario. In 

the latter, the assumption is made that the zoning status of a cell is even more important 

to determine its land use. The identical value of the parameter Alpha guarantees that all 

scenarios assume a same amount of randomness in the behaviour of the spatial agents 

and the seed of the random generator is fixed in order to facilitate comparison among 

the various simulations. 

BAU GEE GES LEE LES

Alpha 1.75 1.75 1.75 1.75 1.75

Seed 1 1 1 1 1

Relative weight Suitability 0.4 0.4 0.4 0.4 0.2

Relative weight Zoning 0.6 0.6 0.6 0.6 0.8


