Regional land use analysis: The development of
operational tools
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Abstract

Regional land use analysis plays a key role in the analysis of agricultural policies, However, few
operational tools for regional land use analysis are avaifable. Current developments in regional land use
analysis are rather ad hoc. More generic methodologies are required o effectively answer questions by
policymakers, The analysis may require methods to explore, project and predict agricultural land use.
An all-encompassing methodology seems unrealistic. A toolbox for regional land use analysis is pro-
posed. The tools {including, e.g., data base management systems, GIS and economic modeis) can be
linked in such a way that they can carmy 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 in an early phase of the
analysis may set priorities and determine the selection of tools. Results of the analysis need to be pre-
sented in such a way that they are appealing to the stakeholders. Only then can they be transferred

effectively.

INTRODUCTION

With an increasing pressure on land, it becomes
ever more important for policymakers to keep track
of land use changes and, if necessary, to influence
these changes according to their specific objectives
through agricultural policies. Agricuiftural policies
can be used to avoid land use cenflicts, minimize
adverse environmental effects and maintain or in-
crease agricultural production. The main question in
the development of agricultural policies is to know
possible changes and opticns for land use and to
predict the effect of agricultural policies through re-

spectively projective, explorative and predictive land
use studies. In this paper, we will discuss regional
land use analysis as a tool for policymakers and fo-
cus on policy-oriented, forward-looking studies, A
major question that we will pose is whether we have
tools available that are operational and, if not, what
is required to develop them?

Several methodologies have been developed in
the past to project (e.g.. CLUE by De Koning et al.
1999), explore {e.g.. SysiNet by Hoanh et al. 1998;
SOLUS by Bouman et al. 1999), and predict (e.g..
Tradeoff Analysis model by Crissman et al. 1998)
agricultural land use. However, the process of
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defining and selecting policies does not end with the
projection of trends nor with the exploration of op-
portunities. To effectively develop. select and im-
plement agricultural policies we need to project,
explore and predict agricultural land use (Van
Itersum 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. De-
spite many commonalties, the available methodolo-
gies are based on very different procedures. Some
apply linear programming techniques (e.g., SysNet
and SOLUS), others are based on statistical tech-
niques (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,
As a result, they are not very generic. Basic concepts
and procedures are available and each particular
project dealing with regional fand use analysis takes
a number of techniques from the shelf and starts
creating their own application,

The development of a user sheil over different
crop growth simulation models (lones et al. 1998)
together with the appropriate data standards (Hunt
and White 2000) has plaid a crucial rofe in the rapid
developrnents in the field of land use analysis at the
field level. To gear the development of toals for re-
gional land use analysis, a similar thrust needs to be
made in which the International Consortium for
Agricultural Systemns Applications (Ritchie 1985) can
play an important role. Standards for database for-
mats need to be developed together with more ge-
neric versions of regional land use analysis tools. Are
there opportunities? The requirements are centainly
different and probably more diverse than data stan-
dards for crop growth simulation models. [n this
paper, we waould like to explore the opportunities for
the deveiopment of operational tools. First, we de-
scribe a number of basic concepts, then we discuss

regional land use analysis by way of a number of
case studies.

BASIC CONCEPTS

Actors and Stakeholders

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

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
devetopment.. Despite studies that are strictly scien-
tific 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 in the region that to some extent play a
role in the agricultural sector. Farmers, for example,
make land allocation and land management deci-
sions and, as a result, play a key role in agricuftural
{and use. They are, however, not the target group
that will use directly the resuits and methodologies of
regional land use studies and, consequenily, they are
referred to as actors and not as stakeholders. Many
tools for regional land use analysis are deveioped to
answer questions raised by regional or national poli-
ticians and as a result they are among the main
stakeholders of the study.

Model Objectives

Policy-oriented, regional land-use studies are of-
ten sub-divided on the basis of their objectives into
explorative, projective and predictive models (Van
Ittersum et al, 1999). Explorative studies determine
what can be done where and when. Agricuttural land
use is restricted by numerous biophysical and socio-
economic constraints. As a result, we cannot do
everything everywhere at any time. The window of
opportunities, hereafter referred 1o as the opportunity
space, includes the range of all possible options. 1t
includes outcomes of decisions, which are not per-
ceived by the stakeholder or not considered viabie in
terms of their ability to access them. In contrast to the
opportunity space, there is the decision space, which
refers to the range and nature of the options the
stakeholders consider being relevart and potentially
achievable (Lemon 1999). Ideafly, decision space
and opportunity space coincide, but reality shows
that the two spaces only partially overlap. As a result
three specific situations are identified by the pantially
overlapping opportunity space A and the decision
space B {schematically represented in Figure 1).

ANB: Options that are viable (within the opportu-
nity space A} and that are considered relevant and
potentially viable by the stakeholder(s) (within the
decision space B).



Oppaortunity space

Figure 1. Schematic representation of the overlapping oppor-
tunity space and decision space.

ANB: Options that are viable (within the opportu-
nity space A) but that are not considered to be
refevant and potentially viable by the stakeholder(s)
(outside the decision space B).

ANB: Options that are considered to be relevant
and potentially viable by the stakeholder(s) (within
the decision space 8), but that are not viable {outside
the opportunity space A),

Explorative land use studies show the opportunity
space to the stakeholders. It pinpoints to viable op-
tions the stakeholders are not aware of and to 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.
The decision space of farmers whilst taking their land
aHocation decisions is composed of the existing or
known land use systems and technologies. The intro-
duction 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 cerain farm practices
seriousty degrade the farms’ resources and as a result
are not feasible in the long term. Each of the actors
take decisions and for each of the decisions they ook
in their specific decision space.

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 range of policy aiternatives as weil as alterna-
tive land use scenarios.

Projective models study past land cover and land
use changes in relation to biophysical and socio-
economic parameters and praject future trends given
certain changes in the parameters. Due to their in-
herent characteristics, projective  models  are
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generally unable to capture abrupt changes in agri-
cultural land use due to, for example, natural disas-
ters, the collapse of markets, or the introduction of
completely new agricultural technologies. Never-
theless, projective studies are extremely important to
policymakers since they indicale the possible
changes without interventions. Policymakers can
subsequently decide whether these trends are desired
or not and whether they want to intervene with agri-
cultural policies.

Finally, predictive models have been developed
that actually predict 1and use changes as a result of
agricultural policies. Predictive land use studies an-
swer scenario type 'What-if' questions and indicate
where agricultural land use will move within the op-
portunity .space after implementing a certain agri-
cultural policy. Due to uncertainties in the prognoses
of many drivers governing land use change, predic-
tive models can only be applied with a short time
horizon.

These three groups of models have a farge com-
plimentary value. Explorative models identify the
possibilities in the opportunity space, projective
models indicate what will happen to agricultural
land use il trends cortinue, and the projective
models define the likely impact of agricultural policy.

Policy Instruments

Stakeholders have an array of alternative policy
instruments available that allow them to move agri-
cultural land use within the opponunity space ac-
cording to their specific objectives, A large number
of policy instruments can be identified. Some exam-
ples from lemon (19589), Van Keulen et al. (1398)
and Wiebe and Meinzen-Dick {1398} are give below.

Macro-economic policies.
s  Price liberalization

» Removal of quantitative and administrative
trade barriers

¢ Redefining the role of the government

Price poiicies.
¢ Subsidies on agricultural inputs and/or
products

+ Price support that guaranties prices for agri-
cultural products

Regulatory instruments.
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s Environmental regulation for pesticide andfor
nutrient emissions

s Banning of certain

{pesticides}

agricultural  inputs

Instrurnents focused on the farmer.

» Management support through for example the
extension service

s Technological support that enables farms to a
better access to production technologies

» Economic support enabling farmers to obtain
credits or crop insurance

s land tenure

Agricultural policies, typically, are composed out
of ane or more policy instruments. Regional land use
studies should be able to indicate the (possible)
changes that one or a combination of policies will
induce. Besides considering the possible conse-
quences of agricultural policies, stakeholders have 10
look for paolicies that are socially acceptable and
economically viable. Regulatory instruments, for ex-
ample, are only successful if they can be enforced.
They will, therefore, not be a feasible solution in
many developing countries.

Tools for Regional Land Use Analysis

For the development of methodologies for re-
gional land use analysis we have a large number of
tools available that can be used to reach our objec-
tives. We distinguish between methodologies and
tools. For a specific objective we may need a
methodology that comprises 8 number of tools. Tools
for regional land use analysis include programming
models, statistical models, and simulation models,
but aiso tools for data management (data base
management systems, geographical information sys-
tems), biophysical models to estimate crop produc-
lion and solute flows, and tools for the estimation of
input  parameters for  cropping systems.
Methodologies comprise a number of these tools that
are linked in a specific way to serve the objective of
the study.

THE IMPLEMENTATION OF REGIONAL
LAND USE ANALYSIS

Researchers face a number of challenges in im-
plementing regional land use anatysis. Despile the
widespread acceptance to aim for sustainable

agricuitural land use, a scientific consensus is lacking
on how the economic, environmental, and public
health impacts of agricultural palicies can be quanti-
fied and assessed (Crissman et al. 1998). Analysis of
these complex, imterretated issues raises a number of
difficult theoretical and methodological probiems.
Regional land use analysis involves issues addressed
by various fields of science and thus requires a mufti-
disciplinary approach. Overcoming disciplinary
biases and establishing effective inter-disciplinary
communication is a continuing challenge. Another
major issue deals with the validation of the
methodologtes for regional land use analysis. Valida-
tion 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 an objective manner.

General Structure

Regional land use analysis can only be carried out
through intensive  multi-disciplinary  research.
Crissman et al. (1998) defined an organizing princi-
pal and conceptual model for the design and organi-
zation of muli-disciplinary research proiects.
Although they focused on the quantification and as-
sessment of competing objectives in agricultural pro-
duction systems in terms of trade-offs, the principlies
seem to have more general validity. This process is
itlustrated in Figure 2 and comprises three major
steps:

1. At the start of a project a joint effort by re-
searchers and stakeholders is required to set research
pricrities. Within this priority setting it is important
that researchers become aware of the opportunity
space, the current trends and possible changes in-
duced by agricultural policy. This has to be done in
extensive brainstorming sessions and a review of past
studies. The major objectives of the study in combi-
nation with available resources (including existing
data) will determine the focus of research.

2. f the outline of the general objectives is de-
fined, 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 aiso include
the selection of the appropriate tools. Belore 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 a short notice, leaving little data for extensive data
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Stakeholders Researchers
Identify sustainabiity indicators
Ragez_d\
(where to go with agriculfure)
Identify disciplines for research project
¥
Idenify medes and data neeads;
define units of analysis
* Project design
Coliect data; o
- o rplementation
Integrate: disciptinary findings
Present results i stakeholders

Figure 2. A structure for the implermnentation of regicnal land
use analysis.

collection efforts, Finally, special efforts are neces-
sary to integrate disciplinary findings.

3. The resuits need to be presented in such a way
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 the results to the relevant stakeholders.

Although the above scheme seems a rather linear
and static approach to regional land use analysis, its
strength ¢an be found in a fiexible application with
numerous feed back {oops.

A critical elerment in each research program is for
aH disciplines to agree upon basic spatial and tempo-
ral units of analysis. Different disciplines operate tra-
ditionally 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 processes take
place at large scales {crop growth, pesticide leaching)
while others take place at small scales {policy issues),
These processes need to be studied at the corre-
sponding scale level. As a result, different compo-
nents of the analysis use different units of analysis,
thus procedures need to be defined to link the
different analyses. Agricuitural policies deal with
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refatively 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 resuits are to be useful for
policy analysis. While much emphasis has been
placed on the problem of spatial aggregation, similar
problems arise in the time dimension,

Disciplinary research typically operates in a for-
mat dictated by disciplinary orientation and
generates data intended to satisfy disciplinary objec-
tives. This disciplinary orientation of research leads
ta a situation in which various pieces of the scientific
puzzie 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 pro-
cess of exploring and predicting agricullural land
use. Analysis at the regional or national scaie is even
more difficult than analysis at smaller scales, such as
a watershed,

Data Standards

Data standards are the key elements for the suc-
cess of methodologies for regional land use analysis.
Onily with appropriate data standards the various
toals are able to communicate. The data standards
applied in the Decision Support System for Agro-
technology Transfer (DSSAT, iones et al. 1898) are an
excellent example to illustrate the importance of data
standards. However, DSSAT focuses on crop growth
simulation models only and the data are {imited to
the biophysical environment of crop growth. If data
standards are not availabie, data need to be ‘'trans-
1ated’ before tools can communicate. The transiation
programs make the linkages of tools a rather cumber-
some undertaking. Regional land use analysis re-
quires data standards for a large number of discipli-
nary data sets and they have to be scale independent.
As a result, the requisites are much more demanding.
The initial investrent may, however, pay-off in a
later stage when it becomes relatively easy to link the
different tools. Numerous efforts have been done in
the past to standardize soil and climatic data. How-
ever, littte has been done for the storage of economic
data,

Moadel Structure

Despite the fact that there is a whole aray of
models for regional land use analysis, there are four
major groups: statistical models, econometric

5



Proceedings - The Third International Symgposium on Systems Approaches for Agricuitural Development

models, programming models, and simulation
models. it will be extremely difficuit to make a ge-
neric structure for each of these models. Neverthe-
less, 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-tableau with alternative land use systems,
a set of constraints in terms of resources, and an cb-
jective 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 ather
hand do not consider price efasticity. The major
question is whether we can generalize the LP tableau
in such a way that it is applicable in the differemt
case studies.

Toolhox

A tooibox 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
of data standards {as done for crop growth simulation
models by Hunt and White (2000)), but aiso through
a user shell that transiates the output from one tool to
the input of another, or through a combination of
both. The concept of a toolbox is relevant if a num-
ber of basic criteria are fulfilled. First of all, data
standards are required that are used by all the tools
in the toolbox. Secondly, procedures are necessary to
bridge the gaps between different hierarchical scale
levels. Finally, the appropriate tools are necessary to
present the resuits 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 adap-
tation to the tools themselves. The output of one tool
autornaticaily functions as the input for another.

CASE STUDIES FOR REGIONAL LAND USE
ANALYSIS

To illustrate the possibilities of regional land use,
studies and efforts that has been accomplished in the
past a number of case studies will be discussed,

Case 1: 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

use and project the trends to the future. Although we
can use rather straightforward statistical techniques,
we can also make use of more advanced procedures,
De Koning et al. (1999) present a multi-scale
madeting 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 deter-
mination of drivers behind land use change at
different scale levels. The methodology, denomi-
nated CLUE (Conversion of Land Use and its Efects),
has been applied in case studies for Costa Rica,
Ecuador and China,

The methodology is based on a statistical analysis
of past land use. Land use changes are analyzed and
correlated with a number of potential drivers for land
use changes such as biophysical and socio-economic
characteristics.

Since relations can be specific to a certain scale
level, the analysis is carried out for different tevels 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 has to be adapted accordingly.

The methodology clearly illustrates what can be
dane through the projection of past land use towards
the future. This kind of projective analysis is crucial
since it may pinpoint 1o specific problems that may
arise in the future and to areas that are most suscep-
tible to present problems. In addition, it indicates the
major drivers for these changes. These drivers may
indicate which policies are most likely to be suc-
cessful to turn the tide.

Case 2: Farm Household Maodels

Farm household models are frequently applied for
regional land use analysis (see for example Kruseman
and Blade 1998). The question they try to answer is
how farming systerns will react to regional policies.
The almost infinite number of farms within a region
is generalized 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. 1t is a
refatively straightforward way to tackle the scale
problems. Land use decisions are mostly taken at the
farm level, and since it is impossible to study each



individual farm, results are based on generalized
farm types. The guestion - i.e., what is the effect of
agricultural policies on the agricuitural sector - can
only be answered after aggregating the results 10 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 inter-
action between farming systems is not considered
and they assume a certain ‘optimal’ behavior of
farmers. This is certainly not always the case.

Case 3: Regional Optimization Model

Regional optimization models have been
developed in different forms. Some applications
show the direct link with the farm household modeis
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 gener-
alization were found to be considerable (lansen and
Stoorvogel 1998). Almost all models share the same
objective: explore possible changes in agriculture
land use as a result of changes in the biophysical or
socio-econormic environment. These changes can be
induced by agricultural policies. Note that most ap-
plications of regional optimization models are al-
ready a combination of a number of tools. Resources
are spatially explicit and stored in a GIS environ-
ment, inputfoutput matrices describe land use sys-
tems 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
level that does not include the actual farm structure.

Case 4: Agricultural Sector Models

Although many factors need to be considered
when analyzing agricultural policies, we may iden-
tify situations where complex methodologies simply
reflect simple production functions. Complexity
should not be a goal, we have to be realistic and
need 1o include factors in our models that play a role
for the specific analysis. The farm level may, there-
fore, be left out at higher levels of analysis. Agricul-
tural sector models do exactly that and analyze the
agricultural sactor as a whole. In many cases, the
analysis is based on general relationships found in
the agricultural sector, The Muiti-Level Analysis tool
for the Agricultural Sector (Mata) developed by
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Gérard et al. (1994) is a partial equilibrium model
developed to evaluate response trends on agricultural
production and food consumption as a result of
policy changes. An cbvious disadvantage is that the
models are not spatially explicit. As a result it is ex-
tremely difficult to link this kind of modeis to bio-
physical models to determine, for example, the envi-
ronmental effect of agricuitura! activities,

Case 5: Simulatidn Model for Agricultural
Decision Making

Land allocation and management decisions are
taken at the farm level. As a result it is important to
consider this level in a land use analysis tool, even at
the regional level. if we want 1o evaluate the ex-
pected changes in [and use or, as done in a study 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 & heavy burden on
data requirements.

Potitical pressure to identify a set of sustainable
production technologies implies that there must be
some means of ranking the impartance of the various
impacts. Ranking technologies according to multiple
criteria requires a method 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 aiternative outcomes. This raises the
question of what weights to use. The economic ap-
proach to this problem is to convert all impacts to
monetary terms and to use this information to con-
duct a benefit-cost analysis. However, despite
decades of research on valuation of environmental
and health outcomes by environmental and heaith
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 accep-
tance by the public or by policy decision makers is
often guestionable {e.g., in the United States, federal
government agencies may not accept results from
contingert vaiuation studies, see Belzer 1989). The
philosophy underlying the Tradecff Model is that a
more useful approach to informing the policy deci-
sion making process is to establish a sound scientific
basis for quantifying trade-offs that exist with alterna-
tive production systems, without attempting to value
impacts for benefit-cost analysis.
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DISCUSSION AND CONCLUSIONS

The five cases illustrate the very different ways
that regional land use analysis can be carried out. All
the methods have pro and cons and are based on
different techniques. The variety in tools is a lagical
consequence of differences in questions that need to
be answered and in the boundary conditions that are
set during the development of the methods. The de-
velopmem of operational tools is therefore not re-
stricted to the development of a single methodology.
Each of the different methodologies can be less spe-
cific to the situation and developed in a more generic
way. This facilitates the application in other studies.
Only if this last, crucial, but difficult task is accom-
plished, can we actually say that tools for regional
land use analysis are available for specific applica-
tions. Currently, few operational methodologies are
available for regional land use analysis. Most
methodologies are very specific for the specific con-
ditions in which they have been developed.
Methodologies for regional land use analysis can
only become operational if a number of aspects are
kept in mind:

e Stakeholders play a key role in the formulation of
research. They are the future users of the results
and need to be consulted in an early stage of the
project. Ideally they are the actual initiators of
the project.

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

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

+ Develop a tootbox for regional land use analysis.
For the toolbox to become effective, 'plug and
play’ technalogy needs to be developed. This in-
cludes dala 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 buwt
certainty the needs by policymakers.
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