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Abstract
Regional land use analysis plays akey role inthe analysis ofagricultural policies. However, few
operational tools for regional land useanalysis areavailable. Current developments in regional land use
analysis are rather ad hoc. More generic methodologies are required to effectively answer questions by
policymakers. The analysis may require methods to explore, project and predict agricultural land use.
An all-encompassing methodology seems unrealistic. Atoolbox for regional land use analysis isproposed. The tools (including, e.g., data base management systems, GIS and economic models) can be
linked insuch away that they can carry out the specific analysis required for the specific conditions of
stakeholders. To facilitate linkages between the different tools, data standards need to be developed for
both biophysical as well as economic data. Discussions with stakeholders inanearly phase of the
analysis may set priorities and determine the selection oftools. Results ofthe analysis needtobe presented insuch away that they are appealing tothe stakeholders. Only then can they be transferred
effectively.
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defining and selecting policies does not end with the
projection of trends nor with the exploration of opportunities. To effectively develop, select and implement agricultural policies we need to project,
explore and predict agricultural land use (Van
Ittersum et al. 1998). An all-encompassing
methodology seems unrealistic. Consequently, we
need a range of methodologies that serve different
purposes and that apply to different situations. Despite many commonalties, the available methodologies are based on very different procedures. Some
apply linear programming techniques (e.g., SysNet
and SOLUS), others are based on statistical techniques (e.g., CLUE), while others use simulation
models (e.g., the Tradeoff Analysis model). Current
developments in regional land use analysis can be
described as being rather ad hoc since many
methodologies are developed for specific situations.
Asaresult, they are not very generic. Basic concepts
and procedures are available and each particular
project dealing with regional land use analysis takes
a number of techniques from the shelf and starts
creatingtheir own application.

studies are being carried out in close interaction with
the people and institutions involved. In this paper,
we distinguish between stakeholders and actors.The
stakeholders are the parties directly interested in the
outcomes of the study. They will be the future users
of the results of the study or the methodology under
development. Despite studies that are strictly scientific exercises, studies (e.g., in development projects)
are (or should be) shaped around the objectives of
the stakeholders. The actors, on the other hand, are
all the people inthe region that to some extent playa
role in the agricultural sector. Farmers, for example,
make land allocation and land management decisions and, asa result, play a key role in agricultural
land use. They are, however, not the target group
thatwill usedirectly the results and methodologies of
regional land usestudies and, consequently, they are
referred to as actors and not as stakeholders. Many
tools for regional land use analysis are developed to
answer questions raised by regional or national politicians and as a result they are among the main
stakeholders ofthe study.

The development of a user shell over different
crop growth simulation models (Jones et al. 1998)
together with the appropriate data standards (Hunt
andWhite 2000) has plaid acrucial role in the rapid
developments in the field of land use analysis at the
field level. To gear the development of tools for regional land use analysis, a similar thrust needs to be
made in which the International Consortium for
Agricultural Systems Applications (Ritchie 1995) can
play an important role. Standards for database formats need to be developed together with more generic versions of regional land useanalysis tools. Are
there opportunities? The requirements are certainly
different and probably more diverse than data standards for crop growth simulation models. In this
paper, we would like to explore the opportunities for
the development of operational tools. First, we describe a number of basic concepts, then we discuss
regional land use analysis by way of a number of
casestudies.

Model Objectives

BASICCONCEPTS
Actors andStakeholders
It is impossible to study regional land use without
considering the people and institutions that play a
role in the region. The most successful land use

Policy-oriented, regional land-use studies are often sub-divided on the basis of their objectives into
explorative, projective and predictive models (Van
Ittersum et al. 1999). Explorative studies determine
what canbedonewhere andwhen.Agricultural land
use is restricted by numerous biophysical and socioeconomic constraints. As a result, we cannot do
everything everywhere at any time. The window of
opportunities, hereafter referred to asthe opportunity
space, includes the range of all possible options. It
includes outcomes of decisions, which are not perceived by thestakeholder or not considered viable in
termsoftheir ability to accessthem. Incontrast tothe
opportunity space,there isthe decision space, which
refers to the range and nature of the options the
stakeholders consider being relevant and potentially
achievable (Lemon 1999). Ideally, decision space
and opportunity space coincide, but reality shows
that thetwo spacesonly partially overlap. Asa result
three specific situations are identified by the partially
overlapping opportunity space A and the decision
space B(schematically represented inFigure 1).
ADB: Options that are viable (within the opportunity space A) and that are considered relevant and
potentially viable by the stakeholder(s) (within the
decision spaceB).
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Figure1.Schematicrepresentationoftheoverlappingopportunityspaceanddecisionspace.
ADB: Options that are viable (within the opportunity space A) but that are not considered to be
relevant and potentially viable by the stakeholders)
(outsidethedecision spaceB).
AHB: Options that are considered to be relevant
and potentially viable by the stakeholders) (within
the decision space B),but that are not viable (outside
theopportunity spaceA).
Explorative land use studies show the opportunity
space to the stakeholders. It pinpoints to viable optionsthestakeholders arenot aware of andto options
considered relevant by the stakeholders that are, in
reality, not viable. If the results of explorative land
use studies are transferred successfully to the
stakeholder, the decision space and the opportunity
space will coincide. It is important to realize that the
decision space plays a role at different scale levels.
Thedecisionspace of farmers whilst taking their land
allocation decisions is composed of the existing or
known land usesystems and technologies. The introduction of new crops or alternative technologies will
broaden the scope of the farmers and as a result the
decision space. Similarly, farmer schools may train
farmers in the fact that certain farm practices
seriously degrade the farms' resources and asa result
are not feasible in the long term. Each of the actors
take decisions andfor eachof the decisions they look
intheir specific decisionspace.
In the context of this paper, we focus on the
stakeholders of the regional land-use analysis. What
contains the decision space of the policymaker? It is
a wide rangeof policy alternatives aswell asalternative landusescenarios.
Projective models study past land cover and land
use changes in relation to biophysical and socioeconomic parameters and project future trends given
certain changes in the parameters. Due to their inherent characteristics, projective models are

generally unable to capture abrupt changes in agricultural land use due to, for example, natural disasters, the collapse of markets, or the introduction of
completely new agricultural technologies. Nevertheless, projective studies are extremely important to
policymakers since they indicate the possible
changes without interventions. Policymakers can
subsequently decide whether thesetrends are desired
or not and whether they want to intervene with agricultural policies.
Finally, predictive models have been developed
that actually predict land use changes as a result of
agricultural policies. Predictive land use studies answer scenario type 'What-if' questions and indicate
where agricultural land usewill move within the opportunity space after implementing a certain agricultural policy. Due to uncertainties in the prognoses
of many drivers governing land use change, predictive models can only be applied with a short time
horizon.
These three groups of models have a large complimentary value. Explorative models identify the
possibilities in the opportunity space, projective
models indicate what will happen to agricultural
land use if trends continue, and the projective
models definethe likely impact of agricultural policy.

Policy Instruments
Stakeholders have an array of alternative policy
instruments available that allow them to move agricultural land use within the opportunity space according to their specific objectives. A large number
of policy instruments can be identified. Some examples from Lemon (1999), Van Keulen et al. (1998)
andWiebe and Meinzen-Dick (1998) aregive below.
Macro-economic policies
•

Price liberalization

•

Removal of quantitative and administrative
trade barriers

•

Redefiningtherole ofthe government

Pricepolicies:
•

Subsidies on agricultural
products

•

Price support that guaranties prices for agricultural products

Regulatoryinstruments.

inputs and/or
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•

Environmental regulation for pesticide and/or
nutrient emissions

•

Banning of
(pesticides)

certain

agricultural

inputs

Instrumentsfocusedon thefarmer.
•

Management support through for example the
extension service

•

Technological support that enables farms to a
better accessto production technologies

•

Economic support enabling farmers to obtain
credits or crop insurance

•

Landtenure

Agricultural policies, typically, are composed out
of one or more policy instruments. Regional landuse
studies should be able to indicate the (possible)
changes that one or a combination of policies will
induce. Besides considering the possible consequences of agricultural policies, stakeholders have to
look for policies that are socially acceptable and
economically viable. Regulatory instruments, for example, are only successful if they can be enforced.
They will, therefore, not be a feasible solution in
many developing countries.

Toolsfor Regional LandUseAnalysis
For the development of methodologies for regional land use analysis we have a large number of
tools available that can be used to reach our objectives. We distinguish between methodologies and
tools. For a specific objective we may need a
methodology that comprises a number of tools.Tools
for regional land use analysis include programming
models, statistical models, and simulation models,
but also tools for data management (data base
management systems, geographical information systems), biophysical models to estimate crop production and solute flows, and tools for the estimation of
input
parameters
for
cropping
systems.
Methodologies comprise anumber of thesetools that
are linked in aspecific way to serve the objective of
thestudy.

THEIMPLEMENTATION OF REGIONAL
LAND USEANALYSIS
Researchers face a number of challenges in implementing regional land use analysis. Despite the
widespread acceptance to aim for sustainable

agricultural land use,ascientific consensus is lacking
on how the economic, environmental, and public
health impacts of agricultural policies can be quantified and assessed (Crissman et al. 1998). Analysis of
these complex, interrelated issues raises a number of
difficult theoretical and methodological problems.
Regional land use analysis involves issues addressed
by various fields ofscience andthusrequires amultidisciplinary approach. Overcoming disciplinary
biases and establishing effective inter-disciplinary
communication is a continuing challenge. Another
major issue deals with the validation of the
methodologies for regional land use analysis. Validation is only possible on the basis of past land use
changes, and those data often form the basis for the
development of land use analysis. As a result, one
can question how these methodologies can be
evaluated in anobjective manner.

General Structure
Regional land useanalysis canonly be carried out
through intensive multi-disciplinary research.
Crissman et al. (1998) defined an organizing principal and conceptual model for the design and organization of multi-disciplinary research projects.
Although they focused on the quantification and assessment of competing objectives in agricultural production systems in terms of trade-offs, the principles
seem to have more general validity. This process is
illustrated in Figure 2 and comprises three major
steps:
1. At the start of a project ajoint effort by researchers and stakeholders is required to set research
priorities. Within this priority setting it is important
that researchers become aware of the opportunity
space, the current trends and possible changes induced by agricultural policy. This has to be done in
extensive brainstorming sessionsand areview of past
studies. The major objectives of the study in combination with available resources (including existing
data)will determine thefocus ofresearch.
2. If the outline of the general objectives is defined, the project can be designed and implemented.
This includes the selection of the relevant disciplines
to quantify the processes that are considered to be of
major importance in the first step. It will also include
the selection of the appropriate tools. Before the
models can be implemented data need to be
gathered. In most cases, data gathering is probably
the most limiting factor. Policies need to be planned
on ashort notice, leaving little data for extensive data
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Figure2.Astructureforthe implementationofregional land
useanalysis.
collection efforts. Finally, special efforts are necessaryto integrate disciplinary findings.
3. The results need to be presented in such away
that they are understandable and appealing to the
stakeholders. Specific concepts like tradeoff curves
(Antle et al. 1998) may be especially useful since
they link up easily with the way policymakers are
thinking. New developments in Information and
Communication Technology (ICT) can be used to
transfer theresultsto the relevant stakeholders.
Although the above scheme seems a rather linear
and static approach to regional land use analysis, its
strength can be found in a flexible application with
numerousfeedback loops.
A critical element in each research program is for
all disciplines to agree upon basic spatial andtemporal units of analysis. Different disciplines operate traditionally at different scale levels, or use different
criteria to identify spatial units or temporal intervals.
Typically, larger regional studies work at different
hierarchical levels.A larger number of processestake
placeatlarge scales(cropgrowth,pesticide leaching)
while otherstake place at small scales (policy issues).
These processes need to be studied at the corresponding scale level. As a result, different components of the analysis use different units of analysis,
thus procedures need to be defined to link the
different analyses. Agricultural policies deal with

relatively large units of analysis. All researchers must
address the aggregation problem, i.e., the problem of
combining heterogeneous small units into larger
units, if their data and results are to be useful for
policy analysis. While much emphasis has been
placed on the problem of spatial aggregation, similar
problems arise inthetime dimension.
Disciplinary research typically operates in a format dictated by disciplinary orientation and
generates data intended to satisfy disciplinary objectives. This disciplinary orientation of research leads
to asituation in which various piecesof the scientific
puzzle are investigated without regard to the fitting
together of those pieces into the larger picture that is
required for policy analysis. The larger the spatial or
temporal scale, the more complex becomes the process of exploring and predicting agricultural land
use. Analysis at the regional or national scale iseven
more difficult than analysis at smaller scales,suchas
awatershed.

Data Standards
Data standards are the key elements for the successof methodologies for regional land use analysis.
Only with appropriate data standards the various
tools are able to communicate. The data standards
applied in the Decision Support System for Agrotechnology Transfer (DSSAT;Jonesetal. 1998) arean
excellent example to illustrate the importance of data
standards. However, DSSAT focuses on crop growth
simulation models only and the data are limited to
the biophysical environment of crop growth. If data
standards are not available, data need to be 'translated' before tools can communicate. The translation
programs makethe linkages oftools arather cumbersome undertaking. Regional land use analysis requires data standards for a large number of disciplinarydata setsandthey havetobe scale independent.
Asaresult, the requisites are much more demanding.
The initial investment may, however, pay-off in a
later stagewhen it becomes relatively easyto link the
different tools. Numerous efforts have been done in
the past to standardize soil and climatic data. However, little hasbeendonefor the storage of economic
data.

Model Structure
Despite the fact that there is a whole array of
models for regional land use analysis, there are four
major groups: statistical models, econometric
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models, programming models, and simulation
models. It will be extremely difficult to make a generic structure for each of these models. Nevertheless, the tools within each group are rather similar.
Programming models applied in, e.g., SysNet and
SOLUS are similar in the concept that they have a
certain LP-tableauwith alternative land use systems,
a set of constraints in terms of resources, and an objective function that maximizes net income of the
region. Variations, however, do exist. SysNet and
SOLUS do not consider the actual farm structure
such as USTED. SysNet and USTED on the other
hand do not consider price elasticity. The major
question iswhether we can generalize the LPtableau
in such a way that it is applicable in the different
casestudies.

Toolbox
A toolbox for regional land use analysis will not
only be a large bucket with different tools.Tools will
need to be adapted that they can communicate with
each other. This can be done through the definition
ofdatastandards (asdone for crop growth simulation
models by Hunt and White (2000)), but also through
a usershell thattranslatesthe output from one tool to
the input of another, or through a combination of
both. The concept of a toolbox is relevant if a number of basic criteria are fulfilled. First of all, data
standards are required that are used by all the tools
inthetoolbox. Secondly, procedures arenecessary to
bridge the gaps between different hierarchical scale
levels. Finally, the appropriate tools are necessary to
present the results in a format that the stakeholders
can understand them. If the concept works properly,
'plug and play' technology can be applied. Different
tools can be combined without requiring any adaptation to thetools themselves. The output of one tool
automatically functions asthe input for another.

CASESTUDIESFORREGIONAL U N D USE
ANALYSIS
To illustrate the possibilities of regional land use,
studies and efforts that has been accomplished in the
pastanumber of casestudieswill bediscussed.

Case1:Regression Models
Most regional land use analysis look forward in
their analysis. However, there is a lot to be learnt
from the past. Regression models analyze past land

useand project the trendsto the future. Although we
can use rather straightforward statistical techniques,
we can also make useof more advanced procedures.
De Koning et al. (1999) present a multi-scale
modeling approach of land use change dynamics in
Ecuador on the basis of a regression model. The
analysis allows for the determination of 'hot-spots'
with dynamic changes, but it also allows the determination of drivers behind land use change at
different scale levels. The methodology, denominated CLUE (Conversion of Land Use and itsEffects),
has been applied in case studies for Costa Rica,
Ecuador andChina.
The methodology is based on a statistical analysis
of past land use.Landuse changes are analyzed and
correlatedwith anumber of potential drivers for land
usechangessuchasbiophysical and socio-economic
characteristics.
Since relations can be specific to a certain scale
level, the analysis iscarried out for different levels of
aggregation.The lowest level of aggregation, i.e., the
most detailed scale level, is dictated by the data
available for the study area. Data availability varies
between different countries and regions and the
methodology hasto beadapted accordingly.
The methodology clearly illustrates what can be
done through the projection of past land use towards
the future. This kind of projective analysis is crucial
since it may pinpoint to specific problems that may
arise in the future and to areas that are most susceptible to present problems. In addition, it indicates the
major drivers for these changes. These drivers may
indicate which policies are most likely to be successfulto turn thetide.

Case2:FarmHousehold Models
Farm household models are frequently applied for
regional land useanalysis (seefor example Kruseman
and Blade 1998). The question they try to answer is
how farming systems will react to regional policies.
The almost infinite number of farms within a region
isgeneralized in a limited number of 'representative'
farm types. These farm types are described in detail
and analyzed through a scenario type study
answering 'What-if' questions. The most commonly
applied technique for the farm household models are
(multiple goal) linear programming techniques. It isa
relatively straightforward way to tackle the scale
problems. Land use decisions are mostly taken atthe
farm level, and since it is impossible to study each
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individual farm, results are based on generalized
farm types. The question - i.e., what is the effect of
agricultural policies on the agricultural sector - can
only be answered after aggregating the results to the
regional level. In the case of linear programming
models this is in most cases done in a linear way.
The main constraint of these models is that the interaction between farming systems is not considered
and they assume a certain 'optimal' behavior of
farmers.Thisiscertainly not always thecase.

Gérard et al. (1994) is a partial equilibrium model
developedto evaluate responsetrends on agricultural
production and food consumption as a result of
policy changes. An obvious disadvantage is that the
models are not spatially explicit. As a result it is extremely difficult to link this kind of models to biophysical models to determine, for example, the environmental effect of agricultural activities.

Case5:Simulation Model for Agricultural
Decision Making

Case3:Regional Optimization Model
Regional optimization models have been
developed in different forms. Some applications
show the direct link with the farm household models
and incorporate the farm level (Schipper et al. 1995),
others consider a large region as one large farm
(WRR 1992). The potential impacts of such a generalization were found to be considerable (Jansen and
Stoorvogel 1998). Almost all models share the same
objective: explore possible changes in agriculture
land use asa result of changes in the biophysical or
socio-economic environment These changes can be
induced by agricultural policies. Note that most applications of regional optimization models are already acombination of anumber of tools. Resources
are spatially explicit and stored in a GIS environment, input/output matrices describe land use systems and the optimization of agricultural land use
takes place by a (linear) programming model. The
models can work at different levels of aggregation.
USTED, for example, considers actual constraints at
the farm level by optimizing for different farm types.
SOLUS and SysNet work at a higher aggregation
levelthatdoesnot include the actual farmstructure.

Case4:Agricultural Sector Models
Although many factors need to be considered
when analyzing agricultural policies, we may identify situations where complex methodologies simply
reflect simple production functions. Complexity
should not be a goal, we have to be realistic and
needto include factors in our models that play a role
for the specific analysis. The farm level may, therefore, be left out at higher levels of analysis. Agricultural sector models do exactly that and analyze the
agricultural sector as a whole. In many cases, the
analysis is based on general relationships found in
the agricultural sector. The Multi-Level Analysis tool
for the Agricultural Sector (Mata) developed by

Land allocation and management decisions are
taken at the farm level. As a result it is important to
consider this level in aland useanalysis tool, evenat
the regional level. If we want to evaluate the expected changes in land use or, asdone in astudy by
Antle et al. (1998) trade-offs between economics,
environment and human health, we can not discard
this level of analysis, even if it is a heavy burden on
datarequirements.
Political pressure to identify a set of sustainable
production technologies implies that there must be
some means of ranking the importance of the various
impacts. Ranking technologies according to multiple
criteria requires amethod of converting these criteria
to a common unit of analysis. One approach is to
utilize multi-attribute decision models, i.e., to assign
weights to the alternative outcomes. This raises the
question of what weights to use. The economic approach to this problem is to convert all impacts to
monetary terms and to use this information to conduct a benefit-cost analysis. However, despite
decades of research on valuation of environmental
and health outcomes by environmental and health
economists, a scientific consensus on valuation
methods is lacking, and data for valuation of most
environmental and health impacts are not readily
available, particularly in developing countries. Even
when monetary valuations are feasible, their acceptance by the public or by policy decision makers is
often questionable (e.g., in the United States, federal
government agencies may not accept results from
contingent valuation studies, see Beizer 1999). The
philosophy underlying the Tradeoff Model is that a
more useful approach to informing the policy decision making process isto establish a sound scientific
basisfor quantifying trade-offs that exist with alternative production systems, without attempting to value
impactsfor benefit-cost analysis.
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DISCUSSIONAND CONCLUSIONS
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The five cases illustrate the very different ways
that regional land useanalysis can becarried out. All
the methods have pro and cons and are based on
different techniques. The variety in tools is a logical
consequence of differences in questions that need to
beansweredand in the boundary conditions that are
set during the development of the methods. The development of operational tools is therefore not restricted to the development of asingle methodology.
Each of the different methodologies can be lessspecific tothesituation anddeveloped inamore generic
way. This facilitates the application in other studies.
Only if this last, crucial, but difficult task is accomplished, can we actually say that tools for regional
land use analysis are available for specific applications. Currently, few operational methodologies are
available for regional land use analysis. Most
methodologies are very specific for the specific conditions in which they have been developed.
Methodologies for regional land use analysis can
only become operational if a number of aspects are
kept inmind:
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•

Stakeholders play akey role in theformulation of
research. They are the future users of the results
and needto be consulted in an early stage of the
project. Ideally they are the actual initiators of
the project.

•

The analysis of regional land use requires a
multi-disciplinary research effort. A more holistic
view in disciplinary research is required to enable the linkages. Disciplinary research to study
specific components of the system will always
play akeyrole in regional landuseanalysis.

•

Data limitations are often a heavy burden on
regional projects. During the development of
methodologies, minimum data sets need to be
defined that allow users to easily identify the
necessary data collection.

•

Develop atoolbox for regional land useanalysis.
For the toolbox to become effective, 'plug and
play' technology needsto be developed.This includes data standards for both biophysical and
socio-economic data but also requires the
development of more generic tools.

•

More attention to the presentation of results
making use of current ICT developments but
certainly theneeds by policymakers.
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