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Abstract

The growing concern about land resource management and the associated
decline in land qualities, has led to the realisation that land use planning and
policy problems cannot be addressed adequately through a single discipline.
This awareness has resulted in renewed attention for integrated,
interdisciplinary approaches. It is argued that such an integrated,
interdisciplinary appreach to problems of land use planning and policy analysis
is specifically hampered by lack of an adequate methodology. Although the
limitation is increasingly recognised in the various disciplines, relatively little
attention has been paid to the question of how to integrate agro-ecological and
socio-economic aspects of land use. The study reported here, contributes to
development and Operationalisation of a land use planning and policy analysis
methodology that integrates agro-ecological and agro-economic information in
such a way that land use policy options at sub-regional level can be formulated
and evaluated with the aim of aiding policy makers.

The study starts with a critical review of the current state of the formal tools of
land use planning with particular emphasis on their strengths and weaknesses
to integrating bio-physical and socio-economic analysis, stating a need for an
alternative integrated methodology, with due recognition of the obstacles and
challenges this involves. After a thorough literature search, conceptual and
methodological challenges that stand in the way of integration are analysed and
described. The basic structure of the framework to a methodology for
integrating bio-physical and socio-economic analysis in land usc planning and
policy analysis is developed and outlined.

The integrated framework derives its conceptual foundation largely from an
adaptation of the theory of economic policy of agricultural sector analysis, the
systems analytic approach, and the concepts of regional planning, to land use
planning and policy analysis. The procedure of building the methodological
framework is structured in a set of interrelated blocks (sub-frameworks). Each
sub-framework of the methodology actually contains a number of steps, and
requires a number of tools and/or methods for its Operationalisation. The sub-
frameworks of the methodology are further developed and operationaliesd for a
case of Amol sub-region in Iran.

After an identification of limitations of existing farm classification procedures,
an alternative methodology is developed and outlined. The main purpose for
farm classification methodology is to reduce aggregation errors, while
integrating farm level with aggregate level of analysis. The methodology
combines various clustering methods and proximity measures to group farms on
the basis of operational parameters that reflect conditions necessary for exact
aggregation. The methodology builds a step-by-step search procedure through a
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set of possible classifications to identify one that fits the purpose reasonably
well. The methodology is illustrated for Amol Township. It allows generating
and testing alternative classifications each with different resultant farm types.

The study argues that land has a very strong socio-cconomic components that
are not dealt with in the land unit concept and, therefore, a more integrated unit
is defined. For this purpose the concept of “farm type land unit (FTLU)” is
introduced. A FTLU is considered to be a farm type’s share in a particular land
unit or, alternatively, a land unit share in a particular farm type. The concept of
FTLU is operationalised by establishing a (partial) link between geographic
information system (GIS) and classification models. This link allows mapping
of farm types and then linking them spatially with land units.

An integrated approach to definition and description of land use systems, and
quantification of their input and output coefficients is presented. The approach
presented here considers land use systems as integral systems that include both
bio-physical and socio-economic components. The concept ILUS is proposed for
a specific form of describing a land use system. The term ILUS is defined as a
unique combination of a farm type land unit (FTLU), a land use type (LUT),
and a production technique. ILUSs are described in terms of operation
sequences. Such a description then serves as a basis for the calculation of the
required input-output coefficients. Each unique operation sequence within a
ILUS can be interpreted as a specific (land use) activity. Each activity is
defined and described quantitatively in terms of input and output coefficients
which quantify the relation between inputs of production and the outputs,
desired as well as undesired.

Information on bio-physical and socio-cconomic components of land usc
systems is then confronted in an integrated land use planning and policy
analysis (ILUPPA) model. The linear programming model. ILUPPA is a
mathematical programming model in terms of solution technique, however, it
is best described as a behavioural simulation model. It attempts to describe
how farmers will react to certain classes of policy instruments that may
influence their land allocation decisions. ILUPPA generates alternative land
use policy options through the definition and description of various land use
policy scenarios, corresponding to various policy instruments.

Because the purpose of the model is to generate sustainable land use policy
options, various land use scenarios corresponding to different policy instruments
are defined. On the basis of these scenarios, the model generates a number of
feasible land use policy altematives with their associated ILUSs and
corresponding input and output coefficients. A multi-criteria evaluation technique
is applied to rank the set of alternative land use policy scenarios, and hence to
assist policy makers in selecting the “best” or the most preferred land use
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alternative or to facilitate a movement towards a consensus. To take into account
the multiple and conflicting views, various preferences or priorities are included
in the evaluation.

The rankings of the wvarious policy scenarios, from different policy
perspectives, are presented. Results show, that, for the specific situation of
Amol sub-region and under the assumed policy views: non-price policy
instruments are more e¢ffective in bringing about the desired changes and in
achieving policy objectives; when more priority is given to environmental
protection, the present situation, as reflected by the base scenario, is ranked
most unfavourable; and the 'land consolidation' scenario is a good compromise
among the different policy views.

In conclusion, the proposed methodology proves to considerably reduce the
aggregation errors when compared to the existing modelling approaches in
land use planning and policy analysis and is therefore expected to make a
significantly positive contribution to improved guality of agricultural planning
and policy analysis. Some degree of aggregation is, of course, inevitable to
facilitate modelling and to restrict the costs of the analysis to ‘reasonable’
levels. Implementation of the proposed methodology requires a large database
and the gains in precision of the analysis must be balanced against the higher
costs of developing and implementing the methodology.
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Chapter 1

Towards an Integrated Approach in Land Use Planning
and Policy Analysis

1.1 Background

It needs no arguing that more than ever before in the course of human history,
the way people use the land has become a source of widespread concern for the
future of the world. There is bound to be conflict over land use. The demand
for land exceeds the resources available and, even where land appears to be
plentiful, many are denied access or receive inadequate benefits from its use
(FAO, 1993). Land in developing and developed countries is increasingly
subject to population pressure, soil degradation and pollution. The need for
improved ways of using land resources is widely recognized (see for instance
Van Lier et al., 1994; and Stomph ct al., 1994).

In recent years, sustainability has become a key notion defined as the
successful management of resources for agriculture to satisfy changing human
needs while maintaining or improving the quality of the environment and
conserving natural resources (TAC, 1988). Today, one is witnessing a situation
of changing demands on land use, and of growing concerns about
environmental issues. Under these conditions, designing sustainable land use
systems capable of meeting qualitatively and quantitatively expanding needs of
the population in developing countries, presents an enormous challenge to all
those concerned: policy makers, planners, scientists and last but not least, the
population itself (Fresco et al, 1992).

Evidently, solving land use problems requires contributions from various
disciplines and involves several levels of aggregation. Tensions between
aggregation levels and also between disciplines frequently occur (Rabbinge and
Van Ittersum, 1994). Moreover, land use problems deal with multi-purpose use
of land, trade-offs between different functions of the land, and conflicting
interests among different categories of stakeholders and between individual and
collective goals and needs (Van Diepen et al., 1991). More than ever, therefore,
the need for an integrated approach in land use planning and policy analysis is
evident to assist in optimizing land use by identifying the conditions in which
specific agro-economic and agro-ecological goals can be met.
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It is argued that an integrated approach to sustainable land use is specifically
hampered by the lack of adequate research methodology (RAWQOQ, 1989). The
crux of the argument is that an integrated approach is essential if scientific
research is to make an effective contribution to protecting and restoring natural
resources. This research aims to contribute to developing a land use planning
methodology that integrates agro-economic and agro-ecological information in
land usc planning with the aim of supporting and aiding policy makers to
formulate and evaluate sustainable land use options at regional level.

1.2  The problem of integration

Various tools and techniques with different orientations (agro-ecological and
agro-economic) have evolved to assess and analyze production potentials of
land and farms, in support of the land use planning and policy analysis. Among
these, land evaluation (FAO, 1976), farming systems analysis (Byerlee and
Collinson, 1980) or a combination of land evaluation and farming systems
analysis (Fresco et al., 1992) are the most elaborate and, in many ways, seem
the most promising. A critical review of the current state of these tools with a
particular view to their strengths and weaknesses to integrating bio-physical
and socio-economic information for analysis and planning of sustainable land
use is briefly presented and discussed. This review is necessary for justifying a
need for an alternative methodology, and for profiting from the contributions of
these tools and overcoming their shortcomings with regard to the integration of
socio-economic and bio-physical components of land use analysis.

1.2.1 Land evaluation (LE)

Land evaluation (LE) was developed as a physical land assessment by soil
survey specialists; it has broadened during the last twenty years by the
inclusion of some socic-economic aspects (Van Diepen et al., 1991). Over the
years, a variety of evaluation procedures has been proposed to cope with the
complexity of land and its use. Contributions were brought together in a series
of meetings, starting in 1973, culminating in the publication of the “Framework
for Land Evaluation” by the Food and Agriculture Organization (FAO) of the
United Nations in 1976. This Framework sets out basic concepts, methods and
procedures for land evaluation that are claimed to be “universally valid,
applicable in any part of the world and at any level, from global to single
farm”. Land evaluation is concerned with the assessment of land performance
when used for specified purpose (FAO, 1976). In land evaiuation, analysis of
land suitability combines a study of land (properties) with a study of land use
and determines whether the compounded requirements of land use are
adequately met by the compounded properties of the land (Driessen and
Konijn, 1992).
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The Framework has been followed by a series of subscquent guidelines for:
rainfed agriculture (FAOQ, 1983); forestry (FAO, 1984); irrigated agriculture
(FAO, 1985) and extensive grazing (FAO, 1987). These guidelines provide an
expansion of the basic concepts and details on the operational aspects of the
procedures recommended in the Framework. The FAO Framework for Land
Evaluation (FAO, 1976) has become the most quoted reference in land
cvaluation, and most authors agree on its importance for the development of
land evalvation as a discipline. Beek (1980), for example, describes the
Framework as a milestone in the evolution of a realistic approach to land
evaluation.

Formal methods of land evaluation in the context of land use planning, have
been critically reviewed by, for example, Stomph and Fresco (1991); Van
Diepen et al. (1991); Fresco et al. (1992); Sharifi (1992); Erenstein and
Schipper (1993); Hengsdijk and Kruseman (1993), Huising (1993); Kruseman
et al. (1993); Alfaro et al. (1994); Bronsveld et al. (1994); Van Duivenbooden
(1995); and Schipper (1996). From these reviews, problems related to
integrating socio-economic and bio-physical information, emerge as the major
constraints for successful land evaluations. In addition methodological,
operational, logistic and administrative constraints play a role.

Of major concemn here is why do land evaluations so often fail to fulfill their
promise to serve as a tool for integrating bio-physical and socio-economic
disciplines in support of land use planning? In the following an attempt is made
to find answers to this question with reference to the previous reviews.

— LE is primarily concerned with land, and identification of the best use of
each piece of land is its prime goal. People are considered to the extent
that they participate in land use, and then not as actors but as management
skill or labour. In this way, the concept of land is reduced to a set of bio-
physical or ecological characteristics or propertics alone. Purely socio-
economic characteristics are not included in the concept of land.

— InLE it is stated clearly that selected land use types should be physically
and socio-economically relevant to the local area concerned. However, in
practice this requirement is not sufficiently met, especially with regard to
the socio-economic aspects. Socio-economic information is included in
the description of land use types, but that information is not used in an
operational way in the suitability assessment procedures.

—~ LE ignores possible relations between land use types within the context of
the farm, in the sense that the allocation of resources to some kind of land
use type may withdraw resources from others and that farmers will
optimize land use at the farm level and not at plot level, given their own
specific constraints and potentials.



— LE procedures are not designed to contribute to decision making in
situations where conflicts arise among various groups of stakeholders
and/or between individual and collective goals and needs.

— LE procedures do not take sufficiently into account potentials and
constraints of the local land users by whom decisions regarding land use
are made.

— LE procedures do not provide guidelines for comprehensive
environmental impact assessment, and do not discuss rules for
operationalising the sustainability concept.

In summary, land evaluation treats socio-economic aspects with a great deal of
generality and particularly omits the farm as a decision-making unit and
neglects or ignores the intrahousehold allocation of resources. Many suitability
assessments, although relevant, are therefore less applicable for land use
planning, and certainly for implementing proposed land use changes (Fresco et
al., 1992; Erenstein and Schipper, 1993; Schipper, 1996). Notwithstanding
these problems and constraints, there are considerable potentials, merits and
contributions for land evaluation procedures to serve as one¢ of the tools for
land use planning. These potentials and contributions can be summarized in the
following (Beek, 1978; Driessen and Konijn, 1992; Van Lanen, 1991; Fresco et
al., 1992; Hengsdijk and Kruseman, 1993; Stomph et al., 1994):

— LE looks at the bio-physical potentials for the use of land which is an
important starting point for land use planning. These potentials are based
on an evaluation of physical and biological resources. This gives land use
planning a more thou base to link bio-physical aspects to socio-economic
ones.

— LE has been successful in developing quantitative methods for assessing
the bio-physical potential of land and linking up with quantitative system
analysis. The qualitative assessment of the bio-physical potential of land is
gradually replaced by quantitative methods.

— LE has a strong geographical orientation. It emphasizes mapping, and has
recently integrated some of the geographic information systems
methodology.

1.2.2 Farming systems analysis (FSA)

Almost concurrently, but entirely separately, the concept of farming systems
analysis (FSA) evolved, in which agronomists and agro-socio-cconomists
played an important role (Fresco et al., 1992). FSA emerged in response to the
concern over the increasing gap between the yields obtained on experimental
fields and actual farmer yields. This led to the awareness that higher crop yield
potentials alone can not account for development (Hengsdijk and Kruseman,
1993). Attempts to find a better way to take into account all elements that
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influence the farmer in his decision-making process has led to the development
of farming systems analysis and farming systems research. FSA deals with
understanding of the structures and functions of farming systems, and the
analysis of constraints to agricultural production at farm level (Fresco, 1988). It
can be defined as the body of knowledge that is concerned with diagnosis and
analysis of farm level variables (Fresco et al., 1992). It is restricted to the farm
level and focuses on specific cropping systems and their interactions
(Stoorvogel et al., 1995).

Concepts, methods, and procedures used in FSA are described, for example, in
Byerlee and Collinson (1980), Conway (1985) and Norman and Collinson
(1985). A distinguishing feature of farming systems analysis in comparison to
most classical research in agriculture is its attempts to integrate the results of
various disciplines, in order to understand the linkages between the agro-
ecological and socio-economic aspects of a farm. It distinguishes between
systems at various hierarchical levels, ranging from crop system to the higher
level of land use systems (Fresco et al., 1992). The contributions of farming
systems analysis to land use planning arc (Fresco et al., 1992; Hengsdijk and
Kruseman, 1993):

- FSA gives insight in farm level constraints and potentials and thus can
identify the bottlenecks and the possibilities for intervention.

- FSA opens up a dialogue with farmers who are, after all, both the real land
users and the end users of the results from the whole land use planning
process.

Problems in FSA have been discussed, for example, in Simonds (1986), Fresco
et al. (1992), Hengsdijk and Kruseman (1993), Huising (1993), Van
Duivenbooden (1995) and Van Rheenen (1995). These problems are related to
methodological, conceptual, institutional, and organizational issues. Particular
questions relating to the methodological and conceptual difficulties of
integration of socio-economic and bio-physical information in FSA are:

- FSA is mainly farmer oriented. It concentrates on the farmer, and only to a
less extent on land. It should be, but it should not be only farmer oriented.

— FSA provides generalized, aggregated regional information on natural
resources, and hardly provides bio-physical detail at the farm level.

— FSA lacks the geographical orientations. Geo-referencing of farm level
data, apart from transects, is hardly ever considered in FSA.

— FSA has been too qualitative. While the awareness of the neced for
quantitative data is growing among farming systems analysts, FSA
remains surprisingly qualitative when it comes to the ultimate judgment.

— FSA does not address the complex issues of sustainability. In particular,
the design of sustainable land use systems has been neglected in FSA.
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1.2.3 Land evaluation and farming systems analysis (LEFSA)

Land evaluation (LE) and farming system analysis (FSA), cven when
remaining separate, can benefit from one another methodologically and
conceptually. While both approaches have merits of their own and are to some
extent complementary, there is little integration because each belongs to
different schools of thought (Alfaro et al., 1994). Fresco et al. (1992) discuss
how elements from both LE and FSA can be integrated into a new set of
procedures called “Land Evaluation and Farming Systems Analysis (LEFSA)
for Land Use Planning” which may meet some of the criticism advanced
against both approaches but combines the strengths of each.

Concepts, methods, and procedures of the LEFSA sequence are discussed and
presented in Fresco et al. (1992). 1t is argued that the LEFSA sequence presents
some advantages over the separate application of land evaluation and farming
system analysis. A brief summary of the main advantages of the LEFSA
sequence on each of the component procedures and their expected relevance
for land use planning are presented in Fresco et al. (1992).

The LEFSA sequence is relatively new and it is too early to voice well-founded
criticism, since the actual implementation should demonstrate its strengths and
weaknesses. No such effort is known to be undertaken, but there is no doubt
that effective integration of LE and FSA into a LEFSA sequence will present
great difficulties. In the context of land use planning, many problems may be
expected when applying the LEFSA sequence in practice (Fresco et al., 1992;
Hengsdijk and Kruseman, 1993). The operational integration of bio-physical
and socio-economic information in the LEFSA sequence, however, is the most
important problem and that extend beyond the suggested procedures. Many
conceptual and methodological constraints are expected to challenge the
process of integrating socio-economic and bio-physical information in the
LEFSA sequence. Some of these constraints are:

The difficulty of geo-referencing the farming system data collected
through FSA procedures. This complicates linking of the spatially explicit
(bio-physical) information produced by LE and the generally non-spatially
referenced (socio-economic) information provided by FSA.

LEFSA recognizes the importance and necessity of linking and combining
analysis at a macro level (e.g., regional level) with those at micro level
(e.g., farm level) and mentions it as one of the most important
prerequisites for integration of the bio-physical and socio-economic
information. But the LEFSA sequence doesn’t provide any guidelines or
procedures in this respect. The following extract from LEFSA document
shows clearly this fact: “In economics, the relations berween analyses at
the micro and at the macro level are theoretically among the most difficult
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problems...and as yet unsolved in a satisfactory way, certainly for
practical situations. The present document cannot even attempt to provide
any guidelines in this area, except via adjustment in a process of trial and
error (Fresco et al., 1992).”

— Integration of LE and FSA into LEFSA would indeed contribute to the
design of sustainable land use systems. Unfortunately, littie progress has
been made in the operationalisation of the sustainability concept in the
LEFSA sequence.

1.3  The need for an alternative integrated approach

It should be clear from the above reviews that many conceptual and
methodological issues constitute severe limitations to the integration of bio-
physical and socio-economic analysis in land use planning. Because of the
complexity of these issues and the range of dimensions involved in the
problems of sustainable land use, the need for an integrated, interdisciplinary
approach in land use planning is pressing, and the theoretical importance of the
integrated approach is well recognized (RAWOQ, 1989; Fresco et al., 1992;
Alfaro et al., 1994). However, current methods and procedures of land use
planning are inadequate to address, what is perhaps the major problem in land
use planning (Stomph et al., 1994), the problem of integrating bio-physical and
socio-economic information.

It is argued that an integrated, interdisciplinary approach to problems of land
use is specifically hampered by the lack of adequate methodology (RAWOO,
1989). The present lack of a methodology for integration is one of the main
reasons why planned interventions fail or are not effective (RAWOO, 1989)
and why land use planning efforts have often not lived up to expectations
(Stomph et al., 1994). Therefore, an alternative methodology that integrates
bio-physical and socio-economic disciplines for analysis and planning of
sustainable land use options appears necessary to enhance the quality of the
land use planning and policy analysis.

1.4  Scope and objectives of the study

The complex nature of land use problems and issues, calls for a more adequate
integrated methodology in land use planning than presently available. The main
contribution of this study, however, lies in an attempt to develop a
methodology that integrates bio-physical and socio-economic information in
land use planning and policy analysis. It proposes an integrated methodology
that aims at removing some of the obstacles that stand in the way of
integration. The overall objective of this study is the development and
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operationalisation of a methodology that permits integration of bio-physical
and socio-economic analysis in such a way that options for sustainable land use
at (sub)-regional level can be formulated and evaluated with the aim of aiding
policy makers. The overall objective can be divided in the following sub-
objectives:

— Description and analysis of main conceptual and methodological
challenges and obstacles that stand in the way of integrating agro-
economic and agro-ccological information in land use planning and policy
analysis;

— Development of a methodology that integrates agro-economic and agro-
ecological information in land use planning and policy analysis with the
aim of aiding and supporting policy makers to formulate and evaluate land
use policy options at (sub)-regional level;

—  Operationalisation of the methodology for a case study of Amol sub-
rcgion, Iran.

1.5 For whom?

The development of the methodology is geared towards aiding policy makers at
regional level in their decisions to formulate and cvaluate sustainable land use
options. It is not intended to help farmers make decisions at farm household
level. Therefore, the ultimate level of aggregation of the system is the region.
What happens at a lower (e.g., farm) or higher (e.g., national) level of
aggregation may be necessary to analyze to be able to reach conclusions about
the region (Hengsdijk and Kruseman, 1993). To be able to correctly analyze
regional possibilitics, it is necessary to give micro (e.g., farm) level
explanations of both the technical parameters and of the behaviour of the
relevant actors (e.g., farmers). Similarly, constraints from national level have to
be considered, but are treated as premises not as endogenous variables.

1.6 Outline and structure of the study

This study can be divided into three main parts. The first part (Chapters 1 and
2) gives insights for understanding the problem of integrating socio-economic
and agro-ecological information in land use planning and policy analysis. In
the second part (Chapter 3) an integrated methodology for land use planning is
developed and in the third part (Chapters 4 to 8) the methodology is
operationalised on the basis of a real case study.

Chapter 1 gives an introduction to an integrated approach to land use planning
and policy analysis, containing a critical review of the current statc of the
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formal tools of land use planning with particular emphasis on their strengths
and weaknesses to integrating agro-ecological and socio-economic analysis is
briefly presented and discussed. The need for an alternative integrated
approach is then stated, with due recognition of the obstacles and challenges
this involves. Main conceptual and methodological constraints that stand in the
way of integration are analyzed and described in Chapter 2. These constraints
form the basis for the development of a framework to a methodology for
integrating agro-ecological and socio-economic analysis in land use planning
as described in Chapter 3.

Opertionalisation of this methodology is laid out in Chapters 4 to 8. Chapter 4
introduces a procedure for farm classification as a starting step for integration,
and Chapter 5 goes on to conceptualize and opertionalise an approach to define
an integrated unit for land use planning and policy analysis through mapping of
farm types and then linking them spatially with land units. An integrated
framework for the definition and description of land use systems, and
quantification of their input and output coefficients is presented in Chapter 6.
Information on bio-physical and socio-economic components of land use
systems is then integrated in a land use planning and policy analysis model
(Chapter 7).

Generation and evaluation of land use policy options is presented in Chapter 8.
This chapter consists of two main parts. Firstly, the linear programming
technique has been used to simulate (generate) the possible effects of
alternative policy instruments on predefined policy objectives. Secondly, these
alternative policy options have been evaluated using a muiti-criteria evaluation
technique under various policy priorities. The study ends with a discussion on
strengths and weaknesses and conclusions regarding the proposed methodology
to integrating agro-ecological and agro-economic analysis in land use planning
and policy analysis (Chapter 9).
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Chapter 2

Description and Analysis of Challenges to the Integration

2.1 Introduction

To answer the question “why is integration necessary?”’, Luning (1986) states
that: “integration is necessary to aid communication and co-operation among
parties to the development process, to link natural resource studies to social and
economic development processes, to improve efficiency in the use of resources
available for development and to help ensure that all parties in the development
process are working to the same ends on projects which have a high social and
economic utility”.

Despite the recognition of its importance in natural resources management, the
problem of integrating bio-physical and socio-economic analysis remains the
major challenge, and as has yet not been solved in a satisfactory manner. In this
part of the study a thorough literature search has been carried out to answer the
question: “why is integration difficult?”. This literature search aims at
identifying challenges and impediments to the integration, clues on how they
can be approached, and at identification of elements and/or components to be
included in the integrated methodology.

The chapter starts with the discussion of some basic terminologies and
definitions that are necessary for understanding the integration problem. Then,
it goes on to show the importance of an interdisciplinary approach in land use
planning, with due recognition and attention for the nature of land use
problems. Finally, it describes and analyses the challenges that stand in the way
of integration.

2.2 Terminologies and definitions

Integration is a key word, vet it is not new. All through the history of science
the output from one discipline has been used as input for another (Hengsdijk
and Kruseman, 1993). Integration generally refers to the act of combining or
adding parts to make a unified whole. In natural resources management, Pickett
et al. (1994) define integrated models as “models that deal with interactions
among socio-economic, physical and ecological aspects of a system”. In
integrated economic-ecological modelling, Braat and Van Lierop (1987)
distinguish between integrated models in operational sense and in structural
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sense. In operational sense, integrated models are those that are capable of
assessing the relevant impact of the economic activities on the eco-system, as
well as the relevant effects of the state of the eco-system on economic activity.
In structural sense, integrated models refers to models in which both the
economic and the ecological aspects relevant to a particular problem, as well as
the relationships between economic activities and ecological processes
essential to the problem, are included in an adequate manner.

Integration, in the current study, refers to both its meaning in structural as well
as in operational sense. In combination with the word “methodology” or
“approach”, it refers to conceptually structuring the interactions and
relationships between socic-economic and bio-physical clements of land use
systems, and to developing procedures, methods, tools, and techniques that are
necessary for analyzing and evaluating the impact of the socio-economic
activities on the eco-system, as well as the relevant effects of the state of the
eco-system on socio-economic activity. Integration, defined this way, implies
interdisciplinarity.

A discussion of interdisciplinarity must start with a definition of the term
discipline. According to Van Dusseldorp and Van Staveren (1980) the term
discipline is understood to mean: a branch of science(s). Science, however, can
ramify in two ways: according to mecthods; or according to themes. Such
themes are, in fact, professional branches which combine a number of basic
sciences. The latter type of ramification is used in Luning (1986) to define the
term discipline. Luning (1986) states that: “development of sciences has led to
appearance of what we term ’discipline’, in which a coherent body of
knowledge arises from a thematic study of part of reality”. The term discipline
is used here to mean the latter type of ramification.

Disciplines are characterized not only by subject matter but also by the
principle of scientific reduction which helps to focus analysis (Janssen and
Goldsworthy, 1996). A discipline is not a static concept, however. New
disciplines emerge as a result of the generalization of science and further
specialization, or through knowledge of new phenomena or simply in response
to new perceived problems. When two or more disciplines co-operate, the
terms ‘multi-disciplinary’ and ‘interdisciplinary’ are both used. In fact,
different types of disciplinary terms can be distinguished by adding a prefix
before the term ‘disciplinary’, e.g. mono-disciplinary, multi-disciplinary, and
inter-disciplinary. These terms are used loosely among the various disciplines.
The conceptual differences among mono-, multi- and inter-disciplinarity are
discussed by, for example, Van Dusseldorp and Van Staveren (1980); Luning
(1986); Fresco et al. (1992); Hengsdijk and Kruseman (1993); and Vedled
(1994).
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Mono-disciplinarity refers to a situation where a problem is addressed by
sticking to a single discipline. In a mono-disciplinary approach, research
scientists mainly investigate those aspects that fall within their competence,
which entails the risk of a biased or inadequate analysis (Hengsdijk and
Kruseman, 1993). It is like two individuals looking at a mountain from
different sides and cach deciding how to climb the mountain without
considering what they cannot see (Luning, 1986). Only if the problem relates to
principally one and insignificantly to other dimensions will a mono-
disciplinary approach be adequate (Janssen and Goldsworthy, 1996).

Multi-disciplinarity is when scientists versed in different disciplines work
together or in parallel on a certain problem or topic without any explicit pattern
of relationship (Van Dusseldorp and Van Staveren, 1980; Hengsdijk and
Kruseman, 1993; Vedeld, 1994), or when a solution to a problem is aimed at
through combinations of the contributions made by each discipline. When
multi-disciplinarity does not go beyond a summation of the contributions, from
cach discipline, that is not really integration (Fresco et al., 1992).

In contrast, interdisciplinarity requires a purposeful pattern of interrelation right
from the start (Van Dusseldorp and Van Staveren, 1980), an intimate co-
operation among disciplines (Hengsdijk and Kruseman, 1993), and an
emergence of an arca of knowledge and activitics at the interface among these
disciplines (Luning, 1986). Interdisciplinarity takes place when efforts are
consciously taken to develop a common language or set of concepts in order to
undertake a joint study. Such co-operation can lead to integrated conclusions
and insights of a far better quality than would be possibie under the curnulative
approach. This does not involve developing a new science, but rather creating a
common ground for special purpose (Vedeld, 1994).

2.3 The importance of an interdisciplinary approach in land
use planning and policy analysis

The comparison among mono-, multi-, and inter-disciplinary approaches does
not imply a lower to higher type of science practice. It is the nature of
questions or problems that largely dictates whether mono-, multi-, or
interdisciplinary approaches are required and appropriate (Luning, 1986).
Natural resource problems, such as land use problems, result from the use of
ecological systems for socio-economic activities. Apparently, looking at a
particular land use problem, one may rightly focus on either: (i) the socio-
economic dimension or (ii) the ecological dimension.
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These two viewpoints illustrate that resource problems generally have at least
an cconomic and an ecological dimension. Economic activities are
characterized by, for example, social, political and technological factors. This
implies that land use problems also have these characteristics. Ecological
systems are of course governed by, for example, the laws of physics and
biology. Therefore, land use problems also comprise these aspects. Since land
us¢ problems are not disciplinary abstractions but real-life phenomena with
many dimensions to them, they cannot be addressed adequately by mono-
disciplinary approaches. There is no doubt that for land use planning and policy
analysis, an interdisciplinary approach is essential (RAWOQO, 1989; Alfaro et
al., 1994).

The complexity of the issues involved is only one reason for dictating that
progress in interdisciplinary approaches be accelerated. Janssen and
Goldsworthy (1996) give three reasons for following an interdisciplinary
approach in natural resource management research. One reason is that the
complexity and range of dimensions for many natura! resource problems are
such that they can not be tackled by a single discipline. Another reason is that
interdisciplinarity facilitates the development of a user perspective and greater
consultation with stakeholders in the problem-solving process. A third reason is
that interdisciplinary approaches in natural resource management research may
lead to the formation of new disciplines, such as ecological economics which
addresses the relationship between ecosystems and economic systems in the
broadest sense.

24 Conceptual and methodological challenges

Although the theoretical importance of integrating bio-physical and socio-
economic analysis in planning sustainable land use is now well recognized (see
for example Fresco et al., 1992; Stomph et al,, 1994; Alfaro et al., 1994),
applications are still hampered by major obstacles which render difficult the
integration process. In the realm of agricultural planning, many conceptual and
methodological constraints that stand in the way of integration are discussed
by, for example, Malingreau and Mangunsukardjo (1978); Luning (1986);
Braat and Van Lierop (1987); RAWOO (1989); Van Diepen et al. (1991);
Fresco et al. (1992); Hengsdijk and Kruseman (1993); Sharifi and Van Keulen
(1954); Stomph et al. (1994); Pichett et al. (1994); Schipper (1996). From these
reviews the main constraints have been distilled.
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24.1 Aggregation' problem and difficulty of integrating levels

In integrating bio-physical and socio-economic aspects for analysis of land use
problems, one is always confronted with the problem of combining data from
different spatial scales (the aggregation problem). Linking levels of analysis,
therefore, is an important prerequisite for the integration (Fresco et al., 1992).
Land use decisions involve choices on at Ieast two spatial scales (or levels). At
one level, the regional level (macro level), a policy maker is trying to decide
how best to allocate limited resources in the face of uncertainty about what all
the allocational consequences will be. This uncertainty really is uncertainty
about how farmers will respond to policy changes. At the other level, the farm
level (micro level), farmers have their own decision problem: how best to
respond to the new policy environment, given their own resources, objectives
and limitations of actions (Hazell and Norton, 1986). In order to solve the
macro-level decision problem, the uncertainty about farm responses has to be
reduced. Ideally this can be done by aggregating the behaviour of individual
farms to be able to estimate their responses.

In land use planning, the aggregation from farm level to regional level of
analysis remains a pressing issue with both methodological and empirical
aspects. Briefly stated, the empirical aspects of the problem refer to the
development of a computationally feasible procedure which minimizes
aggregation bias. The methodological ones do not immediately concern the
feasibility of the computations, but rather the conditions under which it is
possible to achieve aggregation with zero (or minimum) bias (Paris and
Rausser, 1973). The problem of finding appropriate procedures for aggregating
various individual farms in land use planning is still unsolved in a satisfactory
manner and much further rescarch is needed (Fresco et al., 1992).

At this point, it is desirable to give a more rigorous definition of aggregation
bias and analyze its causes and directions. Generally, the aggregation problem
casts its shadow on rescarch whenever aggregate variables are studied without
explicit reference to individual decision making units (Day, 1963). In
agricultural planning, scaling up analysis from farm level to regional level, is
the source of the aggregation problem (Spreen and Takayama, 1980). In this
transition, aggregation bias arises because not all farms are similar. The
aggregation error, as defined by, for example, Miller (1966) and Miller and
Heady (1973), is the error of estimating aggregate outcome for a group of
farms by modeling their behaviour at a certain degree of aggregation, rather
than modeling the behaviour of each farm individually. In terms of

! Aggregation problem analyzed and described in this sub-section is related to aggregation levels in socio-
cconomic terms. Although tension between aggregation levels in production-ecological terms also ¢xists in
time and space, yet this type of aggregation problem can be handled by the crede ‘first calculate, then
average’ (De Wit and Van Keulen, 1987; Rabbinge and Van Ittersum, 1994).
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programming jargon, aggregation error is said to exist when the sum of the
solutions for each of the individual farms in the set does not equal the estimate
obtained by determining the optimum solution to the entire set directly
(Wossink, 1994).

This error was first designated in economic litcrature as aggregation bias
(Stovall, 1966), a term that implicitly denotes a systematic direction in error
arising from aggregation. There are some evidences in hypothetical examples
(Hazell and Norton, 1986; Nafessa, 1996) and in empirical work (Sheehy and
McAlexander, 1966) to suggest that bias is always in an upward direction.
Therefore, the basic problem becomes how to avoid or minimize aggregation
bias when linking farm level information to regional level analysis.

The ideal but impractical procedure would be to program the behaviour of
every individual farm in the region and to sum them into the desired aggregate
estimate. The result of this procedure is an estimate free of aggregation bias.
Hence, it becomes a logical standard against which all other procedures may be
judged (Day, 1963). Although this approach would result in a bias-free "exact
aggregation”, the limited resources available for study and the bewildering
number of micro estimates required to represent the behaviour of all farms
(each of which in itself requires a considerabie amount of empirical estimation)
usually makes it impractical (Day, 1963; Miller, 1966; Spreen and Takayama,
1980; Hazell and Norton, 1986).

Alternative abstract approaches often used for aggregation in agricultural
planning arc "representative farms" or the "aggregate regional” approaches
(Hazell and Norton, 1986). The "representative farms" approach often includes
scaling up the behaviour of a representative farm to generate information about
the aggregate behaviour of the group or set of individual farms it represents.
The aggregate regional approach involves aggregating the resources of a
homogenous region and considering these aggregated variables as variables of
a single large farm. This approach is identical to the representative farms
approach if representative farms are defined as arithmetic mean farms for the
same region.

Inherent in these conventional procedures is the possibility of aggregation bias
or error (Day, 1963; Miller and Heady, 1973; Hazell and Norton, 1986). To
illustrate the aggregation problem, consider the following rwo farm problem
formulated in a linear programming format, each with two cropping activities
X, and X5:

Farm A X4 X Resources Farm B X1 X, Resources
Profit 60 85 Maximize Profit 100 85 Maximize
Labour 20 30 20 Labour 30 30 70

Land 1 1 2 Land 1 1 2







