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Abstract

Single research methodologies do not suffice for a complete analysis of land-use change. Instead, a sequence of method-
ologies is needed that link up and integrate disciplinary components over a range of spatial and temporal scales. In this paper,
a modelling methodology is presented aiming at the analysis of the spatial and temporal dynamics of land use at the regional
level. The methodology explores the dynamic functioning of land-use systems, which is essential to bridge the gap between
studies identifying problems associated with land-use change and studies aiming at understanding and manipulating land-use
change processes. An illustration of the methodology is given for China where we have simulated a scenario of near-future
(1991–2010) changes in land-use patterns. The methodology is adapted to include the nested simulation of different crop types
in addition to the simulation of land-cover change. Results are presented for changes in the spatial distribution of cultivated
land and special emphasis is given to shifts in the distribution of different crops. In the northern part of the country a decrease in
the proportion wheat within the cropping system is expected whereas in the southern part the proportion of rice is decreasing.
Corn and vegetable crops are expected to become more important within the cropping system in these parts of the country.
© 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

The field of land-use change studies is strongly
divided by scientific discipline, tradition and scale
of analysis. Researchers in the social sciences have
a long tradition of studying individual behaviour in
human–environment interactions at the micro-scale,
mostly by narrative approaches. At higher levels of
aggregation, geographers and ecologists have studied
land-use change either by direct observation, using
remote sensing and GIS or have applied the systems/
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structures perspective to better understand the organi-
sation of society and landscapes (Lambin et al., 1999).

Apart from these differences caused by scientific
tradition and scale of analysis there are also in-
evitably large variations in research approach because
of differences in research objectives and stakeholders
addressed. Some of the studies aim at understanding
(parts of) the land-use system dynamics by itself,
while others aim at intervention in land-use dynamics
by means of land-use planning or the designing of
alternative land-use systems.

Intervention in the dynamics of land-use systems
is impossible without a proper understanding of the
driving factors in these systems and their behaviour.
Such a complete analysis of systems as complex as
land-use systems, is impossible with a single research
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methodology (Bouma, 1998). Therefore, different
research approaches originating from different disci-
plinary backgrounds and different scales of analysis
should not be considered in isolation but should
rather be linked and inter-related following a logi-
cal sequence (Levin, 1992; Fresco, 1995; Rindfuss
and Stern, 1998). This sequence of interconnected
methodologies for studying land-use change research
problems can be called a ‘research sequence’ in which
the different research methodologies (‘tools’) are or-
dered according to their spatial scale of analysis and
phase of research.

To fit existing research methodologies within such a
research sequence, methodologies should be designed
or adapted so that information and understanding
obtained with a single research methodology is com-
plementary to other methodologies operating at dif-
ferent scales and/or in different phases of research.

This paper discusses a research sequence for land-
use change studies and elaborates on the use of a
spatially explicit methodology for land-use change
modelling within this research sequence. This metho-
dology, the CLUE modelling framework (Veldkamp
and Fresco, 1996; Verburg et al., 1999a) is designed to
bridge the gap between different phases of a land-use
change research sequence. An extension of this
method, allowing the nested simulation of different

Fig. 1. Research sequence for land-use change research.

crop types in addition to the simulation of land-cover
types, is presented. An illustration of the method is
provided for the exploration of possible shifts in land
use and cropping patterns in China.

2. A research sequence for land-use change studies

This section gives an example of a typical research
sequence which aims to achieve changes in the
land-use system by steering specific characteristics of
the system to avoid or decrease negative impacts of
land-use changes. Fig. 1 illustrates this research chain
by providing a logical sequence of the different tools
ordered according to their scale of analysis.

2.1. Problem identification phase

Before any in-depth analysis of the land-use dyna-
mics can start, a need exists for a detailed identification
and exploration of the problems that may be associated
with future land-use changes. Most often, problems
are identified by means of rough extrapolations of
current trends or monitoring of changes in the environ-
ment. A good example of this type of studies are stud-
ies by the World Watch Institute (e.g., Brown, 1995;
Brown and Kane, 1994), which contain warnings
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for global food shortages as a result of growing food
demands and deteriorating environmental conditions.
In 1995, Lester Brown, President of the World Watch
Institute, published a book called ‘Who Will Feed
China?’ In this rather provoking book he predicts,
based on trends and comparisons with other Asian
countries, large shortfalls in grain production in China
in the near-future. This would be induced by conver-
sion of arable land into urban, industrial and horti-
cultural use, in combination with increasing demands
for grain, driven by population growth and changes in
consumption pattern. In another book, published in the
same period, Smil warns for the large extent of envi-
ronmental pollution and degradation in China (Smil,
1993). These books have made the world aware of the
potential problems China might face in the near-future
with respect to its food security and the impact that
these shortfalls in grain production might have for in-
ternational trade of grain. Therefore, much research
was initiated dealing with China’s ability to produce
its own grain and how this is influenced by land-use
changes (e.g., Heilig, 1997; Lin, 1998; Alexandratos,
1997; Fan and Agcaoili-sombilla, 1997). Although
most of this research proved that China’s food prob-
lem is not as large as Brown expected, his publication
was important for putting these issues on the agenda
of politicians and scientists. This is exactly the objec-
tive of studies in this research phase.

2.2. System description phase

As soon as a potential land-use change problem is
identified and research funds have become available,
a need for better insight in the land-use system arises.
During this ‘system description phase’ more detailed
statements can be made about the land-use situation
by adding a spatial dimension to the research. A typi-
cal example of such studies is the identification of
regions and locations with high rates of land-cover
change, so-called ‘hot-spots’, based on remote sensing
images (e.g., Achard et al., 1998; Imbernon, 1999).
Apart from these ‘hot-spots’ of land-use change it
is also important to obtain more insight into factors
that cause land-use changes. At the local level this is
mostly done by narrative studies revealing causes and
incentives of actors of land-use change (e.g., Rudel
and Horowitz, 1993; Jones, 1999). Other approaches
include the agent-based and system approach. The

former seeks to define the general nature and rules
of individual agents behaviour in their daily decision
making. Central to this perspective is the significance
given to human agents in determining land-use de-
cisions and the search for generalisations about this
behaviour. The systems approach in contrast, finds its
basis in the organisation of society and the character
of nature that establish opportunities and constraints
on decision making (Ostrom, 1990). On coarser scales
this approach is more feasible because it is more
difficult to distinguish individual actors and relations
between actors and the diverse environment. At coarse
scales, land-use patterns are related to macro-variables
representing proximate drivers of land-use change.
Based on these understandings, models can be used to
explore scenarios of near-future land-use change (e.g.,
Hall et al., 1995; Veldkamp and Fresco, 1996). Such
spatially explicit models can provide information on
what might happen if certain policies or other land-use
determinants change. Such models are needed be-
cause land use is the result of complex processes
requiring reflection of non-linearity and spatial and
temporal lags in the analysis. Therefore, these models
are useful and reproducible tools supplementing our
existing mental modelling capabilities to make more
informed decisions (Costanza and Ruth, 1998). Based
on the information and insights obtained in this phase
of the research sequence, scientists, policy makers
and other stakeholders can decide if the foreseen
land-use dynamics are desirable. Agri-environmental
indicators (Moxey et al., 1998) are a suitable means
to summarise and communicate results and facilitate
decision making on the desirability of the foreseen
developments. Based upon the understandings ob-
tained in this research phase it is possible to effi-
ciently design alternative land-use plans focussed on
the appropriate issues and geographical locations.

2.3. Designing phase

Many methodologies for the design of interventions
in present land-use system are available ranging from
the designing of appropriate policies and subsidies
to landscape designs by architects. At the farm level,
prototyping (e.g., Vereijken, 1997) is a way to develop
farming systems to meet a set of environmental and
socio-economic objectives. Based on these objectives,
established on the basis of the shortcomings of current
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farming systems in a region, a theoretical prototype
is designed by linking indicators for these objectives
to farming methods and designing these methods un-
til they are ready for testing and implementation. At
coarser scales, studies are made on optimal land-use
configurations under a number of constraints. One
series of models aimed at designing alternatives for
present land use are models using linear programming
in order to optimise the land-use configuration and
management under a number of agro-technical, food
security, socio-economic and environmental objec-
tives (e.g., Bouman and Nieuwenhuyse, 1999; Zander
and Kächele, 1999; Barbier, 1998; Van Ittersum et
al., 1998). Results of such a run by a linear program-
ming model are characterised by optimised objective
values and the associated optimal set of decision vari-
ables (agricultural land-use activities: where, what
type of agriculture to which extent). Such results can
be presented in a table or a bar diagram showing the
objective values, and in a map showing the optimum
land-use allocation.

2.4. Negotiation and planning phase

Based upon the system description phase which
identified the driving factors and sensitivities of the
land-use system and the designed land-use alternatives
and prototypes, a plan can be made to implement the
research results. During this phase the proper incen-
tives and conditions are created, in close collaboration
with the stakeholders involved, that will make the
designed land-use plans become reality.

The following paragraphs elaborates on a re-
search methodology developed for regional land-use
change analysis during the system description phase.
This methodology bridges the gap between research
methodologies in the problem identification phase and
the designing phase. In most cases design-oriented
research is started directly after the problem iden-
tification. Whenever information on the functioning
of the land-use system is used, it is mostly the in-
formation attained at the local level. Therefore, the
introduced methodology is developed to generate
regional level information. Present applications of
the method (Veldkamp and Fresco, 1996; De Koning
et al., 1999a; Verburg et al., 1999b) are to study the
land-use change for land-cover types or large groups
of crops only. However, most of the studies in the

design phase of the research-chain study of the
land-use systems was for specific crops or cropping
sequences. To match these studies better, the possi-
bility to simulate the spatial and temporal dynamics
for individual crops was included in the methodology
as described in the following paragraph.

3. Methodology

3.1. Modelling framework

In this study, the CLUE modelling framework is
used for the simulation of land-use changes (Veldkamp
and Fresco, 1996; Verburg et al., 1999a). This mod-
elling framework has the following characteristics:

• All simulations are made in a spatially explicit way
so that the geographical pattern of land-use change
is resulting. The spatial resolution of the simula-
tions is dependent on the extent of the study area
and the resolution of data available for that study
area. In the present application for China, all simu-
lations are made for approximately 9200 grid-cells
of 32×32 km (∼1000 km2). Land use in a grid-cell
is represented by its relative land area (expressed as
a percentage of the total land area).

• Allocation of land-use changes is based on dyna-
mic simulation of competition between different
land-use types. Competitive advantage is based on
the ‘local’ and ‘regional’ suitability of the location
and the national level demand for land-use type re-
lated products (e.g., food demand or demand for
residential area).

• The ‘local’ and ‘regional’ suitability for the dif-
ferent land-use types is determined by quantified
relations between land use and a large number of
explanatory factors. Explanatory factors include
biophysical and socio-economic factors generally
known as determinants of the land-use distribu-
tion and driving factors of land-use change (Turner
et al., 1993). Table 1 lists all variables used in the
presented application for China. Relations between
land use and the explanatory factors are quantified
by multiple regression models based on present
land use. It is assumed that these relations are rela-
tively stable over the simulation period. The spatial
analysis and resulting regression models for China
are described in Verburg and Chen (2000).
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Table 1
List of land-use types and explanatory factors used

Land-use types
Cultivated land
Horticultural land
Forest
Grassland
Built-up land
Inland water
Unused land

Crop types
Rice
Wheat
Corn
Other grains
Cash crops
Vegetables
Others

Demographic variables
Population density
Rural population
Urban population
Rural labour force
Agricultural labour force

Socio-economic variables
Illiteracy
Distance to nearest city
Net income

Climatic variables
Temperature (minimum, maximum, average, range)
No. of months above 10◦C
Precipitation (total, range)
No. of wet months (>50 mm precipitation)
Percentage of sunshine

Soil-related variables
Soil drainage (three classes)
Soil depth (two classes)
Soil moisture storage capacity (two classes)
Soil texture (three classes)
Soil fertility (three classes)
Soil suitability for irrigated rice (three classes)
Soil suitability for rainfed maize (three classes)

Landform-related variables
Mean elevation
Range in elevation
Slope
Physiography (four classes)
Geomorphology (five classes)
Distance to nearest river

Fig. 2. Structure of the CLUE modelling framework.

Fig. 2 schematically illustrates the structure of the
modelling framework. At the national level, demands
for different land-use types are determined. Projec-
tions for future demands are directly obtained from
other studies that use trend analysis or economic
models to predict changes in demand for the different
land-use types. In most applications these demands are
directly converted into areas of the different land-use
types needed to meet the demands for products from
these land-use types. Expected developments in yield
levels and multiple cropping can be taken into ac-
count in these calculations. The demands are allocated
on a yearly basis to the different grid-cells in the
allocation modules which use the relations between
land use and the explanatory factors obtained by the
spatial empirical analysis. The implementation of the
allocation procedure is described in detail in Verburg
et al. (1999a). Simulations presented in this paper
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allocate land-use changes in a nested procedure. First,
changes in the different land-cover types are simu-
lated. In China, we have subdivided the total land area
into seven categories, including six land-cover types
(cultivated land, horticultural land, forest, grassland,
built-up land and unused land) and inland water bod-
ies. In the simulation these different land-cover types
compete for the total land area available. It is assumed
that the area occupied by inland water bodies is stable.
Thereafter, nested within this simulation follows the
allocation of different agricultural crops or groups of
crops. Included are wheat (Triticum spp.), rice (Oryza
spp.), corn (Zea Mays), a group containing other
grains (incl. millet, sorghum (Sorghum spp.), other
miscellaneous grains, tubers and soybeans (Glycine
soya), cash crops (incl. fiber crops, oil crops), tobacco
(Nicotina tabacum) and sugar crops), vegetables and
a miscellaneous category which includes all minor
crops and green manure crops. In the model these
crops compete for land within the agricultural area.
No direct competition between individual crops and
other land-cover types, such as built-up areas and
grassland, is taken into account because it is assumed
that agricultural activities compete with other land-use
activities, indifferent of the actual crops cultivated.
The simulations do not account for specific cropping
sequences and intercropping systems. At the scale of
analysis the data represents a mixture of cropping se-
quences and systems and does not allow the identifica-
tion of individual cropping systems. In the simulations
to be presented it is assumed that the multiple crop-
ping index, i.e., the number of times a piece of land
is sown to crops during 1 year, as well as the spatial
variability of the cropping index are constant during
the simulation period. For the allocation of changes in
the different crop types, simulations are only made for

Table 2
Baseline scenario for CLUE simulation

Land-cover type Area at start of simulation,
1991 (million ha)

Area at end of simulation,
2010 (million ha)

Cultivated land 132 121
Horticultural land 5 9
Forest 195 197
Grassland 256 256
Built-up land 25 29
Inland water 34 34
Unused land (mainly desert) 296 297

grid-cells, where at least 5% of the land area is used
for agricultural production in 1991. This effectively
limits the simulation to about half of the area of China.

3.2. Scenarios

For the simulation of near-future, land-use patterns
scenarios need to be formulated. Scenarios can be
formulated at the national level, as well as at the
sub-national level. At the national level, scenarios in-
clude developments of different agricultural demands
that can be determined on the basis of developments
of consumption patterns, demographic characteris-
tics, land-use policies and export volumes. At the
sub-national level, different restrictions towards the
allocation of land-use change can be implemented,
e.g., the protection of nature reserves or land alloca-
tion restrictions in areas susceptible to land degra-
dation. Examples of different scenarios and their
implementation for the land-use situation in Ecuador
are given by De Koning et al. (1999b).

4. Application of the methodology for China

4.1. Scenario formulation

A baseline scenario is formulated to represent the
most likely developments in demography and demand
for land-use types and agricultural products in the
near-future, i.e., the period 1991–2010. The demands
for the different land-use types are based upon an ex-
trapolation of trends and estimates of land-use change
at the national level by Smil (1993) for the period
1990–2000. The resulting land areas of the different
land-use types are shown in Table 2. It is assumed
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that cultivated land will face the largest decrease in
area. About half of the decrease of cultivated land is
expected to originate from increase in built-up area
(Smil, 1993) while other losses occur through con-
version to horticultural lands, degradation into unused
land and rehabilitation of lands through reforestation
or grassland restoration. Changes in demography dur-
ing the simulation period are based upon projections of
population growth (US Census Bureau, 1997), urbani-
sation (United Nations, 1995), rural labour force (Shen
and Spence, 1996) and trends in agricultural labour
force. These population projections are differentiated
throughout the country based on observed growth rates
between 1986 and 1996. Also, income was assumed
to grow steadily with growth rates proportional to the
growth rates observed in the grid-cells between 1986
and 1991.

The demand for the different crop types is based on
a projection to 2007 by the United States Department
of Agriculture (USDA, 1998) which provides yearly
projections for all major crops. No projections are
given for potato (included in the other grain category),
some cash crops, vegetables and crops grouped in the
miscellaneous category. The area given to potatoes
is relatively small, and is assumed to stay constant.
The same assumption is made for the two major cash
crops for which no projections are available, sugar
crops and tobacco. This assumption is consistent with

Fig. 3. Percentage of the harvested area allocated to different (groups of) crops for the baseline scenario.

the expectations of Lin and Colby (1996) who expect
that increasing sugar demand will mainly be fulfilled
by imports rather than large extension of the area
grown to sugar crops.

China is expected to become a large vegetable
exporter (Crook, 1996) because China will have a
comparative advantage in producing vegetables for
export, primarily because of its abundant rural labour
resources. As China invests in transportation and
storage infrastructure, and as firms improve grad-
ing and packaging standards, China is likely to be-
come a fierce competitor on world vegetable markets
(Guoqiang, 1997; Lu, 1998). Domestic vegetable con-
sumption is also expected to increase due to rather
high income elasticities for vegetables, especially in
the rural areas (USDA, 1998; Han and Wahl, 1998).
Given these developments we have assumed a dou-
bling of the area sown to vegetables between 1991 and
2010.

These projections are proportionally scaled to match
the scenario defined for the changes in total cultivated
area. Fig. 3 summarises the scenario for the differ-
ent crops types. Observed data have been used up
to 1997, which can be seen from the fluctuations in
relative harvested area. Between 2007 and 2010 no
projections of USDA were available, a simple con-
tinuation of the trends for these years was therefore
assumed.
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Fig. 4. Cultivated area in 1991 and changes in cultivated area as simulated for the period 1991–2010.

4.2. Simulation results

The simulations for the baseline scenario are pre-
sented in Figs. 4 and 5. Fig. 4 shows the spatial
distribution of cultivated land in 1991, the reference
year, as derived from our database. The distribution
of changes in cultivated area as simulated for the
period 1991–2010 are indicated in the same figure.
Simulations for other land-cover types are not shown.
In Fig. 4, a clear pattern of decrease in cultivated
area throughout China can be observed. Land degra-
dation causes large losses of cultivated land in the
northern part of China, mainly on the Ordos Plateau
of inner Mongolia and on the Loess Plateau. Other
‘hot spots’ of land-use change can be found in the
main agricultural regions of east, central, south and
southwest China as result of the expansion of the
built-up and horticultural area. Especially, the larger
area surrounding Shanghai is expected to face large
decreases in cultivated land.

Fig. 5 presents the results for the different crop types
or group of crops. Results for the group of miscella-
neous crops have been omitted. The maps represent the
relative share of the considered crop within the totally
cropped area, i.e., a figure of 40% for rice means that at
that location 40% of all sown area is occupied by rice.

Rice is mainly grown in southern China, where high
temperatures and high precipitation favour the culti-
vation practices. From the map some rice far up north
in the North Eastern plain and in the Beijing-Tianjin

area can be distinguished. This rice cultivation does
not follow the climatic subdivision of grain crop cul-
tivation. In these areas special varieties are grown that
can tolerate the cool climate. Yields are however low.
Reasons for growing rice in these areas which are more
productive for other grains, are mainly historic and
because of consumer preference for the high quality
varieties from this area. Because of the large demand
for these ‘good tasting’ varieties, prices are high and
therefore the cultivation is profitable in spite of the
low yields (Ren, 1991). Simulation results show that
the decrease in demand for rice area is causing a de-
crease in the share of rice within the cropping system
throughout the whole rice growing area. Because no
distinction is made between rice varieties grown in the
northern part of the country and in the southern part of
the country, the impact that increasing incomes might
have on the demand for the ‘northern varieties’ is not
well represented. Increasing consumer preference for
the northern rice varieties might keep rice production
in the northern part of China more important than an-
ticipated by the model.

Wheat is traditionally grown in the valleys of the
Yellow river and the large North China floodplain
of the same river. The increasing cultivation of corn
and cash crops in these areas will decrease the im-
portance of wheat in the cropping system, especially
in the southern part of the wheat growing area. In a
large part of the wheat growing area labour-intensive
cropping systems combining winter-wheat cultivation
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Fig. 5. Percentage of the harvested area allocated to different (groups of) crops for 1991 and simulation results for 2010.
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Fig. 5 (Continued).
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and cash crop cultivation (e.g., partial intercropping
of winter-wheat and cotton) are found. Increasing
cash crop cultivation for the domestic and interna-
tional market will make cash crop cultivation the most
profitable part of the cropping system.

Corn is mainly grown in three regions, namely
the spring-sowing maize belt in the north; the
summer-sowing maize belt in the plains of the Yellow
river; and the southern maize belt in the upland ar-
eas of the provinces Sichuan, Guizhou, Guangxi and
Yunnan. In 1994, 64% of all produced maize was
used for animal feeds, while 20% was being used for
direct consumption. The remaining 16% was used for
seed, processing, other uses and wastage (Guoqiang,
1997). Very fast growth of the livestock population
is responsible for the fast growth in demand for
corn (Simpson et al., 1994; Verburg and van Keulen,
1999). Simulations show large increases in the share
of corn production in the southern part of China, also
in areas where corn is presently almost not cultivated.
This increase in corn production in these areas seems
rather realistic as in these areas a large number of pig
fattening farms is found. Results for cash crops show
that in a large part of the agricultural area of China
cash crops are going to make up a substantial part of
the cropping system. Of course, large differences in
climatic conditions and resource endowments cause
large regional differences in the type of cash crops.
In the scenario large increases were defined for the
vegetable area. Most of these increases are allocated
in the southern part of China. Recent developments,
however, show increases in vegetable area in other
parts of eastern China, mainly around the major urban
centres (Guoqiang, 1997). The model might therefore
overestimate increases in the southern part because
of the historic occurrence of vegetables in this part
of China, which determines the spatial relation be-
tween land use and its explanatory factors used in the
model. Fastly growing vegetable producing zones,
as designated by the Chinese Government, include
(in correspondence to the simulation results) the six
southern provinces, where vegetables are grown for
consumption in the northern provinces; the winter and
spring vegetable zone in the floodplain of the Yellow
river (not well represented in the simulation results);
and the low season vegetable zone in north China.

A validation of the performance of the CLUE
model has been made for a number of countries (De

Koning et al., 1999a; Verburg et al., 1999c; Kok et al.,
2001) and resulted in confidence in the simulation of
land-use change dynamics. Unfortunately, validation
of the application for China has not been possible due
to the absence of an independent, comparable data set
on land use for China. Therefore, all interpretations
of modelling results have to be made carefully. Cau-
tion with interpretations of modelling results would
still hold when the model for China would have been
validated, because high levels of uncertainty are com-
mon in the modelling of complex systems integrating
human–environment interactions.

5. Discussion

The methodology presented in this paper fits well
within the land-use change research sequence pre-
sented in Fig. 1. The identified niche of the method-
ology is regional with respect to the scale of study
and belongs to the ‘system description phase’ of the
research sequence. It directly links up with studies
in earlier phases of the research sequence: trends in
land demand, projected within studies that belong
to the ‘problem identification phase’ of the research
chain, are direct input for the simulations through
the demand module. Resulting shifts in cropping
patterns are useful inputs for the ‘design phase’.
Studies in the ‘design phase’ commonly result in
static realisations of optimised land-use configura-
tions (obtained by linear programming models) that
can only be realised in a distant future (Fig. 6). The
presented methodology in this paper results in tra-
jectories of land-use change that are expected to take
place more or less autonomous under the conditions
defined in a scenario. Comparing these developments
with the designed (optimised) land-use configurations
helps to indicate locations and conditions that con-
strain the implementation of the designed land-use
alternatives. Evaluation of model runs for different
scenarios, including different land-use policies, in-
dicate which conditions lead to the desired land-use
change trajectories. Furthermore, this confrontation
with near-future developments might lead to a more
realistic definition of the objectives of the linear
programming and prototyping models. Identified
‘hot-spots’ of land-use change can also help to focus
in-depth research belonging to the design phase to the



188 P.H. Verburg, A. Veldkamp / Agriculture, Ecosystems and Environment 85 (2001) 177–190

Fig. 6. Schematic representation of the differences and linkages between studies in the system description phase and the design phase.

areas and land-use systems that are facing the highest
dynamics.

The nested simulations for different crop types are
a new feature within the CLUE modelling frame-
work. In the previous applications, only land-cover
types (Veldkamp and Fresco, 1996; De Koning et al.,
1999a; Verburg et al., 1999b) or a limited number
of very dominant crop types (Kok et al., 2001) were
simulated. The simulation of individual crops makes
it easier to communicate, discuss and compare results
with economist and agronomist, who mostly focus on
individual commodities or crops instead of land-use
types. Economic models also often include changes in
technology and productivity of agricultural land-use
systems (Jones and O’Neill, 1992). In the present
version of CLUE, changes in these conditions are
only included in the scenarios defined at the national
level (demand module). Including the dynamic, spa-
tially explicit simulation of productivity change into
the modelling framework will certainly improve the
comparison and linkage of the modelling results with
other modelling approaches. A preliminary analysis of
productivity change in China is provided by Verburg
et al. (2000).

Apart from linking up different stages of research
it is also needed to link up different scales of analysis.

The presented method uses a multi-scale approach for
land-use allocation (Verburg et al., 1999a). Most de-
tailed units of analysis in China, however, have a size
of 32 × 32 km, which is a fine resolution when com-
pared to studies for China on the national or provincial
level, but very coarse as compared to local studies at
the farming system or village level. This means that lo-
cal driving factors, bottom-up effects and interactions
are not well represented in this study. On the other
hand, most local level studies disregard the impact of
processes and feed backs occurring at higher levels
of scale. Therefore, higher-scale systems, as analysed
in this paper, should be represented in local scale
studies. That should at least guarantee that important
changes in the context of the situation are taken into
account and that the system does not simply export
its problems to its neighbours (Musters et al., 1998).
Analysis and understanding of complex systems over
such a wide range of scales is still problematic and an
issue of discussion (Gibson et al., 2000; Müller, 1992;
Caldwell and Fernandez, 1998). The presented method
is a starting point for such multi-scale research be-
cause it already covers a relatively wide range of
scales. The further understanding of scalar dynamics
is only possible after an integration of the presented
(macro-level) approach with local (micro-level)
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studies. Such integration also means that different re-
search philosophies need to be combined. Micro-level
approaches have their strength in the explanation of the
processes leading to differences in behaviour. Straight-
forward upscaling of such explanations is impossible
due to scaling properties, including non-linearity
(Rastetter et al., 1992) and emergent properties (e.g.,
collective action, Ostrom, 1990; Gibson et al., 2000).
Macro approaches are often criticised for their deduc-
tive approach leading to empirical relations between
land use and its driving factors of which the causality
cannot be guaranteed. Therefore, an improved linkage
of micro- and macro-studies will not only improve the
range of scales studied but will, at the same time, im-
prove the understanding of the processes and patterns
taking place at different levels of analysis (Mertens
et al., 2000). This type of understanding of the scalar
dynamics of land-use change is also urgently needed
to better link up with studies in the design and im-
plementation phases. When stakeholders or planners
cannot steer specific characteristics of the land-use
system at one scale level, it does not necessarily
mean that they cannot be steered at other scale lev-
els. Therefore, awareness of the scalar dynamics of
land-use change will improve land-use planning.

6. Conclusions

• The CLUE methodology can provide important in-
formation needed for land-use planning in addition
to insights obtained by existing research metho-
dologies.

• The inclusion of crop-specific simulations within
the CLUE methodology enables a linkage of this
methodology with crop suitability analysis and lin-
ear programming studies that aim at the design of
alternative land-use configurations.

• The multi-scale approach used is useful for studying
complex systems such as the land-use system.
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