Chapter 3
Future Land-use in The Netherlands:
Evaluation of the National Spatial Strategy

Ton C. M. de Nijs

3.1 Introduction

The Netherlands is a small but densely populated country with about 16 million peo-
ple living in an area of 40,000 km?. The ‘Randstad’ is a highly urbanized area of the
country that comprises the major cities of Amsterdam, Rotterdam, Utrecht and The
Hague, with a combined population of more than 5 million people. This conurbation
is the economic heart of the Netherlands. Urban development threatens the natu-
ral and historical qualities of the landscape of the ‘Green Heart’, the central open
area of this region. The first spatial plans for this area date from 1958 (RPD 1960;
WWdL 1958), and these have been updated regularly since then (RPD 1966, 1977,
1988, 1994). New plans have been drawn up for the creation of about 2500 km? of
forests and nature reserves by 2018 (LNV 2002; MNP 2002a). In addition, roughly
1500 km? of land will be needed for new residential and industrial areas by 2030
(ABF 2002). According to current policy, plans and trends, 10 per cent of the land
use will change over the next 30 years. The National Spatial Strategy (VROM et al.
2005), drawn up by the present Dutch Government and prepared to provide a spatial
policy framework to guide all of these developments, was adopted by Parliament at
the end of 2005.

Roughly speaking, the National Spatial Strategy comprises three major catego-
ries of spatial planning policies. These concern:

e Restrictive areas, where further urbanisation will be curbed in the interests
of a range of objectives; these areas include the nature reserves and protected
areas and the risk zones around Schiphol Airport and other centres of hazardous
activities;

e National Landscapes, where development is possible within these areas as long
as the core qualities of the landscape are conserved or enhanced; within these
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landscapes, local authorities may only build new housing to meet the demand
resulting from local population growth;
e Concentration areas, where new urban development will be clustered.

By order of the Dutch Ministry of Housing, Spatial Planning and Environment,
the National Environmental Assessment Agency has evaluated the effects of this
new National Spatial Strategy, giving particular attention to a number of ques-
tions. How will the National Spatial Strategy affect future land-use patterns in the
Netherlands? Where, despite restrictions, is the pressure so high that new devel-
opments will ultimately be allowed to occur? What effect will the Strategy have
on national landscapes? Will there be sufficient room in the concentration areas to
accommodate all new developments? To answer these questions, future land-use
developments have been simulated by the Environment Explorer in accordance with
a ‘Trend’ scenario and a ‘Sprawl’ scenario (A. C. M. De Nijs ef al. 2005; T. C. M.
De Nijs et al. 2004). Limiting urban spatial sprawl is one of the main political topics
in the Netherlands.

This chapter takes a closer look at the nature of the land-use model, at the Trend
and Sprawl scenarios and at future land-use developments in general and restric-
tive areas, national landscapes and concentration areas in particular. The results
of this study are discussed and conclusions are drawn that relate to the impacts of
the policies, potential problems and the application of the land-use model itself. In
closing, the effect of the study itself on the discussion of spatial developments in the
Netherlands is discussed.

3.2 Environment Explorer

The Environment Explorer (A. C. M. De Nijs et al. 2001; T. C. M. De Nijs et al. 2004;
Engelen et al. 2003; MNP 2005; White et al. 1997), a land-use simulation model,
was used to simulate future land use in the Netherlands. This model attempts to plot
regional spatial developments as accurately as possible on a land-use map with a
grid size of 500 m. The model recognises 16 different land-use classes, including
residential use, industrial use, offices, facilities, recreation, greenhouse horticulture,
forest and nature conservation. The location of land-use change is determined by
current land use, spatial policies, suitability, accessibility and the effect of current
land uses in the neighbourhood (Fig. 3.1). The amount of land-use development is
controlled in the scenarios. Zoning, suitability and accessibility maps have been
compiled for each land-use category. The zoning map shows the areas where devel-
opment is permitted and where it is prohibited. The suitability map shows how
suitable each cell is for that particular land use. Accessibility by car and public
transport is calculated by a dynamic traffic model in the Environment Explorer. This
model computes changes in accessibility given the changes in land use, population,
employment and infrastructure growth (RIKS 2002).

The neighbourhood potential is the influence exerted by the surrounding cells on
the allocation of the various land uses. This neighbourhood potential is calculated
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Fig. 3.1 The Environment Explorer simulates future land use as a function of the suitability of
each area, the relevant spatial planning policies, accessibility, current land use and the influence
of the neighbourhood

by a cellular automata (CA) model in which a set of transition rules describes how
the various land uses interact — by either attracting or repelling each other. For
example, over a short distance, airfields and industrial sites can have a negative
impact on residential development, but the latter in turn is positively influenced by
the proximity of greenspace. A set of transition rules determines the spatial interac-
tions between each combination of land use over a number of distances. Where the
various types of development will take place is relatively uncertain. This uncertainty
is built into the allocation model in the form of a stochastic parameter, and it can be
visualised in a probability map of future land use by running the model not once but
1,000 times in a Monte-Carlo simulation.

For the evaluation of the National Spatial Strategy, the spatial interactions between
the various land uses in the Environment Explorer were calibrated according to the
observed spatial developments over the period 1989-1996 (MNP 2005). Therefore,
a semi-automatic calibration routine was added to the model with an ‘error selection
and correction’ routine (Hagen-Zanker 2005b). The criterion to select the combina-
tion of land uses that gives the largest error is based on the Fuzzy Kappa statistic
(Hagen 2003). The selected error is reduced by adjusting the transition rules, and
errors that cannot be resolved are placed on a taboo list. This procedure iterates until
the model error is minimised.

Analyses of the observed land-use changes in the period 1989-1996 revealed
that 25 per cent of the changes can be considered to have been improbable. These
unlikely land-use changes consist of changes from urban to agricultural uses or
forest and nature conservation, and they can be attributed to changes in the defini-
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Table 3.1 Results of the calibration and validation of the Environment Explorer based on the
Fuzzy Kappa

Environment Explorer Random
Calibration 1989-1996 0.936 0.926
Validation 19962000 0.913 0.922

tions of the land-use classes over the years. For example, the grass bordering the
roads is included in category roads in the map of 1989, while it is excluded from
the map of 1996. In general, this is a major problem in the development of land-use
models (Fang et al. 2006). The model was subsequently validated for the period
1996-2000, based on the Fuzzy Kappa. The results indicate that the Environment
Explorer performed better during the calibration period than a random allocation
model (Visser et al. 2006), whereas during the validation period it did not (Table
3.1). Two factors can mostly explain this performance: (1) the validation period
was rather short; (2) further changes in the definitions of the land-use classes in the
map of 2000. These latter changes have a number of effects, among which is a net
decrease in residential area in the map of 2000 compared to the map of 1996, which
can not be reproduced by the model.

The validation results over the short term are not so important; in contrast, the
simulation results for the long term are very important. Nevertheless, it is impos-
sible to verify these long-term simulations on observed land-use changes. These
simulated land-use maps should be realistic, transparent and easy to explain, but it is
not that easy to develop objective criteria to evaluate these characteristics. The first
question that arises is just what are realistic land-use patterns. At the very least they
should all have the same morphological characteristics. One very tight morpho-
logical constraint on models of urban growth is Zipf’s law (Gabaix 1999; Gabaix
et al. 2003; Zipf 1949). Zipf’s law for cities is one of the most striking empirical
facts in geography and economics. For most countries, the size distribution of cities
strikingly fits a power law: the number of cities with populations greater than S is
proportional to 1/S.

Therefore, we verified the long-term spatial developments of the model against
the size distribution of urban clusters. The stochastic parameter in the Environment
Explorer, which determines the number of new clusters over the long term, was
used to accurately fine-tune this relation (Hagen-Zanker 2005a). The resulting size
distributions for both the Trend and Sprawl scenarios in 2030 obey Zipf’s Law
(Fig. 3.2), and both approximately overlap with the city size distribution of observed
land use in 1989 and 2000. The size distribution of the random allocation model
does not obey Zipf’s Law as a large number of small urban clusters have been allo-
cated randomly on the map. The relative percentage of 50-ha clusters has increased
from 60 per cent to nearly 80 per cent. In the long term, the Environment Explorer
outperforms the random allocation model.
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Fig. 3.2  Size distributions of urban clusters according to Zipf’s Law for the observed land use
in 1989 and 2000, the simulated land use according to the two scenarios and the random alloca-
tion model in 2030

3.3 The Trend and Sprawl Scenario

Although the names suggest otherwise, the Trend and Sprawl scenarios are almost
identical. There is only one essential difference between both scenarios: smaller
settlements will grow relatively faster in the Sprawl scenario than in the Trend sce-
nario. Why and how this has been implemented will be described at the end of this
section. Here, the common aspect will be discussed. Implementation of a scenario
in the Environment Explorer includes the definition of:

e initial land use;
e amount of land-use developments;
e zoning, suitability and accessibility maps.

The spatial planning policies contained in the National Spatial Strategy have to
be translated into either the input of these scenarios or the calibrated set of transition
rules. In both scenarios, initial land use is based on the land-use/cover map from
the Bodemstatistiek 2000 (CBS 2003). Agricultural land use on this map is further
broken down into ‘grassland’, ‘arable’ and ‘other agricultural land’ using a second
land-cover map of the Netherlands, Landgebruikskaart Nederland, 2000 (Alterra
2003). Residential land use is split into two categories based on the number of
inhabitants: ‘low-density population” and ‘high-density population’.

The amount or quantity of land-use developments can be defined regionally
in the scenarios of the Environment Explorer. For both scenarios, the growth of
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Table 3.2 National targets per land-use category for the period 2000-2030

Land use Target (ha) Land use Target (ha)
Residential 87,675

Industrial 35,975 Recreation 17,625
Services 6,225 Forest 51,525
Social/Cultural 13,450 Natural grasslands 173,025
Greenhouse 5,425 Nature conservation 11,300
horticulture

residential and employment uses is based on the so-called High Land-use Pres-
sure Trend (HLPT) scenario (ABF 2002). The growth of recreational uses and
greenhouse horticulture was derived by extrapolating the regional developments
from 1989 to 2000. Regional developments in forest, nature and natural grassland
areas are based on the ‘Nature Reference Map 2020’ (Referentiebeeld Natuur 2020)
(Goetgeluk et al. 2000). Table 3.2 summarises the national targets for each land use
for the period 2000-2030.

The same suitability maps have been used in both scenarios. These are based
largely on a study (Verburg et al. 2004a, b) that shows that soil conditions are not
important in determining residential, employment and recreational land uses. The
suitability maps for forest and nature conservation were also taken from this study.
The suitability for natural grassland is based equally on the suitability for nature
conservation and the presence of grassland in the ‘Land-use Map’ of the Nether-
lands 2000. We assumed that suitability for agricultural uses is the highest in those
areas where these uses are currently found. Areas under other agricultural uses are
slightly less suitable, and areas under all other urban uses are not suitable at all for
agricultural use. The suitability map for greenhouse horticulture was derived from
a specific study ‘Potential options for greenhouse development’ (LEI-DLO 1997),
which is based on the amount of light received per year and the proximity of distri-
bution centres.

For each land use, the expansion locations and restrictions are defined in the
zoning map. Expansion locations are locations where a specific land-use change has
been planned in accordance with to local, regional or national policy plans. Restric-
tions are locations where a specific land use is not allowed to develop. The expan-
sion locations for the various land uses are based on the plans contained in ‘Plans
in the Netherlands’ (Nederland in Plannen) and the ‘New Map of the Netherlands’
(NIROV 2004). The expansion locations for forest, natural grassland and nature
conservation marked on the zoning map were derived from the ‘net boundaries’ of
the National Ecological Network 2003 (NEN). All of the restrictive policies in the
National Spatial Strategy have been reproduced on the zoning map. The restrictions
for each land use are listed in Table 3.3.

The policies for concentration areas and National Landscapes policies in the
National Spatial Strategy, as described in the Introduction, are expected to have
less effect on spatial development than the expansion locations and restricted
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Table 3.3 Definition of restrictive areas per land use

Restrictive Source Residential, Industry, Forest,
areas Services, Greenhouse Nature
Facilities horticulture conservation
20-ke contour Schiphol NR': PKB 3 X
2004, noise disturbance
contour
Coastal Foundation Zone  NR: PKB 4 X X
and Weak Spots
Net boundaries NEN 2003 NR: PKB 5 X X
Protected areas under NR: PKB 6 X X

the Birds and Habitats
Directives and the Nature
Conservancy Act

Existing and New Nature (MNP 2002b) X X
2003
Space for the rivers (VenW 2005) X X
National buffer zones/ (LNV 2002) X X
Regional parks
Risk contours for MNP (in X
companies requiring an preparation)
external safety report
Schiphol bird protection (VenW 2004) X
zone

" NR: PKB, National Spatial Strategy: Spatial Planning Key Decision (VROM et al. 2005)

areas. In both scenarios, it is assumed that the impact of expansion locations
and restrictive areas is 20-fold greater than that of the concentration areas and
the National Landscapes policies. This figure is based on expert judgement. The
road network, motorway entrances and exits and the locations of the stations are
specified in the Environment Explorer to allow the Traffic module to calculate
accessibility (RIKS 2002). Accessibility was calculated for the period 2000-2010
using the standard Dutch National Model System network of 1995 (HCG 1997).
The assumption was made that after 2010 all extensions to the infrastructure will
be completed, as planned in the Multiannual Programme for Infrastructure and
Transport (VenW 2003), and that no further extensions will be made to the road
network before 2030.

Up to this point, the Trend and Sprawl scenarios do not diverge. However, the
policies in the National Spatial Strategy give the municipal and provincial coun-
cils more freedom to approve new developments in the National Landscapes than
they had previously. Whereas the municipal councils in the Green Heart formerly
had virtually no opportunities for expansion, they are now permitted to build new
homes to meet demands resulting from local population growth. It is most likely
that the smaller settlements in the Green Heart will grow relatively faster under this
new policy than larger towns and cities outside this National Landscape. In time,
this change in policy will affect the transition rule for housing development in the
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model. These rules have been calibrated on historical land-use changes. Therefore,
to estimate the impact of this change in policy, we constructed a Sprawl scenario
in which the transition rules for housing development were adjusted to allow the
smaller settlements to grow slightly faster than they do in the Trend scenario. The
effect of this change in policy and the size of the adjustment to the neighbourhood
rules are difficult to determine. However, the actual difference between the rules
should be minor. Therefore, the effect of this adjustment on urban clusters sizes in
2030 has been verified against Zipf’s Law.

3.4 Results

3.4.1 Urbanisation Probabilities in 2030

Figure 3.3 depicts the urbanisation probabilities in 2030 according the Trend sce-
nario. The urban area comprises the following land-use categories in the Environ-
ment Explorer: housing, employment, recreation, sports fields and greenhouse
horticulture complexes. The map shows that a number of urban areas will probably
expand towards each other and eventually merge. In the Randstad conurbation, the
open spaces between The Hague and Rotterdam will close. The city of Utrecht will
expand to the south, merging with several small towns. New development around
Amsterdam will be more dispersed.
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Fig. 3.3 Urbanisation probabilities in the Randstad conurbation in 2030 under the Trend scenario
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In this scenario, the expansion of residential and employment land uses is heav-
ily determined by the restrictive areas, including, among others, nature reserves and
protected areas, regional parks and land in the floodplains reserved for flood con-
trol, water retention and habitat development. Developments in the concentration
areas are given a preference over other areas. The National Landscapes are kept free
of new housing and employment land as much as possible.

3.4.2 Pressures on Land in the Restrictive Areas

The Trend scenario was used to determine the relative pressure on land in the restric-
tive areas. These restrictive areas are only built on if all other available land within the
CORORP region has already been developed. COROP regions are the same as the NUTS
Level 3 regions. The 40 regions are sub-divisions of the provinces in the Netherlands,
each consisting of a central town or city and catchment area. Only if growth exceeds
the amount of available land will these last open areas be developed. The probability of
urban development in the restrictive areas was mapped for all urban restrictions, with
the exception of the 20 km contour around Schiphol. This safety zone around Schiphol
airport does not exclude industrial development and greenhouse horticulture.

There appears to be little pressure for urban development in the restrictive areas
(Fig. 3.4), and only in the Randstad is the pressure on land so high that there is a
chance of urbanisation in restrictive areas. New urban development may occur in
the restrictive areas north of The Hague, around Amsterdam and in the vicinity of
small towns in the nature conservation area to the north-east of Utrecht.
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Fig. 3.4  Probability of housing development in the restrictive areas
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3.4.3 Urban Development in the National Landscapes

Figure 3.5 shows the differences in urbanisation probabilities between the Trend
and Sprawl scenarios in the Green Heart, one of the National Landscapes mostly
threatened by urbanisation. Here, the probability of urbanisation is slightly higher
under the Sprawl scenario, particularly in the eastern part of the Green Heart.
The probability of urbanisation decreases in the area south-east of Utrecht and
increases at the western side of the city. The areas of different grey shading indi-
cate sites where the probability of urbanisation under the Trend scenario is higher;
the black areas indicate where the urbanisation probability under the Sprawl sce-
nario is higher. In the Sprawl scenario new residential development is less concen-
trated around the main cities, but it will be located more often near small villages
in the Green Heart.

3.4.4 Space in the Concentration Areas

One of the main principles of the National Spatial Strategy is to locate new urban
development in the concentration areas. The National Spatial Strategy states that
the ‘concentration percentage’ in these areas should — at the very least — remain
the same, but at the same time it does not clearly define concentration percentage.
In addition, land also has to be reserved for water, nature and landscape conserva-
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Fig. 3.5 Difference in urbanisation probabilities between the Trend and Sprawl scenarios
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tion, recreation areas, sports fields and agriculture. In this analysis the concentration
percentage (P) is taken to be the percentage of the urban area that is located in the
concentration area (A ) relative to the total urban area in the province

Urban, Concentration Area

(AUrhan, Province) :

A -entration Area
P=WX’W$*IOO Gb

Urban, Province

Urban areas in this definition include residential and employment land, facilities,
parks and greenspace, sports fields, recreation areas, roads, railways and greenhouse
horticulture. It is questionable whether all spatial developments can be accommo-
dated within these concentration areas. Therefore, for each province, the available,
required and developed land has been determined for 2030. The available land is the
land which will still be available for new urban developments; it is defined as the agri-
cultural land and building sites in the land-use map of 2000, barring all physical and
spatial restrictions. The required land in 2030 will be the land needed to maintain — at
the very least — the same concentration percentage. It is estimated by multiplying the
growth of urban land per province, in accordance with the scenario, by the concentra-
tion percentage in 2000; as such, it is the amount of land that will be needed in the
concentration areas for the development of urban land uses. The developed land is the
land which will most probably be developed in 2030. The developed land in 2030 was
calculated from the urbanisation probability in 2030 according to the Trend scenario.

On the basis of this analysis, there is not enough land available in the concen-
tration areas in the Randstad and in Limburg to accommodate all new develop-
ments (Table 3.4). Accordingly, the concentration percentage in these provinces will
decline sharply in the future. The differences between the available, required and
(probably) developed land provides some indication of the policy inputs needed to
cluster new urban development in the concentration areas.

3.5 Conclusions and Future Directions

For the ex ante evaluation of the National Spatial Strategy, future land use was
simulated by the Environment Explorer. Observed development trends were used
to comprehensively calibrate and validate the Environment Explorer for short-term
projections. The Environment Explorer outperformed a random allocation model in
the calibration period, but not over the validation period. Land-use models generally
perform poorly in validation studies when used for large-scale applications Pontius
et al. (2008), while their performance in local-scale applications, such as at the city
level, appears to be better (Hagoort 2006). The calibration and validation of land-use
models are impeded by classification and aggregation errors in land-use maps (Fang
et al. 2006; Pontius et al. 2004; Pontius and Spencer 2005). A novel methodology
has been applied to verify long-term projections. The distribution of urban cluster
sizes in future land-use maps was verified using Zipf’s Law. The calibrated model
was used to estimate the urbanisation probabilities in 2030 for a Trend and a Sprawl
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Table 3.4 Available, required and developed land (ha) in the concentration areas, and the
concentration percentages in 2000 and 2030 under the Trend scenario

Available Required Developed Concentration ~ Concentration
land land land per cent 2000 per cent 2030
Groningen 8,400 989 942 21.0 20.0
Drenthe 5,319 758 682 10.3 9.2
Overijssel 15,543 2,665 2,596 26.9 26.2
Gelderland 15,028 4,782 5,456 19.1 21.8
Utrecht 10,734 8,838 8,045 57.9 52.7
Noord-Holland 9,113 10,357 7,966 60.4 46.5
Zuid-Holland 24,931 17,195 16,202 73.0 68.8
Noord-Brabant 33,561 11,646 11,174 43.0 41.3
Limburg 5,634 6,491 4,444 36.2 24.8
Flevoland 6,012 2,255 2,991 28.8 38.2

There are no concentration areas in the provinces of Friesland and Zeeland

scenario using Monte-Carlo simulations. The effects of policy on the restrictive areas,
the National Landscapes and the concentration areas were examined.

The probability of urbanisation in 2030 is highest near existing urban areas and
is influenced by spatial planning policy. Urban development in restrictive areas is
avoided as much as possible. Only in the Randstad is the pressure on land so high
that it is likely that urban development will take place in the restrictive areas. Urban-
isation in the National Landscapes will probably increase as a result, particularly in
the Randstad and Limburg where development pressures are the highest. There is
sufficient space in most of the concentration areas to accommodate all new develop-
ments. Given the scenario assumptions, there will be insufficient land in the prov-
inces of Noord-Holland and Limburg to accommodate all new urban developments
in the future while retaining enough land for water, nature and landscape conserva-
tion. This analysis identifies those provinces for which problems may be expected
over the long term with implementing national spatial planning policies.

This evaluation of the National Spatial Strategy using the Environment Explorer
provides detailed insights into the feasibility of the policy goals and potential prob-
lems. The study shows how land-use models can be used to determine the effects of
spatial planning policies on future spatial development. Even so, the results of such
modelling studies are inherently uncertain. The Monte-Carlo simulation enables
the large uncertainties surrounding the location of developments to be visualized
through the use of urbanisation probabilities. However, the uncertainty in the growth
of land use and the effectiveness of current policies has not yet been incorporated
in the simulated scenarios. These results provide policymakers with the opportu-
nity to take potential problems into account beforehand. Monitoring programmes
have been developed, especially those focussing on the simulated hot spots of urban
developments in restricted areas. Additional measures can be defined to circumvent
potential problems in the national landscapes and concentration areas. Moreover,
the detailed spatial results have made it possible to determine various — potentially



3 Future Land-use in The Netherlands 65

adverse — effects of these new policy plans; for example, to assess future noise lev-
els and risk contours near airports in the Netherlands (Dassen 2005).

For this study, the Environment Explorer was calibrated for a relatively short
period, given the slow pace of spatial development. Calibration on a consistent data-
set over a longer time-span could improve simulation results. Moreover, a major part
of the land-use changes in the calibration period was dubious: urban areas changing
to forest, nature conservation or agricultural uses. Therefore, future research should
be directed towards reducing the uncertainties in the results of the land-use model
by taking advantage of better monitoring data. For example, to circumvent the clas-
sification problems in land-use maps, land-use models should utilise the primary
remote sensing data instead of the interpreted results in the land-use maps. Moreo-
ver, all information available in subsequent remote sensing images (time-series)
should be used to identify current land-use developments and develop algorithms
to simulate future land-use developments. In terms of the allocation algorithm, the
optimal spatial and temporal resolution needs to be determined. How well does the
same model perform at different spatial or temporal scales? To what extent is it pos-
sible to aggregate land-use categories? How well does the same model distinguish
two or twenty land-use categories. Finally, to measure these differences in model
performance, it is of utmost importance to develop a set of sensitive and appropriate
indicators.

As this study was first published in 2005 it is possible to look back on its impact
in the Netherlands. Shortly after publication, the results of this study were presented
to the relevant policymakers at the Ministry of Housing, Spatial Planning and Envi-
ronment. The conclusions were quoted by various stakeholder groups in the Neth-
erlands. One of these, the Netherlands Society for Nature and Environment (SNM
2005), published an article in its newsletter calling on the Dutch population to stop
further urbanization. In general, the results of this study have been widely accepted.
In Revolutionary Future for Housing Construction, Hugo Priemus (2005) explicitly
supports the results of the study and states his opposition to the popular idea of
a ‘transformation of the Randstad’, as suggested by planners and administrators.
The results of this study have been used in several regional scenario studies in the
Netherlands (Dijk 2007; SafeCoast 2005; Witmond et al. 2006). It is difficult to
determine whether this study influenced policy, but the results have been discussed
widely among scientists, stakeholders and policymakers.
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