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Foreword

The competition between agriculture for land use to produce food and alternative
uses of land grows at an alarming rate. Yet so does the demand for food. In Asia,
it is estimated that we will need approximately 40-50% more rice by 2025 than
we do today. As well, demand will be large for other cereals, poultry and fish.
With such pressure, marginal lands are forced into cultivation and species habitats are destroyed, causing a cycle of destruction of Earth’s resources and a worsening of the lives of those who are already poor.
Under this scenario, the primary effort should be to design production systems
and technologies that optimize the efficiency of inputs to the environment and
minimize emissions and losses from the environment. At the same time, we need
to identify policy measures that support the adoption of new technologies for
sustainable agricultural development. In this way, we can begin to make considered judgements about the trade-offs in land use objectives to meet a varied and
diverse set of region-specific development goals.
To date, our ability to make such considered judgements has been limited by
the tools at our disposal and by our approach to research planning and implementation. But today, we are using our knowledge about ecosystems as a new
ecological basis for food production. The approach of matching the quality of the
natural resources with the various societal demands placed on them is the realm
of the scientific field of land use systems analysis. It is founded on the principles
of production ecology, which integrates the knowledge of basic physical, chemical, physiological and ecological processes in agro-ecosystems and uses that to
understand their functioning. To ensure that this systems approach contributes to
improved natural resource management in South and Southeast Asia, we need
new and effective tools for land use planning. The ‘Systems Research Network
for Ecoregional Land Use Planning in Tropical Asia’ (SysNet) is developing and
applying such tools for different case studies of land use options in the region.
The International Rice Research Institute (IRRI) is strongly committed to this
new holistic approach to resource management. Many, indeed, see SysNet as a
leader in exploring new grounds for the future.
The presentations made during this Symposium confirm that view by
demonstrating the tremendous progress that has been made in this frontier area. I
congratulate the participants and organizers for realizing this event. I am convinced that these proceedings will serve as a valuable reference for scientists
working in this dynamic field of land use systems analysis. Moreover, I hope that
the tools developed will support policymakers and planners in their endeavours
to optimize future land use in the region.
Ronald P. Cantrell, Director General, IRRI
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Preface

The ‘Systems Research Network for Ecoregional Land Use Planning in Support
of Natural Resource Management in Tropical Asia’ (SysNet) was the first project
to be financed under the Eco-regional Fund, administered by the International
Service for National Agricultural Research (ISNAR). The network is coordinated by a project team based at the International Rice Research Institute
(IRRI). It is implemented by IRRI and partner organizations in India, Malaysia,
Philippines and Vietnam. SysNet benefits from collaboration with advanced research institutions within the Wageningen University and Research Centre
(Wageningen UR) in The Netherlands. SysNet is a systems research network,
with the objectives of developing and evaluating methodologies and tools for
land use analysis, and applying them at a sub-national scale to support agricultural and environmental policy formulation.
The International Symposium ‘SysNet’99: Systems Research for Optimizing
Future Land Use’ marked the end of the formal financial support of the Ecoregional Fund to the project, that was launched in late 1996. The symposium
therefore intended to take stock of the achievements over the project period by
bringing together the SysNet scientists involved in the four case study regions
(Haryana State, India; Kedah-Perlis Region, Malaysia; Can Tho Province, Vietnam; Ilocos Norte Province, Philippines), supporting scientists, especially from
WUR and IRRI, involved in methodology development, and (representatives of)
the stakeholders from the four study regions.
Population growth continues to be high in Asia, and this process is expected to
continue in the years to come, leading to increased demand for food. Moreover,
in the last decades, economic growth in South and Southeast Asia has been
spectacular (‘The Asian Tigers’), and one of the consequences of the associated
increase in income of especially the urban population is an increasing demand for
alternative land uses, such as nature, recreation and of course employment. These
developments lead to a strong call for a basic redirection in the concepts of land
use, in which the notion of multi-functionality will play an ever-increasing role.
In that situation, where many different (groups of) stakeholders have an active
interest in the way the land is (being, or going to be) used, new methodologies
for land use studies, as a basis for land use planning, have to be developed. In
these methodologies, the aims and aspirations of the different stakeholders have
to be taken into account, but they should also be based on thorough knowledge of
the agro-technical and socio-economic boundary conditions under which land use
has to take place.
In exploratory land use studies, aiming at defining the envelope of development possibilities as aimed at in SysNet, the main focus should be on ‘what
would be possible?’, detaching as much as possible from the here and now. Such
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studies emphasise the bio-physical possibilities, in the belief that, at least in the
long-run, most human-related factors and attitudes can be adapted (or can be
forced in a desired direction), whereas the physical environment is much more
difficult to modify. The SysNet program design emphasized development and
testing of methods to support regional land use planning, which was viewed as an
iterative five-step process involving: (a) diagnosis, (b) identification of strategic
objectives and targets for development, (c) development of a land use plan to
achieve the stated objectives, (d) identification of policy instruments to ensure
implementation of the plan, and (e) implementation of the plan and review of
results. SysNet has focused on developing methodologies to support the second
and third of these steps. SysNet offered a methodology for exploring land use
options by looking at different scenarios and identifying which goals could or
could not be achieved. The methods do not prescribe a list of measures that could
achieve the desired goals. Hence, the SysNet methodology contains all the characteristics required for exploratory land use studies.
These proceedings contain practically all the contributions to the Symposium,
arranged along its main themes.
The first part emphasizes methodological aspects of land use planning tools. A
largely academic introduction, emphasizing the supply side, is followed by an
overview of the project’s design and accomplishments and an introduction to the
land use planning and analysis system (LUPAS), the generic methodology developed by SysNet. Its application is subsequently illustrated for the four case study
regions. The viewpoints of (representatives of) the stakeholders are also incorporated here.
The second part focuses on the applied part of the methodologies, with emphasis on the function of the land use planning tools in decision support for natural
resource management (NRM). First, components of the LUPAS methodology are
highlighted, followed by contributions from adjacent activities.
Some major conclusions from the state-of-the-art assessment, as formulated by
the external review team that was active within the framework of and parallel to
the sessions of the symposium, follow.
• The SysNet project can be characterized as ambitious, innovative and productive. Its objectives have been highly relevant to the improvement of ecoregional R&D. Its implementation has been vigorous, flexible, efficient and
effective. Its results are abundant and of generally high quality. The project
has made significant contributions to the development of methods for land use
planning and analysis. The project has made remarkable progress in a short
period of time, particularly in view of the changes in approach from predictive
crop modelling to exploratory linear programming methods, which it had to
make at the beginning. It has integrated multi-disciplinary efforts on important
aspects of NRM.
• The efforts of SysNet should definitely not be considered the ‘last word’ on
exploratory land use analysis; the embedding in the policy formulation process
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especially needs continued attention. Special emphasis is drawn, therefore, to
giving high priority to ensuring the application of methods developed in planning and policy making. To this end, the planning processes actually used in
the study areas and the information needs of planners and policymakers need
to be better understood. Involvement of intended users in development and
testing of methods should be intensified. Presentation of outputs should be
simplified for the benefit of users.
The workshop was hosted by the International Rice Research Institute at its
premises in Los Baños. We would like to thank the Organizing Committee, Drs.
Reimund Roetter, Felino Lansigan, Ismail Abu Bakar, Pramod Aggarwal,
Nguyen Xuan Lai, Chu Thai Hoanh, Bas Bouman, Suan Pheng Kam, and Paul
Teng and Mrs. Alice Laborte, Peewee Cabrera, Arlene de la Cruz and Gon Van
Laar, for their efforts in preparing and realizing of the Symposium.
The scientific sessions of the Symposium were enthusiastically and resourcefully chaired by Drs. Sharif bin Ahmed, Mahabub Hossain, Paul Teng, Chu Thai
Hoanh, Herman Van Keulen, To Phuc Tuong, Reimund Roetter and Suan Pheng
Kam.
We would like to thank the Honorable Ferdinand Marcos Jr., Governor of
Ilocos Norte Province, Dr. Ronald Cantrell, Director General of IRRI, and all
paper presenters and IRRI resource persons for their contributions to the Symposium and to this volume.
Special thanks are due to Alice Laborte, Peewee Cabrera, Benjie Nunez,
Cecille Lopez and Arlene de la Cruz from the IRRI SysNet staff for their enthusiasm and flexibility before, during and after the Symposium. We thank Bill
Hardy and Gon Van Laar for their dedicated editing of this book.
SysNet wants to express its gratitude to Dr. Paul Teng, Dr. Kenneth Fischer,
Prof. Martin Kropff, Prof. Herman Van Keulen, Dr. Sharif bin Ahmed, Dr. Bui
Ba Bong, Dr. Santiago Obien, Dr. Nguyen Van Luat and Dr. Mahabub Hossain,
members of the International Steering Committee, for their unwavering support
for the project and their scientific and personal contributions to the project’s
achievements.
The financial support for this Symposium, provided by the Eco-regional Fund,
The Hague, IRRI, the North-South Programme of Wageningen-UR and NARS of
India, Malaysia, the Philippines and Vietnam, is gratefully acknowledged.

Los Baños, March 2000
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Opening address

Hon. Ferdinand R. Marcos Jr.
Governor of Ilocos Norte Province,
Provincial Capital, Laoag City, Ilocos Norte, Philippines
It was with some trepidation that I received your invitation to speak today at this
symposium. It seemed to me that it would be difficult, if not presumptuous, to
lecture to the recognized experts about their area of expertise. That I am here
before you today is only because I am emboldened by the thought that I can
somehow bring a perspective that is uniquely from a local government unit or
LGU manager. As the identified stakeholder of this proposed methodology, then
it would seem that there is a place for the observations of one in my position.
In the Philippines today, because of the renewed focus the national government is giving to food production, the term ‘food security’ is much bandied about
without the corresponding definition of what it means and how we are to know
when we will have achieved it. In the national sense, it is clearly in our strategic
interest that we produce much of if not all the products we use as food and the
inputs for the production of that food, thereby allowing us some stability in food
supplies no matter the international situation. This was clearly shown by the
experiences of the United States and the Soviet Union in recent history. The
U.S.’s relatively large investment in food production as compared with the
USSR’s helped the U.S. keep a much stronger geopolitical position in the face of
uncertainty and conflict.
However, it is questionable if food security can be defined in this way when
applied to a province or any smaller political or administrative unit. It would be
folly for all provinces to try to grow everything they consume. What we have
used in Ilocos Norte as the definition of food security in the province is that food
security has been attained when the citizens of the province have access to the
amount and variety of food products they need or want. By access we mean not
only physical access but also financial access to these products. So long as such
access exists, then we have food security.
With this idea applied to land use, the question of land use quickly reduces to
the maximization of profitability to the farmers. This then would be a relatively
simple process of assessing the physical environment: soil type, weather, elevation, etc., studying the market and setting policy to maximize those elements in
terms of profitability to the farmers. However, in all regions of the world, there is
one crop that can only be described as having an emotional quotient with the
citizenry. In Asia it is rice, in Europe it is wheat, maize in South America and so
on. Rice is the single staple that the people believe they need in abundance to feel
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secure. As technologies improve, less and less land is needed to grow the same
amount of rice. Therefore, in planning land use, we must prescribe how much to
give over to rice production.
By the strict profitability analysis, it is conceivable that we grow no rice at all
as other products have a much better profitability. This of course would be completely unacceptable to the farming community because of the need to grow some
rice to feel capable of feeding the community. Herein lies a basic problem in
planning present and future land use. How much rice is enough so the citizenry
feels comfortable in the sufficiency of supplies?
In Ilocos Norte, we grow 2.5 to 3 times the amount of rice that we consume.
Still, it is clear that if the farmers could do so, they would grow more rice. We
know that there are probably many crops with better profitability but such is the
nature of the rice crop that it is still the preferred product. There is conceivably a
threshold level of production at which the populace feels comfortable. Presumably, this level will differ for various reasons for different places; but we must
have a way of knowing what the level is that is applicable to our communities.
Unless we are able to determine that level, then our land use planning is reduced
to a hit-or-miss affair where we try different calculations and see how well they
work. Is the threshold comfort level 3 times consumption? Is it 3.5 or 4 times
consumption? What I hope your continuing studies will provide is that method of
determining the threshold production level of staple product so we may apply it
to our land use, optimizing the profitability to the farmers while addressing the
need felt for rice sufficiency. I assure you that we in local government anxiously
await the results of your studies on this subject.
In the SysNet scheme, the LGU managers play the role of stakeholder. By this,
we are ultimately the ones who will operationalize and implement the optimal
land use plan as determined by the SysNet methodology. I have been provided by
the Mariano Marcos State University (MMSU) in Ilocos Norte with much of the
material, both raw data and correlative studies, to get a better idea of how the
whole idea works. It can be seen from this material that we are beginning to get
from the voluminous raw data the complex dynamics of the different facets and
dimensions of land use planning. The idea has been taken to such a thorough and
exhaustive level that many of the minute and complex interactions involved have
been identified and understood. In many cases, the methodology can predict the
effect of very small changes in conditions and suggest the detailed adjustments to
compensate for such projected variations. It is of no doubt that this understanding
will lead us LGU managers to do a better job of managing in the future.
When I see the work that has been done, I envy the detail with which scientists
and researchers can approach their work. It must be satisfying to be able to
measure small effects from small changes, to see the proper effect from small
adjustments. It is a point of envy as LGU managers can only work with general
shifts in policy and see responses in the very inexact averages compiled at the
end of the year or season. This is because the bureaucracy is a large, imprecise,
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often cumbersome tool to use in making small but necessary changes. This is
because the bureaucracy exists to maintain order and stability in the running of
the administration. It is not designed to change rapidly in response to outside
conditions. That is why I have come to the idea that the work of SysNet is still
not over. I say this because, after all the factors involved in land use planning
have been mapped and understood, it must then be applied to the systems and
bureaucracies that we LGU managers use. We at the local level must, in a way,
have the detailed methodology ‘translated’ into terms that the bureaucracy understands and has use for.
This is certainly not to say that we do not require or want the detailed studies.
They are absolutely necessary if we are to come to a true understanding of land
use dynamics. However, the scientific data and theory must then be taken one
step further in development. The data and theory must, in all their glorious detail,
be put in a form that we can use. You must show us how to use your results with
the understanding that we can only paint our public policy picture with broad
strokes. Otherwise, it would seem a shameful waste if we at the stakeholder level
could not use the results of the extremely important work that you have done. If
we can take the development of SysNet to this point, then we will see the work
that you have done taking effect at even the grass-roots level of the different
communities. Then we will have achieved what we had set out to do.
I hope that these observations are of some value to you who are constructing
these methodologies.
I thank you once again for your gracious invitation to be here with you today
and I look forward to the great success of SysNet in the very near future. Thank
you and good day.

Development of systems methodologies for
land use planning

New approaches to land use planning
H. Van Keulen1,2 , M.K. Van Ittersum1 and N. De Ridder1
Plant Production Systems Group, Wageningen University and Research Centre,
P.O. Box 430, 6700 AK Wageningen, The Netherlands
E-mail: h.vankeulen@plant.wag-ur.nl
2 Plant Research International, Wageningen University and Research Centre,
Wageningen, The Netherlands
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Introduction
More than ever before in the course of human history, the way in which land is
being used has become a source of widespread concern. In October 1999, the
population of the world surpassed 6 billion; hence, never before in history have
that many mouths had to be fed. Many newspapers in the developed world carry
news about the ‘new economic order’, predicting that economic growth at an
unprecedented pace will continue, and periods of recession seem non-existent.
The consequence of the associated increase in income of especially the urban
population increases the demand for alternative land uses, such as nature, recreation and of course employment. That leads to a strong call for a basic redirection
in the concepts of land use, in which the notion of multi-functionality will play
an ever-increasing role. In that situation, where many different (groups of)
stakeholders have an active interest in the way the land is (being, or going to be)
used, new methodologies for land use studies, as a basis for land use planning,
have to be developed. In these methodologies, the aims and aspirations of the different stakeholders have to be taken into account, but they should also be based
on thorough knowledge of the agro-technical and socio-economic boundary
conditions under which land use has to take place.
In land use studies, two main directions can be distinguished. The first is the
more explorative type of studies that aim at defining the envelope of development possibilities and have their main focus on ‘what would be possible?’ These
studies emphasize the bio-physical possibilities, in the belief that, at least in the
long run, most human-related factors and attitudes can be adapted (or can be
forced in a desired direction), whereas the bio-physical conditions can hardly be
modified. The second type can be characterized by the term ‘predictive’, and
focuses on the questions ‘what can be changed?’ and ‘how can desired changes
be realized?’ These studies therefore emphasize the current situation in terms of
the (socio-)economic environment and land use pattern, and consider these as the
main constraints to modification.
Explorative and predictive land use studies each have distinct and different
3
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roles within a land use planning and policy process. Or, in other words, each
phase or step within a so-called land use planning cycle requires different types
of information and, thus, specific land use studies.
In this paper, this land use planning cycle is introduced and some recent efforts at development of methodologies are illustrated, which aim at supporting
various phases within the land use planning cycle. The examples, it must be
admitted, still largely have an academic character and are more supply- than
demand-driven. However, they should be considered as building blocks with
promising potential for developing operational methodologies for land use planning, particularly when they are further developed and operationalized in settings
that allow participation and involvement of user groups.

The land use planning cycle
Land use planning can be considered as part of agricultural sector and/or regional
planning, where the effects of economic policies on patterns of and changes in
land use are studied (Tinbergen, 1956; Thorbecke & Hall, 1982). In that
approach, changes in land use are considered as the result of the interaction
between policy variables (such as infrastructure, investments, prices, credit facilities) and exogenous parameters (resource endowments) that lead to realization
of a number of defined goals (welfare, equity) and possible (undesired) side
effects (environmental pollution).
A land use planning procedure can be represented, highly schematized, as a
land use planning cycle with six distinct steps (Figure 1). In theory, these steps
should be executed iteratively, where, at almost each step, the results can call for
repetition of the preceding step(s), while, in practice, the different steps are often
implemented (at least partly) parallelly.
In the land use planning cycle, the stakeholders occupy a central position
(Figure 1). Involvement of stakeholders in the land use planning process has been
advocated for some time, and methodologies to facilitate that process have been
proposed (Röling, 1994). However, successful implementation of these methodologies still appears to be a rare phenomenon (Hoefsloot & Van den Berg, 1998).
This implies that further efforts have to be made to develop methods of land use
planning that integrate knowledge from different disciplines, and for their
implementation require co-operation of participants from these different directions and involvement of interested parties and stakeholders. Key in such efforts
is that stakeholders’ involvement and awareness are stimulated in an interactive
process, such that the strong points of land use studies are fully exploited and
possible misinterpretation or misuse is avoided (Rossing et al., 2000).
The approach to land use analysis, in which SysNet is embedded, aims at
identifying a range of quantified options for land use, in view of a set of objectives, explicitly or implicitly reflecting the aims and aspirations of various
stakeholders. These options explicitly express the possible degree of realization
of the various objectives, and their mutual trade-offs, and show the consequences
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Figure 1. Schematic representation of the land use planning cycle.

of different priorities for different objectives, that reflect different perceptions of
sustainable development (Van Ittersum, 1998). This range of options has been
referred to as a ‘window of opportunities’ or ‘space of possible solutions’ (Van
Latesteijn, 1999). As such, SysNet studies are perfectly suited to support phases
(2) and (3) of the planning cycle.
In the next sections, three recent examples of land use studies are presented;
each aims at supporting different phases within the land use planning cycle.

Explorative land use studies:
Bio-physical and socio-economic perspectives for southern Mali
This study deals with the ‘Cercle de Koutiala’, which may be defined as a ‘subregion’, a part of one of the ‘regions’ of Mali, located at the northern edge of
‘Mali-sud’, at the border of the Soudano-Sahelian zone (Sissoko, 1998). Mali’s
economy is characterized by a per capita GDP of approximately US$270 (1995).
The primary sector is the most important, producing 46% of the GDP, which
largely originates from the agricultural sector (DNSI, 1992). More than 80% of
the economically active population is involved in the rural sector, and contributes
more than 75% to the export earnings. Specific constraints to agricultural development in Mali are conflicts about property rights due to ambiguous rules and
regulations; agricultural extensification and the associated low revenues of
farmers in marginal regions; low production and the weak competitive position
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of agricultural products; and poor quality and degradation of the natural resource
base (Bationo et al ., 1998; Stoorvogel & Smaling, 1990). Biological and physical
land degradation has resulted in an increase in the area of bare soil from about
4% in 1952 to about 26% in 1975 (Kieft et al ., 1994). For southern Mali, the
value of nutrients extracted from the soil in mixed crop-livestock systems has
been estimated to equal that of production at current prices (Van der Pol, 1992).
Intensification, defined here as the increased use of external inputs to compensate
for the export of nutrients in harvested products, is therefore urgently needed to
avoid (further) degradation of the natural resource base (arable land, natural pastures).
In the region, the natural resources are under strong pressure from an environmental point of view, due to degradation of the soils and the natural vegetation,
and the reduction in forest reserves (Breman, 1990). Especially in the ‘cotton
basin’ around the Cercle, the problems associated with natural resource management are concentrated: population densities are high and continue to increase;
pressure on the land is high, due to expanding and intensifying cotton cultivation,
increasingly using animal traction; and increasing animal densities, as the
revenues of cotton cultivation are invested in animals, the most practical form of
savings. Moreover, transhumant herds exploit the region in the dry season. For
both animal husbandry and arable farming, capital-extensive and labour-intensive
production technologies still prevail. This results in serious soil mining, as fertilizer use is insufficient to compensate for exports in agricultural produce and
unavoidable losses (Pieri et al., 1995). Continuation of these practices will lead
to irreversible damage to the ‘soil capital’, with the associated negative effect on
agricultural production capacity in the medium and long term and consequently
on food security and economic prospects for present and future generations.
Hence, efforts should be made to stimulate adoption of sustainable intensive
production techniques, based on increased use of external inputs for both arable
farming and animal husbandry and their integration in farmers’ practices.
This study, a typical example of an explorative land use study, aimed at identifying the bio-physical potentials of the region, given current knowledge of the
processes underlying the agricultural production process. The results also indicate the most appropriate methods of natural resource management (land use) as
the basis for sustainable agricultural development.
Research approach In this explorative study, bio-economic modelling has been
applied (Kuyvenhoven et al., 1998), implemented in the form of a multiple goal
linear programming (MGLP) model for regional analysis. This model (Bakker et
al., 1998) has been used to generate future land use patterns, taking into account
land qualities and the associated bio-physical production potentials, and environmental and (socio-)economic constraints (Sissoko, 1998). The model was
applied to analyse the consequences of adoption of intensive sustainable (‘alternative’ in the terminology of the current methodology for land use analysis)
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agricultural production technologies, for exploration of the scope for sustainable
agricultural development in the region. Agro-ecological sustainability, in this
study, was explicitly formulated in the condition that the ‘nutrient’ budgets (N, P,
K and organic matter) of all defined land use activities should be balanced or
positive. In the analysis, ‘the degree of sustainability’ is expressed in the value of
the soil carbon (C) balance, assuming that soil organic matter content is an
important indicator for soil quality.
The analysis One of the major objectives of the current study was to identify the
(bio-physical) potentials of the region, assuming application of the ‘best technical
means’ (Van Ittersum & Rabbinge, 1997) for the agricultural production activities. Moreover, it was of interest to compare that situation to the current (nonsustainable in terms of nutrient balances) situation. Therefore, two situations
were examined (Sissoko, 1998): (i) only sustainable production techniques were
‘offered’, this is referred to as the ‘explorative’ scenario, (ii) only ‘current’ nonsustainable production techniques were included1.
Regional development goals include maximizing technical (kg) and economic
(FCFA) productivity and level of agro-technical sustainability (expressed in kg
soil carbon). In all runs reported here (Table 1), regional gross margin was the
objective optimized.

Table 1. Selected results for the two runs with the regional model for the Cercle de Koutiala.

a

Scenario

Unit

Production per ha
Cereals
Cotton
Legumes
Production per capita
Cereals
Cotton
Legumes
Revenue per ha
Revenue per capita
Carbon balance soil

kg

(i )
explorative
5779
2042
1520

( ii )
current situation
991
1560
447

kg

430
239
287
228
41
150
58
1000 FCFA a
97
1000 FCFA
47
74
kg C ha -1
0
–16311
FCFA: Franc de l’Afrique Centrale, the local currency: 1US$ ~ 300 FCFA.

1 In this ‘exercise’, a basic conceptual problem is encountered: selection of these ‘non-sustainable’
techniques results in a gradual decline in soil quality. The consequence is that, over time, the technical
coefficients for these activities will change. Hence, this analysis can only be applied for a limited future
time horizon. For details on the quantification of the input-output relations for these activities, reference is
made to Sissoko (1998).
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Results In the current situation (ii), all indicator values are appreciably lower than
those in the explorative scenario (i), except for the per capita production of legumes. The reason is that, as (nitrogen) fertilizers are abundantly available, the
area allocated to legumes is reduced by about two-thirds in favour of cereals.
These results would indicate that here a typical ‘win-win’ situation would be
encountered: adoption of agro-ecologically sustainable production techniques
(safeguarding soil quality) would lead to increased production and to higher
regional revenues. Thus, this leads to the question why, under the current conditions, farmers are reluctant to adopt the available (‘on the shelf) sustainable
production technologies. Answering that question requires analysis at a different
(farm) level, where farmers’ behaviour is included in the model.
Predictive modelling: The case of southern Mali
Background As has been explained earlier, land use in the Soudano-Sahelian
region of Mali is under strong pressure, because of the increasing population
pressure, the associated increase in animal population and the non-sustainable
production techniques that are currently practised. Analysis at the regional level
has indicated the possibilities in terms of land use that are feasible in a technical
sense, taking into account different boundary conditions, but the ultimate decision maker on land use is the farm household. Therefore, in addition to exploring
the ‘outer envelope’ of the scope for development, the actual situation has to be
considered, to identify the most pressing constraints in the current situation and
identify possible policy instruments that could stimulate adoption of the desired
(sustainable) production technologies.
Research approach To analyse the constraints in the current situation, and to
identify the scope for improvements and the policy measures that could stimulate
adoption of alternative sustainable production technologies, the methodology of
farm household modelling (FHM) has been used (Kruseman et al., 1997), based
on the work of Singh & Janakiram (1986), an extension of earlier work by
Barnum & Squire (1979). An FHM allows concurrent analysis of objectives and
decisions on production and consumption of farm households, through maximization of a utility function subject to time and revenue constraints (Sissoko,
1998; Kruseman & Bade, 1998). This modelling procedure has been applied to
different farm-household types (classified on the basis of access to resources, see
Table 2) according to the following steps: (i ) definition of the objectives and
aspirations by specifying the objective function; (ii ) description of resource
availability and quality; ( iii ) definition and integration of technological options;
(iv) definition of the socio-economic environment (prices of inputs and outputs,
and transaction costs); and (v) generation of results from the model that, in the
optimal solution, specifies the maximum value of the objective function, technical and economic productivity, and the selected set of technological options.
Such a model provides a method to predict the reactions of farm households to
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different endogenous variables and to exogenous changes in market conditions.
The farm household model is then used to analyse the response of farm households to policy measures affecting their socio-economic environment, and to
examine whether they lead to realization of the policy objectives at the regional
level.
The analysis One of the major objectives of this study was to contribute to the
formulation and analysis of policy measures aiming at realizing sustainable
agricultural development in the region. The basic question is thus: Which policy
measures can contribute to adoption of alternative sustainable production technologies by farm households? Agricultural policy is defined here as the
combination of all policy measures (prices, investment, technological progress,
production/transformation structures, exchange and consumption) taken in the
general framework of development (Griffon, 1987), as part of short-term macroeconomic policy. The general approach includes the following steps: (i ) current,
non-sustainable production technologies are analysed to determine the production structure and the levels of production and sustainability for different
household types, ( ii ) intensive sustainable agricultural production technologies
are added to the set of available techniques to examine the scope for technological innovation, and (iii ) policy measures, aiming at stimulating agricultural
development and reducing the discrepancies between the current situation and the
results of the explorative scenario, are identified, and their effects on farmhousehold behaviour analysed (Sissoko, 1998). A set of ten possible policy
measures has been identified. Here, for illustrative purposes, the most effective
ones will be treated: (1) increase (10%) in the farm-gate price of cotton, (2)
reduction (10%) in the price of fertilizer, and (3) increase (10%) in the farm-gate
price of cereals (Table 2).
Results The effects of policy measures on farm-household behaviour vary among
farm-household types (Tables 2 and 3). Increasing the price of cotton (1) leads to
a reduction in the area of cereals, an increase in the area of cotton and a drastic
reduction in the area of legumes. The area under intensive (sustainable) production techniques also increases, with the strongest effect for the A-type household,
the most well-endowed. A reduction in the price of fertilizer also leads to a
change in land use, similar to the effect of the increased cotton price, with a 10%
increase in the adoption rate of alternative technologies.
It is interesting that the area under cereals decreases, without effects on the
production of cereals (because fertilizer application yields are higher). Increased
cereal prices (3) also result in changes in land use, in the same direction as the
other policy measures. Again, the area under cotton increases and the area under
cereals decreases for household types A and B, but increases for household type
C. Cereal production increases for the first two household types, because more
fertilizer can be applied profitably; however, for the less-endowed household
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type C, cash constraints do not allow purchase of fertilizer.
Table 3 shows that all three policy measures result in higher degrees of goal
attainment: net revenue increases and the carbon balance is less negative. Again,
the results are variable for the different household types: sustainability in general
is most positively affected for the best-endowed households, because they can

Table 2. Effects (%) of policy measuresa on land use and production for farm-household types.
Household typeb
1
2
3
A
–2
–3
–3
B
–3
–15
–15
C
4
–5
6
A
Area cotton
7
8
8
B
11
19
19
C
16
16
17
A
Area legumes
–21
–21
–22
B
–13
–6
–25
C
–51
–48
–49
A
11
Area alternative
11
10
B
technologies
5
4
5
C
6
6
8
A
Cereal production
19
0
–1
B
19
0
–15
C
0
1
0
A
4
4
4
Cotton production
B
13
8
13
C
17
18
17
A
–33
Legume production
–34
–33
B
2
–6
–20
C
–51
–47
–48
a Policy measures: 1. Increase of 10% in farm-gate price of cotton; 2. Decrease of 10% in fertilizer price; 3. Increase of 10% in farm-gate price of cereals.
b Households classified on the basis of access to resources: (A, B, C) family size: 25.1, 11.9, 8.5
persons; labour availability: 11.8, 5.7, 3.9 full labourers; herd size: 20.6, 4.4, 1.2 head; cultivated land: 17.8, 10.1, 5.8 ha; draft animals: 5.8, 2.7, 1.0 head; carts: 1.5, 1.2, 0.2.
Indicator
Area cereals

Table 3. Effects (%) of policy measures a on goal attainment at farm-household level.
Indicator
Household type
1
2
3
Net revenue
A
4
9
11
B
5
13
14
5
C
13
12
A
28
27
27
Carbon balance soil
B
11
13
11
27
C
29
14
a See Table 2 for explanation.
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afford application of fertilizers. Net revenue increases most for the less-endowed
households.
Looking at the production structure as a whole, it appears that under the influence of the most effective policy measures (price interventions in inputs and
outputs) the maximum area under alternative (sustainable) technologies reaches
40% for household type A, about 20% for household type B, and 10% for household type C. This indicates that the rate of adoption even under those conditions
is still relatively low, and that, in the situation where technology selection is
largely determined by profitability in the short run, it requires a major effort to
introduce sustainable technologies. On the one hand, therefore, more research is
needed to improve the efficiency of these production techniques (improved inputoutput ratios); on the other hand, stimulating policies are necessary. The results
show that the most effective policies in this situation are those that improve the
economic profitability of the alternative production techniques: increasing prices
of agricultural outputs, and reducing prices of agricultural inputs.

Prototyping: The case of dairy farming in The Netherlands

Background Forage and livestock, especially dairy production in Western
Europe, have increased spectacularly since World War II under, on the one hand,
the influence of the Common Agricultural Policy of the European Union, that
guaranteed high and stable product prices (De Wit, 1988; De Wit et al., 1987),
and on the other, relatively low prices of inputs, particularly inorganic fertilizers
and concentrates (Ketelaars & Van der Meer, 1998). In the 1960s and 1970s,
these dairy farming systems became strongly specialized and intensified by
increased inputs of chemical fertilizers and purchased concentrate feeds. This
intensification has led to a serious imbalance between inputs of nutrients in
atmospheric deposition and purchased fertilizers, concentrates and roughage and
outputs in milk and meat. In the last decade, the livestock production sector has
come under increasing pressure as the European Union introduced the milk quota
system, effectively curbing total national and individual farm production volume,
and national governments increasingly took measures to reduce losses of nutrients from these systems to the environment (Van der Meer et al., 1997; Schroder,
1992; Van Boheemen, 1987). Since the middle of the 1980s, the Dutch government has introduced legislation to reduce negative impact of farming on the
environment by formulating norms for nutrient management.
To assist in identifying options for agro-ecologically and economically sustainable land use, within the boundaries set by environmental conditions and
government regulations, a project was formulated to design, implement, test,
adapt and further develop a dairy farming system, that can serve as a starting
point for developing dairy farms on dry sandy soils with average milk production
(about 12,000 kg ha-1). Hence, the project aimed at contributing to the land use
planning cycle at the farm level, especially in the step of implementation and
monitoring.
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Research approach In the project, the method of ‘prototyping’ is used
(Vereijken, 1997). Objectives of the farming system in terms of environmental
criteria have been identified. This was followed by establishment of input-output
relations (technical coefficients) for the plant and animal components of the farm,
applying existing, adapted and specially developed models. This refers to the
relation between crop yield and the required amounts of fertilizers and water, and
that between daily milk production per animal and the required intake of energy,
protein and phosphorus (Aarts et al., 1992; Biewinga et al., 1992). On the basis
of these relations, several farming systems have been designed that, in theory,
meet the formulated objectives.
This procedure of quantifying input-output coefficients represents, in the
framework of the land use planning cycle, ‘identification of technically feasible
options’, for which the method of interactive multiple goal linear programming
(IMGLP) could be applied, as illustrated earlier. Because of lack of time and
resources, that was not actually done. However, ‘in hindsight’, the method has
been applied (Van de Ven & Van Keulen, 1996), and the results indicated that
indeed several alternative farming systems all resulted in practically the same
level of environmental and economic goal attainment.
From the theoretically acceptable set of systems, one of the technically and
economically most attractive and, from a research point of view, most interesting
was implemented at the experimental farm ‘De Marke’ in the eastern, sandy part
of The Netherlands in 1992. The 55 hectares of land were reclaimed from heather
at the beginning of the 20th century. An upper layer of 25 to 30 cm with an
organic matter content of 4.8% overlies a layer of humusless sand. Groundwater
depth is 1 to 3 m below the soil surface, too low for any substantial capillary
water supply to crops. The farm area is divided into permanent grassland (close
to the farm buildings, convenient because cows are kept indoors during parts of
the day) and two crop rotations. In crop rotation I, at only a short distance from
the buildings, a three-year grassland period is followed by three years of maize;
in crop rotation II, farther away from the farm buildings, by five years of maize.
In the first year after the grass period, maize is not fertilized. In all years, Italian
ryegrass is sown between the rows of maize in June to take up excess fertilizer
and N mineralized after harvest. Annual N fertilization levels at ‘De Marke’ do
not exceed 250 kg ha-1 for grassland and 100 kg for maize, including N from
slurry, clover and supposed residual effects of Italian ryegrass and grass sod after
ploughing in. These levels are about 40% below those on commercial farms.
Mineral N fertilizers are applied only on grassland, on average 124 kg ha-1
annually. No mineral P fertilizers have been applied from 1994 onwards. About
75% of the slurry produced by the cattle is applied on grassland: on permanent
grassland on average 49 m3 ha-1 (24 kg P and 90 kg plant available N), on
rotational grassland 72 m3 ha-1 (37 kg P and 133 kg N). Maize is fertilized with
on average 26 m 3 ha-1 (12 kg P and 58 kg N). No fertilizers are applied between
15 August and 1 March because of the risk of leaching of nitrate due to the
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precipitation surplus and low crop demand. The farm milk quota is 650,000 kg
(11,600 kg ha -1 ). In summer, dairy cattle are allowed limited grazing for two
periods each day, with an intermediate resting period indoors ('siesta grazing').
During the resting time, cows are fed silage maize. A short-duration rotational
grazing system is practised (to reduce grazing losses), along with early housing,
i.e., 1 October at the latest, one month earlier than on commercial farms (to limit
losses from urine patches).
The functioning of this system – also called ‘De Marke’ – is monitored as
completely as possible in quantitative terms by measuring, wherever possible,
flows of mass and nutrients. Moreover, detailed observations are collected at
several fixed sites to increase insights into the processes taking place in the soil,
mainly with respect to nitrogen, phosphorus, water and organic matter.
Prototyping has some important advantages. The scientific approach to production systems research is concentrated at the farm level, the level at which the
management operates. The integrated effect of processes is illustrated, and the
transfer of the knowledge acquired is facilitated. Prototyping also has some disadvantages: the experimental system has been selected, rather subjectively, from
a number of options and even that system is continuously developing. Therefore,
the results cannot be tested statistically. These disadvantages can (at least partly)
be overcome by: (i ) using an appropriate monitoring programme, and ( ii ) additional (inter)disciplinary research, aimed at determining causal relations that
explain the behaviour of the system, and can be used to investigate the
consequences of alternatives.
Results Table 4 presents N and P balances of the farm. The prognosis was that
the surplus at the farm level would decrease from 487 kg N and 32 kg P ha -1
(surpluses on current farms) to 122 kg N and 0 kg P. The realized average
surpluses of N and P over the period 1994-97 (154 kg N and 3.1 kg P ha -1 ) are
significantly higher than the expected value. As Table 4 shows, the largest
deviations were in the component ‘feed’, perhaps because the (animal) models
applied to calculate the feed requirements were calibrated/validated for animals
with average annual milk production of 6,000 to 7,000 kg, and resulted in deviations when extrapolated to 8,000 kg. For P, discontinuation of fertilizer
application from 1994 onwards was insufficient to compensate for the much
higher import in feed.
Because of recent developments (especially legislation on low-emission
application techniques and increasing milk production per cow), N surplus on
commercial farms has also decreased, by about 80 to 400 kg ha -1 (Van Eck,
1995), while the P surplus was hardly affected (30 kg ha -1 ; Oenema & Van Dijk,
1994).
Evaluation The prototyping method in land use planning appears very effective
in operationalizing and implementing current levels of knowledge, and testing
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Table 4. N and P balances (kg ha-1) of the average specialized dairy farm in the middle of the
1980s, prognoses at the start of ‘De Marke’ and values realized from 1994-1997.
Characteristic

‘Average’
1983/86

INPUT
Fertilizer
Feed
Deposition
N-fixation clover
Various
SUM
OUTPUT
Milk
Meat
SUM
INPUT — OUTPUT a
a Accumulation

N
330
182
49

‘De Marke’
Prognoses
N
P
67
6.0
41
5.9
49
0.9
30
0.0
5
0.0
192
12.8

1994/97

0
7
568

P
15.0
32.0
1.0
0.0
0.0
48.0

68
13
81

12.0
4.0
16.0

62
8
70

10.6
2.2
12.8

64
9
73

10.5
2.7
13.2

487

32.0

122

0.0

154

3.1

N
69
96
49
12
1
227

P
0.5
14.0
0.9
0.0
0.9
16.3

in soil and losses to air and groundwater.

their applicability under practical conditions. The experience with the ‘De
Marke’ system has been that the system in situ provides an excellent opportunity
for close interaction with the various stakeholders in the land use planning
process. The results obtained in the prototype system have attracted wide interest
of scientists from different disciplines; the annual meetings, where these results
are discussed, including their consequences for adaptation of the farm system,
have become highlights in Dutch farming systems research. Over the first (5year) project period, practically all dairy farmers of the country have visited the
farm at least once, and practices implemented on the prototype farm have been
introduced on commercial farms. Policymakers have looked at the farm with
great interest, and on the one hand policy formulation has been influenced by the
results and on the other hand further financing has been obtained for continued
operation of the farm and concurrently for extension of the prototyping method
to the commercial sector (12 farms covering the complete range of dairy farms in
the country, in terms of soil type, milk production intensity, etc.).

Discussion

Land use is changing rapidly in all parts of the world under the influence of
autonomous developments, such as increasing population pressure, increasing
welfare and the associated changes in the aims and aspirations of people, and
technological developments both within and outside the agricultural sector. A
strong tendency exists to advocate ‘liberalization’ in all spheres of human
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society, and to leave developments to market forces. However, for the use of
scarce and vital resources such as land, water and air, that directly affect the wellbeing of the population (food, health), it may be questioned whether policymakers have a responsibility to protect the weak and guarantee the quality of
these resources in the long run. When that question is answered in the
affirmative, policy measures aiming at influencing the use of land with its unavoidable consequences for its own quality and that of water and air as well seem
appropriate. The type of measures to be taken depend on the one hand on the
objectives of policymakers in the long run, and on the other hand on the expected
impact of policy measures on the behaviour of farm households, that ultimately
take the decisions with respect to use of the land. To be able to combine these
considerations, instruments that can take into account these factors are needed.
Such instruments are applied in the process of land use planning, and are being
developed, tested and improved in land use analysis. In the framework of land
use planning, various steps with appropriate instruments can be distinguished
(Figure 1).
For explorative analysis, IMGLP-type models at the regional level provide a
picture of the envelope of land use possibilities, entirely determined by biophysical factors. The main determinants are the availability and quality of the
natural resources: soil, climate and water; the genetic properties of the crops and
animals used in the agricultural production process; and the available technologies. The results provide a picture that has been defined as ‘paradise’, a situation
that is so far from reality that any attempt to reach it would be completely futile
(De Zeeuw & Van der Meer, 1992). Such an analysis would therefore then be an
exercise in futility, that may satisfy the scientific curiosity of the analysts, but has
little connection with the real world. However, it has rightly been argued that
these results do provide a yardstick to measure current achievements and to indicate the scope for policy formulation and implementation (Rabbinge et al.,
1994; Van Ittersum et al., 1998). In the remainder of this volume, the methodology is extensively illustrated and discussed; therefore, no more attention will be
devoted to it here.
Complementary to the use of explorative land use studies is the use of predictive land use analysis instruments, such as farm household modelling, in which
the current situation, in both the agro-technical and (socio-)economic sense, can
be taken into account as a determinant for agricultural development and the associated changes in land use. Application of linear programming allows inclusion
of alternative agricultural technologies, defined in accurate quantitative terms,
which can then be combined in a meaningful way with economic considerations
to analyse the scope for agricultural development under the prevailing economic
conditions, taking into account the aims and aspirations of the farm households.
This type of analysis has a strongly predictive character, in which the major aim
is to test the effectiveness of possible policy measures in inducing farmers to
change their choices for land use in the desired (in the first instance rather than

16
identified by policymakers) direction. The relevance of the results for actual
policy formulation strongly hinges on the accuracy with which technological
options can be quantified. Therefore, this approach also allows improved interactions between policy analysis and agricultural research and development. On the
basis of explicitly defined ‘proven’ (on-the-shelf) technological options,
considered ‘improved’ by agricultural scientists, the procedure can be used to
explore the possibilities to induce adoption of these technologies through welldirected policy measures. Similarly, analysis of the policy impact may guide
agricultural research in developing ‘appropriate’ technologies that have a greater
chance of adoption, because they more effectively address aims, aspirations and
constraints at the farm-household level.
The spatial levels (farm, region) of analysis clearly have to be integrated to
profit from the strengths of the two approaches and to be able to take into
account the interactions. At the farm-household level, the level of production
obviously does not influence price-setting, as an individual producer is considered a price-taker. However, when at the regional scale all producers decide to
select a certain product, the ensuing increase in supply may well affect the price.
For the southern Mali case, this interaction has been analysed by iteratively using
the regional model and the farm household model (FHM). From the FHM, by
summing the production levels of the individual farm types, total cereal production is derived. That production level is introduced in a price-demand function
(Figure 2). The higher cotton price leads to a shift in land use towards cotton
production, at the expense of cereals, so that total regional cereal production
decreases and, consequently, also market supply, by about 6%. As a consequence, the price of cereals would increase (by 12.3%). With this new price, the
FHM is re-run until an equilibrium price is reached, where regional supply equals
demand.
The implementation and monitoring step in land use planning, unfortunately,
has received relatively little attention in land use planning literature. The method
described here at the farm level, designated ‘prototyping’, appears to be an effective intermediate step between exploratory land use studies at the regional level
and attempts at large-scale implementation of technological innovations. The
iterative framework of design, implementation, monitoring, identification of
options and constraints and adaptation is especially effective for testing the technical feasibility of technological improvements, while at the same time issues
such as economic viability and social acceptability form a spin-off of this
methodology, as the presence of a prototype farm in situ induces close interaction
with the sector and with policymakers on the techniques applied and the results
obtained. It would seem that, within the framework of land use planning,
prototyping should be advocated as a necessary step in regional development
programmes. It might contribute to the formulation of more effective policy
measures, and technological innovations can be tested in practice before being
introduced at a large scale.
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Figure 2. Influence of aggregation of cereal production on regional market equilibrium: effect of
increased cotton price. SB1: explorative scenario multiple goal linear programming (MGLP)
model ( i in Table 1); SB2: base scenario (non-sustainable production technologies) MGLP
model ( ii in Table 1); P1: farm household modelling, increased cotton price (policy measure 1 in
Table 2).

In conclusion, current developments in methodologies for land use studies as a
basis for land use planning appear to contribute to meeting the changing
demands. It is evident that the intimate relation between agro-technical and
(socio-)economic conditions and considerations in land use decisions still
presents a major bottleneck in model-based land use studies, but at the research
level appreciable progress is being made.
The probably biggest challenge is to transfer the methodologies developed in
land use studies to the unruly practice of land use planning. That requires close
co-operation with the ultimate users of the methodologies, the various
stakeholders. The efforts within the framework of SysNet, reported in detail in
the remainder of this report, represent an important step in this process of operationalization.
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Introduction
Background The world population clock indicated that in October 1999 six
billion people were living on this planet. In Asia, population will continue to
increase sharply between now and 2025. Population in urban centres will more
than double, rural population will remain stable. This means more mouths to feed
and less people involved in food production. The demand for rice and other cereals in 2020 will be 50% higher than 1993 levels. Unfortunately, with less arable
land and less water with which to produce food, there is serious doubt that cereal
production will be able to keep up with this demand. Land use planning under
multiple (and partly) conflicting development goals with increasing competition
for scarce resources is complex and planners need tools such as models and
expert systems to help make the issues transparent and identify feasible solutions.
The ‘Systems Research Network for Ecoregional Land Use Planning in Support of Natural Resource Management in Tropical Asia’ (SysNet) is one of the
methodology development projects under the umbrella of IRRI’s Ecoregional
Initiative for the Humid and Subhumid Tropics and Subtropics of Asia. This
Initiative aims at addressing pressing natural resource management (NRM)
problems, and determining research priorities and required policy changes in the
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major rice-growing environments in Asia. Moreover, through fostering collaborative mechanisms, it seeks to develop and implement action plans for improving
NRM and evaluating impact in the region (Teng et al., 1995; IRRI, 1997). With a
focus on the agricultural sector, SysNet was designed to develop methodologies
for identifying land use options and to evaluate these for generating recommendations for policy and technical changes in selected regions. The network
consists of five main partners: the national agricultural research systems (NARS)
of India, Malaysia, Philippines, and Vietnam and the International Rice Research
Institute. Case study regions include Haryana State (India), the Kedah-Perlis
Region (Malaysia), Ilocos Norte Province (Philippines) and Can Tho Province
(Vietnam) (Roetter & Teng, 1998; Figure 1).
The four case studies Multiple land use objectives and increased competition for
scarce natural resources, pressing issues in Asia, need to be analysed and understood in the local context, i.e., under specific bio-physical and socio-economic
settings. SysNet does this by studying agricultural systems at the sub-national
level (provinces, states). The four case study regions are all important agricultural and rice-cultivating areas contributing substantially to national food
security. At the same time, they represent a cross-section of agricultural systems
throughout South and Southeast Asia showing considerable differences in biophysical potentials and socio-economic conditions (Roetter et al., 1998a,b; De
Ridder et al., this volume). Table 1 summarizes the region-specific NRM
problems and development goals.
The aim of this paper is to provide an overview of
• Methodological framework for multiple goal and resource use analysis at subnational scale;
• Main features and role of the operational methodology in agricultural land use
planning;
• Project design and major accomplishments during 1996-99; and
• Lessons learned and next steps in methodology advancement and application.
Current capabilities, limitations and future requirements of the methodology for
answering questions on conflicts in land use objectives and resource use will be
discussed.
Methodological framework for multiple goal and resource use analysis at
sub-national scale
Conflicts between agricultural land use objectives and resource use
Between 1960 and 1990, production increases for food crops such as rice were
largely the result of breeding higher-yielding varieties, expansion of cultivated
land, and irrigation systems and higher use of biocides and fertilizers, in
particular nitrogen. In Asia, about one third of the increase in rice production
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Figure 1. SysNet study regions and partners.
Table 1. Natural resource management (NRM) issues and regional development goals of the
SysNet sites (source Roetter et al., 1999).
SysNet site
Haryana State,
India

Kedah-Perlis
Region, Malaysia

Ilocos Norte
Province,
Philippines

Can Tho Province,
Vietnam

NRM issues
Lowering of watertable in the
northeast. Waterlogging, flooding
and salinization in the central part.
Rural-urban migration due to low
farm incomes.
Competition for agricultural land
from urban and industrial expansion. Reduced farm labour. Federal
policy for the region to remain as
the country’s rice bowl.

High diversification of dry season
cropping. High use of agricultural
chemicals and water in dry season.
Upland cultivation on steep slopes,
causing soil erosion. Leaching:
groundwater pollution by nitrates
and biocide residues. Conversion of
agricultural land for urban use.
Intensification of rice cropping.
Crop diversification. Farmers’ and
policymakers’ development objectives are at variance.

Regional development goals
Intensify cereal production.
Solve water problems. Manage
salinization. Increase farmers’
income.
Intensify and increase rice production. Increase non-food
production. Increase labour use
efficiency. Reduce use of agrochemicals by improving resource
use efficiency. Increase farmers’
income.
Intensify rice production.
Increase cash crop production.
Increase employment in agriculture. Increase input use
efficiency. Increase farmers’
income.

Intensify and increase rice production. Diversify agricultural
production. Increase farmers’
income.
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during 1960-75 was due to expansion of cropped land. Since the early nineties,
however, a decrease in favourable land and water resources for agriculture has
been observed due to growing urbanization and industrialization. The negative
environmental impact of injudicious use of biocides and nitrogen has received
ample attention in the last decade.
Strategic agricultural planning needs to identify the most relevant issues for a
given region. In one case, this may be the trade-offs between achieving food production targets for 2010 and environmental costs (nitrate leaching); in another,
this can be the trade-off between farmers’ income from agricultural activities and
(the minimum of) rice production in 2015 to meet local demand. In each case,
planners would need to avail themselves of quantitative information on optimum
(geo-referenced) land use allocations under a given set of goals and constraints.
A key to resolving potential conflicts between the required increase in productivity and farmers’ income and the conservation of water, soil and other natural
resources is to identify production systems and technologies that make optimum
use of external inputs and natural resources and avoid natural resource degradation, and policy measures supporting their adoption for sustainable agricultural
development (Van Ittersum, 1998).

Land use system analysis at sub-national scale

The field of matching the quality of the natural resources with the various societal demands placed on them is the realm of the scientific field of land use systems
analysis, aimed at developing effective tools for land use planning (Kuyvenhoven
et al., 1998). A system is a part of reality that contains interrelated elements and
a model is a simplified representation of a system (De Wit, 1982). In SysNet, we
are building models of agricultural systems at the sub-national scale (provinces,
states) and applying them for improved land use planning. In a first step for
effective agricultural planning, bio-physical and technical potentials of the
systems must be confronted with the societal objectives and priorities. In that
way, possibilities and limitations of the systems are explored and revealed. Such
explorations can be supported by multiple goal analysis that allows us to
compare the possible degree of realization of competing goals identified by
stakeholders in a region. De Wit et al. (1988) showed the potential of the
interactive multiple goal linear programming (IMGLP) concept (Spronk &
Veeneklaas, 1983) for analysis and planning of regional agricultural development. IMGLP represents agricultural systems through four major components
(after De Wit et al., 1988):
• An input-output model for all conceivable agricultural activities (including
current and promising future production technologies);
• A set of goal variables (representing specific objectives and constraints);
• A database on bio-physical and socio-economic resources; and
• An interactive multiple criteria decision method (multiple goal linear
programming /optimization model).
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Figure 2. FAO-MFCAL approach: a policy-oriented analytical framework (after FAO, 1999).

In 1999, FAO proposed a policy-oriented analytical framework called ‘the multifunctional character of agriculture and land’ (MFCAL). The MFCAL framework
(Figure 2) evolved from and builds on the approach of ‘sustainable agriculture
and rural development’ (SARD). SARD aims at rural development characterized
by conservation of land, water, plant and animal genetic resources, environmentally sound and technically appropriate and economically viable and socially
acceptable. In MFCAL, four key functions of agricultural activities and land use
are identified: food security and the environmental, economic and social function.
The IMGLP method can be used to operationalize the concept of sustainable
agriculture and integrated rural development by taking the different functions of
the rural environment into account while considering the aspirations of the various interest groups (Van Keulen, 1990). Furthermore, the method allows us to
prioritize research on NRM issues at the regional level (Van Keulen, 1990;
Roetter & Teng, 1998).

Main characteristics and the role of the methodology in agricultural land
use planning
The objectives at the beginning of the project were
1. To develop a scientific-technical methodology for exploring land use options
using crop models and expert systems.
2. To develop an operational methodology for supporting a network of sites representing various ecoregions in Asia.
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During 1997-99, SysNet adopted the IMGLP method for land use explorations
and advanced and evaluated the methodology in four study regions in tropical
Asia. The common methodology developed consists of three major parts (Figure
3):
• Land evaluation including assessment of resource availability, land suitability
and yield estimation (i).
• Scenario construction based on policy views ( ii).
• Land use optimization ( iii).

Operationalizing the methodology required
• Models and expert systems for assessing resource availability and quality and
describing input-output relations for all relevant production activities,
• Active stakeholders that translate and prioritize policy views into specific
objectives and targets, and
• MGLP models that optimize land use under different sets of objectives and
constraints.
In addition, a system had to be developed for integrating models, data and information to enable interactive land use scenario analysis.
The tools developed within this framework include geographic information
systems (GIS), simulation models, technical coefficient generators and linear
programming optimization models. SysNet has linked the different tools into the
so-called land use planning and analysis system (LUPAS). Laborte et al. (1999)

Figure 3. Methodology framework underlying SysNet-LUPAS and operational computer system
links.
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and Hoanh et al. (this volume) provide a detailed description of LUPAS, which is
now operational for all four case study regions (this volume, see Aggarwal et al.,
Tawang et al., Lansigan et al., Lai et al.). When building complex computer
modelling systems for decision-making support, it is of utmost importance to
analyse user requirements. For this reason, we consulted potential users and
involved them at various stages of scientific-technical methodology development
(Roetter et al., 2000).

Scenario analysis

Policymakers usually require scientifically sound prognoses for planning purposes. While for short-term prognosis process models or trend projections may
perform satisfactorily, in land use explorations, in the first instance, we build
models of future systems and perform scenario analysis to gain understanding of
systems behaviour when various factors change (Forrester, 1971). Scenarios are
usually built on many assumptions. These assumptions may comprise ‘fixed elements’ (such as existing settlements), ‘surprise-free projections’ (such as reduced
population growth) or ‘variable choice elements’ (such as alternative production
orientation and technologies). For land use scenarios to be acceptable for supporting policy formulation, however, these assumptions should be reasonable.
Therefore, regular interaction with stakeholders is needed for scenario setting and
refinement.

The interactive part

The interactive part of IMGLP (De Wit et al., 1988) is most essential and this is
an area where SysNet has been most innovative. Interaction with stakeholders
requires operational systems that allow us to run, display and analyse results of a
multitude of scenarios on conflicts between agricultural development goals and
resource use (Laborte et al., 1999). The basic multiple goal models developed by
SysNet consist of quantified relations between a set of objectives (such as food
production, farmers’ income or employment), available resources (such as land,
water and labour) and a range of production activities at various technology
levels (actual, best farmers’ practice, future alternatives) (Figure 4). The interactive scenario analysis starts with exploring the ‘window of opportunities’ for
agricultural development in a given region. This is realized by first asking ‘ifwhat’ questions (Veeneklaas, 1990), such as ‘If one gives priority to maximizing
food production, what will be the consequences for other development goals
(such as farmers’ income and employment), and what production technologies
and resources would be required to achieve, for instance, a doubling of cereal
production’. The first cycle of exploring the optimum for each development goal
in turn is called ‘zero-round’, with only available land as a resource constraint. In
the next iteration, one development goal or policy view (e.g., increase in income)
is given priority and optimized while minimum requirements are set to other
goals (e.g., food production, employment). In subsequent iterations, anticipated
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Figure 4. Main elements of
Sysnet’s multiple goal linear
programming (MGLP) models
(new activities and technologies
are given in italics).

future or actual resource constraints may be introduced, and, by consensus,
certain goal restrictions may be tightened (more employment, less nitrogen
fertilizer use) until the ‘solution space’ narrows to only a few acceptable
solutions that are much closer to reality than the most desirable and technically
feasible potential solutions. Through a stepwise approach, trade-offs between
conflicting goals are quantified and the required resources and production
technologies are made explicit. Choice and degree of tightening goal restrictions
reflect the specific interests/priorities of the users (De Wit et al., 1988).
The whole procedure, from definition of scenarios for the various iterations to
discussion of the consequences of possible interventions (‘what-if’ questions,
e.g., what would be the effect on goal achievement if resource availability were
increased), is a highly interactive process. On the one hand, this requires a dialogue between informed stakeholders and skilled systems analysts; on the other
hand, it requires decision-support systems that can address the most important
‘if-what’ and ‘what-if’ questions for a given region and immediately show goal
achievements, associated land use allocations and trade-offs among different
goals under specified resource constraints and policy views (Dreiser & Laborte,
this volume). SysNet has achieved both, by creating a solid network of systems
research teams and operationalizing LUPAS (Hoanh et al., this volume) in all
four case study regions in close collaboration with stakeholders. Some years ago,
the stepwise optimization procedure still required considerable computer time;
moreover, interaction with stakeholders was also hampered by lack of ‘user interfaces’ and facilities enabling prompt definition of scenarios, optimization runs
and ‘display of results in a digestible manner’. SysNet has taken advantage of
recent hard- and software developments to facilitate interaction with users and
will further contribute to this development (Dreiser & Laborte, this volume).

29

Figure 5. Steps in agricultural planning.

Role of the methodology in agricultural planning

In SysNet’s case studies, we are concentrating on analysis of land use allocation
and development goals for one sector: agriculture. The process of agricultural
planning is iterative and basically involves 5 stages (Figure 5). The first stage is
the analysis of the actual situation and diagnosis of the problems in the region.
The next stage is the specification of strategic objectives and targets for regional
development. A plan for agricultural production and associated land use is then
developed based on the objectives specified. The next stage is the identification
of policy instruments such as investments and price subsidies needed. Then, the
plan is implemented, monitored and evaluated. And this goes back to the first
stage. The SysNet methodology developed so far can assist in the second (identification of objectives) and third stage (development of a land use plan). LUPAS,
as a multi-objective decision support system (DSS), can assist in strategic planning by exploring alternatives/options for agricultural land use and development.
In addition to facilitating identification of development goals, it can also provide
answers to questions such as what to produce, where to produce and how to
produce to realize a selected option (set of well-defined objectives).

Specific capabilities and limitations of SysNet-LUPAS

Scenario analysis for optimizing future land use is performed by quantifying
relations among economic, environmental and social goals of the community on
the one hand and examining the effect of available resources and choices from a
range of agricultural production activities and techniques on goal achievement at
the regional scale on the other hand. Hoanh et al. (this volume) describe the various steps and assumptions that have to be made to define a scenario in LUPAS.
In SysNet’s multiple goal models, the optimization of an objective function
under a set of constraints and using a specific set of land use systems (technologies) to choose from is called a scenario. Iterative scenario analyses in (direct)
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interaction with different interest groups lead from several desirable and technically feasible options (ideally) to a best acceptable solution. This optimum
solution is valid for the specific assumptions made in the model (on available
resources, available technologies, etc.). But such an optimum solution should not
be confused with predictions (‘What happens if....’), since neither the behaviour
of the various decision makers nor the feasibility of required interventions has
yet been taken into account (Veeneklaas, 1990; Van Keulen et al., this volume).
Typical questions that can be answered with the current LUPAS include
• What development goals can or cannot be achieved?
• What are the required production technologies and optimum land use allocations under explicitly specified resource availability?
In extended scenario analyses, further ‘what-if’ questions can be asked. For
instance, How is agricultural production affected if different crops are introduced
in the region? What if alternative production techniques are available?
Hence, land use explorations or scenario analyses focus on agricultural land use
and development to assist in strategic planning. LUPAS includes analytical tools
to deal with uncertainty about future land use objectives, available resources and
production technologies (Roetter & Hoanh, 1998), but is not yet suited to fully
developing a ‘best’ land use plan. Though in principle possible, current LUPAS
analyses are neither multi-temporal nor do they include conflicts among different
decision levels, but aim at a single time (target year) and single decision level
(state or province). At its current stage of development, SysNet-LUPAS cannot
provide a complete list and pathway of what needs to be done to achieve desired
goals. What it does is determine future possibilities and limitations and explore
consequences of different priorities.
Project design and major accomplishments
Debate about interrelationships between environment and development (Johnson,
1993), among others, triggered the introduction of new concepts in land use
planning (FAO, 1995) and the creation of ‘ecoregional initiatives’ worldwide
(Bouma et al., 1995), including an initiative for tropical Asia. Recognition of the
lack of methodologies and tools for integrating bio-physical and socio-economic
data and analyses in support of policy design for improving NRM at the regional
level led to the formulation of the SysNet project proposal. This was submitted to
the Ecoregional Fund by IRRI on behalf of four Asian NARS. Funding for a
three years’ duration of SysNet was approved in September 1996. The project
was launched in late October of that same year and implemented in four stages:
• Planning
• Design and training
• Main execution
• Reporting, documentation and review.
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Figure 6. Overview of stages in the SysNet project, October 1996-99.

Figure 6 shows the various stages and events from planning to reporting and external review of the project in October 1999. Details on the implementation and
management of the project are reported in Annex 1 of this volume. The current
section deals with substantial changes in the design of the project during the
planning meeting in December 1996 and its consequences for the project’s
accomplishments.
Keys to Figure 6:
1 SysNet Agreement between IRRI and ISNAR signed in Washington, D.C.,
USA (27 October 1996).
2 Systems Approaches Planning Meetings at IRRI, with 37 participants from 8
countries, 9-13 December 1996.
3 Start of SysNet partner country training workshops (4) on simulation models,
GIS and linear programming, at IARI, New Delhi, India, 10-17 March 1997.
4 End of first training cycle with a joint workshop on multiple goal linear programming (MGLP) at IRRI, Los Baños; four NARS SysNet teams, IRRI and
Wageningen experts, October 1997.
5 Start of first round of interactive stakeholder-scientist workshops (4) at Batac,
Ilocos Norte; 70 participants, January 1998.
6 SysNet International Workshop on Methodology Exchange in Land Use Planning in Can Tho Province; 180 participants from 7 countries, 15-19 June 1998.
7 SysNet Technical Review Workshop, 30 participants from 7 countries, Bangkok, Thailand, 30 November-2 December 1998.
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8 Start of second round of stakeholder-scientist workshops (4) at Delhi, India,
March 1999.
9 SysNet International Symposium on ‘Systems Research for Optimizing Future
Land Use’ (SysNet’99) plus project Phase I review and planning for year 2000
and beyond.
The project’s original design is outlined in the project proposal of September
1996. For the objective to develop ‘scientific-technical methodology’, the two
expected outputs were
1. Crop models for yield estimation at different scale levels identified and evaluated.
2. Options for agricultural land use explored at four representative domains in
tropical Asia.
For the objective to develop ‘operational methodology’ to support the cooperation needed in a network to address issues at multiple sites, a single
expected output was identified: Teams of trained scientists who can apply systems analysis techniques at the regional level to identify development potentials
and opportunities.
At the first project planning meeting, principal SysNet scientists jointly decided
to adopt a common framework and ecoregional approach that integrate models,
expert systems and multiple goal analysis to explore land use options for
problems identified by stakeholders and related to competition for limited
resources. As a consequence, expected project output 2 became the major purpose of SysNet and project design and implementation were adjusted accordingly
(Annex 1). In terms of scientific-technical methodology development, emphasis
shifted from crop models to multiple goal optimization models as integrative
tools and technical coefficient generators (TCGs) for generating the input-output
matrix of the optimization models. Work on optimization models started by the
end of 1997 after problem definition and inventories of available data and tools
for all four study regions. TCGs were supposed to include all relevant current
and future (possible) production techniques of all promising agricultural
activities for a given region. The specific input-output relations to be quantified
by a TCG for a given region depend on specific NRM problems, as well as on the
regional development goals and their priority setting by the stakeholders.
Estimation of target yields using crop simulation models is only one aspect of a
TCG for regional land use explorations (Van Diepen et al., this volume). Table 2
gives an example of ‘ins and outs’ to be generated for cropping activities in
Haryana.
Jansen (this volume) and Bouman & Nieuwenhuyse (this volume) describe
TCGs for cropping and livestock activities. Having screened available
techniques, tools and data, it was found that a mix of information and techniques,
including simulation models, surveys, expert judgement and rules of thumb had
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Table 2. Example of an input-output table for cropping activities.
Inputs
Water quality
Water quantity
N applied
P applied
K applied
Labour requirement
Capital
Seeds
Biocides

Outputs
Yield
Crop residues
Water table change
Change in salinity
Biocide residues
N balance
P balance
K balance

to be used to generate technical coefficients for the various production activities
and technologies. An example of using, at least partly, simulation techniques for
estimating yield and other outputs is the Haryana case study (Aggarwal et al.,
this volume), while for the Ilocos case study farm survey data were extensively
used for generating technical coefficients.
Parallel to work on TCGs, integrative tools for decision support (optimization
model, data links and GIS) were developed and advanced training on GIS and
linear programming techniques for NARS scientists was conducted. SysNet
follows a sequence of nine steps for methodology development (Figure 7). The
whole process can be characterized as iterative and highly interactive.

Major accomplishments between 1996 and 1999

At the time of the final Symposium (SysNet’99) the outputs from the project
activities including the SysNet training workshops and the interactive workshops
with stakeholders can be summarized as follows:

Models and expert systems:
• WOFOST (version 7): an improved generic crop growth simulation model

with documentation for users.
• Progress in developing a general methodology for land use planning using
MGLP techniques for exploring land use options (LUPAS).
• Development of the component modules to facilitate modification and
operation of the system, e.g., CASS and AGROTEC, technical coefficient
generators for Can Tho and Haryana case studies, respectively; and
MAPLINK, a component linking model outputs and inputs to GIS.
• A significant scientific contribution in the form of high-quality publications.

Exploration of land use options:
• Four case studies on exploring land use options have been executed.
• Databases

for four MGLPs

(on resources,

technical

coefficients) were
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established.
• Results of scenario analyses from the four case studies have been demonstrated.
• Reports on the four regional case studies were presented during the workshop
on exchange of methodologies in land use planning in Can Tho City, Vietnam
(Roetter et al., 1998a) and at the SysNet’99 symposium in October 1999 (this
volume).
Trained scientists:
• Teams of trained scientists have developed the capacity to apply regional
systems analysis tools to identify development potentials, opportunities and
constraints.

Lessons learned and next steps in methodology advancement and
application

Based on the lessons learned from earlier work on applying multiple goal analysis techniques for regional land use explorations (Rossing et al., 2000), during
the project’s design phase SysNet scientists realized that planners and policymakers could not be expected to use the outputs of decision support systems for
land use planning as such. First, they had to develop confidence in the systems
models, learn to understand the outputs and their relevance for strategic mediumto long-term planning (5-20 years ahead). As a consequence, SysNet involved
local stakeholders (individuals, communities, or governments with a traditional,

Figure 7. Steps in SysNet
methodology development
(source Roetter et al.,
1999).
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current, or future right to co-decide on the use of the land) from the early stages
of methodology development (Roetter et al., 2000). After having pursued this
approach for three years, a preliminary (self-)evaluation is possible:

Lessons learned
1. In South and Southeast Asia, demand is ample for developing and applying
new methodologies for land use planning (at the municipal, provincial, state
and national level).
2. Early involvement and regular interaction with stakeholders are prerequisites
for developing an operational methodology for land use planning based on
societal confidence.
3. Participation of local stakeholders in methodology research creates a stimulating forum for exchange of information and knowledge at different levels.
4. The network established for developing and exchanging land use analysis
methodologies is considered beneficial for all parties involved.
5. Improving understanding and capacity of NARS partners in using systems
approaches comes first and is at least equally important to the transfer of new
technologies and tools.
6. Considerable time investment is required for establishing partnerships and
building capacity of NARSs before methodology development can be pursued
(one year in the case of SysNet).
7. Careful analysis of socio-cultural conditions, and planning and decision
structures is a pre-condition for properly identifying end users and the different interest groups to be involved in methodology development.
8. The interactive part is the most critical in operationalizing the IMGLP technique. Success in achieving fruitful interaction requires at least three
ingredients: an operational system for analysis and planning, a skilled (multidisciplinary) team of scientists and a network of key stakeholders prepared to
interact in developing methodologies for improving policy design and implementation. SysNet has succeeded in meeting most of these requirements.
Furthering the capability of LUPAS for interactive scenario analysis with
stakeholders will be the key to required methodology advancements and meaningful applications.

Next steps

In line with stakeholders’ and scientists’ comments, the project’s next steps will
focus on improving the capability and features of technical coefficient generators, standardizing the four MGLP models and their databases, and developing a
common ‘user interface’ for SysNet’s LUPAS, enabling non-specialists to select
scenarios and perform optimization runs. The user interface will result in both:
considerably improved interaction with stakeholders, and more efficient information supply (Dreiser & Laborte, this volume). Next, the lessons that have been
learned within the network need to undergo a generalization process for the
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following two reasons:
• To increase insight into the reasons underlying the differences in behaviour of
the agricultural systems in the four regional cases, e.g., Why do similar
changes in driving factors lead to different responses?
• To supply less complex, generalized models/expert systems that describe agricultural systems in a way that stakeholders, with limited or no background in
mathematical programming and/or no access to state-of-the-art computer hardand software, can ‘digest’.
To improve the analytical capacity of LUPAS for supporting policy design and
implementation, several methodological challenges have to be resolved. These
include integration of multi-level decision conflicts, multi-time horizons for
planning and price elasticities into LUPAS (Hoanh et al., this volume). A further
challenge is to improve links between on-farm and operations research – as mentioned by Van Keulen et al. (this volume). These and other related topics for
advancing the SysNet methodology need to be addressed in a follow-up project
to SysNet (many of the topics being very suitable for PhD research). At the same
time, the network and (intensive) interactions with stakeholders have to be
maintained. This provides the guarantee that the methodology will be applied by
end users and show impact in the four regions, and that feedback on (the lack of)
operational features of LUPAS can stimulate new research. For the next project
phase, it is planned that SysNet will
• Continue to refine LUPAS and perform scenario analyses in the four case
study regions in close collaboration with local stakeholders, and
• Advance, tailor and apply the SysNet-LUPAS methodology to new sites in
northern Vietnam and northeast Thailand. These activities are carried out in
support of the IRRI co-ordinated Ecoregional Initiative.
SysNet’s MGLP models do not ‘predict’ future land use or rural development in
a given region, but identify feasible land use options that can best achieve a set of
(multiple) objectives under well-defined conditions (De Wit et al., 1988; Van
Keulen, 1990; Van Ittersum, 1998). Scenario analyses using LUPAS do not so
much emphasize exploration of all ‘imaginable futures’ but rather concentrate on
‘feasible futures’ that can serve as a basis for policy formulation. Identification of
the most promising policy measures and formulation and implementation of a
development plan require further analysis with partly different methodologies
and tools (Rabbinge, 1995; Van Ittersum, 1998; Van Keulen et al., this volume).
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Introduction
Main problems in land use planning
Every year, or every season, or every month, land use decisions are being made;
they cannot be delayed because of lack of knowledge, data, maps, manpower, or
funds. Land use planning is an essential activity in any country, because the demands for different land uses usually exceed the available resources, and, even
when land is still plentiful, many people may have inadequate access to land or to
benefits from its use (FAO, 1993). Problems in land use decisions have been indicated by Fresco (1994a): “Today’s paradox is that, notwithstanding the great
technological advances and our increased knowledge of the natural resource base,
land use planning has not become easier and the challenges are perhaps greater
than ever.” Land use planning implies weighing trade-offs among conflicting goals
(FAO, 1993), as different interests exist in society. Land use planning aims at
making the best use of land in view of vested objectives with respect to the use of
limited resources to satisfy increasing demand.
The greatest challenge in land use planning is the diversity in land use, including
land users, goals, management and technologies, that increases from day to day
with the improvement in transport, trade and communication facilities. Such diversity becomes so great that FAO (1993) has noted: “Land cannot be graded from
‘best’ to ‘worst’ irrespective of the kind of use and management practise because
each kind of use has special requirements.”
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Although many issues in different spheres have been recognized, these two most
important concerns remain (Hoanh & Roetter, 1998):
• Conflicts on land use objectives by different stakeholders/interest groups,
• Uncertainty about future land use objectives, land resources and exploitation
technologies.

Evolution of land use planning methodologies
In response to the requirement of methodology for land use planning, FAO proposed
guidelines with ten steps in land use planning, in which a major activity is the
selection of land use alternatives based on land evaluation (LE), that combines biophysical and socio-economic factors (FAO, 1976, 1993). FAO provided a series of
guidelines for land evaluation for different purposes such as rainfed agriculture,
irrigated agriculture, extensive grazing and forestry (FAO, 1983, 1984, 1985,
1991).
It was soon recognized that such a methodology with a ‘top-down’ approach
based on suitability is not successful when the plan is implemented because farmers
are not willing to apply the land use types as planned. From the 1980s onwards,
new methodologies such as farming systems analysis (FSA) and participatory
approaches have been developed and widely applied to take into account the preferences and priorities of local land users in a ‘bottom-up’ approach (FAO, 1990).
However, any procedure such as LE or FSA essentially contains a number of
qualitative steps in assessing the future of limited resources while operationalization
of sustainability requires quantification of causal relationships among system components and implies understanding of ecological and socio-economic interactions in
land use to assess the changes in land use systems (Fresco et al., 1992).
A qualitative approach (conventional land evaluation) seems to be suitable for a
complex problem such as land use planning, but in fact it causes confusion (Van
Diepen, 1982; Fox, 1986; Van Diepen et al., 1991) to the planner, because the
flexibility in setting suitability criteria may cause difficulty in comparison of
evaluation results. A quantitative approach, based on mathematical modelling, may
help to avoid this confusion, but requires appropriate systems approaches. With the
quick development in computer sciences from the 1980s, nowadays modelling can
deal with much larger problems than before.
This paper presents the approach and concepts in the system called land use
planning and analysis system (LUPAS), the main output of the Systems Research
Network for Ecoregional Land Use Planning in Tropical Asia (SysNet).

Need for a new approach

From the beginning of the 1990s, new approaches and methodologies for land use
planning at a higher level than the farm level have been needed for several reasons:
• With the improvement in knowledge of farmers and decision makers at various
levels in developing countries, the broadcasting of information and technologies
after finishing the ‘cold war’, and the liberalization of agricultural trade, the top-
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down approach in planning and management is not suitable anymore. National
expertise, with deep knowledge on local conditions, has been improved and
gradually replaces international expertise in both research and development
projects.
Land use planning mainly based on the bio-physical suitability assessment as
done in the FAO land evaluation procedure cannot deal with the effects of different socio-economic factors that nowadays have a stronger influence on land
use decisions.
The long-term impacts of human activities on the environment are major
concerns at regional, national and global levels, whereas farmers generally pay
attention at short-term or medium-term benefits at the farm level. This issue
leads to a need to go beyond the farm level in natural resource management.
Moreover, land use planning techniques based on the attitudes of farmers today
and production in the near past can give insights into possible developments for
the near future, but will not indicate what is potentially possible (Rabbinge &
Van Ittersum, 1994).
Some methodologies, such as the LEFSA sequence that combines land evaluation (LE) with farming systems analysis (FSA) (Van Keulen, 1991; Fresco et al.,
1992), were suggested as an integration between top-down and bottom-up
approaches. However, the authors of LEFSA noted that it may be useful to select
appropriate elements rather than the entire sequence, because the challenges still
remain: ‘Can their integration fill the gaps in each approach?’ and ‘How to integrate them in practice?’
Under new international relationships in the 1990s, the effects of policy through
the economic interventions on land use become more and more important.
Allocation of land resources in agriculture for food supply and income generation is the main concern in land use planning. Agriculture and related land use
are not only for increased production, but have several major functions: food
security and environmental, economic and social functions (FAO, 1999).

Concepts in LUPAS
Taking into account the above issues, LUPAS is based on the following concepts
(Figure 1).
1. Diversity and conflicts in selecting land use objectives Multiple goal analysis is
applied in LUPAS by assuming that land users (stakeholders at different hierarchical levels, from farm to regional and national) always try to optimize the
achievements of different land use objectives. Stakeholders are individuals,
communities, or governments that have a traditional, current, or future right to
co-decide on the use of the land (FAO, 1995). Optimization in LUPAS is
based on the assumptions in normative decision theory (Turban, 1993):
• Humans are economic beings whose objective is to maximize the
achievement of goals, i.e., the decision maker is rational.
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• In a given decision situation, all viable alternative courses of action and
their consequences, or at least the probability and the values of
consequences, are known.
• Decision makers have an order or preference that enables them to rank the
desirability of all consequences of the analysis.
Sub-optimization, a practical approach for many problems (Turban, 1993), is
also applied in LUPAS, assuming that one part of the region (district, village,
farm) wants to optimize its objectives without consideration of the rest. A
comparison between the optimal results for the region as a whole and the total
aggregated from sub-optimal results of all parts allows us to identify the
potential achievements and the interventions to be made, for example, sharing
water resources within the region.
2. Integration of local expertise with global knowledge LUPAS is developed for
each case by a local scientific team with the involvement of stakeholders from
the very early stage and regular consultation with stakeholders is organized.
For the regional level, key stakeholders are provincial or state authorities who
are responsible for the use of land resources in the study area.
3. Conflict between ‘scientific understanding and the need for rapidly applicable
methodology’ (Fresco, 1994b) LUPAS is developed for operational purposes
with simple procedures based on the current scientific knowledge. It is amenable
for future refinement when knowledge is improved. It is an integrated research
for management that combines bio-physical and socio-economic research,

Figure 1. Concepts implied in LUPAS.
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Figure 2. LUPAS in the direction of integrated research for management.

as shown in Figure 2. Moreover, LUPAS is developed in two phases, the first is
research oriented and the second is management oriented, as mentioned in point
8 below.
4. Complexity of land use and the flexibility of qualitative (conventional) land
evaluation LUPAS contains procedures from qualitative approaches as
traditional land evaluation to quantitative approaches by applying modelling
based on systems analysis techniques.
5. Uncertainty in land use objectives, land resources and exploitation technologies in the long term LUPAS is designed for analysis of explorative land use
scenarios in which the land use plan is analysed for various target years
selected on the basis of different policy views and development plans.
6. Variations in land use in space and time, and the inequality in distribution of
land resources and benefits from their use to the population In LUPAS,
geographic information system (GIS) is included as an essential sub-system to
analyse the spatial and temporal distribution of land resources as well as
achievements of land use objectives. It also facilitates interpretation of results.
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7. Need of integration LUPAS is a process of multi-disciplinary and multi-sectoral
integration to improve the consistency of supporting actions from various
agencies relating to land use. This integration is necessary (i) to aid
communication and co-operation; (ii) to link natural resource studies to the social
and economic development process; (iii) to improve resource use efficiency; and
(iv ) to help ensure that all parties in the development process are aiming at the
same goals (Luning, 1986).
8. Relationships between government policies and land use decisions LUPAS
contains parameters that reflect the direct effects of government policies and the
relationships of these effects with other factors relevant to the selection of land
use types.
9. From theoretical concept to operational methodology LUPAS is developed for
each case study through two phases. In Phase I, the research-oriented phase,
international agricultural research centres (IARC) and national agricultural
research systems (NARS), with contributions from stakeholders formulate the
framework, develop LUPAS based on the theoretical knowledge and test for
local conditions. In Phase II, the management-oriented phase, more involvement of stakeholders is required to transfer the methodology to management
institutions, and to result in an operational procedure that can be adapted by
stakeholders.

Components of LUPAS

To contain all the above concepts, LUPAS is not developed as a single software
package, but as a system with various components, each equivalent to an analytical
step. Many techniques applied in these components can be improved as well as replaced by more suitable techniques when available. Therefore, the most important
feature of LUPAS is that the analysis procedure is based on the systems approach
rather than techniques in each component. The conceptual structure of LUPAS
consists of three main methodological parts:
• Land evaluation including assessment of resource availability, land suitability
and yield estimation;
• Scenario construction based on policy views and development plans; and
• Land use optimization in the form of a multiple goal linear programming
(MGLP) model.
The operational structure of LUPAS (Figure 3) comprises three databases and
four major components with various functions plus GIS as a supportive component (Hoanh et al., 1998; Laborte et al., 1999). A more detailed structure is
described in Hoanh et al. (1998). Examples of tailoring LUPAS to different areas
are given in this volume.
Table 1 presents the main functions, tools and techniques applied in each
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Figure 3. Four main components and GIS support of LUPAS.

component. It can be argued that the yield estimation and input-output estimation
procedures can be merged. However, the main difference between these two
components is that the first focuses on bio-physical phenomena such as effects of
climate, water and soil factors on crop yield, while the second also deals with
socio-economic factors such as amount and cost of input, price and total
revenues, and labour requirement. Even in practice, these two components can be
studied by the same team. The analytical steps are separated for quality control
purposes and to assure that no land use type or technology is ignored due to
subjective viewpoint. It is also emphasized that the model or an individual
technique is not important in LUPAS and can be replaced by another more
suitable for the local conditions.
Main inputs from the databases and outputs exchanged among the LUPAS
components are introduced in Table 2. It is necessary to transfer main outputs
from each component to other components for cross-checking purposes.
Applying LUPAS for scenario analysis
Scenario analysis
Scenarios are usually built on many assumptions. In land use planning, scenario
analysis is needed because many assumptions about the future are made and land
use scenarios are evaluated through integrating the effects of bio-physical and
socio-economic factors. Fresco (1994a) remarked, “Scenarios are not to be confused with forecasts: they do not predict, but allow us to explore technical options
based on explicit assumptions given a set of goals.” The assumptions may
comprise ‘fixed elements’ (such as existing settlements), ‘surprise-free
projections’ (such as reduced population growth) or ‘variable choice elements’
(such as alternative production orientation and technologies).
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Table 1. Main functions of each component of LUPAS.
No.
1

Component
Main functions
Resource balance
To identify land units and their
and land evaluation
characteristics based on agro-ecological units and administrative
units
To estimate available resources (land,
water, labour) for productionoriented land use (agriculture,
fisheries and production forestry)

To identify promising land use types
and possible technology levels
applied in each land unit

2

3

4

Yield estimation

Input-output
estimation

Multiple goal
linear
programming

To formulate objective functions for
various land use scenarios
To identify demand for products
(amount and type) and potential
changes
To estimate actual and attainable
yield of main products and byproducts from promising land use
types at possible technology levels
in each land unit
To estimate side effects, in particular
environmental impact from
promising land use types in each
land unit
To analyse spatial-temporal variations
of yield and environmental effects
To estimate input-output relations for
the various production activities

To estimate variations of input-output
values due to selected land use
options
To analyse spatial and temporal
variations of input-output
To generate land use options for each
scenario by optimizing selected
objective functions under explicit
goal constraints
To identify and analyse conflicts in
land use objectives and land
resources
To identify the effects of government
policy
To analyze the risk of land use
options
To analyse spatial and temporal
distribution of resources to land use
types

Tools
and
techniques
Overlay technique in GIS

Statistical analysis for population and labour
projection
Policy reports and sectoral development plans
Balance between supply of resources and
demands for land use other than
productton-oriented (settlements,
infrastructure, industry)
GIS to identify resources available for
agricultural land use in each land unit
Statistical analysis of experimental and
survey data
Literature review
Consultation with national and international
experts, including stakeholders and farmers
Qualitative land evaluation
Crop modelling
Policy reports and sectoral development plans
Consultation with stakeholders
Projection of local demand
Statistical analysls of market potential
Crop modelling, including complex models
and simple parametric models
Statistical analysis for farming survey data
Consultation with national and international
experts
(including
local
farmers)
Thematic modelling (as soil erosion model,
salinity intrusion model)
Statistical analysis for experimental and
survey data
Consultation with national and international
experts
GIS and statistical analysis
Crop modelling
Statistical analysis of experimental and
survey data
Using technical coefficient generators
Expert judgement
Analysis of elasticities of supply and demand
Multi-temporal analysis
Expert judgement
GIS and statistical analysis
Linear programming using commercial
software packages
Scenario analysis by using interactive
multiple goal linear programming
(IMGLP)
Sensitivity analysis of government policy
parameters
Statistical analysis for relevant factors
Sensitivity analysis in IMGLP for relevant
factors
GIS and statistical analysis
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Table 2. Data exchanges among LUPAS components and external databases.
Destination of data

Source of data
A.

Bio-physical

database

B.
Socio-economic
database
C.
Policy view and
development
plan database

1.
Resource
balance and
land evaluation
2.
Yield estimation
3.
Input-output
estimation

4.
IMGLP model

1.
Resource balance
and land evaluation
Available land
Available water (rain,
surface water, groundwater)
Available labour for
agriculture
Boundary of climate, soil,
water conditions
Suitable land use types
Economically feasible
land use types
Administrative boundary
Demand of products for
local population
Objectives of development
Demand for land use
other than productionoriented
Changes in land, soil and
water due to development plans
Target of production
Market ceiling
Selection of land use type
indicator based on
policy views

Yield of products and byproducts for promising
land use types and
technology levels for
verification
Amount of inputs, costs
or revenues of promising land use types for
verification

Land use options and
achievements (for
checking)

2.
Yield
estimation

3.
Input-output
estimation

4.
IMGLP model

Climate, soil, water
conditions

Climate, soil, water
conditions

Available land
Available water (ram,
surface water,
groundwater)
Available labour for
agriculture

Cultivation techniques
Amount of inputs

Cultivation techniques
Prices of input/output
Amount of inputs

Administrative
boundary
Demand for products
for local population

Production orientation
Changes in land, soil
and water due to
development plans

Production orientation
Changes in land, soil
and water due to development plans

Objectives of development
Target of production
Market ceiling
Selection of land use
type indicator

Land unit and biophysical characteristics
Promising land use
types and technology levels

Land unit, bio-physical
and socio-economic
characteristics

Land unit, bio-physical
and socio-economic
characteristics

Amount of inputs
Yield of products and
by-products
Values of side effects
Alternative inputs
and cultivation
techniques

Land use options and
achievements (for
checking)

Amount of Inputs,
including labour and
water requirements
Price and costs of
inputs
Yield of products and
by-products, and
values of side effects
Prices and revenues
from land use
Land use options and
achievements (for
checking)
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For land use scenarios to be acceptable for supporting policy formulations, however, these assumptions should be reasonable. Therefore, regular interaction with
stakeholders is needed for scenario setting.
Process of scenario analysis
The analysis of a scenario by LUPAS comprises three phases: ( i) scenario construction – pre-optimization analysis; (ii) optimization; and (iii) analysis of
scenario results (post-optimization analysis). This process corresponds to the
three basic phases of the decision-making process, intelligence phase, design
phase and choice phase (Turban, 1993), that are applied in most decision support
systems.
Scenario construction – pre-optimization analysis A land use scenario is characterized by a set of system definitions, facts and assumptions applied in each
component of LUPAS. These assumptions are first formulated from the answers
of stakeholders to the following questions at stakeholder-scientist workshops,
and then reviewed with a deeper analysis of survey or secondary data. Table 3
presents the questions formulated for each analytical step in LUPAS. Management policies are included in the analysis by changing values of certain
parameters, or by adjusting driving variables such as one that indicates whether a
land use type is promising.
Optimization Interactive multiple goal linear programming (Van Keulen, 1990) is
applied in LUPAS for optimization and sub-optimization. It requires a wellstructured model specifying the required input data and the mathematical relationships in an accurate manner. A non-linear relationship can be converted into
a linear one by mathematical techniques or by breaking it up into parts with
linear relations.
Analysis of scenario results – post-optimization analysis The following are the
main points to be considered when analysing results of a scenario:
• How much can be achieved for the optimized objective function in the studied
scenario?
• How much can be achieved for other objectives considered in the scenario?
Do these achievements increase or decrease compared with optimal values
when we optimize these objectives?
• How much resources (land, water, labour) are used in the scenario? Where and
when are they in surplus or short supply?
• How much land area is allocated to each land use type and where?
These results are usually presented in graphical or tabular form, and also as maps
by GIS. The conclusions of the analysis may indicate that expanded scenario(s)
are needed. The purpose of analysing ‘expanded scenarios’ is to answer the
‘what-if’ questions imposed on the studied scenarios. The common format of
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such ‘what-if’ questions is: What are the effects on agricultural production and
land use in the studied scenario if the resources/local demands/country
targets/markets/prices/... increase or decrease? The three phases of scenario
analysis are repeated for the expanded scenario(s), and the outcomes will be
compared with those from the main scenarios.
Examples of scenario analysis for four case studies in the SysNet project are
presented in other papers of this volume.

Table 3. Main questions to be answered in scenario construction (pre-optimization analysis).
Analytical step
(LUPAS
component)
Resource
balance and land
evaluation

Question
•
•
•
•
•
•
•
•
•
•

Yield estimation

•
•
•
•

Input/output
estimation

IMGLP

•
•
•
•
•
•
•
•

What is the spatial extent of the study region? (whole region or certain subregion(s))?
What is the target year of the scenario?
What are the objectives of agricultural land use in the target year?
What are the demands for each agricultural product in the target year, including
local consumption, national requirement and potential markets?
How much land resource is available for agriculture in the target year after
satisfying the claims on land by prioritized land use such as infrastructure,
industry and settlements?
How much water resource, including rain, surface water and groundwater, is
available for agriculture in that target year, taking into account the development
in water supply and water use?
How much labour is available for agriculture in the target year considering
development and migration to urban and industrial regions?
How much capital is available for agricultural land use in the target year?
What are the relevant agricultural land use types and technology levels
currently applied in the region?
What might be promising land use types and technology levels for the regions
in the target year?
What are current yield levels and corresponding technology?
What are target yield levels in the target year?
What are biophysical conditions/quality of the natural resource base (climate,
soil, water) in each land unit in the target year?
What are current and alternative production technologies and inputs (labour,
fertilizer, pesticides, etc.) required to achieve alternative target yield levels?
What are by-products or side effects from each land use type?
What is the production orientation (maximizing production, environmental
protection)?
Which technologies are promising to achieve target yields in the target year?
What are the effects of supply/demand of certain products on prices of inputs
and outputs?
What is the main objective of agricultural land use to be optimized?
What are the other objectives to be optimized?
How are or will the resources (land, water, labour, capital) be shared among
land units?
What are local demands, regional and national targets, and market ceiling for
each commodity in the target year?
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Conclusions - current limits and future direction of LUPAS

LUPAS can be applied for scenario analysis of a complex problem such as conflicts in land use. It comprises several methods and techniques combined into
four components, each corresponding to an analytical step. Land use options for
optimizing an objective, or a group of objectives, can be attained through
scenario analysis by using tools such as thematic models, computer calculations
or commercial software. Obviously, with more powerful tools, the results can be
achieved easier and faster, but it does not mean that the application of LUPAS
completely depends on these tools. The analysis process is more important to
help planners and decision makers understand more about the land use system in
the region and to assess the effects of their decisions and plans.
Currently, the analysis of LUPAS mainly deals with decision making at the
regional level, with the possibility of sub-optimization analysis for different parts
in the region. The following refinements are required to improve the capacity of
LUPAS:
• Standardizing the model for applications in different regions and improvement
of user-friendliness of the system These refinements are essential for the
second phase of LUPAS development when the methodology and tools should
be transferred to the management agencies for real application.
• Improving the sub-optimization capacity for multi-level analysis For upscaling
to the national level and downscaling to lower hierarchical levels such as the
district and village, the current formulation of the model in LUPAS can be
adapted. The optimization model can be applied for every part of the studied
area and aggregated to a higher level. However, optimization at the farm level
requires a specific model structure because LUPAS cannot be applied for
every farm in the region, but only for groups of farms, and the decision at the
farm level does not face the question of sharing resources as at higher levels.
Statistical analysis should be involved in the aggregation process from farm
groups to the regional level.
• Including multi-temporal analysis in the optimization model Currently,
LUPAS can provide optimal land use options for certain target years, assuming no dynamic relationships among land use in these years. The outputs can
show the prospective land use in the target years in the future, but there are
different pathways to achieving the same goals in that year (Figure 4),
depending on policy views and sectoral development plans. Optimization
along the pathways needs to be studied. As a related problem, the elasticities
of supply and demand are not included in LUPAS yet. The current target of
production in the model is limited by a market ceiling, assuming that the price
is unchanged when production is below that ceiling. However, in reality, the
surplus or shortage of a certain product will affect its price as well as prices of
substitute products. Such ‘dynamic’ relationships should be included in
LUPAS by developing a multi-temporal model applying simulation techniques.
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Figure 4. Different pathways from current situation to optimal perspective.

• Improving uncertainty and risk analysis LUPAS is based on a well-structured
decision problem with the assumption that the required data and mathematical
relationships are known accurately. However, uncertainty and risk always exist in reality, and, in many cases, the decision taken is based not only on the
goal achievement but also on the risk in achieving the goal. This requires a
model with new objective functions that combine the risk with goal achievement.
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Introduction

Food grain production in India has increased from 26 Mtons in 1965 to 205 Mtons
in 1999. This was due to the development and large-scale cultivation of new higheryielding dwarf varieties of cereals, an increase in area under grain crops, particularly of wheat and rice in the sixties and early seventies, and higher applications of
water and nutrients. Increasing population, income growth and urbanization imply
increasing demand for food and feed in the coming decades. It is estimated that the
total food grain requirement of India will increase to 269 Mtons by 2010 (Kumar,
1998). Lately, however, there has been a significant slowdown of the growth rate
in area, production and yield in intensive farming areas (Sinha et al., 1998). An
increase in area under cultivation does not appear feasible. A further production
increase, therefore, has to come from an increase in productivity per unit area. At
the same time, concerns are increasing about equity, environmental degradation and
sustainability of natural resources. These issues need to be internalized while
planning for future production strategies.
Analysis of options for regional development generally focuses on defining
the best strategy. However, when there are potentially conflicting objectives such
as maximizing production, sustaining environment and maximizing farmers'
income, it is difficult to define the best solution. Information, therefore, needs to
be generated to determine the consequences and trade-offs of different sets of
policy aims for agriculture. The economically viable optimal solutions should be
based on the consideration of the bio-physical potential of the resources available
and the socio-economic constraints. Thus, a systems approach is needed where it
is possible to translate policy goals into objective functions integrated into a biophysical land evaluation model.
The state of Haryana in the Indo-Gangetic plains has contributed tremendously
to the success of the Green Revolution in India. Rice and wheat, commonly grown
in a double-cropping rotation, are the major food crops of the region and their
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current total production is 10 Mtons. To meet the increasing demand of the growing
population and to maximize farmers’ and regional income, a recent policy goal is to
double the food grain production (rice + wheat) in the next ten years. Regional
stakeholders are also interested in finding optimal agricultural land use plans that
can meet this goal as well as maximize employment and income from agriculture,
while minimizing pesticide residues, nutrient losses and groundwater withdrawal.
This study describes our methodology based on symphonic use of simulation
models, geographic information systems (GIS), remote sensing and interactive
multiple goal linear programming (IMGLP) to determine the implications of
these conflicting goals for land use in Haryana.

Methodology
Resource characterization
The study region Haryana has an area of 4.4 10 6 ha, located in a semi-arid, subtropical environment between 27.4 to 30.6°N and 74.3 to 77.4°E. The agricultural area comprises 81% of the total area, and 67% of the agricultural area is
sown more than once. It consists of 16 administrative regions (districts) made up
of 108 blocks and 7073 villages.
Soil units The basic soil map of Haryana has 199 homogeneous units based on
surface form, parent material, soil depth, particle size class, mineralogy, calcareousness, soil temperature regime, soil pH, drainage class, groundwater depth,
presence of compact layer, slope, erosion class, level and extent of salinity and
sodicity, flooding sensitivity and soil taxonomy (Sachdev et al., 1995). A map of
organic carbon, an important indicator of soil fertility, was developed independently based on the data collected from literature for 73 locations in Haryana
using inverse distance interpolation. After combining both maps, 17 homogeneous soil units were distinguished based on particle size, organic carbon, sodicity
and salinity, considered as critical characteristics for this study. Other soil
properties were not included because they either depended on the properties
selected already or were relatively less important for deciding agricultural land
use options in Haryana. Organic carbon was grouped in two classes (<0.3% and
>0.3%), soil texture in three (sandy loam, coarse loam and sandy), sodicity in
two classes (pH <8.7 and pH 8.7-9.8) and salinity in three classes based on
electrical conductivity (dS m -1) ranges of <1.6, 1.6-2.5 and 2.5-5.
Agro-climatic units Annual rainfall in the state varies from 300 mm in western
regions to 1200 mm in northeastern regions. A rainfall map was prepared based
on data of 58 stations in and around Haryana. Inverse distance interpolation was
used and the resultant map consisted of 6 segments of 150-mm width. Overlaying
this over the reclassified soil map yielded 59 homogeneous units. Rainfed
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Figure 1. Maps used to determine homogeneous land units in Haryana.

area, which occurs mainly in western parts of Haryana, was mapped through
satellite scan (IRS 1C and 1D images) and other conventional resource
inventories. Addition of this layer consisting of irrigated and rainfed areas
resulted in 87 agro-ecological units.
Land units The boundaries of the 16 districts in the state were overlaid on these
agro-ecological units to determine the size and number of unique land units. The
process resulted in 208 land units (Figure 1). Assuming that the area under
settlements and barren land will not be available for cultivation, the non-agricultural area in these units was excluded. The demarcation of the latter was based on
a recent satellite-based inventory.
Databases Relational databases relating to seasonal groundwater and surface
water availability, labour, pesticides, fertilizers, transport facilities and costs and
prices of main farm inputs and outputs were developed on a district basis. Fixed
cost (rental value of the land) was adjusted for the land quality (indicated by
salinity/sodicity level) of different agro-ecological units.
Transfer functions Certain parameters, such as soil NO3 profiles, important in
calculating input-output relationships, were not directly available for the region.
Their values can, however, be determined based on other directly measured
characteristics. The following relationships were developed based on a literature
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survey for such transfer functions
• Field capacity and wilting point were calculated based on texture following
relationships established by Kalra et al. (1995).
• Basic soil N availability, mineralization and soil NO3 profiles were determined
based on their relationship with soil organic carbon content in Haryana (Singh
et al., 1992).
• Yield reduction factors were related to extent and level of salinity and sodicity
following Gupta & Sharma (1990) and Van Genuchten & Gupta (1993).
Yield estimation
Land use types (lut) Major land use types in Haryana are cereal-based. In irrigated areas, rice-wheat is the dominant cropping pattern, whereas in rainfed areas
pearl millet-fallow or fallow-wheat are the dominant land use types. Based on the
current cropping pattern in different parts of the state, 14 crop-based luts were
selected for this analysis (Table 1). The last 5 luts (in Table 1) are generally
practised in the rainfed areas in south Haryana.
Livestock are an integral part of Haryana’s agriculture. Most farmers keep
cattle for milk production, which is used for home consumption as well as for
marketing. Three major milk cattle — crossbred cows, buffalo and local cows –
were considered for this analysis.
Technology levels A major goal of our study is to explore options for increasing
production. Considering this, we have used five technology levels: current yield
level, potential yield and three levels between the two for irrigated areas. The

Table 1. Major agricultural land use types in Haryana.
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techniques for these levels were assumed to become more and more site-specific
and capital-intensive. In the absence of good data, only the current level of technology used is considered for rainfed areas and for livestock.
Estimation of yield levels Yield levels were determined for different technology
levels of each lut for different land units. The potential yields were estimated
based on partially calibrated and validated models for irrigated land units
(Bandyopadhyay, 1999; personal communication). The models used were
WTGROWS (Aggarwal et al., 1994) for wheat, CERES series of models for rice
and maize (Tsuji et al., 1994), and WOFOST (Van Diepen et al., 1988) for other
crops. The yields were simulated for 10 different locations within and around the
state of Haryana. The sowing dates for different crops depended on the cropping
pattern. Thus, the wheat-sowing date was different among rice-wheat, summer
rice-rice-wheat, basmati rice-wheat, maize-potato-wheat and sugarcane-wheat
systems. A fraction of the yields is always lost in the process of harvesting,
transportation and processing. The simulated yield levels were adjusted by
assuming this fraction to be 10% for all luts. Salinity and sodicity are common in
many land units of Haryana. Potential yields were therefore further adjusted for
the severity of these factors based on transfer functions mentioned earlier for
reduction of yields due to salinity/sodicity.
The current yields of different crops were obtained from the state average
(Anon, 1998a). Since it was not possible to get current yield data at the land unit
level, a weighting criterion dependent upon the area, approximate area of different luts and level of salinity/sodicity was developed to allocate state average
yield to different land units (Bandyopadhyay, 1999; personal communication).
The difference between the adjusted potential yield and the calculated current
yield level in each land unit was considered the yield gap for that unit. Target
yield levels were set at 25%, 50% and 75% of the respective yield gaps at three
different technology levels. Since rainfed areas are resource-poor as well, only
the current level of technology was considered feasible for such areas.
The average yield per head was considered to be 4.0, 5.5 and 6.4 litres of milk
per day for cows, buffalo and hybrid cows, respectively,

Input-output tables

Required inputs and other ancillary resultant outputs of various luts were calculated for the specified yield levels as described earlier by Aggarwal et al. (1998)
and briefly summarized in Table 2. The basic data for these were collected from
a literature survey. The nutrient and water use efficiencies were assumed to
increase between 10% and 40% with technologies 4 and 5 depending on the nutrient (Pathak, 1999; personal communication).

Socio-economic factors

Labour A recent survey conducted by Haryana Agricultural University, Hissar,
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Table 2. Calculation procedures for input-output matrix for different land use types and
technology levels.

a

It was assumed that BRI < 100 is fully safe, between 100 and 200 is with low risk and values
above 200 are hazardous (Joshi-It, personal communication).
(aeu: agro-ecological unit; ET: evapo-transpiration; fc: field capacity; HI: harvest index; lut:
land use type; t: technology; wp: wilting point).

provided information related to human labour and machine labour used at the
current technology level (Anon., 1998b). It was assumed that the labour requirement would increase in proportion to an increase in yield up to technology level
3. Technology levels 4 and 5 were assumed to be knowledge-based, precise and
mechanized. Therefore, it was assumed that the human labour requirement would
be 75% of the current requirement at level 4 and 25% at level 5. The extra cost
for mechanization (technology cost) was taken as rupees 1500 and 3000 per
hectare at levels 4 and 5, respectively.
Costs and prices Costs of fertilizers and farmyard manure (FYM), human and
animal labour, hiring of tractor, and procurement price of produce as well as
residues were derived from the government statistics (Anon, 1998a). Fixed cost
was considered to be formed by the rental value of land. Total cost of production
included costs of seeds, human labour, machine labour, irrigation, fertilizers,
FYM, Zn sulphate, biocides, fixed costs and miscellaneous (10% of operational
costs) costs. Gross income is the value of main produce (grain/cane) and residue.
Net income of the farmers was calculated as the difference between gross return
and total costs.
Optimization model
Goals Various policy views concerning future land use in the state were distilled
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from policy documents and in consultation with regional policymakers. These
views have been operationalized by means of objective functions. The important
future agricultural development goals for Haryana were considered to be maximization of production of cereals (rice + wheat), pulse (gram), fibre (cotton),
oilseed (mustard) and milk production accompanied by maximization of
employment in and income from agriculture, reclamation of salinity and minimization of pesticide residues, N leaching and groundwater use. From these, the
following four important goals were selected for this preliminary study, based on
their relative importance and considering the limited availability of data
• Maximize food production
• Maximize income
• Minimize groundwater pumping (maximize water use efficiency)
• Minimize N losses.
Several sub-sets of scenarios were identified for the important goal of maximizing food production as indicated in Table 3. Since doubling of food
production by 2010 is an important policy goal for Haryana, this has been
considered as the major goal in one scenario.
Optimization Interactive multiple goal linear programming has been applied in
this study (De Wit et al., 1988) using XPRESS software (Dash Associates,
1999).

Table 3. Results of optimization for different scenarios relating to maximizing food production
in Haryana.
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The constraints set The constraints set for the optimization exercise with current
constraints and technologies included the availability of land, water, capital and
labour. Adoption of different technologies is at present generally constrained by
the size of landholding which indirectly relates to the farmers’ capital base. Small
farmers are generally not able to adopt capital-intensive technologies. Since this
constraint was not directly operational in the model, a land-based constraint was
built into the model to restrict the use of capital-intensive technologies 4 and 5 to
25% of the area (rich farmers with large holdings) in Haryana (Table 3). All
farmers (small, medium and large) could use technologies 1 and 2, whereas only
medium and large farmers (50% of the area) could use technology 3. Another
similar constraint of land-water was built into the model to restrict the amount of
water used by area under various technologies.
The land and water constraints were specified per district and per land unit.
The labour constraint was specified for each district on a monthly basis, whereas
capital constraint was operational on a district basis only.

Results and discussion
Sustained growth in food production

In the first scenario, the objective was to maximize food production with land as
the only constraint to determine the maximum possible opportunity for food production when there is no constraint. The results indicated that a maximum food
production of 68.5 Mtons is theoretically possible in Haryana (Table 3), including 47.8 Mtons rice and 20.7 Mtons wheat. The entire agricultural land area was
allocated to the summer rice-rice-wheat (SRW) cropping pattern with the highest
technology. For realizing this, however, 122 billion m3 of water, 172.7 billion
rupees of capital and 1,333 million labour days will be needed in rural areas
(Table 3). These numbers are, respectively, 6.7, 3.2, and 3.9 times higher than the
current usage. Obviously, it is impossible to ever mobilize such huge resources.
There was a substantial amount of N loss as well through leaching.
In the next scenario, it was assumed that the rainfed area will not be able to
have any supply of surface water in the future and hence land use here will be
restricted to rainfed cropping systems only. In this scenario, the maximum food
production came down to 58.6 Mtons (15% less than the first scenario). The
resource use, however, was still huge and unsustainable (Table 3). As expected,
the allocated land use of irrigated areas was completely SRW at technology 5; in
rainfed areas, it was fallow-wheat (FW). Although pearl millet-wheat (PW) had a
higher total yield, FW was selected by the model due to its higher yield of wheat.
When the constraints set included land and technology adoption, food production dropped to 51.6 Mtons. The cropping patterns, however, remained
unchanged. Inclusion of land, rainfed area and technology adoption as the constraints indicated that it is possible to produce 44.4 Mtons of food, including 30.5
Mtons of rice and 13.9 Mtons of wheat, in Haryana. Eighty-four percent of the
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area was under SRW and the rest was under FW.
In the next scenario, water was included as a constraint, together with land
(including rainfed area and technology adoption sub-constraints as well). In this
scenario, maximum possible food production was only 16 Mtons, including 3.4
Mtons of rice and 12.8 Mtons of wheat. All land and water were used. Area
under rice-based cropping systems was drastically curtailed because of the excessive irrigation requirement of this system. The cropping patterns shifted from
SRW to irrigated pearl millet-wheat (IPW, 56%) followed by rice-wheat (RW,
20%), fallow-wheat (FW, 16%) and basmati rice-wheat (BrW, 0.2%). Milk
production in this scenario increased to 5.8 billion tons compared with the current production of 4.2 billion tons.
Forty-four percent of the land was cultivated with the current level of technology (technology level 1) and 53% with technology levels 2 and 3. Only 3%
area was cultivated with technology 5. This area was largely rice-wheat and was
related to the increased water use efficiency of this system in high technologies.
The farmers’ income in this scenario was 31.0 billion rupees, which was lower
than the current income because this scenario did not emphasize maximization of
income and hence cash crops were not grown.
In the next round, constraints to labour and capital were added. This did not
result in any change in food production compared with the last scenario, where
water alone was the constraint. Cropping pattern and use of various resources had
only marginal changes. This indicates that water is the main constraint in
Haryana. Area increased slightly under technologies 4 and 5. Milk production
decreased slightly because of reduced fodder availability in higher technologies
allocated to wheat.
In the next scenario, optimization was further tightened by introducing lower
bounds for all crops under all constraints. This resulted in a significant drop in
food production to 13.0 Mtons (Table 3). There was a large increase in the production of basmati rice in this scenario compared with the previous one (1.23
Mtons from 0.024 Mtons) at the expense of traditional rice (2.9 Mtons from 3.6
Mtons). The area under irrigated pearl millet-wheat (IPW) decreased substantially (from 53% in the previous scenario to only 18% in the current one).
Basmati rice-wheat, maize-mustard, cotton-wheat and sugarcane-wheat occupied
the space vacated. Because of decreased wheat residue availability, milk production came down significantly. Since cotton and potato were grown in this
scenario, biocide residue index increased, but was still within the tolerance limits
(Table 3).
Doubling food production with land and technology adoption as constraints
To double food (rice and wheat) production with all other crop production levels
at least at the current level and with land constraints, there will be a need for 91
billion rupees capital versus the currently available 54 billion rupees. In addition,
doubling of food will require 90% more labour and irrigation and 56% more N
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fertilizer than used today. Only 10% area will be under the current level of technology, whereas 72% area will be under technologies 2 and 3, Since the resource
requirement, particularly for water, is far more than the state can ever afford to
provide, doubling food production, even if increased capital and labour are made
available, appears to be an infeasible goal.
Conclusions and future work
The methodology described here provides a useful tool to explore the window of
opportunities for land use planning. The key advantage is that it integrates the
knowledge base of several scientists from different disciplinary backgrounds and
attempts to address some real issues put forward by the stakeholders. It also helps
us in analysing scientifically whether many of our ambitious goals for development are feasible and, if yes, at what costs.
Our preliminary results point out that availability of water will remain a major
constraint to increasing food production in Haryana. Since we considered availability of water resources at today’s level, the analysis needs to be redone more
critically in view of the total water resources likely to become available in the
future. These water resources are not easily available at the land unit or even district level. Therefore, the availability of quality data at the desired scale is an
important limitation to making progress.
Several simulation models have been used in our study. Although most of
them have been validated at the field scale in the region and have only been used
for estimating potential yields, more work is needed to evaluate their performance at the regional level. Similarly, more efforts are needed to improve the
technical coefficient generator (TCG) used so far which is based on a simple
production function approach and has been calibrated with region-specific data.
A completely automated, user-friendly system is now being developed to further
facilitate generation of input-output files for such applications.
To address sustainability was a major goal in our program. This could not be
fully handled by the methodology because of the static nature of the TCG used.
There is an urgent need to develop models that can link the various production
activities with impact on the natural resource base and feedback from it, in turn,
on the production activities next season.
The results of the IMGLP model are exploratory and, therefore, often appear
to be far from reality. Only a single (higher) level of stakeholders is considered
while the interest of the other stakeholders in the region (e.g., farmers, village
level managers) has been ignored. Consequently, although the model illustrates
the opportunities at the regional level, these may not be implementable by the
primary land use decision maker – the farmer. There will be a large capital
requirement at the state level to finance the equipment needed for implementing
capital-intensive technologies 4 and 5. These technologies also need to be considered in the future analysis.
Finally, in this study, we have focused on a single objective – maximizing

67
food production – whereas IMGLP is meant to assist in resolving conflicts
among competing goals. This could not be implemented due to a paucity of
quantitative information on various goals. Nevertheless, the framework developed in this paper should be able to address such issues once such data become
available.
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Stakeholder comments: Haryana case, India
Parminder S. Virk
International Rice Research Institute, P.O. Box 3127 (MCPO), 1271 Makati City,
Philippines

Haryana contributed tremendously to the success of the Green Revolution in
India. This was primarily due to the large-scale adoption and proper management
of high-yielding, fertilizer-responsive, semi-dwarf varieties of wheat and rice,
and also to the hard-working, enterprising farmers. Rice and wheat are grown in
a double-cropping rotation and are the major food crops of the region. Haryana
contributes significantly to the central food reserves; therefore, it plays a significant role in food security of India.
To meet the increasing demand of the growing population and to maximize agricultural income, we need to produce even more from less land, water, fertilizers
and pesticides. The regional stakeholders seek optimal agricultural land use plans
from SysNet, keeping in mind the following factors:
• Economic factors such as income to farmers.
• Agricultural production — for food security.
• Social factors — maximum equity and employment.
• Environmental issues: minimum biocide residues, N losses and maximum
water use efficiency.
The challenge to agricultural scientists today is how to contribute to the transition
to a doubly green revolution (a green, green revolution) that will help
• Sustain adequate growth in grain production, and
• Enable food to reach the poor at affordable prices (the first green)
• In a manner that protects soil and water quality and preserves biodiversity (the
second green).
It is exciting to know that SysNet is using geographical information systems,
remote sensing, simulation models and interactive multiple goal linear programming tools to address these issues.
Our honorable guest, Governor Ferdinand Marcos Jr., rightly said that the success of any methodology lies in its adoption by policymakers and users at the
grass-roots level. In this respect, SysNet’s work is by no means over. The validation of modelling is urgently required at the farm level.
Besides developing models, some other issues of importance for Haryana in
medium- to long-term policy decisions are:
• Unpredictable/uncontrollable factors such as untimely persistent heavy rain.
• Availability and adoption of new varieties with higher yield potential — e.g.,
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new plant type and hybrid varieties of rice with built-in multiple resistance to
major insects and diseases.
• Direct-seeding of future new varieties of rice will reduce labour requirements,
and thus reduce employment in farm labour.
• Higher returns to farmers.
• Lower food costs to consumers.
Competition from the fast-developing horticultural industry because of global
trade opportunities will increase the labour cost, which is already a major constraint. A lot of capital would also be diverted towards the horticultural industry.
Another impact of global trade opportunities is the export of high-quality
basmati rice with current lower production but higher returns, thus improving the
incomes of farmers. In the future, new varieties of rice with improved production
and basmati-like quality are likely to change the trend.
I hope that information technology will help to gather the latest data and SysNet
will use fast-changing input factors to address optimal land use issues that will
help stakeholders influence policy decisions.

Developing and applying LUPAS in the Kedah-Perlis Region,
Malaysia: Methodologies, results and policy implications
A. Tawang1 , LA. Bakar, A.A. Kamaruddin, T.M.T. Yahya, M.Y. Abdullah, H.B.
Jaafar, A.S. Othman, A. Yusof, Z. Ismail, A.R. Hamzah, A.M. Jaafar, Z.A. Aziz,
M.Z.A. Ghani, N.A. Majid and A.A. Rashid
1 Malaysian

Agricultural Research and Development Institute (MARDI), P.O.
Box 12301, 50774 Kuala Lumpur, Malaysia
E-mail: tawang@mardi.my

Introduction
The ‘Systems Research Network for Ecoregional Land Use Planning in Support
of Natural Resource Management in Tropical Asia’ (SysNet) was launched in
late 1996, with the objective of developing methodologies to improve land use
planning at the regional or sub-national level. For this purpose, SysNet has
developed the land use planning and analysis system (LUPAS) as the decision
support system by applying the Interactive multiple goal linear programming
method (IMGLP). The strength of the IMGLP as a tool in the exploration of
future land use is its capacity to incorporate multiple objective functions under a
set of constraining factors. It takes into consideration different land use scenarios
in line with different policy views and bio-physical situations, as well as a subsequent assessment of different and conflicting goals as stipulated by decision
makers. Hence, this is a useful tool, especially for policymakers involved in land
use planning and regional development. Particularly for Malaysia, the tool is
going to be useful in exploring different development pathways for agricultural
and regional development, while taking into consideration the socio-economic
and bio-physical differences between and within regions.

The methodology

The overall concept and the methodology developed in unifying systems analysis
methods for improving the scientific basis in land use planning and resource allocation is called LUPAS and is well described by Hoanh et al. (1998). The core
of the system is an optimization model for exploring land use options based on
three main components: ( i) scenario construction based on policy views and
plans, (ii) land evaluation including assessment of resource availability, yield
estimation, land suitability and input-output relations for production activities,
and ( iii) land use optimization using IMGLP. The policy views and development
plans represent the starting point for the scenario analysis. They are then translated into alternative (and often conflicting) sets of objectives. These objective
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functions are subsequently converted into mathematical equations. Taking into
consideration the information derived from land evaluation activities as in (ii)
above, the model is programmed for the purpose of optimizing the land use
options for each development scenario and for the identification of conflicts in
land use objectives and allocations.

The study area

The study area is located in the northeast of peninsular Malaysia, covering the
states of Kedah (930,000 ha) and Perlis (79,500 ha). This represents about 3% of
the total landmass in Malaysia. It is basically an agriculture-based region, contributing about 10% to national agricultural gross domestic product (GDP), and
17% to national agricultural employment. Within the region, the agricultural
sector contributed about 25% to GDP, an equivalent of RM1 1.6 billions, and
almost half of the total employment in the region, at about 240,000 peoples. The
region is noted as the main producer of rice and sugarcane, and is among the
major producers of rubber, tobacco and fruits (especially mango). The study area
is also among the poorest regions in the country, with a per capita income of only
60% of the national average. The incidence of poverty stands at about 30% in
Kedah, which is twice the peninsular Malaysian average, and 15% in Perlis.
The choice of the region is very appropriate. There is a strong competition for
resources (land, water and labour) in the region, between food and non-food
production as well as between agricultural and non-agricultural activities. In addition, the region is the main rice bowl of the country, contributing about 40% to
the national rice production. It is the policy of the government to maintain the
region as the main producer of rice in the country. The region is also known for
its deteriorating supply of farm labour, ever-increasing farm wages, small and
fragmented landholdings, and issues related to water use and availability. There
is also a distinct demarcation in landscape, which ranges from coastal plain to
steep highlands, and marked differences in agro-climatic characteristics. These
often result in different levels of suitability for crops.

Scenario development
The methodology
The methodology used in the identification of different (and often conflicting)
development scenarios in the study region is based on two major sources of
information. Firstly, it was based on the current development agenda of the
country and the region as a whole, as reflected in the various policy documents at
both the national and state levels. Secondly, there was a series of formal and
informal interactions with the stakeholders in the region. These were in the form
of consultative one-on-one meetings with the various heads of agencies and
departments associated with agricultural development in the region, including
1 Malaysian

ringit (1 US$ ~ 3.8 RM, January 2000)
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that of the State Economic Planning Units (Tawang et al., 1998). On top of that,
two workshops have been conducted with the stakeholders which discussed the
adoption of the various development goals and objectives, resources used,
limitations and constraints, production orientations, model applications and reviewing of preliminary findings.
Based on this preliminary identification of scenarios, development goals and
possible constraints and limitations, these ‘findings’ were tested on the ground by
conducting a farm survey that cut across the region. These ‘on the ground’ perceptions on development objectives and constraining factors were helpful in
finalizing the actual objective functions and the related resource limitations to be
used in the model development. For this purpose, about 220 respondents were
queried, representing paddy farmers, rubber tappers as well as vegetable, fruit
and tobacco growers. They were selected from the lists of so-called progressive
farmers (mostly full-time farmers) identified by the Department of Agriculture.
Their responses and feedback were evaluated against the ideas as perceived by
the planners and policymakers. The sets of objective functions and resource constraints and limitations were finalized from these exercises and used in the model
development.

The scenarios, objective functions and constraining factors

Based on the development agenda in the various policy documents and feedback
received from stakeholders, four contrasting development scenarios have been
identified
• Scenario I: Food security goal
The emphasis is to ensure that the region continues to be the main provider of
food to the country. This is especially so for rice, sugar and, to some extent,
vegetables and fruits.
• Scenario II: Income maximization goal
To ensure an optimum contribution of income from the agricultural sector, so
as to reduce its disparity between the regional and the national average, thus
improving the overall livelihood of the rural population in the region.
• Scenario III: Environmental and natural resource protection goal
To adopt a judicious allocation of resources to ensure ecological balance, and
to strive for the application of ‘environmental-friendly’ technologies in agricultural production.
• Scenario IV: Productivity and efficiency goal
TO strive for agricultural production activities that are most productive and
efficient in resource use.
The development objectives and major constraining factors identified were verified on the ground through a formal survey. It was apparent that the development
objectives as perceived by the stakeholders of the region were well accepted by
the farmers. The policy goals of maximizing income and rice production, and the
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efficiency of input and resource use (Tawang et al., 1998), were developed
through these findings. Similarly, there was an overall agreement on constraining
factors, specifically for those used in the model development (land, labour and
water resources). Based on the above scenarios, the policy objectives identified
and used for land use planning in the region are as follows:
• To exploit the full potential of food production to satisfy the national and
regional staple food requirements.
• To achieve higher income from agricultural activities,
• To consider the needs for environmental protection by reducing or minimizing
the application of inorganic inputs (especially fertilizers and chemicals) and
water use, and the need for natural resource protection and preservation.
• To optimize efficiency in resource use, especially for water and labour.
The major constraining factors identified were land, water, farm labour, markets,
pests and diseases, competition, mechanization support and other socio-economic
problems.

Objective functions and constraints in model development

Based on these findings, the objective functions used in the model for land use
planning in the Kedah-Perlis region are
Objective 1: Maximize rice production, i.e., Max{Rice}
Objective 2: Maximize farm income, i.e., Max {Income}
Objective 3: Minimize fertilizer use, i.e., Min{Fertilizer}
Objective 4: Minimize inorganic chemical use, i.e., Min{Chemica1}
Objective 5: Maximize efficiency in labour use, i.e., Max{Revenue/labour}
Objective 6: Maximize efficiency in water use, i.e., Max{Revenue/water use}
Objectives 1 and 2 represent the food security and income maximization goals,
respectively. Objectives 3 and 4 are the proxies for the environmental conservation goals, while objectives 5 and 6 represent the proxies for the resource
efficiency goals. The constraints used are land, water and farm labour. While
capital availability is the most important constraining factor as indicated by the
farmers’ responses, it has been excluded from the model, since it is almost impossible to quantify the existing capital outlays at the farm and regional levels.
Other constraints are incorporated (wherever applicable) during the ‘running’ of
the model itself.

Resource evaluation
Delineation of land units

Land use planning is basically a land-related exercise with spatial distribution.
Thus, generalization of land according to the elements or parameters that influence land use needs to be carried out. In the current SysNet study, the concept of
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land unit (LU) as introduced by FAO (1993) is adopted. LU is defined as an area
of land possessing specific land characteristics and qualities, which can be
mapped. It is a unique combination of a sub-region within the agro-ecological
unit and currently considered as the smallest calculation unit for which inputoutput relationships for various production activities are quantified. The land unit
map can also be used for spatial display of the input and output data, as well as
for the results of the IMGLP analysis in terms of land use distribution. Coupled
with consideration of the political and socio-economic parameters of the SysNet
study, LU is identical to the land management unit (LMU) of FAO. As such, LU
for Kedah-Perlis is referred to as a relatively ‘homogeneous’ land area in terms
of the agricultural policy formulation/planning/implementation strategy, socioeconomic setting as well as crop management and performance. Table 1 summarizes the parameters considered in the delineation of land units in the region.
LU has been mapped at a 1:250,000 scale after aggregating and disaggregating
the various parameters. It also involves the merging of several boundaries occurring close to each other. A total of 87 land units are delineated and mapped, of
which 77 have potential for agricultural activities, whilst the rest are either steep
lands or lakes. The land units with potential for agricultural activities are further
generalized into 19 agro-ecological units, based only on the soil and climatic
parameters.

Table 1. Parameters considered in the delineation of land units.
Functions

Parameters

Attributes

Planning, administration

State
District

Kedah, Perlis
10 in Kedah, 1 in Perlis

Regional development

Outside MADA (Muda Agricultural

authority

Development Authority), and
MADA

Erosion control,

Topography – slope

0-2; 2-4; 4-8; 8-20; >20 degrees a

Agro-ecological zone

AEZl to AEZ5

Soil – parent material

Marine alluvium, recent riverine

mechanization
Crop suitability and care

alluvium, old riverine alluvium,
sedentary, steep land, water body a
Soil – texture
Soil – special feature

Heavy clay, clay, loam, sand
Lateritic, saline

Cropping calendar

Irrigation facility

Rainfed, irrigated a

Policy view

Environment and

Steep land and catchment areas are not

conservation
a These parameters are identical and, therefore, merged.

available for agriculture
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Land evaluation
Slightly more than half of the total land area in the region is currently devoted to
agricultural activities. The rest of the area is under forest, grassland and scrubs,
swamps, human settlements and townships, infrastructure and others. In the
absence of crop models, the crop suitability status for the region was based on the
readily available ‘Crop Zone Map of Peninsular Malaysia’ published by the Department of National Mapping (1990).
Generally, the Kedah-Perlis Region is suitable for a fairly wide range of crops.
The most prominent commodities are rubber and rice, which together account for
about 80% of the total agricultural land. A majority of the crops that are commonly planted in the country are also found in the region. These include common
fruit trees (e.g., durian, rambutan and mangosteen) and coconut. By having a distinct dry season, as well as a wide daily temperature range, the region is the only
suitable location in the country for sugarcane and mango cultivation, especially
in its northern part. The occurrence of a distinct dry season makes it suitable also
for tobacco cultivation, but this will adversely affect the suitability for oil palm.
Currently, oil palm is planted only in the south, where there is no distinct dry
season.
Promising land use type (LUT)
Table 2 shows promising activities and land use types, as well as their cropping
patterns considered in the study. The activities have been selected for various
reasons. The region is a major rice producer in the country, and it is the only
location that is suitable for sugarcane and mango. The two states in the region are
also given a special quota for tobacco production. Oil palm and rubber are important commercial crops in Malaysia and in the region. Durian is chosen to
represent the traditional fruit trees that require minimal maintenance, whilst star
fruit is to represent those that require intensive management. Banana is selected
because of its potential for the export market. Vegetables, which are grouped into
leafy, trelly and chilli, represent the cash crops. The integration of cattle with oil
palm has shown some potential and is currently encouraged by the government.
The government is also strongly encouraging the development of agro-forestry,
which is represented by ‘sentang’ and teak.
Land resource
The information on availability of land resources was derived mainly from land
use statistics published annually by the Department of Agriculture at the district
level. The forecast on the future changes in land use was based on the statistics
from the agricultural census since 1966. Based on their forecast, land availability
for agricultural use in the future is expected to decrease slightly, between 1% and
2% for every 10 years. Urbanization is expected to be the major factor for the
conversion of agricultural land to non-agricultural purposes, especially at the expense of paddy land within MADA (Muda Agricultural Development Authority).
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Table 2. Promising activities and land use types considered in the study – their cropping
patterns.
Land Use Type (LUT)

Jan Feb Mar

Apr May

Jun Jul

Aug

Sep Oct Nov

Dec

1

Rice-rice (RR)

-

-

-

R

R

R

R

R

R

R

R

2

Rice-tobacco (RT)

T

T

T

T

-

-

R

R

R

R

Rice-leafy veg (RL)

-

-

-

L

L

L

-

-

R

R

R

R

4

Rice-fallow (RF)

-

-

-

-

R

T

T

T

-

R

T

-

R

Tobacco-fallow (TF)

-

R

5

-

-

-

-

-

6

Tobacco-leafy veg (TL)

T

T

T

T

-

L

L

L

-

Leafy-trelly-leafy veg (Lt)

L

L

t

t

t

t

L

L

L

-

-

-

7
8

Chilli-fallow (CF)

C

C

C

C

C

C

C

C

-

-

-

-

9

Durian (Du)

Du Du

Du

Du

Du

Du Du Du

Du Du

Du

Du

10

Mango (Ma)

Ma Ma Ma

Ma Ma

Ma Ma Ma

Ma Ma Ma

Ma

11

Rubber (Ru)

Ru

Ru

Ru

Ru

Ru

Ru

12

Oil palm with cattle (OA)

OA OA OA

OA OA

OA OA OA

OA OA OA

OA

13

Oil palm (Op)

14

Sugarcane (Su)

Op
Su

Op Op
Su Su

Op Op
Su Su

Op
Su

Op
Su

3

Ru

Ru

Op Op
Su Su

Ru

Ru

Ru
Op
Su

Ru
Op
Su

Op
Su

L

15

Star fruit (St)

St

St

St

St

St

St

St

St

St

St

St

St

16

Banana (Ba)

Ba

Ba

Ba

Ba

Ba

Ba

Ba

Ba

Ba

Ba

Ba

Ba

17

Sentang (Se)

Se

Se

Se

Se

Se

Se

Se

Se

Se

Se

Se

Se

18

Teak (Te)

Te

Te

Te

Te

Te

Te

Te

Te

Te

Te

Te

Te

From a total of 1,010,303 ha of land area in the region, 591,328, 572,111 and
567,594 ha are estimated to be available for agriculture in 2000, 2010 and 2020,
respectively.

Water resource

Rainfall data were considered for the determination of water adequacy as well as
for the timing of agricultural activities throughout the year. The 80% probability
monthly rainfall (R80) representing each agro-ecological zone (AEZ) was considered. Monthly potential evapo-transpiration (PET) for each AEZ was
calculated using the well-known Penman method. The monthly water balance
(WB) was then calculated by subtracting the respective PET from R80. Negative
values indicated lack of water. Finally, the monthly cumulative water balance
(CWB) was calculated by adding the WB of the month to that of the previous
one, starting from the end of the dry season, i.e., in May.
The requirement for additional water for agricultural activities was then calculated by subtracting the monthly water requirement of the activity from the
respective CWB. The actual amount of water to be added for some perennial
crops was determined after considering drip irrigation with 70% efficiency.
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The monthly water availability from precipitation, reservoirs, rivers and drainage
recycling was estimated for the purpose of irrigating double-cropping rice in the
MADA area. Water distribution potential was considered homogeneous
throughout the scheme.

Labour resource
The availability of agricultural labour in the area was estimated based on the total
population. The population by district was obtained from the population census
conducted in 1991. Based on an annual population growth, which was 1.8% for
Kedah and 2.3% for Perlis, the population was projected for 2000, 2010 and
2020. The participation rate was reported to be 35.48% for Kedah and 40.12%
for Perlis. Out of this, 47.10% and 44.26%, respectively, was for agriculture.
Employment in agriculture declined at the rate of 1.6% per annum. Thus, the
proportion of agricultural labour to employment in Perlis will be expected to
decline to 36.47% in 2010 and 31.03% in 2020, and in Kedah to 38.81% and
33.03%, respectively.
It is important to note that the projections are based on the figures given by the
policy documents of the government. However, problems may arise, as the statistical reports are based on the number of people whilst the study uses labour
usage/requirement in man-hours (i.e., 8 man-hours = 1 man-day). For example, it
is fairly common for part-time farmers, or even ‘arm-chair’ farmers, to be registered as full-time agricultural labourers in the statistics. This may lead to a wrong
interpretation due to the over-estimation of the labour resource.

Production systems
Production activity

A production activity or level is defined as the cultivation of a crop, or a crop
rotation, or an agricultural activity, in a particular physical environment that is
specified by its inputs and outputs. The inputs and outputs are subsequently
determined by the production techniques and the physical environment. The production activity may also reflect its orientation, such as productivity, income
generation, or environmental. Three levels of production activities are employed
in the study:
• Level 1 basically refers to the ‘actual’ or average production technique currently practised by a majority of farmers in the region. The application of
current technology for crop management and cultural practices is considered
moderate. The yield level is generally low due to limitations of water and nutrients and to poor pest and disease management.
• Level 2 refers to a higher level of production, capable of achieving ‘attainable
yield’. This represents a maximum yield attainable by some advanced farmers
or from estates/plantations. This yield level can only be achieved by using
recommended agricultural practices and good management of water and nutri-
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ents.
• Level 3 refers to the production technique for achieving ‘potential yield’,
which is the maximum yield attainable under extremely favourable conditions.
All available current technologies are used with no resource (water and nutrient) limitations, and disease management efficiency is kept very high.
The production systems also consider two irrigation levels - with and without
irrigation. The former is referred to as the system with optimum water management, whereby water is supplied or drained based on the crop requirements. The
latter is referred to as the rainfed system, where the crop is totally dependent on
rainfall, except during the establishment stage. Both levels, however, may not be
applicable to all promising activities or land use types. For example, oil palm,
rubber and agro-forestry are never irrigated and are expected to remain that way
for a long time to come. On the other hand, vegetables and tobacco will always
require sufficient water supply for their growth.
Naturally, production activities will change with time, e.g., a new technology
will be made available, farmers will be pressured to produce more and concern
about environmental protection will increase. The production activities in this
study, namely Level 1, Level 2 and Level 3, can be considered to represent
common production activities in the short, medium and long term, respectively.
As such, we envisage that the production activity Level 1 will become a norm in
the near future, with Level 2 catching up. Subsgquently, Level 2 is expected to
become a common practice in the medium-term, with Level 3 gradually catching
up and Level 1 slowly disappearing. The production activity Level 3 could dominate the agricultural scenario in the long-term.

Input and output analyses

An agricultural activity involves the use of inputs to produce desirable, as well as
undesirable, outputs. The input and output relationship, however, differs with
activities and physical environments. The types of inputs used normally vary
according to the crops or activities, whilst the quantities vary with physical environments. Information on the relationship is generally not readily available for
many agricultural activities. As such, the inputs and outputs for any particular
LUT on different LUs in the study area are estimated using the approach of ‘fixing inputs and varying outputs’. This approach relies on the understanding that,
with the same inputs, a particular activity would produce differently at different
locations, or LUS, which would have different land characteristics. With the
absence of crop models for a majority of the selected activities, other options
were less desirable.
The main substitutable production inputs considered in the study were fertilizers (inorganic and organic manure), chemicals (herbicides, fungicides,
insecticides, rodenticides, growth hormones, etc.) and labour. The non-substitutable input was irrigation water. The inputs for production activity Level 1
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were based on surveys and present recommendations by agricultural agencies.
The Level 2 inputs were based on experimental farms, or estates, or advanced
farmers. Due to lack of understanding of possible crop management in the distant
future, inputs for Level 3 were considered similar to those of Level 2. Higher
yields could be expected from improved varieties and agronomic practices, or
from more efficient management.
The outputs considered were yield and potential soil loss from the respective
activities. Soil loss was estimated based on readily available information on
potential erosion risks in the region, which was calculated using the universal soil
loss equation (USLE). The figures were adapted to represent each LU and then
translated according to the various selected activities or LUTs.
In the absence of crop models for many of the selected promising activities,
yields for each production activity were estimated using different approaches.
Yields of a particular activity or LUT on different LUs were determined using
the parametric (Sys et al., 1991) and square root approach of land evaluation
(Khiddir, 1986), which was computerized during the study and known as
PARAEVAL. Yields for all the LUs were estimated based on the relationships
between suitability indices generated by PARAEVAL and a few yields obtained
from the region. Complications, however, might arise when the suitability indices
and actual yields from the particular LU are not in agreement.
The production costs were based on the current retail prices of inputs, whilst
the output prices were based on information collected at wholesale markets,
which had been adjusted to ex-farm prices. For most of the commodities, due to
the fluctuation of prices over the years, the monthly wholesale prices for the last
three years were collected, and the average price was used in the input-output
analysis. Wages were based on information derived from the farm survey. Similarly, the fixed land-rent rate (especially for rice) was established. The study also
took into consideration the present prices for all production activities, with the
assumption that future changes in the input and output prices would compensate
for each other.
All the input and output parameters are considered in units ha–1 year –1. The
total amount of inputs and outputs for the annual crops refers to a complete production cycle or growing season. However, for lack of a better approach, the
inputs and outputs for the perennials are currently based on the average annual
values over the life cycle of the activities. This approach may pose some problems for the interpretation of the IMGLP results later on. Direct comparison of
the input/output figures for vegetables and agro-forestry, for example, can easily
be misleading. The latter is harvested fifteen years after planting as opposed to
three months for the former.
Demand for agricultural products
Information on the projected demands for agricultural products is important in
any land use planning exercise. They will determine the lower or upper limits
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that need to be produced. This will determine the requirements for certain
resources, such as land, water and labour. Based on the targeted or planned
figures from the various planning documents and also on the analyses of the regional consumption and potential for export, a production boundary for the
commodities was formulated and used as the upper and lower limits of production.

The analysis

Two post-optimization analyses were carried out. Firstly, the analyses were
based on the optimization of objective functions and their related implications for
other objectives in the scenario. Secondly, the analyses were also based on the
so-called ‘expanded scenarios’ to answer ‘what-if’ questions imposed on the
existing ones. This would provide a venue for planners and policymakers to
assess the effects of changes in the variables used in the model on optimization
results, be it because of expected policy changes, changes in market and prices,
resource availability, demands and targets and so on. The integration of these
analyses would provide a clearer picture on all the possibilities in land use
options.
Theoretically, a range of possible analyses could be carried out when taking
into consideration all the combinations put forward. However, for the purpose of
this paper, only four optimization analyses were presented for each of the optimized objective functions both under the zero round (no restriction in
production) and with targeted production levels. The technology was set to Level
1, and the model was run only for the year 2000. Similarly, a total of ten analyses
were carried out under the expanded scenarios. The analyses in the expanded
scenarios focused either on maximizing income or on rice production objectives,
since these two goals appeared more relevant at this stage of the development
agenda than those of the environmental and efficiency issues.

Results and discussions
Land use scenario based on the six objective functions (zero round)

The zero round is only meant for comparative purposes, as an indication of the
opportunities available under the most efficient land use option. In reality, this
will never be achieved, since there are other considerations and limitations to realization of these goals. There is no restriction on land use, except for the MADA
area which is devoted only to rice production. Table 3 shows the results of the
analyses. Some of the optimization results are
a. In the minimum pest (MinPest) and minimum fertilizer (MinFert) scenarios,
no land is cultivated, since no production is the best option for these two
scenarios.
b. The maximum income (MaxIncome) possible from the region is about RM
5.57 billion. There is an almost 50% reduction in income under the maxi-
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mization of labour efficiency (MaxLaborEff) scenario. Income is still further
reduced significantly under the maximized rice (MaxRice) and maximized
water-efficiency (MaxWaterEff) scenarios by as much as 95% and 72%,
respectively.
c. The level of rice production does not differ much among the scenarios, except
under MaxWaterEff, where production is reduced to about 985,000 tons, a
reduction of almost 18%. This is because, under this scenario, it is not possible
to have double cropping of rice within the MADA region. Rice production
under MaxIncome and MaxLaborEff is maintained at 1,066 million tons. This
is due to the restriction imposed on the land use option for MADA, which is
meant only for rice production.
d. Almost all agricultural land is used in the MaxIncome scenario, versus only
30% in the MaxRice scenario. In the former scenario, land is devoted mainly
to high-value commodities, compared with rice in the latter. As a
consequence, soil loss from erosion is almost thirteen times higher in the
MaxIncome scenario than in MaxRice.

Expanded land use scenario

The selection of the ‘what-if’ situations is based on the expected changes in the
variables used in the model, particularly in terms of changes in output prices,
regional development targets and resource availability. The output from the
expanded scenario is compared with that of MaxIncome (income maximization)
and MaxRice (rice maximization) wherever applicable. Table 4 presents the
results.
• The trade-off effect (scenarios KPa and KPb)
These scenarios are basically multiple-goal, combining the objectives of
MaxIncome and MaxRice (food security). They are based on acceptable
levels, which can reduce the conflict between the two goals. For the purpose
of the analyses, a minimum of 800,000 million tons of rice is targeted in the
MaxIncome run and a minimum of RM 1.6 billion in income is set in the
MaxRice run. Imposition of the condition that current production levels of
commodities have to be maintained results in a decline in income to RM 1,745
billion. Similarly, with the targeted income level (KPb), rice production decreases to l. l million tons. The role of the policymakers is essential here in
determining the acceptable level of trade-off between the two goals.
• The trade liberalization effect (scenarios KPc, KPd and KPe)
A study carried out by Tengku Mohd Ariff & Ariffin (1999) has indicated the
effect of trade liberalization on the price structures for rice, oil palm and
tobacco. Rice and tobacco are currently subject of a policy of heavy intervention by the government, whilst that of non-intervention has been maintained
for oil palm. The study indicates that the effect of the liberalization will be a
decline in farm prices of rice (by 10%) and tobacco (by 37%), and a slight
increase in the price of oil palm (by 3%).
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Table 3. Land use scenario based on target year 2000 (for all land use types in Kedah-Perlis).
Resources: land, labour (with sharing), water. Settings: MADA scenario 1, technology 1 only,
no target production (zero round).
Scenario

1,066,571 1,205,837 a
Rice
ton
1,296,988 126,275
AnNonRice
ton
0
0
Oilpalm
ton
0
0
Rubber
ton
5,567,236 283,582
Income
1000 RM
LaborUse
mday 51,482,812 9,564,061
3,422,459 1,027,325
Pesticide
kg
89,232
402,401
Fertilizer
ton
5,845,148 1,777,343
WaterUse
1000 m3
3,129
71,052
EffLabor 103 RM/mday
8,145
336,778
EffWater
RM/m3
SoilLoss
ton 53,201,756 4,037,164
577,611 176,461
Land allocated
ha
102,390 102,390
ha
MADA
74,071
ha
NonMADA
475,221
102,390 102,390
Land use types b (ha) RR
15,162
0
RT
0
0
RL
58,909
0
RF
0
0
TF
0
0
TL
0
Lt
21,388
0
0
CF
0
Du
336,243
0
0
Ma
0
0
Ru
0
0
OA
0
0
Op
0
0
Su
0
80,480
St
0
Ba
37,108
0
0
Se
0
0
Te
Numbers in bold indicate that goal has optimum value.
See Table 2 for explanation of land use types.

1
2
3
4
5
6
7
8
9
10
11
12

a
b

Unit MaxIncome MaxRice

Min Min MaxWaterEff MaxLaborEff
Pest
Fert
0
0
984,883
1,066,571
0
0
542,999
2,657,980
0
0
0
0
0
0
0
0
0
0
2,869,203
1,570,141
0
0
44,118,977
15,114,626
0
0
1,378,385
1,236,940
492,881
0
0
112,007
0
0
379,086
2,018,749
0
0
9,503
275,590
0
0
119,106
856,339
0
0
9,324,148 48,978,862
0
0
144,689
577,611
0
0
0
102,390
0
0
475,221
144,689
0
0
0
102,390
0
0
0
0
0
0
0
48,119
0
0
0
0
0
0
0
9,839
0
0
0
0
0
0
49,621
8,836
0
0
0
0
0
0
0
0
0
0
0
6,771
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
37,108
5,780
0
0
0
132,084
0
0
0
321,747

The effect is measured in terms of MaxIncome as well as MaxRice goals. In
the MaxIncome run, and relative to scenario KPa, income is reduced by about
3%, but rice production remains unchanged. The insignificant reduction in
income is due to a significant contribution from oil palm as reflected by an
allocation of land of about 40,000 ha. In the MaxRice run, rice production
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increases slightly to 1.2 million tons, but income decreases to RM 0.7 billion.
Since the immediate effect of trade liberalization will be a higher farm price
for oil palm, optimization of its production seems logical (scenario KPe). This
scenario results in an increase in regional income to RM 0.8 billion, and use of
all land suitable for oil palm production to a total of 73,759 ha.
• Decline in rubber price (scenario KPf)
Until recently, the price of rubber has been quite stable and the price factor
used in the analyses is RM 2.25 per kg. Because of heavy market pressure, the
price has now gone down to RM 0.63 per kg. A change in rubber price is
expected to give a different scenario in the region, since rubber contributes a
big share to regional income. When the rubber price is reduced by 30%, the

Table 4. Expanded land use scenario based on target year 2000 (for all land use types in KedahPerlis Region). Settings: MADA scenario 1, technology 1; resources: land, labour (sharing),
water.

Scenario

Rice
AnNonRice
Oilpalm
Rubber
Income
LaborUse
Pesticide
Fertilizer
WaterUse
EffLabor
EffWater
SoilLoss
Land allocated
MADA
NonMADA
LUT b (ha)

Unit

Rice
production >
800000 t

Lower bound
Income
RM1.6b

Trade
Liberalization
Effect

Trade
Liberalization
Effect

Rice production
> 800000 t

(KPa)
MaxIncome
1,066,572
907,000
850,000
300,000
1,745,284
38,671,418
1,178,101
299,871
1,822,934
94,099
54,906
49,834,224

(KPb)
MaxRice
1,113,517 a
1,029,167
850,000
300,000
1,600,000
42,481,454
1,257,943
293,207
1,924,516
76,129
42,653
49,942,977

(KPc)
MaxIncome
1,066,572
907,000
850,000
300,000
1,701,194
38,667,822
1,177,876
299,457
1,822,934
94,168
54,906
49,835,471

(KPd)
MaxRice
1,202,054
901,600
850,000
300,000
705,573
38,333,445
1,273,203
217,508
1,736,135
8,221
33,042
42,644,560

(KPe)
MaxOilpalm
814,554
905,800
1,364,492
300,000
817,045
36,730,307
793,175
208,592
1,199,126
11,192
28,917
35,682,714

ha
ha
ha

570,638
102,390
468,247

570,638
102,390
468,247

570,638
102,390
468,247

512,945
102,390
410,554

419,155
69,674
349,481

RR
RT
RL
RF
TF
TL
Lt
CF
Du
Ma
Ru
OA
Op
Su
St
Ba
Se
Te

102,390

102,390
16,930
–
5,759
–
–
1,077
785
12,104
2,318
268,022
–
45,689
23,947
160
11,688
62,335
17,434

102,390

102,390
2.068
718
69,605
–
–
890
537
2,784
474
258,891
–
47,633
25,807
71
1,075
–
–

69,674

ton
ton
ton
ton
1000 RM
mday
kg
ton
1000 m3
103 RM/mday
RM/m3
ton

1,965
1,077
785
12,104
2,318
263,951
3,729
40,335
22,595
160
11,688
88,690
18,850

a Numbers in bold indicate that goal has optimal value.
b See Table 2 for explanation of land use types.

–
–
2,415
1,077
785
12,104
2,318
263,951
3,729
40,335
22,595
160
11,688
88,690
18,400

–
–
1,965
–
1,077
476
1,475
331
241,186
3,729
70,030
28,037
59
1,114
–
–
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Table 4. Continued.
Scenario

Rice
AnNonRice
Oilpalm
Rubber
Income
LaborUse
Pesticide
Fertilizer
WaterUse
EffLabor
EffWater
SoilLoss

Unit Rice production Rice production Rice production Rice production Rice production
> 800000 t,
> 800000 t,
> 800000 t,
> 800000 t,
> 800000 t,
AvaiLabor <
AvaiLabor <
Veg. area
Mango area >
Rubber price
50%
>3000 ha
50%
4000 ha
dec. bv 30%
(KPj)
(KPg)
(KPi)
(KPf)
(KPh)
MaxRice
MaxIncome
MaxIncome
MaxIncome
MaxIncome
1,113,675
942,815
1,066,572
1,066,572
1,066,572
ton
901,600
907,000
2,926,384
907,000
ton
907,000
850,000
850,000
850,000
850,000
ton
850,000
300,000
300,000
300,000
300,000
ton
300,000
814,804
1,723,723
2,458,247
1,924,334
1,482,993
1000 RM
37,125,231
35,143,830
64,940,298
43,516,612
mday
38,671,418
1,100,326
1,055,238
1,912,987
1,747,320
1,178,101
kg
196,982
296,228
316,672
242,199
299,871
ton
3
1,557,735
1,730,872
2,029,692
5,072,039
1000 m
1,822,934
3 RM/mday
10,965
91,975
53,431
62,520
94,099
10
54,172
31,945
346,950
66,515
RM/m3
54,906
34,905,883
48,897,701
50,380,474
50,241,928
49,834,224
ton

Land allocated
MADA
NonMADA
LUT a (ha)

ha
ha
ha

570,638
102,390
468,247

577,612
102,390
475,221

570,638
102,390
468,247

554,182
86,324
467,858

443,741
102,390
341,351

RR
RT
RL
RF
TF
TL
Lt
CF
Du
Ma
Ru
OA
OP
Su
St
Ba
Se
Te

102,390
–
–
–
1,965
–
1,077
785
12,104
2,318
263,951
3,729
40,335
22,595
160
11,688
88,690
18,850

102,390
–
–
–
–
5,041
42,073
–
12,104
2,922
266,015
–
45,689
27,807
133
11,688
49,358
12,393

102,390
–
–
–
1,965
–
1,077
785
12,330
68,414
271,424
–
45,689
18,571
133
11,688
23,777
12,393

86,324
–
–
–
1,965
–
1,077
634
12,104
2,318
254,918
3,491
40,676
22,595
160
11,688
97,382
18,850

102,390
932
450
20,993
1,326
–
890
537
2,016
510
241,123
3,729
40,335
27,361
74
1,075
–
–

results indicate a decline in regional income to RM 1.5 billion. Land use
allocation does not change, because rubber still gives positive revenues and
there is no competition for the land from other crops.
• Increase in vegetable area (scenario KPg)
The current analyses are based on the targeted vegetable area of 1,500 ha.
Because vegetables are a highly lucrative enterprise, and considering the aggressive action taken by the state government to further develop and support
this sub-sector, including for export purposes, there is a strong possibility that
the vegetable area will increase by another 1,500 ha. This scenario results in
the highest regional income among the income maximization scenarios, at RM
2.46 billion, whilst rice production is still targeted at 800,000 tons. There is
little change in land allocation for the major commodities because vegetable
production is prohibited in the MADA rice-growing areas (allocated to the
rice-rice cropping system), and is concentrated in the areas outside MADA,
mainly with the leafy-trelly-leafy vegetable cropping system.
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• Increase in mango area (scenario KPh)
The region is the most important mango-producing area in the country. There
are concerted efforts to penetrate vigorously the export market through strong
handling. At the same time, other support activities such as R&D undertakings
and infrastructure development are going on. There is a strong possibility to
increase the mango area from the current target of 2,000 ha to 4,000 ha, taking
these facts into account. The result indicates an increase in regional income of
about RM 180 million annually compared with that of KPa.
• Reduction in labour availability (scenarios KPi and KPj)
The average age of farmers in the region is about 53 years. Inflow of new and
younger farmers is minimal. Agricultural labour in the estate sector (rubber
and oil palm) and for some operations in the sugarcane plantations is carried
out by foreign labour, primarily because of the unattractiveness of employment in the agricultural sector. At the same time, demand is high for labour in
other sectors, notably in manufacturing and services. Based on this scenario, a
decline in labour availability in the agricultural sector is a reality, even to the
extent of a 50% reduction in the labour supply up to 2010. In the MaxIncome
run, regional income declines slightly to RM 1.72 billion. Rubber production
is affected since this is one sector that requires the highest level of labour.
Other intensive crop production, such as vegetables and tobacco, is not
affected as the cultivated area is to be maintained, based on the regional targets. The rubber area declines by almost half. The rice area is maintained,
since there is also a target of 800,000 tons of rice that needs to be produced.
In the MaxRice run, rice production is maintained at 1.13 million tons since
the labour requirement in rice production is among the lowest compared with
that of other commodities. Hence, a decline in labour availability will not
affect rice production much. Regional income, however, declines to RM 0.8
billion.
Based on these observations, it would seem that the best option in land use allocation in the region, taking into consideration the trade-offs between the
MaxIncome and MaxRice objectives, is scenario KPg. The income generated is
the highest (at RM 2.46 billion), rice production is maintained (at 0.8 million
tons), and resource use is high. However, if the market is not a problem, and it is
possible to produce more cash crops (vegetables, mango and other fruits) than the
stated target, income could be further increased.

Recommendations and policy implications

The results of the analyses, especially those related to the expanded scenarios,
should provide some indication of policy options possible for governing the agricultural sector in the region. As a whole, the current policy of integrating income
as well as food security issues should be maintained. Similarly, the integration of
environmental and efficiency issues does not look promising at the moment,
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since these two goals could seriously jeopardize income and food security goals.
More specific recommendations are as follows:
• Support measures in rice production
Achievement of an acceptable level of rice production of 1.2 million tons
compared with the current level of about 1.0 million tons on the same land
area indicates a possibility for productivity gains from the higher level of
technology (improved technology). This must be aggressively pursued. Realization of the goal, however, depends very much on the capacity of the area to
achieve that level of productivity improvement. As an example, the existing
irrigation facilities within MADA need to be upgraded to ensure that efficient
management is maintained so as to guarantee that optimal crop growth can be
attained.
• Policy adjustments in relation to trade liberalization
The effect on income and rice production is fairly small. However, the actual
impact on the farmers is quite uncertain. What is fairly certain is that oil palm
cultivation is becoming more attractive; hence, all land areas suitable for oil
palm should be planted to it, even at the expense of the areas under rubber.
The returns for farm labour are still positive for rice and tobacco. The introduction of an income support program, particularly for tobacco, will help
farmers gradually pick up new know-how on alternative and more productive
systems (for example, the introduction of a grower-curer system). Farm consolidation and the opening up of more rural employment opportunities for rice
farmers (in view of excess farm labour among them) are venues that could be
considered.
• Policy reviews on rubber cultivation
Land allocated for rubber cultivation (currently at 255,000 ha) needs to be
reviewed. The sub-sector is being considered as one of the ‘problem’ commodities – faced with very low farm price, heavily dependent on manual
labour, less competitive and having a limited scope for integration with other
commodities and livestock. At the same time, in the estate sector, there is
rapid conversion of rubber to oil palm cultivation wherever land is suitable.
This trend must be followed by the rubber planters. Substituted crop(s) must
be identified.
• Increased contribution from cash crops
Vegetables and fruits (especially mango) contribute significantly to regional
income if the land area devoted to these commodities increases. Whilst land is
not a constraint here (especially if a proportion of the MADA area is released
for vegetable cultivation and the conversion of rubber land), the major
problem is the market. The expansion of the market for these cash crops, locally or for export, can boost their production capacity and hence contribute
significantly to an income increase.
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Conclusions

The most common issues facing development planners and policymakers in allocating resources for regional development are the conflicts among development
objectives, and the need to balance their trade-offs. The planners are also interested in assessing the implication of achieving one objective against the others.
The ability to ‘test the ground’ with different scenarios, in terms of their effects
on the overall development goals, outputs and resource use, and subsequently to
which part these resources should be allocated, is something the planners are
looking for. This methodology is able to fulfil that need. It would be able to
stimulate discussions among policymakers and planners, applied at any level or
scale, depending on the nature of the available information.
Despite this positive note, the methodology also has its limitations. For one, it
is not a predictive model, thus it will not be able to predict the future. It is also
not dynamic and its capability is focused entirely within the agricultural sector.
The outcomes of the model will also depend very much on the assumptions
made, the input-output data, including the markets and prices, the uniformity of
the knowledge and management skills within the region as well as the exclusion
of the claims of resources from other sectors. The fact that the methodology will
require certain levels of skill and knowledge for its operation may discourage
many policymakers or planners from using it fully.
However, the development and application of the methodology at the regional
level have provided a good opportunity for using multiple goal analyses in land
use planning for Kedah-Perlis. The next challenge is to improve the methodology
further, for it to be more ‘handy’, so that it could benefit a wider range of users as
another option or tool in land use planning.
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Stakeholder comments: Kedah-Perlis case, Malaysia
Ismail Osman
Director, State Economic Planning Unit, Kangar, Perlis, Malaysia

1. The Malaysian Economic Development Plan is set out by three Malaysian
Federal Agencies:
• Economic Planning Unit
• Federal Treasury
• Central Bank of Malaysia
Federal departments and agencies will map out their own plans – interpreting
the federal plans as set out. Kedah and Perlis (two states), representing the
local administration, will also map out local development plans, resulting in
many plans but the same objectives. Priorities differ:
• Agency priorities
• State priorities
• Local political priorities vis-a-vis SysNet outcomes
2. Productivity levels – Is there not an optimal mix in labour, land, water, capital
and technology? What is the best mix in the model? It should differ from
Haryana to the Philippines to Malaysia.
3. What is the maximum productivity level? Is there not a limit to production?
Over-production will lead to a decrease in price and thereby affect income.
4. What is the time-frame for changes in the production mix? 5 years? 10 years?
15 years? Politicians think very much in short-term periods.
5. How do we handle socio-political requirements/variables in the model?

Conclusions

As a tool, SysNet-LUPAS is sufficient in its present form as a technical-scientific
support for decision-making in the Kedah-Perlis Region. As the tool, LUPAS is
not yet sufficient. It needs further modifications, improvements and tests. The
data generated so far are very useful.
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Introduction

The province of Ilocos Norte, Philippines, like any of its neighbouring regions,
has natural and managed ecosystems that experience major challenges from a
range of technological, environmental, economic and political forces. The
increasing population subjects the region to the pressure of land use change, land
degradation, water shortage and loss of biodiversity. The increasing population
and demand for food continue to exert pressure on natural resources such as land
and water for crop and livestock production. While crop production has increased
tremendously during the last two to three decades, brought about by increasing
productivity per unit area, crop production per capita has remained constant because of increasing population. Thus, food production is threatened by the
scarcity of natural resources through conversion of agricultural lands caused by
rapid urbanization, exploitation and competition for the use of limited resources.
Considering the sustainable development of the area through rational natural
resource management, an optimal agricultural land use plan for the province
based on a sound scientific knowledge base is imperative.
Formulating an optimal land use plan requires an innovative, integrated and
multidisciplinary approach to explore and analyse possible land use options that
address the development goals and priority objectives of the region. Moreover, a
major challenge to the success of land use planning and analysis is in communicating the results to the stakeholders in a way that effectively provides them with
helpful insights. Thus, such an approach to exploratory land use analysis should
also ensure that the stakeholders, principally the agricultural planners, decision
makers and policymakers, take an active role in the exploratory analysis and
evaluation of land use options.
The scientific integrated approach to the exploratory analysis of land use
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options for sustainable natural resource management and agricultural development in Ilocos Norte Province is operationalized following the land use planning
and analysis system (LUPAS) methodology (Roetter et al., 1998; Laborte et al.,
1999). In LUPAS, land use planning is approached as a multiple goal optimization problem that considers a set of objectives and policy views of stakeholders
(e.g., planners, agricultural officers and extension workers, advisors and policymakers) and evaluates trade-offs and consequences. The optimal land use options
for a specified development scenario are obtained via the interactive multiple
goal linear programming (IMGLP) framework (Van Ittersum, 1998) by optimizing the set of priority objectives defined by stakeholders, considering the biophysical potentials of the resources available, and the socio-economic constraints
in the region.
This paper presents the application of the LUPAS methodology to the
exploratory analysis of agricultural land use options for the province of Ilocos
Norte, Philippines. The choice of the case study area is rationalized, and the
implementation of the study through multidisciplinary and multi-institutional
collaboration is presented. The case study demonstrates the applicability of
LUPAS to identify opportunities for agricultural development of the area by exploring the optimal agricultural land use options under specific development
scenarios. These scenarios are translations of policy views in terms of objective
functions to be optimized. The analyses also highlight potential policy recommendations (e.g., sharing of available resources such as water and labour, use of
high or improved agricultural technology) to meet regional development
objectives.
Case study area
Ilocos Norte is located in the northwestern tip of the Philippines and geographically lies at 17°48' to 18°29'N and 120°25' to 120°58'E. It has a total land area
of 0.34 million ha, more than one-third of which (129,650 ha) can be classified as
agricultural land. Climate in the region is characterized by a distinct wet and dry
season, i.e., predominantly dry season from November to April, and wet season
from May to October. Mean annual rainfall is about 2 m. The province experiences frequent strong typhoons during the wet season.
The province consists of 23 administrative units (22 municipalities and 1 city,
Laoag City). The population of the province is about 0.5 million, with an annual
growth rate of 1.68%, average household size of 5 persons, population density of
136 km-2 and a high employment rate of 92.8%. Fifty-one percent of the total
labour force is engaged in agriculture, fishery and forestry (NSO, 1995).
The area was chosen for the case study because the province exemplifies a
high degree of agricultural crop diversification and intensification. This provides
an opportunity for exploring the possible cultivation of crops other than the
staple rice crop and high-value crops such as tomato, garlic and onion after rice.
Ilocos Norte is also the site of other complementary agricultural research pro-
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grammes (e.g., Rainfed Lowland Rice Research Consortium in Asia) which have
generated relevant data and information, that are useful for the present study. The
area also has the capacity for systems research by the multidisciplinary team of
the researchers and scientists from the participating institutions of the national
agricultural research systems (NARS). The team had earlier been trained in
systems research tools such as modelling and simulation, geographic information
systems (GIS) and optimization techniques. Another important consideration in
the selection of the area is the availability of complementary counterpart research
support from the NARS which facilitated the operations of the local team of
scientists.
Another significant qualifying factor is the past initiatives of the provincial
government on the rationalization and preparation of its land use plan which
demonstrated the local government unit’s (LGUs) interest in LUPAS. Two
important documents were prepared: (i) the Ilocos Norte Provincial Physical
Framework Plan/Comprehensive Provincial Land Use Plan (1993-2002), and (ii)
the Sustainable Food Security Action Plan and Framework for Agro-Fishery
Modernization (1999-2001). These plans serve as excellent references on the
development goals and priority objectives of the province.

Land use planning and analysis systems (LUPAS) methodology

The operational structure of LUPAS, as illustrated in Hoanh et al. (this volume),
was used in the case study. The systems-based methodology for agricultural land
use planning requires the delineation of land units (LUs) and the characterization
of their bio-physical and socio-economic attributes. Determination of the LUs for
Ilocos Norte is facilitated by using the GIS technique which is used to delineate
homogeneous areas in terms of rainfall distribution, annual rainfall volume
received, soil properties (slope, soil texture) and irrigation potentials. The capability of each LU is evaluated in terms of its potentials for crop production under
the given agro-environments, and under two levels of production technology.
Input-output tables are generated using relevant socio-economic data and information from a recent farm survey as well as by rationalization based on scientific
and expert judgement. Optimization analysis is facilitated using the MGLP
software XPRESS-MP (Dash Associates, 1999).
The implementation of LUPAS in the case study involved the collaboration of
a multidisciplinary team of scientists and researchers from academic and research
institutions (MMSU, UPLB, PhilRice and IRRI) with the different stakeholders
such as the provincial planners, provincial agriculturists, municipal agricultural
officers and extension workers, and farmer leaders in the province. The
participatory aspect of the case study was implemented through a series of
consultative meetings/workshops with stakeholders where they defined and articulated the policy views based on available development plans in the different
hierarchy of decision-making in the region (provincial and municipal levels).
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Land unit delineation

Based on the 1:250,000 scale map, the delineated total area of the province was
about 0.34 million ha. Total available area for agricultural development was
determined by excluding the areas considered unsuitable: ( i) severely eroded
areas; (ii) steep (30-50% slope) and very steep (slope > 50%) areas; (iii) unsuitable soils (mountainous soils, river wash, dune land, beach sand and coral bed,
and rock land); and (iv) current land use such as forest, rivers, lakes and built-up
areas. Thus, the total area available for agriculture is set to 129,650 ha.
For the future scenario (2010), the proposed land use map of the province was
used to determine additional land to be allocated for residential, commercial and
industrial uses. The map indicated that there will be an additional 9,800 ha of
land for built-up areas. Hence, the total available land for agriculture in 2010 is
reduced to 119,850 ha.
The agro-ecological units (AEUs) for the province were obtained by overlaying maps of the province describing its bio-physical characteristics. Five biophysical characteristic maps were digitized, aggregated/disaggregated and
reclassified into corresponding classes: (a) irrigated areas (2 classes; irrigated and
not irrigated); (b) monthly rainfall pattern (3 classes; 2-4 dry months, 5-6 dry
months and 7 dry months); (c) annual rainfall (2 classes; £ 2,000 mm and >2,000
mm); (d) slope (2 classes; £ 18% and >18%); and (e) soil texture (3 classes; fine,
medium and coarse). Overlaying the five maps of bio-physical characteristics
resulted in 37 AEUs. Then, the resulting thematic map of AEUs was overlaid by
the socio-economic characteristics taken as the boundaries of the 23 administrative (political) units, resulting in 200 LUs having homogeneous bio-physical and
socio-economic characteristics.

Development and crop production scenarios

Two crop production technology levels were distinguished, average farmers’
practice (medium) and best farmers’ practice (high). The input-output data for
both levels were determined from the farm crop production survey consisting of
4,480 farms in Ilocos Norte. The input-output relations for the average technology were derived by calculating the averages, while for ‘best farmers’ practice’,
data were derived by taking the mean of the values with a yield level between the
90th and 95th percentile.
Scenarios indicating possibilities for sharing of limited resources in the
province such as labour and water resources were also considered. The laboursharing scenario assumes that the labour force can move freely among adjacent
municipalities in the province which can easily be realized due to the ease in
mobility in most parts of the region. On the other hand, sharing of water resources is assumed possible among adjacent land units served by the same
existing irrigation systems. Expansion of irrigable service area for a particular
irrigation system can be realized through improvement in water use efficiency by
reducing water delivery losses.
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Two scenarios, one for the current year (1999-2000) and one for the future
(2010) were compared for achievement of development goals such as maximizing rice production for the province, maximizing farmers’ income and
optimizing allocation of land resources to the different LUs. For the future
scenario, values of the variables (land resources and demand for each crop) were
adjusted based on provincial projection of its targets, and estimated demand considering the projected population increase and per capita consumption for each
crop.
Labour
Considering its seasonal demand, the available labour (in 1,000 man-days ha-1)
for crop production activities or enterprises was calculated per municipality and
for each month in the study area. It was assumed that 45% of the rural population
contributed to the total agricultural labour supply for each month, with each individual providing 23 working days per month. It was also assumed that mobility
in the province allowed sharing of the labour force from the rural communities.
Water resources
Water available for crop production was assumed to come from rainfall, groundwater and existing irrigation systems in the area. The expected available rainfall
is calculated using existing and 'synthetic' rainfall stations in the study area. The
mean monthly rainfall among common years and the co-ordinates of rainfall
gauging stations were linked into the digital map using GIS. With the use of the
inverse weighted-linear interpolation technique, isohyets were derived in the
study area. The available rainfall volume per month was calculated to be 85% of
the GIs-estimated rainfall per month.
The amount of groundwater in 1,000 m 3 ha-1 month-1 was estimated for the
current year and for 2010 as the product of the inflow adjusted (by a correction
factor for soil type and ecoregion) multiplied by a factor of 0.10 for the current
year and 0.15 for 2010.
There are 13 national irrigation systems (NIS) and other irrigated areas supported by communal irrigation systems (CIS), small water impounding projects
(SWIP) and shallow tube wells. For the NIS, irrigation service areas were based
on the 1 : 100,000 map supplied by the national irrigation administration (NIA),
and the service areas of the CIS were delineated based on the rice-based cropping
systems map reclassified using GIS. Two scenarios were explored on this resource: no water-sharing and with water-sharing. The available irrigation surface
water for irrigation for each scenario was estimated as follows:
No water-sharing (i.e., no sharing of surface water among LUs). Irrigation
water (IW) is estimated as
IW = area of land unit (ha) × 3,600 × 24 × 30/1,000/1,000 × seasonal factor
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where seasonal factor has a value of 0.5 for the dry-season months, 0.8 for the
wet-season months for the current scenario, and 1.0 for all months for the
20 10 scenario.
With water-sharing (i.e., water can be shared among LUs belonging to the
same irrigation system). For this scenario, IW is estimated as
IW = service area of irrigation system where land unit belongs (ha)
× 3,600 × 24 × 30/1,000/1,000 × seasonal factor
where seasonal factor is the same as above.
Land use systems
Considering that the province is a highly crop-diversified area, 17 agricultural
crops are considered: rice, white and yellow corn, garlic, mungbean, peanut,
tomato, tobacco, cotton, sweet potato, onion, sweet pepper, eggplant, vegetables,
rootcrops, sugarcane and watermelon. The combination of these products in
cropping systems resulted in 23 LUTs. The existing LUTs considered were based
on current practices and socio-economic surveys in irrigated, rainfed lowland and
rainfed upland ecoregions. Therefore, a detailed farmer’s survey was conducted
on the current input-output crop production systems in the three ecoregions in
each municipality in cooperation with the municipal agricultural officers and
technicians. The high and current (average) levels of crop production technologies were assumed in the study area based on the yield levels obtained from
the farm survey.
Data processing
The various input-output parameters for each crop production system (each
municipality, crop and ecoregion) and estimates of available resources (land,
water and labour) were stored as a Microsoft Excel file with sub-worksheets.
Database Lookup functions of Excel were used for relational and referencing
items among different worksheets and files. To map the data in the input-output
tables of the crop production activities and output of optimization results,
MapLink (a tool for linking data in Excel files to a GIS) was used (Laborte et al.,
1999).
Results and discussion
Development objectives
During the consultative meetings with the stakeholders from the provincial and
municipal levels, the goals and priorities for agricultural development were
derived from available development plans (Lansigan et al., 1998; Francisco et
al., 1998). The priority goals were
• Maximizing crop production. Intensive and diversified cropping systems are
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being practised in the area, with an average farm size of 1 ha per household.
• Maximizing employment generation. Labour supply principally from the rural
population is not fully used year-round since the cropping season depends on
weather and climate as well as water conditions for irrigation.
• Maximizing labour use efficiency. This aims to optimize use of labour for
agricultural activities while achieving targets for crop production so that
excess labour can be used for other income-generating, non-agricultural enterprises. While demand for labour is seasonal, it is often quite limited during the
cropping season.
• Maximizing water use efficiency. Water for irrigation comes mainly from
rainfall and surface water during the wet season. Supplemental irrigation from
subsurface water using shallow tube wells and water pumps is used, particularly during the dry season.
• Minimizing environmental degradation. This objective is translated in terms of
reducing soil erosion through proper choice of crops, appropriate tillage
practices and judicious use of fertilizers and pesticides.
The above-cited priority objectives reflect the stakeholders’ concerns for
achieving goals related to food security, sustainable natural resource management
and environmental stability. Moreover, the development constraints due to
limited resources such as land and water for crop production, and labour for agricultural activities province-wide and for the component municipalities and city
are considered.
Application of LUPAS requires the translation of the set of development goals
and objectives into objective functions to be optimized as an MGLP problem by
imposing some relevant constraints such as limitations on land for agriculture,
water for irrigation and labour supply. For this case study, optimization of only
three out of the following seven objective functions was considered because of
limited data available:
• Maximize rice production (MaxRiceP);
• Maximize employment in agriculture (MaxEmp);
• Maximize farmers’ income (MaxInc);
• Maximize total provincial income;
• Minimize soil erosion;
• Minimize use of biocides; and
• Minimize fertilizer use.
Trade-off analysis
Table 1 summarizes the results of the optimization runs with the objective functions of maximizing rice production and maximizing income considering the
various development goals and assuming no other constraints except limitations
on land. Comparison of the values of the last two columns provides information
for trade-off analysis. Optimization results indicate that every million-peso
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increase in income translates into about a 9-ton decrease in rice production, 16man-days increase in employment, 4-kg increase in pesticide usage and 0.177ton increase in fertilizer usage.
Under both scenarios of maximizing rice production and maximizing income,
all available land for agriculture (129,650 ha) is fully allocated. However, the difference is that, in the former, cropping systems consist of double rice crops and
triple rice crops under improved technology level. This is also very labour
intensive. On the other hand, the latter allocates the available land completely for
a rice-tomato cropping system under high technology level since tomato is a
high-value crop.
Maximizing employment in agriculture yields agricultural land uses which are
more labour-intensive such as rice-white corn-mungbean, rice-garlic-mungbean
and rice-eggplant cropping systems (Table 2). Maximizing income resulted in
land use options with high-value crops such as tomato, garlic and onion after rice
under improved technology level.
Two scenarios for water availability are considered in the analysis: without
water-sharing and with water-sharing. The second scenario assumes that land
units belonging to the same irrigation system can share water for irrigation, and
that current water use efficiency can be improved (Francisco et al., 1998). Figure
1 shows that if water resources can be shared, rice production and total farmers’
income can be increased. Rice production will increase by 49% and income will
increase by 26%. Another scenario considered here is when there is no constraint
on water, i.e., it is assumed that the current irrigation system can be expanded
such that there will be sufficient water for agriculture. Under this scenario, the
further increase will be almost two times for both rice production and income.
Figure 2 shows that with improved technology rice production and income can
be further increased, that is, the effect of technology on rice production and

Table 1. Zero-round optimization run, land constraint only.
Goals
Rice
Nonrice
Employment
Soil erosion
Biocide
Fertilizer
Income

Unit
ton
ton
103 man-day
103m3
kg
ton
106 pesos

Land allocated
Technology

14,626
563,050
35,666
57,261
8,915

MaxInc
538,742
5,300,788
16,018
563,050
397,048
72,954
97,324

ha

129,650

129,650

%

High: 96%
Medium: 4%

High: 98%
Medium: 2%

Double rice: 64%
Triple rice: 36%
Numbers in bold indicate that goal has optimal value.

Rice-tomato: 100%

LUT allocation
a

%

MaxRiceP
1,331,659 a

–
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Table 2. Scenario 1 : land and labour-sharing constraint.
Goals
Rice
Non rice
Employment
Soil erosion
Biocide
Fertilizer
Income

Unit
ton
ton
103 man-day
103 m3
kg
ton
10 6 pesos

Land allocated

ha

Technology
b

LUT allocation

MaxRiceP
1,322,964 a
3,609
14,642
563,150
36,002
57,059
8,911

MaxEmp
549,932
786,535
23,874
629,999
158,702
60,740
18,160

MaxInc
533,045
4,599,282
15,360
563,050
355,698
70,157
87,026

129,650

129,650

129,650

%

High: 96%
Medium: 4%

High: 65%
Medium: 35%

High: 96%
Medium: 4%

%

Double rice: 62%

Rice-white cornmungbean: 36%
Rice-garlic-mungbean:
24%
Rice-eggplant: 9%
Not allocated: 0%

Rice-tomato: 85%

Triple rice: 36%
Not allocated: 0%

Rice-garlic: 11%
Rice-onion: 3%
Not allocated: 0%

a

Numbers in bold indicate that goal has optimal value.

b

Low percentages of LUT allocations are not given, only most important ones are mentioned.

income is significant. Switching to a higher production technology increases rice
production by 62% and income by 169%.
Figure 3 compares rice production under different scenarios imposing various
constraints on resources such as land area for agriculture, available labour, water
resources, demand for crops and market ceilings. The area planted to rice
decreases as more constraints (policy preferences) are imposed in the
optimization.
Future scenario (2010)
The province anticipates converting about 9,800 ha from agricultural land to nonagricultural purposes to meet the needs of the increasing population for housing

Figure 1. Impact of water-sharing on total farmers’ income and on rice production.
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Figure 2. Impact of technology on different goals.

Figure 3. Effect of policy views on land
allocation.

Maximizing

rice

production

with constraints to
A: labour (with sharing)
B: A plus water (with sharing)
C: B plus minimum production of other
crops based on provincial demand and
maximum

production

set

by

provincial

market ceilings.

or recreation, for example. Table 3 compares the values of the objective functions
and the land use allocations for the current and future (2010) scenarios. Results
indicate that land conversion due to an increase in population translates to lower
income than in scenarios with current resource availability.
Although rice production increases in the 2010 scenario, pressure would be
tremendous on the soil resource base because of more intensive rice monoculture.
The area devoted to triple rice-cropping systems increases from 21% to 35%.
This has implications for the sustainability of rice production systems as well as
for the overall goal of environmental stability.
Conclusions
The case study has demonstrated the applicability of LUPAS in exploring possible optimal agricultural land use options for Ilocos Norte. While policy measures
cannot be explicitly identified from the model, the procedure can be used to
evaluate and analyse the consequences of a specific policy for the multiple goals
for which opportunities for development may be suggested (e.g., water-sharing
scenario with improved irrigation systems, promoting high technology in crop
production systems in the province). However, the methodology has specific
limitations. It is not a predictive or dynamic model but a multiple goal optimiza-

101
Table 3. Current and 2010 values of goals with land, labour and water as constraints, with the
possibility to share labour and water.
Current
Goals
Rice
Non rice
Employment
Soil erosion
Biocide
Fertilizer
Income
Land
LUT allocation

a

MaxRiceP
738,509 a
750
7,267
342,875
12,874
30,878
4,862
66,955
Double rice: 30%
Triple rice: 21%
Not allocated: 48%

Year 2010
MaxInc

MaxRiceP

MaxInc

300,658
3,609,221
8,264
563,050
156,079
41,867
53,470

763,137
1,988
7,351
325,275
12,107
3 1,984
5,023

281,597
3,424,599
7,769
522,475
147,377
39,674
51,309

129,650
Root crops: 49%
Rice-tomato: 48%
Not allocated: 0%

63,025
Double rice: 17%
Triple rice: 35%
Not allocated: 47%

119,850
Root crops: 47%
Rice-tomato: 51%
Not allocated: 0%

Numbers in bold indicate that goal has optimal value.

tion model based on a particular scenario. We emphasize that the optimization
focuses only on the agricultural sector and the analysis is at the provincial level
only, i.e., optimizing of objective functions at the municipality level is not
included. The optimization considers only a few priority development objectives
that are translated into mathematical objective functions and solved as an MGLP
problem.
We envision that other development goals and objective functions will be
incorporated into future work on applying LUPAS. Optimization of land use options at both the provincial and municipal levels will have to be considered. This
will provide useful information in trade-off analysis and resolution of potential
conflicts among stakeholders on optimal land use options considering priorities
and constraints at different levels. Finally, it is imperative that a decision support
system that implements LUPAS be developed to assist development planners and
decision makers in analysing land use options.
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Stakeholder comments: Ilocos Norte case, Philippines
Heraldo L. Layaoen
Mariano Marcos State University, Batac, Ilocos Norte, Philippines

Points to consider

1. Water-sharing – considering the landscape (topography) of Ilocos Norte, it is
too expensive to operationalize water-sharing among municipalities (towns) in
the province. It is more feasible to improve water use efficiency by planting
high-value crops during the dry season which normally require less water than
rice. However, rice is the crop to grow during the wet season since it is the
most adopted to waterlogged conditions. The province experiences high
intensity (heavy rains) at certain periods of the year and rice is the crop that
can survive at the least cost in such conditions.

2. On slope requirement for agricultural production – we agree that annual crops
should not be grown in areas with slopes >18%, but, since land resources are
scarce, in the long run, areas with slope > 18% may be used for agriculture, but
these should be planted to permanent crops and be terraced.
3. A possible conflict of interest exists between income and environmental
aspects – flue-cured tobacco brings in cash to local government units by virtue
of a special law which requires that 30% of the specific tax collected by the
national government be returned to the municipality which produced the
tobacco. Unfortunately, tobacco needs fuelwood and the cutting of trees
contributes greatly to soil erosion and reduction of watershed areas which
eventually adversely affect recharge of the aquifer. Groundwater in the
province is tapped for both domestic and agricultural use.
4. Land use for recreation (golf courses) competes directly with agriculture – for
both land and water. The heavy use of fertilizer on golf courses is likely to
pollute the aquifer.
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Introduction

The SysNet project is one of the methodology development projects under the
co-ordination of IRRI’s Ecoregional Initiative for the Humid and Sub-humid
Tropics of Asia. The purpose of SysNet is to develop and apply methodologies
and tools for improving land use planning at the sub-national level. The Cuu
Long Delta Rice Research Institute (CLRRI) is one of the members of the network and Can Tho Province is selected as a case study area.
Can Tho Province is located in the central part of the Mekong Delta of Vietnam. The province’s economy is mainly based on the agricultural sector. The
major bio-physical constraints to agricultural production in Can Tho are seasonal
flooding, acid sulphate soils and brackish water intrusion during the dry season.
Income and employment for the rural area are main issues of the province since
the market for agricultural products is still limited. High population growth rates
coupled with the decline of agricultural land area are also important issues.
Agricultural production is not only supposed to maintain food security but also to
generate a sufficiently high farmer’s income, while creating more employment in
the rural area. To meet these demands, effective land use planning is needed.

The study area

Total area of the province is about 0.296 million ha, of which 82.7% is under arable farming with rice-based cropping systems as the predominant land use. The
population of Can Tho in 1997 was 1.92 million, with 80% living in rural areas.
At present, total rice production of the province is about 1.8 million tons. In
addition, crops such as sugarcane and fruit trees and aquaculture also contribute
an important portion to agricultural production. In 1997, the sugarcane area
reached 22,400 ha, with an average yield of 66 t ha -1. Total fruit tree area was
30,800 ha, including citrus, mango, pineapple, longan and others. The aqua105
R.P. Roetter et al. (eds): Systems research for optimizing future land use in South and Southeast Asia,
SysNet Research Paper Series No. 2 (2000), 105-115. IRRI, Los Baños, Philippines.
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culture area increased from 8,200 ha in 1995 to 11,400 ha in 1997. Agriculture
and fisheries contributed 78.7% to total exported value. The proportion of
agriculture in the economy of the province decreased from 53.9% in 1995 to
39.7% in 1997. Industrialization is increasing in the province.
The economy of Can Tho developed well between 1991 and 1996, with an
annual economic growth rate of 9.3%. This increased slightly in 1997 to 9.5%.
Development in all sectors led to a higher average gross domestic product (GDP)
per capita at US473 in 1997 versus US$369 in 1995. At the end of 1997, 39.6%
of the households had been supplied with electricity and 40% with clean water.
The transport network has been improved in 70% of the villages and hamlets in
the province.
The economic development of the province continues to be based on agriculture. The objectives of agricultural development are (i ) to assure food selfsufficiency, (ii ) to increase the value of agricultural production and (iii ) to
increase the total value of exports. This strategy requires a better use of agricultural land with higher yields and quality of agricultural products, especially
cereals.
To achieve the development objectives, the province should pay more attention to (i ) improving water management, ( ii) improving crop varieties, (iii )
strengthening the extension service and (iv) increasing investments in agriculture.
Objectives of the case study
One objective of the Can Tho case study is to develop the SysNet methodology
and tools to explore different development options for the agricultural sector,
taking into account the different socio-economic and bio-physical conditions, as
well as the different goals of the community. Another objective is to apply the
methodology and tools and identify options for sustainable land use, characterized by economically viable, ecologically sound and socially acceptable
production systems and techniques.
Methodology
The quantitative land evaluation approach followed goes beyond qualitative
approaches to land evaluation which merely depict the suitability of defined land
units for a (several) crop(s). Firstly, instead of only crops (or crop rotations),
technologies for growing these crops are also considered, thus allowing the
description of various options for land use. Secondly, it is recognized that ‘suitability’ is not an absolute and independent characteristic for each option to use
land. Instead, suitability for specific land use options can only be viewed relative
to that for other options. Therefore, the different land use options have to be
compared on the basis of their contribution to the objectives of the land users.
Thirdly, since decision-making on land use does not take place only on farms, the
methodology requires specification of objectives and constraints at different
management levels in the agricultural system, such as farm, village and province.
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Thus, the various optimal land use options, derived by the multiple goal linear
programming (MGLP) model, reflect the wishes of a large part of society and not
only the bio-physical potentials. Fourthly, the quantitative approach allows
evaluation of different expectations about future or possible developments as far
as these can be translated into quantitative assumptions regarding changes in objectives, constraints and socio-economic and bio-physical factors.
The SysNet project focuses on developing and applying a methodology for
quantitative land evaluation and analysis. In the Vietnamese context, it has the
following components (Hoanh et al., 1998; Lai et al., 1998a):
• Land evaluation and resource assessment,
• Yield estimation,
• Input-output estimation, and
• Analyses of land use possibilities by applying an MGLP model.
Each step of the approach will be discussed in the next sections.
Land evaluation and resource assessment
The purpose of land evaluation and resource assessment is to (i) identify land
units and their characteristics, ( ii) estimate available resources and ( iii) identify
promising land use types.
For regional land use planning, only major differences between land characteristics are taken into account. Weather conditions are assumed to be
homogeneous in the region; therefore, bio-physical land units were identified
based on soil type and flooding regime, shown in the maps updated in 1998:
• Soil type of land units was based on the 1 : 100,000 soil map of Can Tho developed by the Sub-National Institute of Agricultural Planning and Projection
(Sub-NIAPP, 1999a). The updated major soil types were identified (Table 1).
Variations in soil physical characteristics are small in the region, while those
in soil chemical characteristics are significant and have a strong effect on the
response of crops to fertilizer applications.
• Surface water conditions were based on the 1:100,000 inundation map of Can
Tho developed by Sub-NIAPP (1999b). Annually, a large part of the province
is flooded. Maximum flood level and flood duration at a location depend on
topography and distance to drainage canals. Flooding depth and duration
determine the cultivation period for many crops and also affect the input required for several operations, such as drainage of excess water. It is expected
that, in the near future, the construction and improvement of flood protection
measures, such as dikes, dams and drainage canals, will reduce the risk of
flooding. Then, other economic activities, such as industry and services, will
occupy a larger part of the area than at present. Therefore, land units were
classified according to the current flooding conditions, as well as the improved
conditions with full flood control expected by 2010.
Location and area of the bio-physical land units were determined by over-
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laying soil and surface water maps in a geographic information system (GIS).
The overlay resulted in 26 unique combinations, 8 land units more than the total
land units identified by using 1997 data (Lai et al., 1998b). Table 1 gives the different bio-physical land units and associated characteristics.
Agricultural policies are implemented at the provincial level but are translated
into goals and requirements at the district level. Therefore, the administrative
boundary was used to delineate land management units. By combining the new
bio-physical land units with the administrative boundaries, 78 land units were
identified. In the previous study, only 32 land units were identified (Lai et al.,
1998b).
Similar to the study in 1998, land area and water conditions are identified for
each land unit, and available labour force is estimated at the district level. At present, farming in the province occupies 82.7% of the total area. It is assumed that
total available land area will decrease to 80.8% in 2010 because of increases in
use for other purposes. Water is assumed to be in ample supply and flooding the
major constraint at present. In 2010, however, full flood control is anticipated.
Because of these changes, the area of several land units changes in 2010 versus
2000. In the whole province, the total labour force is 52.5% of the population. At
present, about 68% of the labour force is engaged in agriculture; in 2010, this is
expected to decrease to 42% due to increased demand from other sectors
(Provincial People’s Committee of Can Tho, 1998).
To reflect limitations to decision-making at the farmer’s level, in the present
study effects of differences in capital availability are introduced in the MGLP
model. Capital is a constraint that limits the capacity of farmers to apply improved production technology. Based on income per capita of farmers which was
derived from survey data, farmers in each district of the province were classified
into 4 groups: poor, medium, better-off and rich, with income per capita of less
than 1, 1-2, 2-3 and >3 million VN dong per year, respectively. The fraction of
farmers in each group FG(g,d) was estimated by district. The average farm size
FS(g,d) by group by district was estimated based on survey data. Then, a fraction
of the area that each farmer group occupies in the district was calculated as
FA(g,d) = FG(g,d) × FS(g,d). The decision of each farmer group is valid only in
the area that it manages. The optimal land use options in each land unit generated
by the MGLP model were therefore calculated for each farmer group. It is assumed that, because of capital constraints, at present, only better-off and rich
farmers can apply improved technology due to higher input requirements. A
capital feasibility factor was introduced to reflect this assumption in the MGLP
model.
Rice, the most important crop in Can Tho, can be grown in the whole province, while cultivation of other crops is possible only in certain land units. Based
on current land use inventories and development plans and referring to other regions with similar agro-ecological conditions, 19 land use types with 16 products
were selected as promising (Table 2).
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Table

1. Agro-ecological units in Can Tho Province.
Water conditions
Flooding
Unit
Soil — Vietnamese classification
Depth
Duration
Code Description
(cm)
(from-to)
Pb Deposited alluvial soils
< 30
Sep-Oct
AEU01
Pg Mottled alluvial soils
< 30
Sep-Oct
AEU02
30 - 60
Pg Mottled alluvial soils
Jul-Sep
AEU03
30 - 60
Sep-Nov
Pg Mottled alluvial soils
AEU04
> 60
Pg Mottled alluvial soils
Sep-Oct
AEU05
Pg Mottled alluvial soils
> 60
Jul-Sep
AEU06
> 60
Pg Mottled alluvial soils
Sep-Nov
AEU07
< 30
Mi Saline soils
AEU08
Sep-Oct
Sp Potential acid sulphate soils
< 30
AEU09
Sep-Oct
Sj1 Severely acid sulphate soils
AEU10
< 30
Sep-Oct
Sj1 Severely acid sulphate soils
AEU11
> 60
Jul-Sep
Sj1 Severely acid sulphate soils
AEU12
> 60
Sep-Nov
Sj2 Moderately acid sulphate soils
AEU13
< 30
Sep-Oct
Sj2 Moderately acid sulphate soils
AEU14
Jul-Sep
30 - 60
Sj2 Moderately acid sulphate soils
AEU15
> 60
Jul-Sep
Sj2 Moderately acid sulphate soils
AEU16
Sep-Nov
> 60
Sj3 Slightly acid sulphate soils
AEU17
< 30
Sep-Oct
Sj3 Slightly acid sulphate soils
AEU18
30 - 60
Jul-Sep
Sj3 Slightly acid sulphate soils
AEU19
> 60
Jul-Sep
Sj3 Slightly acid sulphate soils
AEU20
> 60
Sep-Nov
SpM Saline — potential acid sulphate
AEU21
< 30
Sep-Oct
soils
AEU22
Sj1M Saline — severely acid sulphate
< 30
Sep-Oct
soils
AEU23
Sj2M Saline — moderately and slightly
< 30
Sep-Oct
acid sulphate soils
AEU24
Sj2M Saline — moderately and slightly
30 - 60
Sep-Nov
acid sulphate soils
–
Vp Raised bed soils
AEU25
–
Pf Yellow and reddish mottled
AEU26
> 60
Sep-Nov
alluvial soils

Area (ha)
Irrigation
condition
Irrigated
Irrigated
Irrigated
Irrigated
Irrigated
Irrigated
Irrigated
Irrigated
Irrigated
Rainfed
Rainfed
Rainfed
Irrigated
Irrigated
Irrigated
Irrigated
Rainfed
Rainfed
Rainfed
Rainfed
Rainfed

2000
1,536
46,772
3,514
13,983
2,067
13,048
45,829
5,185
877
1,644
3,400
3,073
4,380
801
7,543
7,943
5,809
3,062
10,089
6,722
4,737

2010
1,508
45,417
17,162
0
59,774
0
0
5,086
861
1,612
6,345
0
4,297
786
15,176
0
5,698
3,004
16,471
0
4,646

Irrigated

3,400

3,335

Rainfed

5,614

5,508

Rainfed

545

534

–
Irrigated

41,630
1.681

40,641
1,652

Table 2. Promising land use types.
No
1

Land use type a

No

Land use type

Rice WS-rice SA

11

Bitter gourd WS-gourd SA

2

Rice WS-rice SS-rice SA

12

Rice WS-sweet potato SS-rice AW

3

Rice WS-soybean SS-rice SA

13

Rice WS-maize SS-rice SA

4

Rice WS-mungbean-rice SA

14

Cabbage SS-petchay SA

5

Sugarcane-bean

15

Rice WS-petchay SS-rice SA
Sugarcane

6

Rice-transplanted rice-soybean SS

16

7

Rice WS-watermelon SS-rice SA

17

Sugarcane-rice WS

8

Rice WS-rice SA+fish

18

Pineapple

Cucumber WS-cucumber SA

19

Fruit trees

9
10
a WS

Petchay WS-cucumber SS-cucumber SA
= winter-spring crop; SA = summer-autumn crop;

SS = spring-summer crop.
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Yield estimation and input-output estimation
For each yield level, corresponding input-output relations are estimated. A technical coefficient generator was developed under the LUST concept (Jansen &
Schipper, 1995). Firstly, the LUST concept was followed to quantitatively
describe the bio-physical input-output relations for each land use type (LUT)land unit (LU) combination (Jansen, 1998; Jansen, this volume). As the first step,
general assumptions were formulated about the relations between (i) nutrient uptake and production, (ii) fertilizer application rate and nutrient uptake, (iii)
irrigation and production, (iv) labour use and input or output level and (v ) effect
of other factors. These relations were made dependent on the conditions in each
LU (salinity, acidity, flooding depth). Subsequently, for each LUT, several yield
levels were defined that were assumed to reflect (i ) the current average production level and ( ii) an improved yield level attainable with present technology at a
higher than average input level. Per LUT, it was also indicated on which LU the
LUT could be practised. Then, the type of field operations required to achieve the
indicated yield levels was described with an automated procedure. Input and output for each operation were estimated for each combination of LUT, yield level
and LU, taking into account effects of yield level and LU on the input-output
relation. This resulted in a list of agronomic coefficients (such as yield per product, fertilizer input and monthly labour requirement) per LUT, yield level and LU
combination. We intend to use crop simulation models to determine different
yield levels for each crop. However, data are not available for all crops grown in
Can Tho Province; therefore, current yield level and improved yield level are
average yield and highest observed yield, respectively, extracted from farm survey and experimental results. To estimate the effects of adverse conditions
(salinity, acidity, flood) in different land units on the yield level of various crops,
expert judgement was applied.
Finally, these agronomic coefficients were used in combination with data
about the distribution of LU and prices over socio-economic regions to calculate
the technical coefficients required by the MGLP model per combination of LUT,
yield level, LU and socio-economic region. The following inputs-outputs were
estimated for each promising LUT:
• Monthly labour requirements
• Total amount of pesticides
• Total amount of fertilizer
• Total amount of fuel
• Total costs
• Production and total gross income.
MGLP model
Objective functions
As the result of consultations with stakeholders, the following objectives were
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identified for the current phase of the study:
• Maximize total regional net farm income
• Maximize total rice production
• Maximize employment generation
• Minimize labour use
• Maximize fertilizer use efficiency
• Minimize total pesticide use.
Constraints
Three types of constraints were identified:
• Resource limits, such as insufficient supply of land, labour and water to meet
the requirements for achieving goals.
• Development targets for non-goal variables, e.g., production and area targets
for maize and fruits. These development targets were extracted from the
development plan of the province and express the desire of the government,
while taking into account the market ceiling. However, targets of some products are set for both production and area, which implies that these targets are
not based on an accurate and systematic estimation.
• Goal restrictions imposed by other objectives, e.g., the goal to increase income
that is restricted by the required minimum production of rice. These goal
restrictions were also extracted from the provincial plan and used as the upper
or lower bounds in the MGLP model.
Different sets of targets and resource limits are applied for the 2000 and 2010
scenarios (Table 3).
Scenarios
On the basis of policy views, development plans and targets, two sets of scenarios were formulated:
• Scenarios for 2000 using current data on bio-physical and socio-economic
resources and development targets for 2000. The objective of this scenario is
not to simulate what the land use is in 2000, but to identify by how much each
goal could be improved with current available resources, and what changes in
land use are required to achieve such improvement.
• Scenarios for 2010 using current data adjusted to modified bio-physical conditions and development targets for 2010. The objective of this scenario is to
explore more options for future development.
Results and discussion
The scenario analysis focuses on three objective functions considered important
by stakeholders in the province: maximizing income (CT1), maximizing rice
production (CT2) and maximizing employment (CT3).
The outcome from scenarios for 2000 illustrates a conflict in development
objectives: maximizing income leads to lower rice production and low employ-
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Table 3. Targets and resource limits for the 2000 and 2010 scenarios.
No

Item

Relation

Target
2000

2010

Resource limits
1

Area (ha)

£

244,884

239,513

2

Labour ( l06 labour-days)

£

290

297

Goal restrictions
4

Net regional farm income ( l0 9 VN dong)

³

3,500

4,429

5

Total rice production (t)

³

1,800,000

2,000,000

Development targets
6

Maize production (t)

³

68,000

68,000

7

Vegetable production (t)

³

120,000

120,000

8

Bean production (t)

³

15,000

15,000

9

Sugarcane production (t)

³

2,000,000

2,000,000

10

Fruit production (t)

³

700,000

700,000

11

Pineapple production (t)

³

22,5000

22,5000

12

Exporting rice area (ha)

³

50,000

50,000

13

Sugarcane area (ha)

³

30,000

30,000

14

Pineapple area (ha)

³

5,000

5,000

15

Fruit tree area (ha)

³

41,630

46,630

16

Upland crop area (ha)

³

30,000

30,000

17

Aquaculture area (ha)

³

15,000

30,000

ment, and vice versa. To obtain the highest income, as in scenario CT1, rice
production and employment decrease 29% and 19%, respectively, compared with
the maximum achievement of these two objective functions in scenarios CT2 and
CT3 (Table 4). Similarly, when employment is maximized, rice production
decreases sharply (54%). The outputs also indicate that income improvement and
employment generation are only achieved with diversification: 51% to 65% of
the agricultural land is used for upland crops and fruit trees in these scenarios,
compared with 30% in the scenario of maximizing rice production.
Generating employment for the rural population is a major concern in the
province because the total labour needed for agriculture is very low. Even in the
scenario of maximizing employment, the required labour input is only 27% of the
available labour in scenario CT3, but income as well as rice production in this
scenario decrease significantly, by 19% and 35%, respectively, compared with
scenarios CT1 and CT2. The objective of maximizing employment also conflicts
with the objective of improving labour efficiency: income per labour-day
decreases 33% in scenario CT3 compared with CT1. The situation is even worse
in 2010, when a proportion of land will be used for non-agricultural activities
while the rural population increases: maximum employment is only 20% of the
rural labour force, as in scenario CT4 (Table 5).
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Table 4. Land use scenarios for 2000 in Can Tho. For each, 19 land use types are involved, two
technology levels are used (current and improved, but only rich and better-off farmers can apply
the improved level), resources are 244,884 ha of land, and 290 10 6 labour-days, with all targets
and no goal restrictions.
CT2
CT3
Item
Scenario CT1
Objective
Main achievements a
Regional income
(10 9 VND) b
Rice production
(10 6 tons)
Employment
(10 6 labour-days)
Income per labourday (US$)
Resource use (%)
Land area
Labour
Land allocation (ha)
Rice
Rice-upland crops
Upland crops
Fruit trees
a
b

Maximizing
regional income

Maximizing
rice production

Maximizing
employment

5,139

3,880

4,182

1,822

2,569

1,192

64.0

50.3

79.5

5.7

5.5

3.8

99%
22%

96%
17%

98%
27%

57,016
93,188
113,249
41,630

127,573
66,621
43,704
41,630

5,983
102,361
162,714
41,630

Numbers in bold are optimal values.
VND = Vietnamese dong; 1 US$ = 14,000 VND (September 1999).

To improve income of the rural population, improved technology is introduced
and capital support is provided to the farmers. In this case, it is assumed that all
four farmer groups, including the poor, can apply the improved technology. With
such capital capacity, in scenario CT5 of maximizing employment, employment,
income and rice production could be improved 3%, 12% and 13%, respectively,
compared with scenario CT4 (Table 5). Income per labour-day is also improved
by 9% in scenario CT5 compared with CT4.
A ‘what-if’ question is examined in this case: What is the consequence for
employment generation if rice production has to exceed 2 million tons as
required by the central government? A multiple goal scenario, CT6 (Table 5, is
analysed by maximizing employment and setting a target of 2.0 million tons, the
maximum possible production in that year if other targets are taken into account
and also the requirement of the central government for the province. The outputs
show that employment decreases to 19% of the available rural labour force in this
scenario, while about a 5% improvement in income is achieved.
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Table 5. Land use scenarios for 2010 in Can Tho. For each, the objective is maximizing employment, 19 land use types are involved, resources are 239,513 ha of land and 297 10 6 labourdays.
Item
Technology level

Scenario CT4
2 levels: current and

CT5

CT6

All farmers can

All farmers can apply

improved, but only

apply improved

rich and better-off

technology

improved technology

farmers can apply
improved level
Target

All targets,

All targets,

All targets,

no goal restriction

no goal restriction

with goal restrictions
rice production > 2 Mt

Main achievements a
Regional income

3,718

4,147

4,349

1,417

1,607

2,000

59.7

61.5

55.2

4.4

4.8

5.6

100%

100%

100%

20%

21%

19%

(109 VND) b
Rice production
(106 tons)
Employment
(106 labour-days)
Income per labourday (US$)
Resource use (%)
Land area
Labour
Land allocation (ha)
Rice
Rice-upland crops
Upland crops
Fruit trees

5,869

5,869

10,003

125,948

128,027

161,554

67,014
46,630

66,163

62,029
46,630

46,630

a

Numbers in bold are optimal values.

b

VND = Vietnamese dong; 1 US$ = 14,000 VND (September 1999).

Conclusions

The LUPAS developed under the SysNet project is a useful tool to analyse the
conflicts in the selection of objectives for land use in the region. As emphasized
by stakeholders in the province in the SysNet workshops, traditional land use
planning, based on a qualitative land evaluation, could not indicate these conflicts clearly: all the development targets were incorporated into the plan without
much attention for these conflicts; therefore, the plans usually failed. With
LUPAS, these conflicts are not only identified; the quantitative approach applied
in LUPAS also shows the level of the conflicts and the MGLP model can help to
identify optimal trade-offs among objectives.
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However, in the current study, only a first effort has been made to incorporate
farmers’ decisions into LUPAS. Further analysis is required to fully consider the
conflicts in decisions at different management levels. Obviously, better knowledge and more information and data in the region are needed for this purpose and
to apply LUPAS for planning in the province.
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Methodology
• It uses a systems approach to a decision support system for land use planning
and analysis considering issues of resource use in land use planning at multiple scales.
• It develops and adopts a participatory approach to involve stakeholders in the
land use planning process.
• It develops and adopts a quantitative method to quantify the relationships
among elements in the land use process.
Application
• Constructed scenarios are suitable to the Can Tho situation, particularly the
two technology levels and goal restrictions chosen. At present, two technology
levels exist in Can Tho: intensive and extensive farming, rich farmers applying
the high level and poor farmers the low level.
• Results of scenario analysis indicate a conflict in development objectives:
maximizing income leads to lower rice production and employment, and vice
versa. That is true for the Can Tho case because (i) economic performance of
rainy-season rice is low, (ii) the price of rice is low and unstable, and (iii) rice
production requires a low labour input.
• Scenario analysis also showed that crop production generates less employment
for the rural area. That is correct for Can Tho. At present, about 40% of available labour in the rural area is employed, of which 70% is engaged in crop
production. Besides primary agricultural production activities, other economic
activities that generate more employment should be considered.
Participation of stakeholders in SysNet project
• Participated in training workshops on crop modelling and linear programming
• Took part in land evaluation component
• Assisted in establishing resource balances
• Identified promising production activities
• Participated in evaluating methodology and analysing the results
• Provided financial support for farm surveys.
Suggestions
• The main outputs of land use planning are an optimal land use plan and solutions to implement that plan. The hope is that, by applying the SysNet
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methodology, a feasible land use plan for Can Tho will be released in the near
future as a basis for decision makers.
• Although a participatory approach is applied, different decision levels and
multiple scales should be considered in land use planning.
• At present, SysNet tools are still prototypes. Improvements are required to
facilitate their application.

Main objectives of agricultural development
•
•
•

Improve food security for the province and the country
Increase income for rural people
Create more employment for rural areas.

Land use planning methodology currently applied in Can Tho

• On the basis of land resources and predictions of land use in the future, land
area and location are allocated to various economic sectors.
• The agricultural sector in combination with the Department of Planning and
Investment plans the use of agricultural land.
• The method of land use planning is applied mainly based on the land evaluation method (FAO).
• Contents of land use plans include allocation of land for production activities,
benefits of land use and solutions to implement the plans.

Limitations of current land use planning procedure
•
•
•
•
•
•
•
•

Applying top-down approach
Socio-economic conditions are not considered
Participatory approach is not adopted to involve all stakeholders
Technology element is not considered
Relations in process of land use are not quantified
Multiple scales are not integrated in land use plans
Multidisciplinary work needs to be encouraged
Feasibility of a plan is low.

Decision support systems components in LUPAS
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Introduction

The operational structure of the land use planning and analysis system (LUPAS,
Figure 1) developed by the SysNet project has four major components: resource
evaluation, yield estimation, input/output estimation and multiple goal linear
programming (Hoanh et al., 1998). LUPAS is also supported by various functions and research tools, including geographic information systems (GIS). The
functions of the resource component in LUPAS are to
• Identify land units (LUs) with more or less homogeneous characteristics based
on agro-ecological and administrative boundaries.
• Estimate available resources (land, water and labour) for production-oriented
land use (agriculture, fisheries and production forestry).
• Identify promising land use types (LUTs) in each land unit.
• Formulate objective functions for the various land use scenarios.
• Identify demand for products (amount and type) and potential changes.
Resource availability is an important factor in the determination of the potential
of any economic venture. However, the required resources are generally common
to many of the ventures, and this creates competition for their use. Thus, the resource balance and land evaluation components are critical in determining
resource availability and subsequently the potential or limits of the agricultural
sector in a particular area. In the SysNet case studies, the major developments of
the methodologies for these components are in the following aspects:
• Delineating land units
• Evaluating land
• Determinating promising agricultural activities and land use types
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Figure 1. Major
components of
LUPAS (adapted
from Hoanh et
al., 1998).

•
•

Assessing availability of resources (land, water and labour)
Estimating demand for agricultural products.

The case studies in the SysNet projects in Haryana State (India), the Kedah-Perlis
Region (Malaysia), Ilocos Norte Province (Philippines) and Can Tho Province
(Vietnam) are different in many aspects. These differences can be noted in the
size of the case study area, bio-physical conditions and socio-economic settings
as well as the nature and availability of information. This paper attempts to
summarize and compare the methodologies for resource balancing and land
evaluation as applied in these case studies.

Case study areas

SysNet consists of five main partners: the national agricultural research systems
(NARS) of India, Malaysia, the Philippines and Vietnam and the International
Rice Research Institute (IRRI). Table 1 summarizes the main characteristics of
the study areas, locations of the study areas are given by Roetter et al. (this volume). Each NARS partner is responsible for developing, refining and applying
the methodology to its case study area.
Haryana State in northern India has greatly benefited from the Green Revolution of 1970 with increases in area planted with high-yielding crop varieties
(from 0.9 to 2.7 million ha) and in food production (from 2.6 million to 10.5
million tons). In recent years, the prosperous state has increasingly faced serious
resource degradation problems, which are partly related to the intensified
agricultural production systems under irrigation (Aggarwal et al., 1998). A shortage of water occurs in the higher parts of the region, while waterlogging and
salinization are observed in the lowland areas.
The Kedah-Perlis Region in northern peninsular Malaysia is an important
agricultural area in the country. The region contributes 40% to the national rice
production and it is also the only producer of sugarcane in the country. Other
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Table 1. Main characteristics of the four SysNet case study areas.
Items
Haryana
Kedah-Perlis
(India)
(Malaysia)
4.42
1.01
Total area (106 ha)
0.54
3.58
Agricultural area (106 ha)
6
1.64
16.5
Population (10 )
6
7.4
0.28
Agricultural labour (10 labour-days)
% agricultural area from tota1 area
% agricultural labour from population
Agricultural area (ha) per labour-day

81
45
0.5

52
17
1.9

Ilocos Norte
(Philippines)
0.34
0.13
0.50
3.7

Can Tho
(Vietnam)
0.30
0.25
1.92
290

38
72

83
49
0.001

0.04

major products are rubber, oil palm and fruits. About 52% of the region is under
agriculture, but rapid transformation to manufacturing and tourism is taking
place. A labour shortage and rising costs of production are the most serious constraints to agriculture (Tawang et al., 1998).
Ilocos Norte Province in northwestern Luzon, Philippines, is a region with
large forest resources (46% of the total area) and a relatively low population
density. About 25% of the province is classified as upland. A rice-based production system, which is supported by several irrigation schemes, is the major
activity. Rice is the main crop in the rainy season, whilst diversified cropping of
tobacco, garlic, onion, maize, sweet pepper and tomatoes is practised in the lowlands during the dry season. Major environmental problems are soil erosion on
sloping lands and groundwater pollution in the lowlands (Lansigan et al., 1998).
Can Tho Province is located in the central part of the Mekong Delta. About
83% of the area is under arable farming, predominantly with various ricecropping systems (69%). Major physical constraints to economic development in
the province are seasonal flooding (200,000 ha; 0.3-1.5 m depth; 2-3 months
duration), brackish water intrusion (7,000 ha; 3-4 months duration), and acid
sulphate soils (southern districts; beginning of the rainy season) (Lai et al.,
1998). Low income and employment are among the main issues. Marketing of
agricultural products is still limited because the ‘Doi moi’ (reform) policy and
free-market system were introduced only a few years ago.

Delineation of agro-ecological unit and land unit

Land use planning is basically a land-based exercise with spatial distribution.
Thus, characterization of land according to the elements or parameters that influence land use needs to be carried out. The SysNet project adopted the concept of
land units (LU) introduced by FAO (1993; 1995). LU refers to an area of land
possessing specific land characteristics and qualities that can be mapped. It is a
unique combination of the sub-region with an agro-ecological unit (AEU) and is
currently considered as the smallest calculation unit for which input-output
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Table 2. Agro-climatic characteristics used to delineate land units at the case study sites.
Parameters
Total rainfall

Rainfall
distribution
Others

Haryana

Kedah-Perlis

6 classes: <450,
450-600, 600-750,
750-900, 900-1050,
>1050 mm

–

–

Ilocos Norte
2 classes: <2000,
>2000 mm

5 classes: based on agroecological zones - established from agricultural
rainfall index (dry or wet
months), and frequencies of
morning rainfall, sunshine
hours and wind gusts)
(Niewolt et al., 1982)

3 classes: 2-4,
5-6,7 dry months

–

Can Tho

–

relationships for various activities are quantified. The LU map can also be used
for spatial display of the input and output data, as well as for the results of multiple goal linear programming (MGLP) analyses, i.e., the distribution of land use
options. Parameters commonly considered in the delineation of LUs by the four
studies are agro-climate, topography, soil, irrigation facility and administrative
boundaries.

Agro-climate

The most common climatic factor considered is rainfall, either total, monthly
distribution or both (Table 2). The Philippines study uses both the number of dry
months (3 classes) and total rainfall (2 classes), while the Indian study considers
only the total rainfall, but in considerably more detail (6 classes). The Malaysian
study directly applies the readily available agro-ecological zone map (5 classes),
that has been delineated based on the number of dry/wet months, sunshine,
morning rainfall and wind gusts. Climate is not considered a discriminating factor in the Can Tho study, as the area is fairly small and flat.

Topography

Topography is another important parameter influencing land suitability for agriculture. The slope factor is considered in the Kedah-Perlis (5 classes) and Ilocos
Norte (2 classes) studies (Table 3). Being flat, slope is not relevant to the studies
in Can Tho and Haryana. However, elevation is indirectly considered in Can
Tho, expressed in regular flooding depth (3 classes) and duration (3 classes).

Soil

Texture is the most common soil parameter considered in all the study areas,
except for Can Tho (Table 4). In addition, the Haryana study also considered organic carbon content as an indicator for soil fertility, while sodicity and salinity
are considered as yield-reducing factors. The Kedah-Perlis study also considered
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Table 3. Topographical characteristics used to delineate land units in the case study areas.
Parameters

Haryana

Slope
Flooding depth

-

Flooding duration

-

Kedah-Perlis
5 classes: <2,2-4,4-8,
8-20, >20 (degree)

Ilocos Norte
2 classes: <18,
>18-30 (%)

Can Tho
3 classes: <30, 30-60,
>60 cm (improved
condition in future
scenarios)
3 classes: Sep-Oct,
Jul-Sep, Sep-Nov
(improved condition in
future scenarios)

Table 4. Soil parameters used to delineate land units in the case study areas.
Parameters
Taxonomy

Haryana
-

Parent material

Texture

3 classes: sandy loam
clay loam, sandy
Organic carbon 2 classes: <0.3
>0.3 (%)
3 classes (EC Salinity
dS/cm): <1.6, 1.6-2.5,
2.5-5.0
3 classes (pH): <8.7,
Sodicity
8.7-9.8, >9.8
Laterite content Irrigation

2 classes:
irrigated, rainfed

Kedah-Perlis

Ilocos Norte

5 classes: marine
alluvium, recent
riverine alluvium,
old riverine
alluvium, sedentary
(or in situ),
undetermined
3 classes: heavy
clay, clay, loam

3 classes: fine,
medium, coarse

Can Tho
11 classes: soil
classification

2 classes: saline,
non-saline
2 classes: lateritic,
non-lateritic
2 classes:
irrigated, rainfed

2 classes:
irrigated, rainfed

2 classes:
irrigated, rainfed

soil parent material to represent the slope classes and, together with salinity and
laterite content, as indicators for crop suitability and management requirements.
The availability of irrigation facilities is also important for all the sites.

Mapping

GIS overlay of the agro-climate, topography and soil parameters results in a different number of AEUs for each study area (Table 5). Land unit maps were
finally prepared after another overlay with administrative boundaries. Some
problems were encountered, however, during the mapping processes. For
example, the required maps were commonly available from different sources and
with different scales, and these required aggregation or disaggregation of some
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Table 5. Summary of ago-ecological units (AEU) and land units (LU).
Parameters
Agro-climate
Topography
Soil

Haryana
Annual rainfall (6)
-

Slope (5)
Texture (3), organic
carbon (2), salinity
(3), sodicity (2)

Irrigation a
No. of AEU
Administrative units
No. of LU
a

Kedah-Perlis
Agro-ecological
zone (5)

(2)
87
16
208

Parent material
(5), texture (4),
salinity (2),
laterite content (2)
(2)
18
11
87

Ilocos Norte
Rainfall (2),
rainfall distribution (3)
Slope (2)
Texture (3)

(2)
37
23
200

-

Can Tho

Flooding depth
(3), duration (3)
Taxonomy (11)

(2)
19
7
78

Number of classes considered is in parentheses.

information, depending on the map scale. In addition, some boundaries appeared
too close to each other during the GIS overlay, that would result in many small
LUs. The Malaysian team handled this by merging the boundaries if they were
located within a certain limit, after prioritizing, e.g. administrative > soil >
climate. An example of a land unit map appears in Figure 2, which represents the
Kedah-Perlis Region in Malaysia.

Land evaluation

Each AEU needs to be evaluated for agricultural suitability and subsequently for
determining promising LUTs, input requirements and yields. Unsuitable lands
are excluded from the potential area for agriculture (Table 6).
The Haryana case study applies crop models and yield-reducing factors for
yield estimation on various AEUs. The Vietnam case study uses flooding depth
and duration to determine the cultivation periods as well as the management
requirements. In the absence of crop models, the Malaysia case study resorted to
readily available crop zone maps, which evaluate the qualitative suitability of
various crops based on soil and climate. The study has also developed a semiquantitative land evaluation module, called PARAEVAL, based on the parametric and square-root approaches, to estimate crop yields on different AEUs.
The planting periods of the annual crops are based on rainfall distribution.

Availability of land

Generally, each LU is not entirely suitable or available for agriculture. There are
isolated built-up areas, settlements, reserved lands and hills or swamps, that need
to be taken out from the potential area for agriculture. The four studies have
handled this aspect with slightly different approaches (Table 7). For instance,
Malaysia considers readily available land use statistics and translates the information according to the development zones. Future land availability is based on
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Figure 2. Land unit map
for Kedah-Perlis Region,
Malaysia.

Table 6. Procedures for land evaluation.
Criteria
Unsuitable for
agriculture

Haryana
Non-agricultural
area (from
satellite data)

Kedah-Perlis
Slope >20°,
water, catchment
area, reserved
land, built-up

Identification of
promising LUTs

-

Crop zone maps;
MADAa is only
for rice (current
policy)

Determination of
planting time

-

Rainfall distribution

Qualitative land
evaluation

Crop models to
estimate potential
yields and yieldreducing factors

Parametric and
square-root
method
(PARAEVAL)

a Muda

Agricultural

Development Authority.

Ilocos Norte
Severely eroded,
slope >30%, problem
soils (mountainous
soil, river wash, dune,
sand, coral bed, rocky
land), land use (forest, water, built-up)
Sugarcane and root
crops are considered
not promising in
irrigated area; triple
rice is promising
Wet season
-

Can Tho

-

Flooding
depth and
duration
-
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Table 7. Estimation of land availability for agriculture.
Item
Source of
information
Current scenario

Haryana
Land use
classification from
satellite data
Exclude nonagricultural area

Future scenario
(2010 )

Kedah-Perlis
Land use map and
statistics
Translates the
‘unavailable and
unsuitable’ areas
according to the
development zones
Historical changes
(reducing by 1-3%)

Ilocos Norte
Land use maps

Can Tho
Land use statistics

Extract
information
directly from LU
using GIS

79.7% of the total
LU area

Exclude planned
development

78.9% of the total
LU area

historical development patterns of the zones. The Philippine case study extracts
the information directly from LUs using GIs, and areas demarcated for development are considered not available for future scenarios. Vietnam, on the other
hand, estimates land availability based on the percentage of the LU area. In all
the study areas, the availability of agricultural land is expected to decrease with
time.

Availability of water

Rainfall is the major source of water in the four study areas (Table 8). Estimation
of ‘effective or available rainfall’, however, varies slightly between the studies.
The Philippine case study estimates water availability as 85% of rainfall.
Malaysia considers the 80% probability rainfall and potential evapotranspiration
(PET) to calculate cumulative water balance and subsequently the irrigation
requirement, after subtracting the crop water requirement.
The source of water for irrigation varies between the sites. Ilocos Norte relies
on groundwater, and water availability is expected to increase in the future with
improved water use efficiency. The major irrigation issue is improved water
management among municipalities. Water for irrigation of double-cropped rice in
Kedah-Perlis is mainly from reservoirs and is complemented by rivers, rainfall
and drainage recycling.

Availability of agricultural labour

All the studies estimate the availability of agricultural labour from population
census or statistics (Table 9). Malaysia and Vietnam rely on the existing policy
and planning documents, whereby agricultural labour is reported as the per
centage of the labour force component of the population. The projections for the
future are based on population growth and decreasing percentage of agricultural
labour, by assuming that the percentage of the labour force will remain constant.
The Philippines, however, estimates agricultural labour based on the percentage
of the rural population.
It is important to note that all these approaches, especially the census, generally result in the percentage of agricultural labour which can be full-time, part-
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Table 8. Elements and procedure for estimating water availability for agriculture in the case
study areas.
Parameter

Haryana

Annual rainfall

Applied for
identification of
promising LUTs
Considered by
AEU

Monthly rainfall

Groundwater

By district

Surface water

Considered by
district

Irrigation system

–

Kedah-Perlis
–
Water availability:
cumulative water
balance based on
80% probability
rainfall and PET;
estimation of additional water requirements based on crop
water requirement

–

Reservoir rainfall,
river, drainage recyclin
1 federal system (homogeneous water
distribution)

Ilocos Norte
Applied for
identification of
promising LUTs
Water availability:
85% of the rainfall

Current: (inflow ×
correction factor
for soil type and
ecoregion) × 0.10
2010: (inflow ×
correction factor
for soil type and
ecoregion) × 0.15

Can Tho
–
–

–

–

–

13 national and 11
communal

–

systems

Table 9. Estimation of labour availability for agriculture in the case study areas.
Item
Can Tho
Haryana
Kedah-Perlis
Ilocos Norte
–
Statistics by
Total population
Statistics by
Statistics by district;
district

Estimation of
agricultural labour
for 2000

Statistics by
district

Estimation of
agricultural labour
for 2010

–

annual increase of
1.8-2.3%
By month & district:
44-47% of labour
force (which is 3540% of population)
By month & district:
36-38% of labour
force (35-40% of
population)

district

By month &
municipality 45%
of rural population

–

68% of labour
force (which is
52.5% of total
population)
42% of labour
force (which is
52.5% of total
population)

time, or made up of ‘arm-chair’ farmers. This may pose some problems for the
interpretation of the MGLP results later on, as the labour requirement in these
studies is commonly considered in labour-hours or labour-days.

Demand and target for agricultural products
Information on the demand and target of agricultural products is important in
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Table 10. Estimation of demand and target for agricultural products.
Item
Demand for 2000

-

Demand for 20 10

-

Target for 2000

-

Haryana

Kedah-Perlis
Per-capita demand ×
population
Projected per-capita
demand × projected
population
National agricultural
policy and state
action plan

Ilocos Norte
Per-capita demand
× population
Projected per capita
demand × projected
population
Provincial action
plan and framework

Can Tho
-

Provincial
development plan

land use planning processes. The information is employed as the limits for
intended production levels of the various products, either as a lower or upper
bound. In these studies, demand refers to minimum requirement of the product,
so as to fulfil local needs. Target refers to higher production levels that may be
meant to cater to exports.
Demands for agricultural products considered in the studies are generally
based on per-capita consumption of the products (Table 10). The per-capita
demand of a particular product may increase or decrease with time. For example,
in the Kedah-Perlis case study, projected per-capita demand will increase for
vegetables, fruits and meat, but will decrease for rice and sugar. Production
targets are generally based on policies or action plans for the study areas.

Conclusions

The availability of land, water and labour resources in the four case studies is
generally estimated and projected based on secondary information. Its accuracy
may deteriorate with unexpected events, such as drastic changes in demand for
certain resources from other sectors as a result of a change in government
policies or economic situations. As such, instead of painstakingly trying to establish accurate estimations and projections of the various resources, we envisage
that the problems of accuracy can be handled partly by considering ‘what-if’
questions in the MGLP analysis.
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Role of crop yield estimates in SysNet
Crop yield is the quantity of useful product produced per unit area, normally
expressed in kg per hectare or in tons per hectare. Crop yield data are needed as
information for different purposes, ranging from crop breeding to early warning
for food shortages, and from market price formation to crop insurance payments.
Each purpose requires its own type of yield data and supplementary data.
SysNet carries out management-oriented studies, and advances and operationalizes land use analysis methodologies and tools into a land use planning and
analysis system (LUPAS) (Laborte et al., 1999; Hoanh et al., this volume).
Scenario analyses using LUPAS aim at generating options for policy and technical changes in selected areas. Optimization of future land use is the main purpose
of the SysNet method (Roetter et al., 1998c; and see Roetter et al., this volume).
Currently, the method allows researchers to generate optimum land use allocation
and analyse trade-offs among different land use objectives for whole regions
(provinces, states). One of the three methodology components of LUPAS, land
evaluation, deals with assessing resources and estimating input-output relations
for the various production activities (Jansen, this volume).
The regions are subdivided into a manageable number of land units, that form
the 'calculation units' of a regional multiple goal linear programming (MGLP)
model. These are unique management units, obtained by overlaying agroecological units with administrative and/or socio-economic boundaries. Agroecological units are considered relatively homogeneous in terms of bio-physical
conditions. In the SysNet study regions, such units may vary in size from 100 to
approximately 250,000 ha. Per agro-ecological land unit, yield estimates are
needed for the description of the various cropping systems at different, welldefined technology levels.
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sheet

Land use type
Ecoregion
Land management unit
Yields
Evapotranspiration per month
Labour requirements per month
N balance
P balance
K balance
Fertilizer use
Biocide use
Cost internal inputs
Net return

Figure 1. Yield estimates as part of the inputoutput data describing crop production
activities in Ilocos Norte.

Yield estimates as an element of input-output tables in LUPAS
Yield estimates are defined at the field level, and form part of static input-output
tables. Other data in these tables comprise inputs as irrigation, biocides and
nutrients, and indicators for possible degradation of natural resources through
pollution or erosion. Hence, yield estimates, though important, form only one of
many elements (technical coefficients) in the input-output tables of SysNet’s
LUPAS. Figure 1 shows the contents of an output sheet from a technical coefficient generator for Ilocos Norte.
Yield estimates are needed for each chosen relevant cropping systems
element. Yield is a key parameter, as the yield level determines the level of other
inputs which are specified on the basis of knowledge of the functioning of the
cropping system. For the agronomic interpretation of yields, it is necessary to
specify the name of the crop cultivar; dates of sowing, flowering and maturity or
harvest; place in the crop rotation; other products such as straw or residues left in
the field; amount of inputs used to produce the yield, and their efficiency; and
cropping practices. For the economic interpretation, it must be known what is the
intended use of the product (food, fodder, processing, seed); timing, quality and
price of the product; costs of production based on the use of labour, implements
and material inputs; land rent; unwanted effects; risk of crop failure; and yield
variability.
A cropping systems element can be combined with other cropping systems
elements or other land-based activities into a land use system, according to the
LUST (land use system at a defined technology) concept of Jansen & Schipper
(1995). LUST is a unique combination of defined types of land, land use and
technology. This is different from the traditional FAO approach to land evaluation (FAO, 1976), in which each type of land use could be paired with each type
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Table la. Traditional land evaluation: suitability of land units for different land use types (LUT)
expressed in four classes: very suitable (++), suitable (+), poorly suitable (-) and unsuitable (--).
Land unit

LUT1
Transpl. rice

LUT2
Maize-soybean

LUT3
Cassava, groundnut

Upland, sand
Dry lowland, loam
Wet lowland, clay
Wet peatland
Table 1b. SysNet approach: identified relevant LUSTs to be described in terms of input and
output, and non-relevant (n.r.) combinations. Letters a-z refer to the different technologies.
Land unit

LUT1

LUT2

LUT3

Transpl. rice

Maize-soybean

Cassava, groundnut

Upland, sand

n.r.

LUST2.la-z

Dry lowland, loam

n.r.

LUST2.2a-z

LUST3.1a-z
LUST3.2a-z

Wet lowland, clay

LUST1.1a-z

n.r.

n.r.

Wet peatland

LUST1.2a-z

n.r.

n.r.

of land. In the example in Tables 1 a and 1b, where three types of land use must
be coupled to four land units, the traditional land evaluation identifies six combinations as relevant, because they are more or less suitable, but only three land use
types (LUT) descriptions are given, one for each LUT. In the SysNet approach, at
least six LUST descriptions must be given, one for each relevant land-land use
technology combination, but in fact each of these six LUSTs is only one realization of a range of different technologies to be considered in the optimization
procedure. Cropping technology in a LUST is described in a static way as a
sequence of field operations with associated types of implements; labour input;
material inputs such as seeds, fertilizer, biocides and fuel; and outputs, including
environmental effects. Depending on the degree of detail of the analysis, it may
be necessary to subdivide a LUST further into separate LUSTs, for instance, to
distinguish between early and late sowing variants, so that seasonal fluctuations
in product prices, and in prices and availability of labour and inputs, can be accounted for.
In this way, yield estimates form part of internally consistent input-output relations that are needed in the MGLP model as technical coefficients in the
calculation of the optimum land use allocation for a given set of policy
objectives. At the regional level, optimization aims to allocate land use activities
over the land area and not the yield level. The yield level influences in various
ways the degree of realization of the identified set of regional development goals.

Yield levels in SysNet’s systems approach

Two major yield levels are distinguished: actual and potential yield, and within
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that range one or more attainable yield levels under defined management practices. These yields serve as references for defining target yields, that are plausible
future yields, along with a specification of related technical coefficients. Actual
yield is the yield level obtained under current farming conditions, while other
attainable yield levels can be defined under an assumed future set of farm management practices. Potential yield is a theoretical yield, defined by yield-limiting
constraints. Often, the climatic potential yield of a crop is described as the yield
obtained when, for a given location, temperature, solar radiation and atmospheric
CO2 regimes are the only constraints. Climatic potential yield thus depends on
crop cultivar, location and season, as determined by sowing date. Water-limited
potential yield can be distinguished as a second level of potential yield that can
be interpreted as yield reduced by drought stress, or by the combination of
drought stress and stress by excess water for a given environment. The stress
from excess water is in fact caused by oxygen shortage in the rooted soil for
crops that are not adapted to growing in waterlogged soils. The third potential
yield level is nutrient-limited potential yield, defined by the availability of nutrients for crop uptake. Estimates of water-limited and nutrient-limited potential
yield and their comparison with climatic potential and actual yield indicate scope
for removing yield gaps by irrigation, fertilizer application and/or crop protection
measures.
When potential yields of different seasons and different regions are compared,
it can be useful to distinguish additionally a genetic (or truly) potential yield
which depends on crop cultivar only. In the context of crop breeding, Aggarwal
et al. (1997) emphasized that crop yield potential is a function of the agronomic
environment, season and year, and that, in environments with (at times or
continuously) sub-optimal growth conditions, full yield potential as defined by
germplasm traits may not be realized.
The genetic potential yield is determined by the crop’s photosynthetic capacity, growth duration and sink capacity, that is, its capacity to store the formed
assimilates in yield-forming organs. The yield-sink of cereals is determined by
the maximum value of the product of the number of panicles per area unit, number of grains per panicle and weight per grain. This (genetic) potential yield of a
given crop cultivar represents the genetic biological ceiling and could be realized
if radiation, temperature and other growth factors were continuously in the optimum range. The realization might require the use of a climate chamber, but a
first approximation using a crop growth model is cheaper. It could serve as a
global reference yield against which the local climatic potential yield could be
evaluated. In the context of land use planning studies, it is not necessary to know
the yield potential in unknown or artificial environments, but it may be practical
to use the highest observed yield of all sites and seasons as a reference yield.

Measuring and estimating crop yield
The main methods of yield estimation are the use of crop simulation models or
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statistical crop yield models, expert judgement and farm surveys, depending on
the source of yield data (Roetter et al., 1998b).
Crop yields can be estimated or measured, but in the end all estimates are
based on previous measurements. This also holds for expert knowledge, which is
founded on primary or secondary sources of yield information.
Yield measurement techniques
Yield can be measured by weighing the production of whole crop fields. The
total production per field can be expressed in number of bags, number of loads or
total weight. Often it is a problem to measure the area correctly. Measurement
can also be based on sampling crop fields just before harvest, by marking a sample area and carefully collecting and weighing the amount of crop product. Other
ways of sampling are counting plants per square meter and counting the product
per plant. For a cereal crop, the number of ears per square meter and the number
of grains per ear can be counted and multiplied by 1,000-grain weight. Corrections may be needed for moisture content, usable fraction or yield losses.
Yield is calculated as the average for the whole field expressed as the ratio of
production and area. When many sample plots have been used, yield variability
can be derived from the sampled yields. A typical sampling error that is commonly made in situations of crop failure is the exclusion of the area with zero
yield from sampling. The reason is that the area may not be recognized as
cropped area when the whole field has a zero yield, or, when part of the field has
crop failure that the area is not considered representative. Then, the sampling is
carried out at nearby places, that are considered more representative, or the
measured yield is corrected for abnormal conditions.
Field-scale yield mapping by direct measurement
A modern way of measuring yield is continuous measurement of the flow of
grains on the combine harvester, and linking this measurement to geo-referenced
drive-paths of the machine, resulting in a yield map of the harvested field. A
global positioning system (GPS) receiver determines the exact location of the
machine every second. The resulting map shows the within-field spatial variation
of crop yield. Similar yield-mapping systems are being developed for root crops.
The recorded data show a high spatial variability within the field, which is
smoothed by correction and averaging procedures (interpolation), resulting in a
yield map with lines demarcating areas that fall within similar value ranges (isoyield lines).
Regional-scale mapping by remote sensing
Indirect ways of measuring yield include the use of remote sensing from satellites. This requires interpretation of multi-temporal images. The current sensor
and interpretation techniques do not lead to accurate biomass estimates. Hope for
improving the accuracy of the yield estimates is placed on the launching of satel-
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lites with new types of sensors. The possible advantage of remote sensing is that
it gives a complete coverage of regions, and it may give good crop area estimates. It offers the potential for monitoring biomass development during the
growing season, and is an objective, unbiased measuring technique. Once all
technical problems are solved, the information from satellites may be faster and
more cost-effective than ground surveys.
A completely different crop growth monitoring technique is by measuring the
CO2 fluxes in the air above a crop field, which can be done with instruments
mounted on poles or in airplanes.
Collecting yield data from various sources
The primary sources of yield data are agronomic field experiments, farm surveys
and, to a lesser extent, regional statistics. Secondary sources are in the literature
giving selected and interpreted data and the results of crop models. Yield data
may be available in databases or from literature, but they are usually not readily
available, especially when accompanying data are also required. If data are
available, they are generally heterogeneous, even contradictory, with a high
variation. They may be specifically influenced by unknown effects of past land
use, or by unknown events, such as late sowing, storms, hail, diseases or damage
by animals, that happened to occur in a specific year. On the other hand, it is
often necessary to combine data from different sources to obtain realistic yield
estimates.
The kinds and details of yield information depend on the purpose for which it
was originally collected. An important source of yield data is formed by regional
agricultural statistics whose primary purpose is to provide information on the
availability of commodities, which is useful for trade, export-import policy, assessment of food security and possible relief measures. For these purposes, the
information on total regional production is more important than on yield level.
Usually, mean crop yield per region and per year forms the minimum data set.
For wheat in Europe, Supit (1999) found that regional production statistics are
probably more reliable than regional yield statistics.
In research, crop yield is studied either scientifically as the result of growth
processes or more pragmatically as the result of crop management. The aim of
the process-oriented studies is to gain understanding of the mechanisms of yieldincreasing or yield-reducing factors, to design new cultivar types and to define
genetic or climatic potential yields. In management-oriented studies, the aim is to
determine the efficiency of the use of inputs, or to optimize crop management
measures for achieving a target yield.
Agronomic field experiments
Agronomic field experiments are probably the most extensive source of yield
data and associated data. Often, however, there are no standard protocols for data
collection, and many experiments have specific aims, leading to a narrow set of
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observations. There are relatively few really long-term comprehensive experiments (Leigh & Johnston, 1994), especially in the tropics (Steiner & Herdt,
1993). Some trials are limited to one station and to one or a few years, whereas
other experiments may be replicated over a whole country over a long period,
such as fertilizer trials and demonstration plots, or crop cultivar performancetesting programmes (Roetter & Van Keulen, 1997). Valid data may also be
obtained from experiments outside the planning region. Widespread on-farm
demonstration trials normally have less control and uniformity over the experiments and data sets from them may be scanty. Yet, many supplementary data of
interest such as those listed above have often been recorded. However, because
experiments are often not representative of farming conditions, data from agronomic experiments cannot automatically be considered characteristic for current
or future farming systems. An exception is farm-prototyping research, in which
the experimentation aims to be representative for whole farm conditions
(Vereijken, 1997). Data from agronomic experiments may be usable for filling
data gaps in farm survey data, or for consistency checks. They can be used to
formulate characteristics for future production systems and crop management
practices, such as resource use efficiencies and best technical means for using the
land. Data can also be used to calibrate or validate crop models. Especially when
sequential measurements of biomass and other crop parameters have been made,
such data can be used for comparison with the output of crop growth simulation
models.
A problem is that most data are found in the ‘very grey literature’, and to our
knowledge there is no accessible data bank for results of agronomic field experiments in the world. For a full specification of a LUST, data from different
sources, that may not match each other must generally be combined.

Farm surveys

An alternative way to collect yield data along with other input data is by farm
surveys. They are very labour-intensive. Sometimes a problem may be the large
variation in yield among farmers and among years. A correct interpretation of
yield variability would require a farm-type classification based on socio-economic and agro-ecological data. The remaining yield variability could be attributed
to differences in management skills, access to inputs and yield-limiting and
yield-reducing factors, but it is difficult to identify which factors play a role in
each situation, and to quantify their effects. A pragmatic way of analysing yield
data from farm surveys is by determining their probability distribution, and by
using the arithmetic mean (large sample) or the median (small sample) as an
approximation of current yield, and the highest recorded yields as approximations of possible (near) future yield, It is often advisable, especially if the
sample is small, to use the mean value of a wider percentile range (e.g., yields in
the 85-95% range) as an indicator of possible yield level that can be realized
under farm conditions in the near future. For many crop cultivars, especially
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perennial crops, farm surveys are often the only reliable source for estimating
current and future on-farm yields.
A disadvantage of information from farm surveys is that it becomes quickly
outdated as technology, labour costs, farm structure and market conditions
change rapidly, over years and over seasons. The information from surveys is
also influenced by fashion and by discipline. In modern surveys, a lot of attention
may be paid to gender issues, and equity, such as the distribution of labour and
income, whereas in older surveys the hours of work by women may have been
underestimated. There may also be disciplinary bias: economists, for instance,
tend to convert all inputs and outputs to prices, whereas agronomists pay more
attention to physical quantities.
A negative example is a survey by an anthropologist who made detailed time
studies of what people do, and recorded time spent per activity in crop fields and
the amount of money received from the middleman, without mentioning the size
of the field or the yield of the crop.
Land evaluation
Land evaluation studies assess the suitability class of all the soil units as distinguished on a soil map for defined types of land use. For a given crop, yield is
related to each soil suitability class, and usually a range in yields given per class.
Yield estimates are made for current land conditions and for future conditions
under improved reclamation level and management. To maintain consistency in
the land evaluation, the suitability classes are determined on the basis of limiting
soil factors, e.g., soil texture, soil moisture conditions, soil nutrient status, pH,
etc. Usually, the class limits are defined by sets of threshold values for the soil
factors, and the suitability class rating is determined by the most limiting factor.
Land evaluations focus on indicating differences in yield potential between all
soils in a region. The classes are distinguished on the basis of soil conditions,
whereas socio-economic conditions are dealt with as contextual information. As
with farm surveys, land evaluation results become quickly outdated, and do not
take into account different cropping technologies.
Regional yield statistics
Minimum data sets of yield per crop or per group of crops can be found in agricultural land use statistics, as average annual yield in a district, a country or a
group of countries. Yield statistics can be based on pre-harvest field sampling,
but often they are based on observations by farmers.
For many studies, land use statistics are the only readily available sources of
data. These statistical yield figures can be used to interpret differences in production between regions and between years, and to derive the long-term trend.
Yield variability within regions as a function of farm type or soil conditions
cannot be derived from regional yield statistics, nor can it be related to the
amount of inputs used to produce the yield.
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Statistical offices have the double task of providing early provisional production
estimates during or shortly after the cropping season, and assessing the definite
official annual crop production. Surveys often serve both purposes. Provisional
estimates are based on subjective surveys such as visual inspection and crop
outlook reports, whereas final estimates are more often based on objective
surveys.
The estimates of the total cultivated area and the distribution of crops are usually made per district, based on full inventory, such as an agricultural census, or
sampling. In France, land use is sampled with an average density of 10 m 2 per
km2 by a nested sampling procedure. The yield for each sampled point is
obtained by interviewing the farmer after the harvest. This yield is probably
closer to the average yield on the whole farm than to the yield on the particular
sample spot. In France, the coefficient of variation for cereal yields per district is
typically 10% to 20% (European Commission, 1997). The district yield is determined as the average of all samples in that district, so it represents a highly
aggregated figure. In The Netherlands, the cultivated areas are fully specified by
the farmers, whereas mean regional yield is determined in a discussion by a panel
of experts. The procedures for collecting yield statistics are not described in
scientific journals. They seem to vary a lot between countries.
The figures may contain inaccuracies because of errors in area and production,
or confusion about definitions. Area and yield estimates per crop may be erroneous or liable to misinterpretation because of unclear definitions. When yield
statistics are used for estimating food supply, the gross yield figures may be corrected by applying a ‘waste factor’ to account for harvest and post-harvest losses,
or a ‘seed factor’ for the required amount of seeds for the next crop. At the International Rice Research Institute, the method for compiling statistics on rice yield
at the national and sub-national level has been documented (IRRI, 1999).
A correct interpretation of yield statistics requires knowledge on the method of
their compilation. A yield value may be the result of pre-harvest sampling of
many crop fields, or may be derived from post-harvest estimates of the total
regional production and the cultivated area. Errors in yield data or in the interpretation of yield data may be caused by failing to distinguish mixed cropping
and multiple cropping from monocropping, rough product from processed
product, dry product from moist product, planted area from harvested area, yield
per crop season from yield per calendar year, and yield in the standing crop from
harvested yield. The statistics on total regional production may be more reliable
than the yield statistics, Product quality is usually not included in agricultural
statistics.
When scaling up yields from small areas to a larger area, the average yield
should be weighted for cultivated area and not calculated by averaging the yields
of the small areas. Another correct procedure is simply to sum the total
production first, and then divide it by total area.
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Generating yield estimates with crop models
Crop yield estimates can be generated from basic data by applying crop models.
Crop models may have been developed locally or for other places, and often require calibration before they can be applied. Crop models can be subdivided into
statistical and bio-physical models. The statistical models are based on fitting
curves to observed data. They must be parameterized on local data sets. The main
types of statistical models are factor models and trend models, that can both be
rather simple or complex. The bio-physical (eco-physiological) models can be
grouped on the basis of increasing complexity into simple bio-physical models,
summary crop growth simulation models and comprehensive crop growth simulation models. In principle, process-based bio-physical models are universally
valid and could be applied without calibration. However, because models and the
estimates for their parameters are far from perfect, it is not wise to feed regional
input data into the model and wait for a yield estimate to come out. It is wiser to
test and calibrate the models when applied to new regions.

Statistical factor models

Statistical models could be formulated for estimating the yield of some crops in
some regions, based on observations over some years. These are usually multiple
regression equations, relating yield to a selection of parameters. These
parameters vary according to the disciplines: soil (e.g., soil organic matter
content, soil water-holding capacity), agronomy (e.g., planting date, sowing
density, amount of fertilizer), climate (e.g., rainfall in July, a drought index),
geography (e.g., distance to the city), economy (e.g., number of tractors, price
expectation, level of investments), etc. For instance, in economically inspired
approaches, yield may be modelled as a function of prices of the crop product, or
of expected demand, or of the availability of inputs, such as fertilizer, whereas in
other studies yield may be related only to environmental conditions during the
cropping season, and the influence of crop management practices.
The number of parameters may vary from one to more than 20 (Van Diepen et
al., 1991). Although these equations give a good fit with the observations from
which they are derived, they are often location-specific and poor predictors when
management practices change. The models can help to identify which factors codetermine yield variability.

Statistical trend models
A useful type of statistical analysis is the determination of the yield trend of a
crop in a region over several years (arbitrarily: as a rule of thumb, a series of at
least 7 years’ yield data). The yield trend describes the overall effect of
agricultural development. The trend may indicate that yields are declining,
stagnating, plateauing or increasing over time. Usually, a linear function is
sufficient to describe the time trend. The causes of the trend cannot be identified
with trend models.
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Simple eco-physiological models
The other option for yield estimation is the application of crop growth simulation
models. In the methodological context of systems analysis at the field-crop level,
dynamic crop growth simulation models are applied, that describe the crop
growth and yield formation process on the basis of the main growth-determining
processes.
Commonly, photosynthesis-based models are applied, describing accumulation of biomass. The simplest models in this category combine the use efficiency
of the most constraining factor with a harvest index to estimate yield. The models
use mean seasonal average or total accumulated weather parameters as inputs.
Such models are called generic skeleton crop models (Roetter et al., 1998b). An
example of the core formulation of the model is
Yield = light × LUE × HI
where light is total light (or total intercepted light) and LUE is light use efficiency, a conversion coefficient from light to biomass, and HI is the pre-defined
harvest index.
A similar model is made by replacing light by solar radiation in the formula
Yield = solar radiation × RUE × HI
where solar radiation refers to total photosynthetically active radiation (PAR),
and RUE is radiation use efficiency.
In analogy, other models can be formulated:
Yield = transpiration × WUE × HI
where WUE is crop water use efficiency,
Yield = Nuptake × NUE × HI
where Nuptake is total nitrogen uptake by the crop and NUE is nitrogen use efficiency, and
Yield = f(drought index)
with yield as a function of a drought index, based on soil moisture balance
calculations.
These models are close to an empirical black box model, as yield is stable,
mainly determined by the mean environmental conditions during the growing
season. When the target yield approach is applied as in SysNet and it is assumed
that cropping systems will further intensify in the future, using the simple
models, an increase in NUE would lead to a proportional increase in target yield.
In all the mentioned models, biomass accumulation is represented as a linear process that can be described by using mean constant seasonal parameters. This may
be a satisfactory first approximation, but in reality the environmental resource
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factors and resource use efficiencies are not constant, and the response is nonlinear. The growth process shows a plateauing response to a factor, in fact, to
many factors simultaneously, leading to diminishing returns at a high yield.
Sometimes, a minimum factor value is needed to trigger the yield-forming process. Yields may be correlated positively with rainfall, but there is no yield below
a minimum rainfall, a more or less linear response may occur at medium rainfall,
and no response above a maximum amount of rain. On the other hand, the
response curve for fertilizer application shows some yield without fertilizer,
which must be attributed to the supply of nutrients in the soil. As soon as more
accurate assessments are required, such models are refined by including more
factors, by applying non-constant parameters and by taking into account dynamic
input data, e.g., on varying weather. The application of dynamic simulation
models is one way to quantify these effects.
Notable absentees in the candidate yield-determining factors are planting density and seeding rate. Above the known minimum seeding rates per crop, they
appear to have a relatively weak relation with yield. In early medieval Europe,
the yield/seed ratio was about 3 to 4 (300 kg ha-1 seed produced 900-1,200 kg
cereal grain ha-1). The seeding rate is still the same, but yield is nearly 10 times
as high, leading to a yield/seed ratio of 30 to 40, a clear demonstration of in
creasing input use efficiency in more intensive cropping systems (De Wit, 1994).

Dynamic crop growth simulation models
Roetter et al. (1998b) have outlined the potential of crop growth simulation
models for application in the SysNet approach. Crop growth simulation models
are in principle similar to the yield models based on resource use efficiency. The
difference is that the processes are described in smaller time steps than the
complete season, usually a day, and that varying responses and varying environmental conditions are taken into account. They can be seen as refinements of the
simple models, but in reality the inverse process also occurs – complex models
are simplified. There are summary simulation models and comprehensive
models. Many models are water-balance-driven models, but these are not so convincing to crop physiologists, and a large group of typical crop growth simulation
models is based on photosynthesis as the leading process. It is also conceivable
to develop nitrogen-protein-driven models, as the systematic hierarchy in growth
processes is arbitrary. A different line of development could be the description of
plant architecture and appearance and formation of organs. This could quantify
the so-called sink limitations, which refer to the limitation of growth by a
maximum of the assimilate absorption capacity of the various plant organs.
The RUE model may serve as a conceptual basis for the refinement of a
photosynthesis model. RUE refers to the overall efficiency of the conversion of
solar energy into biomass. A parameter closer to the real growth process would
be the energy use efficiency (EUE) of the photosynthesis process, expressed in
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kg assimilate per hectare per unit radiation. The difference between RUE and
EUE is caused by growth respiration, i.e., the energy loss when assimilates are
converted into biomass, and by maintenance respiration. When these respiration
processes are added to the model, it becomes possible to simulate the yielddepressing effect of excessive vegetative biomass or to quantify the effect of
protein content in the leaves on photosynthesis. Other refinements are to take into
account the sinusoidal distribution of the supply of solar energy over the day, the
effect of day-length and the extinction of light deeper in the green crop canopy.
These processes require modelling in daily or smaller time steps. EUE can be
modelled as a function of temperature, incident radiation and crop nitrogen
status. Without this, such effects can only be mimicked by assuming that RUE
has changed to another overall value.
Theoretically, it should be possible to reproduce yield figures by comprehensive crop growth simulation models. This holds only when crops are subjected to
stresses simulated in those models, and it requires that crop parameters be known
for all cultivars and regions, which is only partly the case. Even then, no model is
so far advanced that it can describe the complexity of crop growth when more
than one factor reduces the actual yield, especially if the actual yield is far below
the theoretical potential.

Expert judgement

Expert judgement can be considered as a short cut to the other yield estimation
techniques. The most important contribution from expert judgement is the check
on the internal consistency of individual LUST tables, and across all LUST
tables, for the whole range of crops and technology levels. Comprehensive
knowledge on current LUST and actual yields may be available from people
working in extension services, and knowledge on future systems from researchers. Expert judgement is not a separate technique, as the interpretation of
yield data from literature and surveys and of yield data generated by models
requires expert judgement as well.

Examples of eco-physiological process models
The FAO-AEZ model

A model widely applied for assessing land resource use potential is the agroecological zones (AEZ) model of FAO. It is a rather simple model, but contains
most of the elements that in a much more refined way are applied in comprehensive simulation models.
The FAO-AEZ method of yield estimation uses an elementary version of
photosynthesis-based models (FAO, 1978). It is valid for rainfed conditions only.
The potential yield under constraint-free conditions is calculated as
Yield = mean daily growth rate × length of growing period in days (LGP)
× harvest index (HI)
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HI and LGP are fixed constants for a given location.
The mean daily growth rate is calculated as 50% of the growth rate that a full
canopy at mid-season would realize under the constant mean temperature and
mean radiation of the climatic humid period. The length of the growing period is
climate-dependent and corresponds roughly with the duration of the rainy season.
This would give crop yields proportional to the duration of the rainy season. This
is corrected by replacing LGP with yield formation period in the calculations. In
the case of long-duration crops, such as maize in the Kenyan highlands, the
grain-filling period is much shorter than the growth cycle. The AEZ method implies that modem varieties are used, yet the overall suitability of the climate is
based on the full length of the climatic growing period. Anticipated yield
depends on potential yield, technology level and the occurrence of yield constraints. Under high management, maximum anticipated yield may be equal to
potential yield; under low management, maximum anticipated yield is 25% of the
potential yield. The effect of constraints is quantified by applying reduction
factors to the maximum anticipated yield. There are four groups of constraints:
yield losses by drought stress; growth reductions due to pests, diseases and
weeds; yield quality losses; and yield loss by wetness affecting workability. The
stress level may be nil, moderate or severe, corresponding to 0%, 25% and 50%
yield loss. The same crop and climate may be evaluated differently per technology level. The combined effect of all factors is found by multiplication. As
drought and wetness are mutually exclusive as stress factors, maximum total
stress leads to a yield of 0.5 × 0.5 × 0.5 = 12.5% of maximum anticipated yield.
All reduction factors are related to the same climatic factor: length of growing
period.
The FAO method represents the most basic quantification of potential and attainable yield. It was designed for application at a continental scale and has been
refined for national application, but the methodology has not changed (FAO,
1996; FAO/IIASA, 1993). The method can be applied to individual years and to
long-term average conditions.
The WOFOST model
The chain of light interception, photosynthesis, respiration and growth is
described by the light interception and assimilation sub-modules in the WOFOST
model (Van Diepen et al., 1989; Supit et al., 1994), adopted by SysNet as a reference model. The processes are followed by biomass balance per organ by the
assimilate-partitioning and organ decay coefficients. All these processes are controlled by phenological development stage, which is modelled on the basis of
heat sums. In addition, crop water use is modelled, the water uptake is from a
homogeneous rooting zone.
The WOFOST model has been designed as a generic crop growth simulation
model that is sufficiently sensitive to environmental conditions, especially
weather conditions, for differences in weather patterns to lead to explainable
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differences in crop yield, so that inter-annual yield variability and differences in
yield potential between regions can be quantified. The WOFOST model is a
universal model for field crops grown as monocultures, having a uniform crop
canopy. The model could be expanded to accommodate sequential cropping, but
this has not been done. The philosophy behind the thematic development of the
WOFOST model is to build in proven modelling procedures, that could be parameterized. The changing values of the various process-controlling parameters
can be specified in the model, but for most parameters, only a plausible range of
values is known for some crops, and a major constraint is the correct estimation
of these parameters for specific crops.
Model concept and status WOFOST version 7 has been parameterized and
upgraded with a user-friendly Microsoft WindowsTM -based interface, especially
for the SysNet project (Boogaard et al., 1998). WOFOST can, in principle, be
accommodated with new modules for process description, e.g., the modelling of
partitioning, respiration, nutrient effects and sink limitations.
Standard sets of crop data have been compiled for 11 field crops for European
conditions (Boons-Prins et al., 1993). For tropical crops, we had to rely on data
sets collected 10 years ago (Van Heemst, 1988) for WOFOST version 4.0, and
that were borrowed from crop data sets compiled by the SARP project (simulation and systems analysis for rice production) for the MACROS model and the
ORYZA model. WOFOST, MACROS and ORYZA all belong to the SUCROS
model family (Bouman et al., 1996). New data sets have been defined by the
SysNet project (e.g., Roetter et al., 1998a).
The WOFOST model has been used inside and outside the research environment in combination with geographic information systems and relational
databases as part of large operational information systems. It has been used to
assess regional crop yield potential, monitor crop growth, forecast yield, mutually calibrate the crop growth simulation model, do remote sensing for regional
crop assessments, and estimate the effects of climate change on growth and water
use of crops.
Much of the literature on which the crop data sets are based is between 10 and
20 years old; some is even much older. Yields in Europe have increased about
2% per year for most crops, and the varieties used by farmers are more productive than 20 years ago. An update for new varieties is not needed as long as the
primary interest resides in establishing the year-to-year yield variation caused by
the weather. For a reference yield to set target yields in regional planning, the
choice is between using a data set calibrated against a currently used variety and
a data set for a synthetic, perhaps non-existing, variety. Calibrated crop data sets
have the advantage that the relative yield differences between crops are maintained at the current level, and there is no risk of a too optimistically defined crop
data set. When non-calibrated crop data sets are used, e.g., brought together from
different sources, it is possible to optimize the model parameters for simulation
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of the highest yield. But then the absolute value of the potential yield has less
relation with current cropping practices and the relative yield levels of different
crops may be distorted. So, because the purpose is not to scout for new breeding
options, it is safer to apply model data sets based on current crop properties.
Similar problems of internally inconsistent yield levels may arise when other
non-calibrated models are used in addition to the WOFOST model, such as the
CERES model (Tsuji et al., 1998). The simulated yields from different models
can only be used in combination when both models have been calibrated for the
same region.
WOFOST in CGMS In Europe, the European Commission operates a regional
yield forecasting system called CGMS (crop growth monitoring systems), which
is based on the appreciation of the effects of weather anomalies, on the results of
the WOFOST crop simulation model and on reports of field observations (Van
Diepen et al., 1998). The procedure is a mixed approach called conjecture, which
means something like ‘best guess based on evidence’.
Variation in national crop production depends on variation in planted area, the
extent of crop failure and yield. Inter-annual variation in yield is usually larger
than variation in area. Therefore, in a given region, the deviation from normal
yield can be used as a main indicator for the size of regional production. The
European Commission and the national governments want to know a reliable
national yield (=production) forecast as early as possible in the current year, as a
basis for import or export decisions and for anticipating price developments. The
WOFOST model is applied to all relevant crop-soil-climate combinations to
calculate potential and water-limited biomass and storage organs, and these
results are aggregated to administrative regions and compared with the aggregated results of the preceding years. CGMS has an internal validation procedure,
but the validation reports are not published.
The validation of yields estimated using WOFOST Validation of the WOFOST
model, that is, verification of the yields simulated with the ‘blindly’ applied noncalibrated model by comparing them with independent observed data sets, has
been rather scanty, especially in view of the huge data sets available on regionally aggregated simulated yields which could be paired with regional yield
statistics on all regions of Europe for about 25 years in northwest Europe and for
5 years in eastern Europe.
In general, when comparing WOFOST-simulated yields with independent observed yields, the best agreement is found for cereal crop yields, and less agreement for root crops and for beans. In addition, under conditions of severe drought
stress, the WOFOST model underestimates crop yield. The less than perfect
simulations may be due to model imperfections, such as
• Sensitivity to the initial crop conditions, these are already difficult to quantify.
• No good description of sink limitations by ignoring plant architecture and
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because individual organs which could control sink limitations are not
simulated.
• The use of pre-defined partitioning patterns, as a function of crop phenology,
without feedback to the actual crop conditions. Instead, the partitioning should
also be controlled by competition for assimilates between organs, to be
modelled by rules for relative priority per organ.
• Uncertainty about the effects of plant senescence on the process parameters
for photosynthesis, respiration and rates of decay of plant organs. Good
process descriptions would need information on the crop’s nitrogen status.
• The one-layer soil model cannot accommodate typical soil surface processes
when the soil dries out or when the dry soil is wetted again.
• The model simulates for one site only, while in the real world some spatial
variability already exists within a single crop stand, so that differences are
smoothed out more easily. Within the region, some extra variability is introduced by a range in sowing dates.
Repairing such imperfections requires extensions in the model, and more
parameters, which would make it more difficult to recalibrate and validate the
model. Moreover, the WOFOST model has always been a secondary model, in
which the proven parts of other experimental crop simulation models of the
SUCROS model family were incorporated, provided the accompanying model
parameters could be estimated with some degree of confidence. During the
1990s, the mainstream of model development in Wageningen has been towards
simplified crop growth simulation models and no generally applicable options for
model improvement have been offered. Detailed soil water models do exist, but
they have not been built into the WOFOST model because of their high demand
for non-standard data. For similar reasons, no WOFOST model versions have
been built for perennial crops, or for vegetables.
The conclusion is that the WOFOST model could be used for a few field crops
to estimate potential (temperature- and radiation-limited) yields, water-limited
(drought-affected) yields and year-to-year yield variability caused by varying
weather conditions. There should be some verification of results in part of the
regions.

Conclusions

The key element in estimating future cropping potential is the assessment of
feasible future yield levels. A safe reference for future yields is the highest yield
under current conditions, but it remains uncertain whether such yields can be
obtained in other regions and seasons. Another way is by extrapolating current
yield trends to the future. Again, it is not certain to what extent such extrapolation is feasible. The disadvantage of appraising such reference yields for the
future is that they are based on empirical judgement, and it is not clear from the
extrapolated yield values which growth and production factors must be improved
to make realization of high yield possible. Another shortcoming is that new land
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use options are not covered.
A future situation which differs from the present implies that there is a development pathway, but the steps are not known. However, perhaps some future
land uses already exist in other regions, or current and future land use systems
exist adjacent to each other within the same region as representatives of successive development stages. Such successions may reflect agronomic developments,
e.g., the intensification of the cropping pattern to double and triple cropping, or
economic developments leading sometimes to specialization, sometimes to
diversification. The adjacency may also reflect a succession of reclamation and
occupation stages, such as forest clearing, cash crops and cattle grazing, or they
follow economic developments and technological modernization, e.g., the transition from subsistence to the market economy. Again, it is not certain that past
developments will be replicated in the future because of differences in the macroeconomic situation, shifts in relative costs and prices, changes in access to resources, technological development and increased knowledge levels.
The opportunity offered by applying resource use efficiency models and
dynamic crop growth simulation models is that assumptions on changes in efficiencies and plant properties have to be made explicit, and that the yield ceiling
associated with such assumptions can be tested with the model. The factors
causing differences in yield can be analysed, provided they are included in the
model. A consistent scenario of future yields over different cropping systems can
be generated. In addition, the environmental effects and water and fertilizer
requirements can be quantified. It is relatively easy to carry out extrapolations of
modelled cropping systems for new climatic regions or to evaluate options of
changing crop calendars. A disadvantage of crop growth simulation models is
that they are parameterized for only a few annual field crops.
However, once the future cropping systems are evaluated with a simulation
model, crop management measures in terms of labour, capital, technology and
inputs as required to obtain such yields need to be quantified using a (separate)
technical coefficient generator. The currently available crop growth simulation
models are not made to generate all the information required to quantify the
input-output relations of cropping systems under different management practices
and environments (Jansen, this volume).
In the end, it is from a mixture of all sources of information that hopefully
realistic target yields are estimated along with a consistent set of inputs needed to
achieve them.
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Introduction

In the scope of the LUPAS methodology developed in the SysNet project
(Roetter et al., 1998), linear programming (LP) models are used to analyse
(future) options for land use. These LP models determine the optimal land use
pattern that realizes a certain goal for (regional) land use while not overcoming
constraints set to the inputs and outputs. Examples are: What is the land use that
achieves the highest regional net farm income while allowing the production of
at least a certain amount of rice? or, How can the maximum amount of labour use
be achieved while regional net farm income is maintained above a certain
threshold?
One type of input required by these models consists of the description of
possible forms of land use. This information is generally given in so-called technical coefficients (TC), i.e., quantitative indications of the use of various forms
of inputs (such as labour, fertilizer, pesticides) and the resulting outputs (such as
amounts of harvested products, nitrogen emissions to the environment, generated
net income). To enable the evaluation of possible (future) land use, the land use
systems (LUS) described should differ in
• The types of outputs produced,
• The absolute amounts of inputs used and outputs produced, and
• The amounts of inputs used relative to the production of outputs.
This means that land use systems need to be described that differ in at least three
dimensions:
• In crops and crop products, within a certain region and possibly within certain
land units (LU), e.g., such that at least part of a certain region can be used to
grow different crops and/or that different crops can be grown in at least one
part of the region.
• In yield level and in the corresponding amounts of inputs used, for a given
management style, e.g., increasing yields with increasing use of fertilizers
while maintaining the type of crop protection measures equal.
• In management style and the corresponding choice of substitution of certain
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types of inputs by others, e.g., replacing herbicides by labour for mechanical
weeding.
Since the outcome of LP models is often very sensitive to small differences in the
relation between inputs and outputs, it is pertinent to fill a large part of the interpolation space that is defined by the three dimensions discussed above. This is
especially important when (strong) non-linear relations exist between inputs and
outputs or between the different forms of inputs that can substitute for each other.
When land use analysis takes place at the regional or national scale, it is generally impossible to manually describe the number of land use systems that is
required. Instead, generalized relationships between the various inputs and
outputs as affected by the bio-physical and socio-economic situation need to be
described and employed in an automated procedure to generate the required
technical coefficients. Bouman et al. (1998, 1999) give examples of such automated technical coefficient generators (TCG), called LUCTOR (for crops) and
PASTOR (for pastures and cattle herds) within the SOLUS (sustainable options
for land use) methodology to explore land use options in a region in Costa Rica.
The LUCTOR and PASTOR systems rely at least partially on information
about what at present is possible or ‘normal’, as is the case with the used fertilizer recovery fractions, that are derived from published field experiments. As has
been argued by De Koeijer et al. (1999), technical change is often significant,
even for short-time horizons. They state that recently technology change is no
longer driven by production targets but by multiple objectives (e.g., economic
and ecological) of communities. This means that use of historical input-output
data might result in a distorted view of the options for land use and the resulting
effects on goals and constraints as set in the LP model.
Though using information on possible or normal technologies facilitates the
structuring and parameterization of TCGs, one should take care that it is also
possible to calculate technical coefficients for technologies that go beyond those
that are at present known or thought possible. Without knowing what these technologies look like, this is only feasible by incorporating a possibility into the
TCGs to change the efficiency of use of inputs, such as labour, fertilizer and
pesticides. Developments in crop characteristics that allow for more efficient use
of inputs, such as enhanced resistance to pests and diseases or the possibility to
have biological nitrogen fixation in non-leguminous crops, are in this way also
taken into account. Developments that enhance the maximally attainable yield of
crops or that cause changes in their field duration need to be addressed separately.
Not only technology changes over time, but also prices of inputs relative to
those of outputs. It is clear that nobody knows the future price of goods and
services, but for policymakers it may well be of interest to get information about
the possible effects of relative changes in prices of (some) inputs versus those of
(some) outputs. The SysNet groups should at least evaluate the sensitivity of the
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LP model to some shifts in relative prices, such as those of fertilizers and energy
(which can be expected to increase in time) versus those of crop products.
Apart from technology and prices, it is also possible that the allocation of LUs
within a region will change over time. In Vietnam, it is foreseen that this will be
the case when improved infrastructure for water management will result in
shorter and shallower flooding than in the actual situation. This could result in
the disappearance of certain LUs and the appearance of others in some subregions. Assumptions on how improvements in infrastructure relate to changes in
LUs can result in different land availability scenarios. For some of these
scenarios it will be necessary to calculate agronomic and technical coefficients
for new combinations of LUSs and LUs.
On request of the SysNet co-ordinator, a specific set of procedures and databases was developed to assist the Vietnamese SysNet team in the description of
land use systems, considering crop rotations, and flooding as a specific factor
that hampers crop production. Called AGROTEC (automated generation and
representation of technical coefficients for analysis of land use options), it also
includes an attempt to facilitate the calculation of effects on the technical coefficients of assumptions about changes in input use efficiency and relative prices.
AGROTEC works in the Microsoft ExcelTM environment (version 97 or higher),
using macros provided in the AGROTEC.XLS file and data found in this and
various other files (see below). Technical details of AGROTEC are given by
Jansen (in prep.). Though not perfect (yet), AGROTEC shows some functionalities that might be of interest to other groups working in land use analysis.
In the section ‘General set-up’, the different parts of AGROTEC are introduced and the relation between the various parts is shown. The section ‘Example
of results’ shows some output of scenarios with different assumptions regarding
efficiency of labour and changes of some input prices.

General set-up of AGROTEC

In AGROTEC, a distinction is made among
1. Descriptions of specific land use systems technologies (LUST).
2. The bio-physical input and output (here called agronomic coefficients) that
result from those descriptions when applied to land units that are differentiated
on the basis of bio-physical characteristics.
3. The technical coefficients required by the LP model, that follow from the
combination of agronomic coefficients with information on prices for inputs
and outputs.
4. Data to parameterize the various relations between inputs and outputs as
affected by land use type and land unit.
LUST is described in a static manner, largely according to the set-up described
by Jansen & Schipper (1995). It follows the assumptions that a specific crop
technology is defined by a specific combination of operations, such as land
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preparation, seeding and fertilizer application. These operations are specified by
a date or period in which they take place, the types and amounts of inputs that are
used and the resulting types and amounts of desired products. The LUST
descriptions in AGROTEC are assumed to be valid for a yield range specified by
the user. In the calculation of agronomic coefficients, it is assumed that inputs of
biocides for crop protection and weed control are constant for this yield range,
while the use of other inputs, such as labour, irrigation water and fertilizer, is
made dependent on yield level and characteristics of land units. In each LUST
file, the user has to indicate for which land units this description of crop technology is applicable.
A biocide input that is constant for a certain yield range was assumed to avoid
having to define the relation between yield level and biocide input within the
calculation procedure for agronomic coefficients. In contrast, LUCTOR and
PASTOR apply generalized relations between yield and herbicide input, assuming a more competitive crop at higher yields. For the Vietnam case, it was
thought not opportune to include such a relation due to lack of information on the
effect of specific land characteristics in the Mekong Delta (such as acidity and
salinity of soils and the flooding regime). Effects of land characteristics on soil
nutrient availability and fertilizer use efficiency were partially based on results of
field trials and partially on expert knowledge, among others on the relative yields
in different land units. In the calculation of labour use, operation-specific effects
were considered of the amounts of inputs used or outputs produced, the lodging
level of the crop (indicated by the user) and the flooding depth on the land unit at
the time of execution of the operation. The amount of irrigation water varied with
yield, land unit and time of operation. Apart from the calculation of input use, the
agronomic coefficients generator (macro AgroCoeff in Figure 1) also estimates a
balance of N, P and K in the soil and a loss to the environment of these nutrients
due to inefficient fertilizer application. For details of the calculation of agronomic coefficients, the reader is referred to Jansen (in prep.).
The agronomic coefficients generator is invoked for each indicated LUST file
to calculate the coefficients for all indicated yields and all indicated scenarios for
future or possible changes in the efficiency of use of inputs and in relative prices.
The results are stored in each LUST file, and later combined from all indicated
LUST files into agronomic coefficient files per scenario (via macro CombAgCo
in Figure 1). The latter files are then used as input to the technical coefficients
generator (macro TechCoeff in Figure 1) to produce the technical coefficient
files, also per scenario. In this calculation, per scenario a set of prices of inputs
and outputs is used to calculate the costs incurred for each input used and the
gross income from each output produced. The sets of prices are calculated
(macro SetFuturePrices in Figure 1) from standard prices of inputs and outputs
per socio-economic unit (e.g., the prices currently found) and relative changes
combinations of LUST, land unit and socio-economic unit.
Differentiating agronomic from technical coefficients makes it possible to
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Figure 1. Set-up of AGROTEC: macros in AGROTEC.XLS read data provided by the user in
that file:
•

LustList: a list of LUST files to evaluate

•

Alternatives: the alternative yields to evaluate

•

Settings: the scenarios to evaluate

and data from other files:
•
•

LUST files: descriptions of LUST
AgronomicDataFiles: describing relations between LU and LUS, technical data on nutrient
content of fertilizers

•

Scenarios: descriptions of expectations of possible changes in efficiency of input use, a set of
standard absolute prices and possible relative changes in prices and of possible LU distributions over the region

to produce:
• AgroCoeff files: files containing the combined agronomic coefficients per scenario
•

TechCoeff files: files containing the combined technical coefficients per scenario

•

Prices per scenario: files containing absolute prices of all inputs and outputs per scenario.
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evaluate a given set of agronomic coefficients for different scenarios regarding
per group of inputs or outputs (e.g. for all fertilizers or all biocides) given per
scenario. The calculation of technical coefficients only takes place for feasible
prices or allocations of LUs in the region, without having to calculate the agronomic coefficients again for each and every scenario.
Apart from data in the LUST files (which are valid for the described LUST)
and in the AGROTEC.XLS (which control the process of calculation), the user
has to provide various other types of data. These data can be differentiated into
• Basic data
- nutrient content of all fertilizer types used;
- characteristics of land units (here only flooding depth per month is used);
- standard prices per input and output type.
• Derived data
- uptake of nutrients for each LUS-LU combination for zero fertilization and
near the maximally attainable yield, plus efficiency of application for each
nutrient (assuming that all fertilizer types have similar efficiencies);
- parameters to calculate labour use per type of operation, and, if requested,
per type of labour (e.g., male, female, skilled, unskilled).
• Scenario data
- distribution of area of land units over socio-economic sub-regions;
- assumptions about future relative changes in prices per group of inputs and
outputs;
- assumptions about future relative changes in efficiency of input use per
group of inputs.

Examples of results

AGROTEC can be used to evaluate assumptions about changes in prices and
input use efficiencies. The focus here is not on finding out what those assumptions should be; instead, a view is provided of the type of results that can be
generated.
Using LUST and LU descriptions provided by the Vietnamese SysNet group
(Hoa & Lai, unpublished data), a series of price and input use efficiency
scenarios was evaluated (Table 1). Presented outcome refers to a limited and
subjective selection of LUST and LUs, which are referred to by the names given

Table 1. Changes in prices and input use efficiencies evaluated in scenarios.
Factor

Changes relative to base scenario

Price of labour

1, 1.1, 1.2, 1.3

Price of fertilizers

1, 1.1, 1.2, 1.3

Relative input of labour in all operations

1, 0.92, 0.84, 0.76

Relative input of labour in land preparation

1, 0.92, 0.84, 0.76

operations only
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by the Vietnamese SysNet group. The characteristics of LUST and LUs presented here are not of importance for the type of results presented here and are
therefore not included. Terms used in the presentation are defined as
• Gross income: sum of all products in a land use system multiplied by their
prices; in most land use systems, more than one crop per year is grown and the
gross income therefore gives an integrated result of the production that can be
used to compare land use systems with different types of products.
• Marginal revenues: gross income minus costs of all inputs, excluding labour.
• Net income: gross income minus the costs of all inputs, including labour.
• Loss of nitrogen: the amount of nitrogen applied through fertilization but not
taken up by the crops in the land use system.
Results of these scenarios allow an analysis of the relation between use of inputs
and results obtained, e.g., labour use versus (various types of) income (Figure 2),
or costs of inputs and results, e.g., costs of fertilizers versus gross income (Figure
3). These relations can be used to check the validity of the basic data and
assumptions in AGROTEC when comparing results to data or expert knowledge.
Secondly, trade-offs can be shown between different types of results from land
use, e.g., loss of nitrogen to the environment in relation to gross income (Figure
4). The trade-offs can be used to indicate the types of land use that are more efficient in producing certain types of (desired) output in relation to the production
of other types of (undesired) output.
Thirdly, the sensitivity of the outcome of each land use system to changes in
prices can be evaluated. This can be done for individual inputs, e.g., the effect of

Figure 2. Income (VND: Vietnamese dong; 1 US$ ~ 14,000 VND, October 1998) versus labour
use for three land use types on LU1 in the surroundings of Can Tho city for the base scenario
regarding prices and input use efficiencies; black symbols refer to gross income, open symbols
to marginal revenues, grey symbols to net income; circles to LUS cabbage-vegetable, triangles
to LUS double rice and squares to LUS fruit trees.
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Figure 3. Gross income versus fertilizer costs for double rice on three different land units in
district Chau Tanh for the base scenario regarding prices and input use efficiencies.
Gross income (105 VND ha -1 y r-1)

Figure 4. Nitrogen loss in relation to gross income for three land use systems on LU1 in the surroundings of Can Tho city for the base scenario regarding prices and input use efficiencies.

changes in the price of labour on net income of the land use system cabbagevegetable (Figure 5). Also, the effect of combinations of inputs can be evaluated,
such as the combined effect of changes in the price of labour and of fertilizers on
net income in the land use system double rice (Figure 6). In both cases, the sensitivity depends on the yield assumed in each land use system. Similarly, the
sensitivity of the land use systems to changes in the efficiency of input use can be
evaluated, such as the effect of more efficient labour use, either in all operations
or only in operations related to land preparation (Figure 7). This sensitivity
analysis can be used to indicate which land use systems are most vulnerable to
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Figure 5. Net income for LUST cabbage-vegetable relative to base scenario for yield level and
relative price of labour.

Figure 6. Net income in LUST
double rice relative to base scenario for relative changes in labour costs and fertilizer prices;
top: minimum yield, bottom: maximum yield for the LUST-LU combination.
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Figure 7. Net income relative to base scenario for cabbage-vegetable and double rice systems in
relation to relative efficiency of labour use; asterisks refer to changes in efficiency of labour use
in all operations; circles to changes only in operations relating to land preparation.

changes in prices or in efficiencies. When the LP model frequently chooses these
vulnerable systems, it is highly likely that the outcome of the LP model will
fluctuate when different assumptions are tested on prices or efficiencies.

Discussion

AGROTEC requires a large number of data to calculate the technical coefficients
used by the LP model. This makes it not very user-friendly, especially since part
of the data is provided by local experts on an ad hoc basis, particularly for relating land units to crop performance. In LUCTOR and PASTOR, generalized
functions are used to replace this ad hoc approach, thereby making these TCGs
more user-friendly and flexible than AGROTEC and less prone to errors in estimating and inputting the required information. However, in Vietnam, little
information was available to formulate and parameterize functions, especially in
view of the specific characteristics (salinity, acidity, flooding) of land units in the
Mekong Delta, and the occurrence of various typical and little researched crops.
Data for some crops, such as rice, are more reliable than for other crops, such as
fruit trees, due to longer periods and larger areas of cultivation of those crops and
the larger number of field experiments with those crops in the region. Still,
AGROTEC can be adapted to include generalized relations, either by incorporating these in the AgroCoeff macro or by using these relations to fill the data
files (e.g., CROPNUT.XLS) before invoking AGROTEC.
The use of technical coefficient generators to explore feasible and interesting
systems for animal (and implicitly crop) production systems for current situations
in Costa Rica is shown by Bouman & Nieuwenhuyse (this volume). For current
or future situations, it is appropriate to use established or experimentally
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proven technologies for managing pastures and herds of cattle, and to use current
prices when evaluating the efficiency of these technologies. However, it is questionable whether for long-term explorations or projections it is sufficient to refer
to those known situations. Of course, the future is unknown, but instead of
sticking to one set of assumptions regarding technologies and prices, it might be
necessary to evaluate several of these assumptions. Preferably together with
stakeholders and policymakers, assumptions could be formulated on relative
changes in prices and in input use efficiency, possibly rated according to the
likelihood of becoming reality. Introducing the resulting technical coefficients
might result in, sometimes, markedly different results in terms of the optimal
land use pattern and in calculated income and other indicators for the effect of
land use. This variation in outcome, together with the rating of the likelihood of
assumptions to become true, can be used to make a stochastic land use
evaluation. Thus, instead of giving one single, presumably ‘true’ answer for what
is optimal, the likelihood of a certain outcome or the range of possible outcomes
can be presented. Although this makes land use analysis more complicated, the
results will be less affected by the subjective choices of researchers regarding the
way future land use technologies and prices will look like. AGROTEC can help
to automate part of the process to arrive at a stochastic exploration of future land
use options, but most of the work will still have to be done by local experts and
stakeholders in describing the required data and in analysing the results from the
LP model.
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Introduction

Some five years ago, ecoregional approaches became an important part of the
research agenda of the CGIAR (Consultative Group on International Agricultural
Research). The initiative was considerably stimulated in its development through
the establishment of the Ecoregional Fund by the Directorate General of International Co-operation of the Netherlands Ministry of Foreign Affairs. SysNet
was one of the first programmes under the umbrella of this Fund, following the
ecoregional approach. A main objective of ecoregional approaches is the development of a common methodology that integrates bio-physical and socioeconomic information to enable the design of sustainable land use systems,
aimed at guaranteeing food security. A further characteristic of the ecoregional
approach is that analysis takes place at different hierarchical levels. Finally, it
provides a platform for discussions among scientists of different disciplinary
background and nationality and between scientists and stakeholders (Rabbinge,
1995).
So far, we have seen that SysNet has succeeded admirably in the development
of a common methodolagy, LUPAS (land use planning and analysis system;
Hoanh et al., 1998). Furthermore, SysNet has successfully established a solid
network that indeed enables interactions among scientists, and between scientists
and stakeholders.
In the common methodology, options for future land use are explored using ( i)
knowledge of bio-physical processes underlying crop and livestock production
processes, ( ii ) information on societal objectives as driven by perceived needs
and risks, and (iii ) given values of exogenous variables affecting the system
under study (Figure 1). A multiple goal linear programming (MGLP) model is
used as a tool to integrate these types of information, and to generate land use
scenarios (De Wit et al., 1988; Van Keulen, 1990). A scenario approach serves to
investigate combinations of exogenous conditions (such as population growth
and demand for agricultural produce), and to evaluate the preferences for
165
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objectives (Van Ittersum et al., 1998).
The methodology is applied in four case study areas in South and Southeast
Asia: Haryana State in India, the Kedah-Perlis Region in Malaysia, Ilocos Norte
Province in the Philippines and Can Tho Province in Vietnam. We believe that a
thorough comparative analysis of the four studies may result in a broader view on
the factors that determine the operationalization of the common methodology.
The differences in agro-ecological conditions (bio-physical characteristics),
societal characteristics (cultural, religious and political) and economic environment among the four case study regions, the wide range in land use issues and
the multiple strategic objectives in such a supra ecoregion are reflected in the
type of ‘what-if’ questions addressed and the choices made in the different steps
of the methodology, and thus determine de facto its operationalization. Both the
type of ‘what-if’ questions and the way of operationalization of the different
steps in the methodology determine the degree of future orientation of the
explorative land use studies.
The objectives of this paper are (i) to analyse the degree of future orientation
of the four explorative studies, by presenting a comparison of the characteristics
of the four study regions, (ii) to show how differences among the study regions
and in the operationalization of the methodology affected the degree of future
orientation of the studies and to what extent this could be enhanced, and (iii) to
discuss the functioning of the interaction between scientists and stakeholders.
Characterization of the study regions
Bio-physical environment
The main features of the bio-physical environment of the four case study areas
are already described in the proceedings of SysNet’s first workshop in 1998 (see
Annex 1 in Roetter et al., 1998). A summary follows below.
Climate The four study areas are situated in an area between the co-ordinates
30°36'N and 5°4'N, and 74°18'E and 120°58'E. Mean annual rainfall ranges
from 300 mm in the western part of Haryana to 2,400 mm in some parts of
Kedah-Perlis and the mountainous area of Ilocos Norte. Annual dry periods vary
from 8 months (Haryana and Ilocos Norte) to 5 (Can Tho) and 4 months (KedahPerlis). Mean annual temperature ranges from 25°C in Haryana, the lowest, to
28.5°C, the highest, in Can Tho. However, average monthly temperature fluctuates more, with the highest fluctuations in Haryana (minimum of 14°C in January
and maximum of 34°C in June). Average radiation does not vary much and is
around 18.9 MJ m-2 d-1 , with the highest monthly average of 26.3 MJ m-2 d-1 in
June in Haryana.
Soils Large parts of all study areas contain soils that are formed in river and/or
marine alluvial sediments. In Kedah-Perlis and Ilocos Norte, considerable parts
of the land area consist of upland, hill and mountain soils. Saline (in Haryana and
Kedah-Perlis) and acid sulphate or saline acid sulphate (in Can Tho) soils occur.
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Figure 1. Methodology for exploring land use options using interactive multiple goal linear programming (IMGLP) as a tool (De Ridder & Van Ittersum, 1995).

Table 1. Some facts on economic aspects of the four countries involved in SysNet (1996-97) a .
Economic aspect
GDP real growth rate (%)
GDP ($ per capita) b
Agricultural employment (%)
Unemployment rate (%)
a
b

Malaysia
7.4
11,100
21
2.6

India
5.0
1,600
67
n.a.

Vietnam
8.5
1,700
65
25

Philippines
5.1
3,400
44
8.7

Source: http://www.odci.gov/
Purchasing power parity.

Hydrology Extended areas in the four study regions are currently already irrigated. Irrigation water is supplied through (flooding of) rivers (Haryana, Ilocos
Norte and Can Tho) or reservoirs (Kedah-Perlis). Groundwater from wells
(Kedah-Perlis, Haryana and Ilocos Norte) is also used.
Land area The four study regions differ considerably in size, with Haryana being
the largest (442 km 2 ), Kedah-Perlis intermediate (101 km 2 ) and Ilocos Norte (34
km 2 ) and Can Tho (30 km 2 ) the smallest.

Societal characteristics

The societal characteristics that we distinguish for our purpose are of an economic and cultural nature, and are determinant for current land use and land use
issues, and short- and long-term objectives with respect to land use.
Economic characteristics Economic characteristics of the countries to which the
study areas belong differ in aspects such as economic growth rate, per capita income, labour availability for agriculture and employment opportunities (Table 1).
The economic development stage of Malaysia differs clearly from that of the
other countries: GDP is considerably higher and employment in the agricultural
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sector and unemployment rate are lower. Economic policies also differ among
the countries. An aspect of the latter is the degree of centralism in economic
planning. In Vietnam, state intervention in and control of the economy are still
strong, whereas the government of the Philippines is stimulating liberalization by
further deregulation and privatization, with India and Malaysia taking an intermediate position.
Culture Culture (tradition and religion) differs largely among the countries. The
Muslim religion dominates in Malaysia, the Christian religion in the Philippines
and the Hindu religion in India, whereas Vietnam is characterized by a mosaic of
religions, such as Buddhist, Taoist, Christian, Cao Dai and Hoa Hoa. Differences
in tradition and religion are reflected in food preferences.
Current land use and land use issues
Land use In Haryana and Can Tho, a large proportion of the land is currently
used as agricultural land (respectively, 81% and 83% of the total area), whereas
in Kedah-Perlis and Ilocos Norte large proportions of the land are under (primary
and secondary) forest, respectively, 41% and 46%.
Rice cultivation is in all study regions the most important agricultural land
use: all regions play a significant role in the production of rice for the entire
country. In addition, a wide range of other crops are cultivated, many in cropping
systems including rice (e.g., combinations with tobacco, vegetables, wheat,
maize and beans), others as single crops (e.g., sugarcane, pineapple). Oil palm
and rubber, important cash crops, are currently cultivated only in Kedah-Perlis,
whereas fruit trees (e.g., mango, durian and banana) are not cultivated in
Haryana.
The livestock sector (cattle, goats and sheep grazing) is currently of importance only in Haryana. Here, buffaloes and cows are kept to produce milk and
provide animal traction.
Land use issues Comparison of current land use issues among the four study
areas reveals some similarities and differences. Common issues are emphasis on
rice production (food) for the national economies (the study areas are without
exception considered as rice bowls for the nation), generation of income for the
rural population and the national economy, appropriate and sustainable use of
water resources, intensification of agricultural production and concern about efficient use of biocides. Labour availability for agriculture differs among the case
study areas. In Kedah-Perlis, and to some extent also in Ilocos Norte, a labour
shortage for the agricultural sector occurs, whereas in Haryana and Can Tho
labour is abundantly available. In Haryana, saline soils are a major problem and
concern about exhaustion of groundwater resources for irrigation is high. The
latter is also a problem in Kedah-Perlis and Ilocos Norte. Flood control, tidal
influences (intrusion of brackish water in a small proportion of the province) and
acid sulphate soils are relevant issues in Can Tho. Diversification of production
to guarantee and improve income, and sharing water resources among munici-
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palities for irrigation are important land use issues in Ilocos Norte. Environmental problems related to land use are soil erosion (Kedah-Perlis, Ilocos Norte)
and nitrate contamination of the groundwater (Haryana).

Land use objectives
The differences and similarities in land use issues, induced by differences in biophysical environmental and societal characteristics, are reflected in the major
objectives for land use that were identified through stakeholders consultation
(Roetter et al., this volume). Those that are currently considered in the land use
models for the four study regions are indicated in Table 2.
The objectives to generate income and increase food production are considered important in all four study areas. Furthermore, in Kedah-Perlis, prevailing
objectives are to increase labour efficiency and to intensify agricultural
production (for both food and cash crops). Increased efficiency of (natural) resource use is a relevant objective in Haryana, Can Tho and Kedah-Perlis, and
Ilocos Norte (water, fertilizers and pesticides). The concern about environmental
problems, such as erosion and contamination of the groundwater table with
nitrates, is translated into objectives to avoid erosion (Ilocos Norte and KedahPerlis) and nitrate leaching out of agricultural systems (Haryana and Can Tho).

Table 2. Major objectives for land use in the four case study areas as identified in the four case
studies.
Major objectives

Kedah-Perlis

Haryana

Can Tho

Ilocos Norte

• Per region

x

x

x

x

• Per farmer

x

• Per labour-day

x

x
-

x
-

x
-

x
-

x
x

To generate income

To

increase agricultural production

(per ha)
• Food crops (i.e., rice)

x

• Cash crops (oil palm, rubber)

x

x
-

• Labour

x

-

x

• Water

x

x

x

x

• Fertilizer use

x

x

x

x

• Pesticide use

x

x

x

x

• Avoid erosion

x

-

-

x

• Avoid pollution by pesticides

-

x

x

x

• Avoid contamination by nitrates

-

x

x

-

-

x

x

x

To increase resource use efficiency

To protect the environment

To ameliorate social aspects
• Create employment
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The problem of unemployment in rural areas is translated into the objective to
create employment in the agricultural sector (Haryana, Can Tho and Ilocos
Norte).

Operationalization of land use explorations in the four studies
Two sides of the coin

In SysNet’s methodology (LUPAS; Hoanh et al., 1998), the MGLP model plays
a central role in generating land use options. SysNet operationalized the methodology in the four study regions by creating a network of scientists and
stakeholders, with IRRI functioning as the facilitator, providing technical backstopping and methodological and financial support.
Operationalization of the ‘technical part’ of the common methodology in four
different national agricultural research systems (NARS) is already a major task. It
involves integration of scientific information from many disciplines. This integration requires intensive communication, i.e., learning and negotiation, among
scientists. In addition, operationalizing collaboration between scientists and
stakeholders requires major efforts. This interaction represents the ‘soft part’, the
second element of the operationalization of the methodology. Land use by definition implies involvement of people, i.e., the stakeholders. Stakeholders are
individuals (farmers, landowners), communities or governments that have the
traditional, current or future means to influence the use of land (after FAO,
1995). To have impact, the explorative studies must be embedded in or linked to
an ongoing policy process. In the policy design, trajectories related to land use
require collaboration among different societal stakeholders, policymakers and
scientists. Hence, such integral design processes must be regarded as collective
learning and negotiation trajectories (Rossing et al., 2000).
Thus, in exploring future options for land use, not only scientists of different
disciplines have to cooperate, but also scientists and stakeholders. In discussing
the operationalization of the methodology, we pay attention to these two sides of
the coin, i.e., the technical part and the soft part, in relation to the degree of
future orientation of the studies.

The technical part

Implementation of the methodology of explorative land use studies boils down to
answering ‘what-if’ questions. What are the consequences for the objectives we
are dealing with and for land use and land use allocation if:
• We consider different orientations of agricultural production;
• Bio-physical and socio-economic constraints and preferences for conflicting
objectives change (scenario analysis).
In operationalizing the methodology, many choices are possible and decisions
have to be made in each step of it (Figure 1). The differences in choices made
among the four study regions are to a certain extent determined by differences in
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bio-physical and societal characteristics. Each choice co-determines the degree to
which the entire exploration is future-oriented. At one side of the scale, the future
orientation of a study is limited if only agricultural practices are considered that
currently prevail in the region under study or if many current limitations are considered as constraints in the LP model. In contrast, the future orientation is
enlarged if alternative agricultural practices are included as well, and, moving to
the other end of the scale, only alternative technologies are considered. Considering alternatives for land use widens the ‘window of opportunities’ (Van
Ittersum et al., 1998) for land use. Therefore, the degree of future orientation of
the explorations will be an important guideline in this discussion. In the next
paragraphs, we will critically analyse the four studies, following step by the step
the blocks presented in Figure 1. Also, we will suggest how the degree of future
orientation of the studies could be increased.
Objective functions and agricultural production orientations
The production orientations in agriculture considered in a study should have
direct implications for the objectives pursued, e.g., the objective to maximize rice
production in a region will lead to a production orientation aiming at high or
even the highest possible yield per hectare, and the objective to reduce emissions
of biocides will lead to a production orientation aiming at reduction or even
abolishment of inputs of biocides. The yields in the latter production orientation
are not necessarily lower than the yields in the former, but inputs other than biocides may be needed for crop protection. For instance, the use of herbicides may
be replaced by mechanical weeding, but more labour and machines are needed.
Thus, the production orientation strongly determines the choice for technology
that is used in agriculture. Therefore, the degree of future orientation of an
explorative study is co-determined by the extent to which alternative production
orientations, oriented to the future, and alternative technologies are considered.
Looking at the case studies (see this volume), the objective to increase rice
(and food) production leads to an agricultural orientation, aiming at high yields
per unit land (all case studies). The objective to reduce contamination of the
groundwater by nitrates (Ilocos Norte) or to avoid pollution of the environment
by biocides has led to a similar agricultural orientation: the same set of technologies is used, but using less chemical inputs leads to lower yields (Haryana, Ilocos
Norte). An alternative agricultural production orientation could have been
worked out aiming at minimizing or completely avoiding the use of chemical inputs, as in biological, organic or integrated natural resource management (INW)
farming. The objective to increase labour efficiency (Kedah-Perlis), induced by
the perception of labour shortage and high labour prices, and the objective to increase employment (Haryana, Can Tho, Ilocos Norte), induced by the perception
of unemployment (and perhaps low labour prices?), should have led to two opposite orientations. The first orientation is aiming at reduced labour input by using
technologies that replace, e.g., manpower by mechanization and manual weeding
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by the use of herbicides. In contrast, the second orientation should have been
characterized by a type of agriculture characterized by the use of cheap manpower instead of mechanization and manual weeding instead of herbicides.
Considering a broad range of orientations creates a wide window of opportunities, whereas considering only a few narrows the window to a few options. The
case studies appear to take an intermediate position. For instance, biological,
organic or INRM farming, or mechanized and non-mechanized farming are not
considered as orientations in most of the case studies.
In general, it can be concluded that the concept of production orientations has
not been applied properly yet in any of the case studies. The studies still focus on
current production orientations in agriculture, with a strong emphasis on yield
orientation. This limits the degree of future orientation of the studies and as such
permits exploration of only a limited number of land use options.

Land evaluation

In the next step, i.e., land evaluation (Figure l), land units and their bio-physical
characteristics (climate and soils) are identified (see Ismail et al., this volume).
Furthermore, the suitability for different agricultural practices is determined
(possible land use types), and the area of available land (total and per land unit)
and water availability for agriculture is estimated. In judging the suitability and
estimating the land and water resources, choices are made that co-determine the
degree of future orientation of the studies. We will discuss both choices, starting
with the availability of land and water.
The bio-physical information on land and water availability is used directly in
the constraints in the LP model to explore options for land use. This may seem an
objective decision. However, in making choices for the availability of land and
water in the study area, one is to some extent also determining the degree of
future orientation of the study. In the Can Tho study, for example, incorporating
the possibility of constructing dikes to control flooding results in expansion of
the suitable area for agriculture. In the Ilocos Norte and Kedah-Perlis studies,
large parts of the study areas are currently under forest and this land has also
been excluded from agricultural use in the future. Of course, there may be valid
reasons to postulate that forest land should not be transformed into agricultural
land in the (near) future. On the other hand, in the past, land use has proven to be
highly dynamic and an explicit analysis of quantified ‘pros and cons’ of specific
land use patterns and changes may improve appropriate and well-founded
decision-making in the future.
The bio-physical characteristics of land units determine their suitability for
agricultural production and are used to decide which crops can be grown in
which cropping systems, and what type of livestock can be kept in which livestock systems. Suitability is related to soil and climate characteristics, that
determine production and inputs needed for a particular crop, cropping system,
type of livestock and livestock system. For instance, a specific crop can be grown
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on many land units, but will produce differentially using different quantities of
inputs. In explorative land use studies, not only the combinations of land units
leading to the highest yields of a crop should be considered: other combinations,
leading to lower yields, also have to be included. The highest economic benefit
(under current economic conditions) should not determine the suitability of land
units for agricultural production. In the scenario analysis, land use types not
giving the highest agricultural production and/or resulting in the highest economic benefit could be selected, depending on the preferences for objectives. We
strongly advocate that the IMGLP model be used to make an explicit analysis of
alternative options, rather than implicitly relying on often value-driven assumptions and decisions of scientists and/or stakeholders.
The number of possibilities in (combinations of) crops, cropping systems,
livestock types and livestock systems and the degree of suitability of land units
are enormous and choices have to be made. In comparing the four case studies, it
appears, however, that the decision process in the teams has been guided largely
by considerations of ‘what is currently realistic and plausible’, taking into account the recent past and the present. ‘Local’ experience in each of the own
regions and what might be possible in the near future, based on experience from
on-station experimental research, seem to have dominated the decisions on suitability. Examples illustrate that suitability of land units for crops and cropping
systems is limited to the combinations of land and crop or cropping system
producing the highest yields. For instance, in the Kedah-Perlis case study, cultivation of oil palm, rubber and upland rice is strictly limited to the land units that
are currently used for these purposes.
The principle of ‘what is currently realistic and plausible’ is also reflected in
the observation that in none of the case studies is a new (for the case study area)
crop considered. History, however, teaches that crops such as oil palm and rubber
have been introduced in Southeast Asia only in the beginning of this century
(Pursglove, 1976a, b) and have widely spread in a few decades. New cropping
systems considered in the case studies are limited to triple-cropping systems, for
which some experience exists (e.g., triple rice production in Can Tho and Ilocos
Norte). This has also led to ignoring grassland as a possible alternative land use,
whereas grasslands and livestock grazing have become important agricultural
production activities in other humid tropical zones of the world, such as Central
America. In the Kedah-Perlis study, grasslands are not considered, because it was
reasoned that current prices on the world market for animal products were too
low for livestock production in the study area to be competitive. This type of reasoning is not correct in explorative land use studies. If grassland and livestock
production are not included in the study, the economic feasibility of this land use
type can never be evaluated properly: the question, What happens to land use and
land use allocation if the economic conditions for livestock production change?,
cannot be answered.
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Production activities and inputs and outputs
Production activities in an LP model represent the cultivation of a crop in a cropping system and keeping a particular animal in a livestock system, with a welldefined production technology and in a particular physical environment (land
unit). The production activities are characterized by the relevant inputs and
outputs.
In explorative land use studies, a distinction is often made among current,
improved and alternative production activities. Current production activities are
activities as currently practised, irrespective whether inputs are applied efficiently and whether the resource base is maintained. The use of LP in our
methodology results in static end-pictures. Most current activities are not sustainable from an ecological and agricultural point of view, and they negatively affect
resource quality, reducing it over time. This time dimension cannot be dealt with
in LP, and thus including current production activities is in fact not allowed. Improved activities are defined as current activities that are improved for one or a
few inputs. Alternative production activities are usually not practised currently.
To estimate inputs and outputs of alternative production activities, a targetoriented approach has to be followed. First, the target level has to be determined,
derived from the selected production orientation. This may be production per unit
area, but also the emission level of a nutrient to the environment or the pollution
level of a biocide. In the latter case, production is estimated based on the assumed minimum target level of the biocide pollution. Subsequently, the inputs
necessary to obtain that yield or target level, and the other relevant outputs, are
calculated. Depending on the time horizon we want to consider in our land use
explorations, we may include current and improved production activities (shorttime horizon), but, in exploring the future, alternative production activities are
preferred (long-time horizon).
In all case studies, current practices are included as production activities, with
inputs and outputs derived from farm surveys or statistics. In the Haryana case
study, some inputs are estimated based on process knowledge (fertilizer needs in
relation to soil type). Then, we could speak of an improved current practice. In
the Kedah-Perlis case study, good management practices (best farmers of the
survey sample) are included as improved current practices.
However, alternative production activities or land use systems, the ones that
make the studies more future-oriented, are only included to a limited extent in the
four case studies. The Haryana case is the only study in which potential yields
are considered and simulation models are used as a frame of reference (Van Ittersum & Rabbinge, 1997). This limited consideration of potential production levels
in the case studies may have been the result of limited accessibility of existing
crop simulation models, or even lack of crop simulation models (e.g., perennial
crops). For other crops, however, such yields could have been estimated using
results of experiments in combination with expert knowledge. It is our impression, however, that the perception of scientists and stakeholders that future
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options are also limited has been a major constraint to including potential
production in the studies.
The domination of socio-economic (production, income and labour) objectives
and lack of elaborated technical coefficient generators for most case studies has
led to a strong dependence on the results of surveys, instead of looking at alternatives and following the target-oriented approach, and to omission of other
targets, such as reduced emissions and pollution levels. The time horizon of most
case studies is, therefore, short and the degree of future orientation limited.

Scenarios

In the scenarios, the answer is given to the ‘what’ part of the ‘what-if’ questions
that are addressed: What happens to land use in terms of land allocation and
selected production technologies and the values of the objective functions? The
type of ‘what-if’ questions that can be addressed in the scenario analysis and the
answers generated are related to the choices made in all the previous steps and
constrained by the time horizon that has been taken into account. Increased creativity in the alternatives considered in the previous steps widens the range in all
aspects and finally the window of opportunities. That also leads to a time horizon
of the study that is long. Short- and mid-term horizons are considered if only
current and improved agricultural production technologies are included in the
study. A few examples will further illustrate this principle.
In the Haryana case study, the environmental issue of pesticide impact is of
major concern. Nevertheless, this is not translated into an agricultural orientation
aiming at no or little pesticide use in production activities and replacing pesticides by integrated pest management practices. Consequently, no alternative
production activities are included, following the target-oriented approach, and
using alternatives for pesticides. Now, only a wide range in production levels
(five levels ranging from current to potential production) is considered, with a
direct link between pesticide use and production level. The choices made in this
respect lead in the scenario analysis to the (predictable) conclusion, that an increase in (production and) income conflicts with reduced pesticide impact in a
one-to-one ratio. With current prices (and ratios between benefits and costs), an
environmental orientation, using alternatives for pesticides, might not seem feasible from an economic point of view (short-time horizon), but prices may
change (as may societal concern about pesticide pollution), making it more
attractive in the future (long-time horizon).
In the Can Tho and Ilocos Norte case studies, employment is seen as a major
issue. However, a labour-intensive agricultural orientation is not included in the
studies. Such an orientation could have been translated into alternative production activities producing rice that use only transplanted rice (labour-intensive)
versus other activities that apply broadcast-seeding (labour-extensive). In the
scenario analysis, it now appears that more employment can only be generated if
more is produced by cultivating more land and by introducing triple cropping, or,
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if water is shared among municipalities, assuming that sharing of water increases
production possibilities.
In the Kedah-Perlis case study, land currently under forest, rubber, oil palm
and irrigated rice is assumed to be allocated to the same commodities in the
future (short-time horizon). The a priori allocation of land (a more traditional
type of land evaluation in which the land evaluator already determines what is
best grown where) strongly determines the outcome of the scenario analysis. The
conflicts between income-generating crops (rubber, oil palm and vegetables) and
rice production do not come to the fore, since competition for land between the
two land use types is excluded. As a result, the window of opportunities for land
use options is rather narrow.
Central planning and short- and mid-term targets in planning documents
dominate the scenario analyses (e.g., Can Tho and Kedah-Perlis), whereas a more
strategic and open scenario analysis could have provided a broader view on possible land uses in the future.
In the scenario analysis, ‘what-if’ questions can also be addressed for biophysical and socio-economic constraints: What if labour, water or land availability would be different from what we have estimated or assumed? Examples
of this type of scenario analysis are the change in water resources if a second
reservoir is created (Kedah-Perlis), or if water is used more efficiently by sharing
water resources among municipalities (Ilocos Norte). An example of change in
labour availability is given in the Can Tho Province case study by comparing
scenarios with current and future labour availability. Land availability could also
have been considered in the scenario analysis: What if more or less land would
(have to) be allocated to non-agricultural purposes? However, these two questions are not fully addressed in the scenario analysis in any of the case studies.
Most of the scenario analyses in the case studies deal with this type of ‘whatif’ questions (Hoanh et al., 2000). Changing preferences for objectives have not
been addressed in the scenario analyses so far.
The soft part
In this section, we will first discuss how networking has been established and its
contribution to the possible impact of the explorative studies. We then ask how
this approach possibly affected the degree of future orientation of the studies.
In the soft part of the operationalization of the methodology, two major ‘webs’
can be distinguished in SysNet, each comprising a different combination of players. First are the teams of scientists of different disciplines, one for each case
study. These NARS teams constitute a web with supporting scientists of IRRI
and Wageningen University and Research Centre (WUR). Secondly, the combinations of scientists and stakeholders per case study form a platform that has to
ensure involvement of the participants in the study, negotiate about the contents
of the explorative land use study and are learning throughout the process. The
combinations of stakeholders and scientists form a web again. Also in this web,
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IRRI and WUR scientists participate as facilitators. Both webs contain aspects of
networking, interaction and learning.
When the network began, much emphasis had to be given to the networking
and interaction among, and learning of, the scientists within the NARS teams.
Within these teams, many disciplines participate, e.g., economists, agronomists,
soil scientists, entomologists, animal scientists, meteorologists, statisticians and
geographic information systems (GIS) and remote sensing specialists. These
scientists had to be familiarized with the tools and skills required in a multidisciplinary project, that aims at exploring future land use options, a complex
issue. Hence, training was an important aspect at the start of the network (basic
courses in LP and GIS, March to August 1997), to which IRRI and WUR scientists contributed substantially. Interaction among scientists of the teams and those
of IRRI and WUR also contributed to the learning of the basics of the methodology for explorative land use studies. A two-week course was organized in
September-October 1997 to present the basics of explorative land use studies and
enable construction of preliminary IMGLP models for each case study. This
training stimulated the interaction among the scientists of the teams, as well as
with those from IRRI and WUR, and created a common line of thinking; in
addition, the context of the studies, the ecoregional approach, became clear to all
participating scientists. Back home, the teams further applied the methodology in
their own region with backstopping from the IRRI and WUR scientists. Feedback
between teams and scientists from IRRI and WUR was given in a workshop that
assembled all SysNet participants. Here the mid-term results of all teams were
presented. This state-of-the-art workshop strongly stimulated and motivated all
scientists to further progress (international workshop, Vietnam, June 1998;
Roetter et al., 1998).
The web of scientists in the network resulted in strong team-building,
increased co-operation among disciplines in the teams and among all scientists
participating in SysNet, created a shared language, increased awareness of the
complexity of land use problems and improved the skills and capability to use the
tools. The scientists learned to operationalize the methodology in quite different
systems, and, by sharing experiences and results, they learned about these different systems, and how culture may affect perceptions of future land use options.
TO stimulate impact of the studies, from the beginning of the explorative land
use studies high priority has been given to interaction with stakeholders, the
second web in the network. At the start of SysNet, direct interaction of
stakeholders and scientists was limited. Stakeholders were invited to participate
in workshops (January and February 1997) with a rather informative character
(learning component, awareness of explorative land use studies and the common
methodology). This was too early to expect more from the networking and interaction because scientists were still in the process of establishing their own web in
the network, learning ‘how and what’ and gaining confidence in the methodology. The interaction between scientists and stakeholders within the teams was
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successfully established only after the first preliminary models had been
constructed (as some scientists expressed it: ‘we now have something to show
and to explain to the stakeholders’). Contacts between stakeholders and teams
further intensified in interactive workshops (January to May 1998), where
problem definitions, land use issues and ‘what-if’ questions were formulated.
Feedback from the stakeholders to the first results of the explorative land use
study in their own region, as presented by the scientists, strengthened the interaction and learning in the teams (interactive workshops from March to May
1999). The scenarios presented during these workshops led to animated discussions and resulted in the fine-tuning of the definition of land use issues and
‘what-if’ questions to be addressed.
This final symposium of Phase I of SysNet finalizes the building of the second
web of the network. It provides an opportunity to meet and discuss with all participating scientists (from NARS, IRRI and WUR) and stakeholders from all four
participating countries. The methodology to explore future land use options still
has to be embedded more firmly in the ongoing policy design processes of land
use in the countries of the four study regions. Further institutionalization of the
networks in the policy design trajectories is probably needed. First initiatives
have been developed in Malaysia, the Philippines and Vietnam, where authorities
have expressed their interest in integrating the developed tools into the planning
process.
The workshops of stakeholders and scientists revealed the tension that exists
between stakeholders on the one hand, with a strong interest in current issues and
searching for solutions in the short term, and scientists on the other hand, who
wish to explore the future with a more open mind (De Zeeuw & Van der Meer,
1992). We believe that in the four case studies the short term has dominated. Advocating a high degree of future orientation by scientists in interactions with
stakeholders requires a high confidence level of these scientists in the methodology. However, we should not overestimate the ability and willingness of
scientists to look beyond current agricultural practices.

Conclusions

SysNet has so far demonstrated considerable evidence of possibilities to develop
a common methodology to explore land use options for ecoregions of South and
Southeast Asia. Application of the methodology in the four case study regions
has illustrated that operationalization of the methodology is sub-regiondependent and -specific. The characteristics of the case studies and the land use
issues perceived in the study regions are determining factors that cause diversity
in the technical operationalization of the methodology. However, the comparative analysis of the four studies has increased the awareness and understanding of
the multiple land use issues and reveals the options for and constraints to land
use (changes) in South and Southeast Asia, Furthermore, the cohesion in the operationalization of the methodology and the bio-physical and societal setting
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illustrates the ecoregional character of the methodology.
This paper focused on the degree of future orientation of the four studies in a
comparative analysis. The degree of future orientation appears limited in many
aspects, and not well balanced. Past and present strongly dominate the decisions
made at each step of the operationalization. Future alternatives are considered
only to a limited extent, thus reducing the possible options, i.e., the window of
opportunities for land use. This limited degree of future orientation is, at least in
part, due to the tension between the stakeholders on the one hand, with a strong
interest in current issues and searching for solutions in the short term, and the
scientists on the other hand, who wish to explore the future with a more open
mind. We believe that in the four case studies the short term has dominated. In
hindsight, we may ask whether the early involvement of the stakeholders has
partly contributed to the short-term domination of the studies. However, we
should also not overestimate the ability of scientists to look beyond current agricultural practices.
The way the networks are embedded in the policy design trajectories is probably to a large extent influenced by case-specific conditions. A further and more
detailed analysis could be directed to the relation between case-specific conditions and the way a network can be established. Such an analysis could contribute to a more robust embedding of the methodology in the policy design
trajectories for land use in the different countries of the study region. For the
networking to be effective, finally leading to a distinct impact on land use planning, a time frame much longer than three years — the period that SysNet has
been operational — is necessary.
As the expression goes “all roads lead to Rome”, but by taking different roads
we learn more, at least if we share our experiences. Thus, the ecoregional
approach appears valuable, not only in developing a common methodology representing two sides of the coin, dove-tailing the technical part with the soft part,
but also in sharing ideas and in comparing the way in which the common methodology is operationalized in different situations, i.e., the four case study regions.
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Introduction
The last decade has seen an increased use of optimization programming in land
use analysis by various researchers of the Wageningen University and Research
Centre (De Wit et al., 1988; Rabbinge & Van Latesteijn, 1992; Kuyvenhoven et
al., 1995; Schipper et al., 1995; Roetter et al., 1998b). Though these techniques
have been practiced by agricultural economists since the 1950s (Hazell &
Norton, 1986), their use by a broader category of land use analysts is relatively
new. New disciplines have contributed new insights, and new tools have been
designed for integrated use with optimization programming. Over the years, a
generic framework for land use analysis has evolved that consists of a (multiple
goal) optimization model, an 'engine' to calculate inputs and outputs of land use
systems, and a geographic information system (GIS) (Figure 1). This framework
was named SOLUS (sustainable options for land use) by Bouman et al. (1999a)
and Schipper et al. (2000). SOLUS mainly evolved from earlier work on land use
analysis in Europe (namely, the GOAL model: general optimal allocation of
land; Rabbinge & Van Latesteijn, 1992) and Latin America (namely, USTED:
uso sostenible de tierras en el desarrollo; Schipper et al., 1995; Stoorvogel et al.,
1995). The same elements of SOLUS also form the building blocks of the land
use planning and analysis system (LUPAS) developed for land use studies in
Asia (Roetter et al., 1998b). In these generic frameworks, the optimization model
maximizes or minimizes a certain objective function (e.g., maximizing income)
for a given set of socio-economic and bio-physical conditions by selecting land
use systems from a large number of alternatives. Land use systems are a
combination of a specific land use type (roughly a specific technique of
cultivating a certain crop type) with a specific land unit (a piece of land). Land
use systems are fully specified by their technical coefficients, i.e., their inputs
and outputs such as yield, costs and labour use. Many of the above-mentioned
frameworks for land use analysis were designed to specifically address trade-offs
between economic and environmental development objectives. Every use of land
is associated with effects on its resource base and on the environment. Examples
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Figure 1. Schematic illustration of SOLUS framework for land use analysis. Boxes representing
models/tools, ovals: data; diamonds: activities; solid lines: flow of data; and dotted lines: flow
of information.

are soil loss by erosion and mining of the soil nutrient stock (resource base), and
emissions of nutrients, greenhouse gases and biocides (environmental pollution).
Such effects are quantified in so-called sustainability indicators, that are also
technical coefficients of land use systems.
For a land use analysis to be meaningful, the optimization model should be
able to select from a large number of land use systems. Therefore, an ‘engine’ is
required to calculate the technical coefficients of many alternatives, often called a
technical coefficient generator (Hengsdijk et al., 1996, 1999). Two types of land
use systems can be distinguished: actual ones and technologically feasible ones.
Technical coefficients of actual systems are derived from farm surveys and
describe actual systems being practiced in the area under consideration (Jansen &
Schipper, 1995). Technical coefficients of technologically feasible systems can
be computed using the so-called target-oriented approach (Van Ittersum &
Rabbinge, 1997): production targets are pre-defined and all required inputs are
subsequently calculated. The calculations can be done under pre-defined
boundary conditions. For example, nutrient inputs required to obtain a predefined production target may be calculated under the restriction that the soil
nutrient stock is being maintained over time (sustainability criteria). Also, the
technology used to realize the production targets is fully specified, as reflected in
the use of inputs and operations. In the target-oriented approach, technical
coefficients are calculated as much as possible from process-based knowledge on
underlying physiological, physical and chemical processes. However, not all
required knowledge can be captured in process-based models, and the use of
different types of knowledge is currently subject to much debate (Van Ittersum &
Rabbinge, 1997; Bouma, 1997).
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Much work has been done in developing concepts and methodologies to generate
technical coefficients of crop land use systems (Habekotté, 1994; De Koning et
al., 1995; Jansen & Schipper, 1995; Hengsdijk et al., 1996, 1998). Surprisingly,
the generation of technical coefficients for livestock systems has received much
less attention, although optimization models have been successfully applied in
animal production systems as well (Jones, 1989; Griffith & Zepeda, 1994;
Nicholson et al., 1994; Van der Ven, 1992). This paper presents a technical
coefficient generator called PASTOR (pasture and animal system technical coefficient generator; Bouman et al., 1998) which is designed to generate technical
coefficients for cattle production systems in the (humid) tropics. PASTOR was
developed by the Research Program on Sustainability in Agriculture (REPOSA)
for two study areas in Costa Rica; the humid Atlantic Zone on the Atlantic coast
(characterized by humid, warm weather and an abundance of rainfall year-round)
and the Aranjuez watershed on the Pacific coast (characterized by a tropical
monsoon climate with one rainy and one dry season). In developing PASTOR,
the concepts and terminology developed for cropping systems (Van Ittersum &
Rabbinge, 1997) were followed as closely as possible. In the next section, the
structure of PASTOR and the main methodology of calculating technical coefficients are explained. A special section is devoted to the calculation of
sustainability indicators. The use of various types of knowledge in PASTOR is
explained and illustrated with some examples. Finally, conclusions on the
generic use of PASTOR in other environments are given.

Cattle production systems
A cattle production system consists of three components: the herd, pastures and
feed supplements. The herd generates the marketable products meat and/or milk,
and requires feed and health care to do so. Feed is supplied by pastures and/or
feed supplements. The pasture is a true land-based production system and can be
classified as a land use type just as any other crop (see above). Feed supplements
are simply inputs that can be either purchased or produced on-farm. The latter
case is a land use type (e.g., stalks of cereals, fodder). The manager of a cattle
production system combines his herd(s) with pastures and feed supplements to
optimize his production goal (e.g., gross margin). PASTOR is designed to compute technical coefficients of a large number of alternatives for each of the three
components of the cattle production system. The optimization model will select
and combine the components according to the objective function. There are,
however, interactions among the three components and specific boundary conditions that need to be taken into account. The most important interactions are
related to (i) cycling of nutrients within the system and (ii) grazing of pastures by
the herd. Grazing cattle produce manure (faeces and urine) that contains nutrients
for the pasture. These nutrients are important in the fertilization of the pasture,
but also affect the emission of waste flows and greenhouse gases to the environment. In principle, it does not matter whether these nutrients are derived from
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recycling of the grazed pasture or from feed supplements. Cattle graze pasture at
a certain stocking rate, i.e., the number of animals per unit surface area. Stocking
rate affects pasture production by the physical action of grazing and by faeces
and urine deposition (Ibrahim, 1994; Hernandez et al., 1995). At a low stocking
rate, cattle intake requirements may be less than the feed on offer and the pasture
remains underutilized. With increasing stocking rate, less of the pasture biomass
is available for uptake because of trampling and deposition of faeces and urine
(Van der Ven, 1992; Deenen, 1994). Finally, grazing of pasture may affect its
phenological development. Stocking rate must therefore be a variable explicitly
taken into account in the formulation and calculation of technical coefficients of
pastures. The minimum balance equations that are needed to relate the three
components of the cattle production system in the optimization model are then
• The sum of the feed requirements by the selected herd(s) must equal the sum
of feed supplied by the selected pastures and feed supplements.
• The total size of the selected herds (in number of animals or animal units)
must equal the area of selected pastures times the selected stocking rates.
Optionally, an additional restriction can be built in that limits the proportion of
feed supplements in the total diet to avoid certain health problems (e.g., Griffith
& Zepeda, 1994).

Herds

Technical coefficients computed for herds are meat production (or number of
animals) in various quality categories, milk production, feed requirements in
terms of metabolizable energy, crude protein and phosphorus, costs of all inputs
and operations, and labour requirements. Note that costs and labour requirements
do not include those for maintenance of pastures or feed supplementation, which
are taken into account by specific pasture and feed supplement routines of
PASTOR, respectively.
Different cattle production systems can be modelled with PASTOR: breeding,
fattening, milk production and dual-purpose. In the breeding system, calves are
bred within the herd and subsequently sold at a certain age or liveweight. In the
fattening system, young animals are bought, fattened for a period of time and
then sold. No animals are bred internally. The milk production and dual-purpose
systems can be based on either the breeding or the fattening system, but with
milk as the main output.
Generated herds are considered stationary, which means there are no changes
in either herd size nor composition over the year(s) (Upton, 1993; Hengsdijk et
al., 1996). Based on a specification of animal growth rates, calving interval,
mortality rate and buying/selling strategy, PASTOR computes herd composition
(i.e., the number and type of animals per age class) and its production and feed
requirements. Computations of feed requirements are based on equations for beef
and dairy cattle as presented by the U.S. National Research Council (NRC, 1989;
1996). Calculations are performed for each animal in the herd according to sex
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and age group, and for females according to stage of pregnancy and lactation,
and then summed to get total herd requirements. In breeding systems, the nutritional value of the milk consumed internally is subtracted to obtain total external
feed requirements (i.e., to be met by pasture and/or feed supplements). Note that
this method of calculating feed requirements is analogous to the target-oriented
approach as originally developed for crop production systems (see above).
Costs and labour use for herds involve construction or buying and maintenance of corrals, feed troughs, various equipment, vaccinations, assistance at
birth and animal health care. Information on these parameters and on animal
growth rates, herd characteristics, management and selling strategy has to be
derived from field surveys in the area under consideration. Table 1 gives an example of input parameters and generated technical coefficients for herds in the
Atlantic Zone of Costa Rica.

Pastures

Technical coefficients computed for pastures are feed supply in terms of biomass,
metabolizable energy (ME), crude protein (CP) and phosphorus (P), costs of all
inputs and operations, and labour requirements. PASTOR contains separate
modules for generating technical coefficients of technologically feasible alternatives and for calculating technical coefficients of actual pastures.

Technologically feasible alternatives Calculations for technologically feasible
alternatives are based on the target-oriented approach. Variables that define
alternative pastures are botanical composition (species), soil type, stocking rate
and nitrogen (N), P and potassium (K) fertilizer level. The procedure for calculating the technical coefficients is quite complex and involves, schematically, the
steps illustrated in Figure 2.
Firstly, for the given botanical composition, upper and lower production limits
are estimated for different soil types in terms of biomass and contents of ME, CP
and P. The upper boundary corresponds to the maximum attainable production
with no nutrient constraints (Bouman et al., 1996), whereas the lower boundary
corresponds to the minimum production attained on exhausted soils where the
pasture just manages to survive. On the basis of the maximum attainable production, PASTOR calculates attainable feed (i.e., biomass and amount of ME, CP
and P) on offer as a function of a range of user-defined stocking rates. Then the
soil nutrient balance is calculated using an adapted version of the NUTMON
model as presented by Stoorvogel (1993). The calculations are based on estimates/calculations for all inputs – weathering, atmospheric deposition, fixation
by microorganisms, manure and urine (from the grazing stock) – and all outputs
– the attainable amount that may be removed by grazing and losses by erosion,
leaching, volatilization, denitrification/nitrification and fixation. A negative
balance indicates the amount of nutrient fertilizer that is needed to sustain the
attainable amount of feed on offer that may be removed by grazing.
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Table 1. Characteristics of beef breeding and beef fattening systems modelled by PASTOR for
the Atlantic Zone of Costa Rica (Bouman & Nieuwenhuyse, 1999).
Variable

Valuea

Typeb

11
0.65-1.00
0.52-0.90
14
31
8
688-782
59.4-61.1
3,714-5,558
1,504-2,415
94-136
1,066-1,437

I

Breeding herd c

Maximum age females (yr)
Liveweight gain males first year (kg head -1 d -1)
Liveweight gain females first year (kg head -1 d-1)
Calving interval (mo)
Age at first calving (mo)
Age of selling calves (mo)
Costs (US$ herd -1 yr-1) d
Labour use (d herd -1 yr-1)
Sold calves (kg herd -1 yr -1)
Sold cows (kg herd -1 yr-1)
Required metabolizable energy (GJ herd-1 mo -1)
Required crude protein (kg herd-1 mo -1)

Fattening herd c
Liveweight gain males (kg head -1 d-1)
0.5-1.0
Liveweight gain females (kg head -1 d-1)
0.4-0.9
Liveweight at sale males (kg)
450
Liveweight at sale females (kg)
400
Costs (US$ herd -1 y-1 ) d
488-587
Labour use (d herd-1 yr -1)
34.6-36.1
Sold animals (kg herd-1 yr -1)
13,982-26,592
97-118
Required metabolizable energy (GJ herd -1 mo -1 )
Required crude protein (kg herd -1 mo -1)
1,134-1,378
a The first number in the Value column refers to herds with target productions that are
realized in the area, the second to feasible maximum target productions.
b I = input, 0 = calculated output (technical coefficient).
c
Herd size is 50 animals.
d Based on mean 1994-96 prices.

I
I
I
I
I
O
O
O
O
O
O

I
I
I
I
O
O
O
O
O

currently

Next, a user-defined percentage of fertilizer application is specified as a fraction
of the (net) amount needed to sustain the attainable feed on offer. Gross fertilizer
input is calculated from this desired net amount by taking account of various loss
fractions (erosion, leaching, volatilization, denitrification/nitrification and fixation). For the specified fertilizer application level, the actual amount of feed on
offer is then calculated on the basis of total amount of nutrients available (from
fertilizer, manure and all other external sources) and the nutrient concentrations
in the pasture biomass. For example, with 0% fertilizer application, the sustainable amount of feed on offer equals the amount that can be produced with net
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Figure 2. Simplified representation of the calculation procedure of technical coefficients tor
technologically feasible pastures in PASTOR. Boxes are calculated technical coefficients, ovals
are intermediate variables, solid arrows indicate sequence of calculations, broken arrows
indicate environmental and management conditions that affect process calculations.

external inputs from weathering, atmospheric deposition, fixation by microorganisms, faeces and urine. In the case of 100% fertilizer application (i.e., all
nutrients are applied in their required dose to sustain production without soil
nutrient mining), the sustainable amount on offer equals the maximum attainable
production.
Finally, the amount of feed on offer at the specified fertilizer application rate
is compared to the intake capacity of the cattle at the various stocking rates.
Since cattle cannot remove more feed than their intake capacity, the actual
amount of forage removed by grazing is the minimum of potential intake
capacity and the amount on offer (Figure 3). Any residual production of pasture
is recycled into the soil with a certain nutrient loss fraction. When pasture
production is not sufficient to meet the feed requirements, to satisfy the target
specified growth rates of the herd, a negative feed balance is obtained. This can
happen for instance with the combination of relatively low fertilizer application
rates with high stocking rates. In a whole cattle production system, this shortage
should be met by feed supplements, which constitute an additional source of
external nutrients to the pasture through animal excrements.
Computation of the required degree of protection of the pasture against weeds
is also quantified using the target-oriented principle. PASTOR calculates manual
labour and/or herbicides as a function of above-ground biomass by interpolation
between a relatively low requirement at maximum biomass and a relatively high
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Figure 3. Simulated attainable feed on offer (¨ ) and feed requirements ( ) in terms of
metabolizable energy (ME) versus stocking rate for a technologically feasible alternative
pasture in the Atlantic Zone of Costa Rica (fertilized Cynodon nlemfuensis). In section I,
potential feed on offer exceeds the feed requirements of the stock, and actual feed intake is
limited by the ‘white diamond line’ of section IIIa; in section II, the feed requirements of the
stock are higher than what the pasture can offer, and supplements are used to feed the stock;
section III represents the situation where no feed supplements are given and where the amount
of actual feed removed is limited by the feed requirements of the stock (section IIIa) or by the
attainable feed on offer by the pasture (section IIIb). AU=animal units.

requirement at minimum biomass. The reasoning is that the weed-suppressing
capacity of the desired species in the pasture increases with its ground-cover, and
that ground-cover and biomass are positively related. There is a user-defined
substitution possible between the use of manual labour and the use of herbicides.
Costs and labour use involve material inputs such as fences, tools and
herbicides, and operations such as establishment, weeding, fertilizer application
(if any) and maintenance.
Actual pastures For actual pastures, the calculation procedures in PASTOR are
mainly based on descriptions derived from field inquiries and measurements. The
user specifies the amount of feed on offer as a function of a range of feasible
stocking rates. All inputs, such as fertilizer and crop protection, are also supplied
instead of being calculated. The soil nutrient balance is merely the result of
bookkeeping of all inputs and outputs, and may be zero or negative. With
negative soil nutrient balances, it should be realized that the modelled pasture
cannot maintain production over time and is therefore unsustainable in the long
run (Bouman et al., 1999b). For grass-legume mixtures, the soil N balance takes
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account of the additional input by the legume.
Table 2 gives an example of pasture input parameters and generated technical
coefficients for actual and technologically feasible alternatives in the Atlantic
Zone of Costa Rica.

Feed supplements

For commercial feed supplements, PASTOR converts data on feed characteristics
(ME, CP and P) as given in suppliers’ information into the same units as those
calculated for outputs of pastures. If fodder is produced on-farm, the complete

Table 2. Example characteristics of some pastures modelled by PASTOR on three soil types in
the Atlantic Zone of Costa Rica (Bouman & Nieuwenhuyse, 1999).
Variable
Alternative
Maximum attainable production (t ha -1 yr-1), on:
Fertile well-drained soil

Estrella

28
20
Infertile well-drained soil
Fertile poorly drained soil
11
Maximum/minimum energy content (MJ kg -1)
10.5/6.3
Maximum/minimum crude protein content (%)
12/6
Depreciation time (yr)
10
287
N fertilizer rate (fertile well-drained soil) (kg ha -1 yr-1)
0
N balance soil (fertile well-drained soil) (kg ha -1 yr-1)
525
Costs (US$ ha -1 yr-1)c
7.0
Total labour use (d ha -1 yr-1)
Actual pasturesd
Production (t ha -1 yr-1), on:
Fertile well-drained soil
Infertile well-drained soil
Fertile poorly-drained soil
Energy content (MJ kg -1)
Crude protein content (%)
Depreciation time (y)
N fertilizer (fertile well-drained soil) (kg ha-1 yr-1)
N balance soil (fertile, well-drained soil) (kg ha -1 yr-l)
Costs (US$ ha -1 yr-1)c
Total labour use (d ha -1 yr-1)
a I = input, O = calculated output (technical coefficient).
b

Type a

Grass type
pastures b

Bbrizan
35
25
–

Tanner
–
–

10.5/6.3
12/6
10
341
0
630
7.7

19
9.7/6.3
11/6
10
203
0
298
4.6

Natural

Bbrizan

GLe

15
12
15
8.8
10
100
0
–64
33
1.5

25
–
–
8.8
11
10
0
–102
62
2.4

20
13
–
8.8
11
10
0
0
54
3.7

I
I
I
I
I
I
O
O
O
O

I
I
I
I
I
I
O
O
O
O

The fertilizer level is 100% to reach maximum attainable yield at a stocking rate of 4.5 animal
units (AU) ha -1 (1 AU = liveweight of 400 kg).
c Based on mean 1994-96 prices.
d The stocking rate is 2 AU ha -1.
e Grass-legume mixture.
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land use type needs to be quantified either using the framework supplied by the
pasture routines of PASTOR or using specific calculation algorithms for the
fodder in question (e.g. Hengsdijk et al., 1998). The costs and labour use should
include the transport and distribution of the feed supplements within the cattle
production system.
Sustainability indicators
The sustainability parameters quantified in PASTOR relate to maintaining the
resource base and protecting the environment. The specific parameters developed
were derived from sustainability and environmental issues relevant in the two
case studies in Costa Rica in which PASTOR was developed (Bouman &
Nieuwenhuyse, 1999; Sáenz et al., 1999): change in soil N, P and K stock; soil
loss by erosion; pesticide use; pesticide index; emission of the trace and
greenhouse gases CO2, N2O and NO; N leaching loss; and N volatilization. The
resource base parameters were selected based on degradation processes currently
occurring at the test sites (see below), and the environmental impact parameters
reflect broad issues that the government of Costa Rica and other (inter-)national
stakeholders are concerned with (SEPSA, 1997).
Maintaining the soil resource base
The concept of maintaining the resource base is consistent with the first rule on
sustainable resource use as postulated by Pearce & Turner (1990): “utilize
renewable resources at rates less than or equal to the natural rate at which they
regenerate”. The soil depth and nutrient stock directly influence land productivity
and are, as such, key resources in agricultural production. Land use systems
losing soil or depleting the soil nutrient stock can be characterized as
unsustainable in the sense that their productivity decreases over time. Soil
nutrient mining and subsequent pasture degradation are currently common in
many pastures in Costa Rica (Hernández et al., 1995; ’t Mannetje, as quoted in
Jansen et al., 1997) and elsewhere in the humid tropics (Williams & Chartres,
1991; Thomas et al., 1992). The soil nutrient stock under pastures in terms of N,
P and K is calculated in PASTOR using the modified NUTMON model as
described in the previous section. Soil erosion can be substantial on steep slopes
in parts of Costa Rica, though the extent to which erosion is a severe problem is
not yet fully known (Vahrson, 1991). Soil loss is quantified using the universal
soil loss equation as developed by Wischmeier & Smith (1978).
Protecting the environment
The concept of protecting the environment is consistent with the second rule on
sustainability as put forward by Pearce & Turner (1990): “Keep waste flows to
the environment at or below the assimilative capacity of the environment”.
Different types of waste flows pose different threats to the environment. It has
long been recognized that pesticides may pose a threat to the ‘health’ of the
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ecosystem in general, and to that of humans in particular (Pingali & Roger,
1995). Two pesticide parameters are quantified in PASTOR: the total amount of
active ingredients used, and a so-called pesticide environmental impact index
(PEII) as developed by Jansen et al. (1995). Even though the first is relatively
easy to quantify and frequently used, it is not a particularly appropriate indicator
as active ingredients vary considerably in their environmental impact (Van der
Werf, 1996). The PEII takes into account not only active ingredients used but
also their degree of toxicity and their persistence in the environment:

where
n, a
m, b
A
AI
TOX
DUR

=
=
=
=
=
=

total and ath number of pesticide applications;
total number and b th type of active ingredient in pesticide;
amount of pesticide (kg active ingredient ha-1);
fraction active ingredient in pesticide;
indication of toxicity of active ingredient;
indication of duration of existence of active ingredient, taken as the
square root of the duration in days.

TOX for pesticides can be derived from the WHO (World Health Organization)
toxicity code (e.g., for Costa Rica: Castillo et al., 1997).
The conversion of tropical forests to pastures has often been associated with
increased emissions of the trace and greenhouse gases CO2, N 2O and NO
(Detwiler & Hall, 1988; Hecht, 1992; Keller et al., 1993). In PASTOR,
emissions of CO2 , N2O and NO from pastures are calculated using metamodels
derived from the simulation model DNDC (DeNitrification-Decomposition).
DNDC is an integrated one-dimensional model of field-level C and N dynamics
in soil-vegetation systems, with a strong focus on denitrification and N oxide
emissions (Li et al., 1992). Plant & Bouman (1999) used DNDC to simulate soil
organic carbon levels and N2O and NO emissions of pastures in the Atlantic
Zone of Costa Rica. Measured emission rates in the area were reproduced within
their standard error range. Simulated emission rates reached stable levels about
25 years after pasture establishment. Therefore, the N2O and NO emission rates
in the 25th year are used as sustainability measures in PASTOR. The main
contribution of pastures to atmospheric CO2 concentration stems from changes in
soil organic carbon when forest is converted into pasture (Veldkamp, 1993).
Therefore, the DNDC-simulated difference in soil organic carbon under forest
and under pasture 25 years after establishment is used as a CO2 emission measure
(Bouman et al., 1999c).
Volatilization of N via ammonia results in acid rain, and leached N is a
potential soil water pollutant (Jansen et al., 1995). Currently in PASTOR, values
for N volatilization and leaching are best-guess estimated fractions of total N
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inputs into the system.
Figure 4 gives some examples of simulated sustainability indicators as a
function of pasture biomass production (yield) in the Atlantic Zone of Costa
Rica.

Knowledge types

The calculation of technical coefficients in PASTOR makes pragmatic use of
various types of knowledge. Bouma (1997) presented a useful classification of
knowledge types: user expertise (Kl), expert knowledge (K2), generalized
holistic models (K3), complex holistic models (K4) and complex models for
parts of the system to be studied (K5). Conceptually, each type of knowledge can
be characterized by a plane of which one axis ranges from empirical to
mechanistic and one from qualitative to quantitative (Figure 5). In PASTOR, all
five K levels are used, and knowledge varies from empirical to deterministic. All
knowledge, however, is quantified. The decision on which type of knowledge to
use was guided by several factors, including required level of detail, availability
of (validated) models, faith in expert judgement and considerations of availability
of financial and human resources.
An example of the use of deterministic knowledge of the K5 type is the
calculation of cattle feed requirements. Detailed calculations are based on
available mathematical equations for maintenance, growth, lactation and
pregnancy requirements (NRC, 1989; 1996). These equations have been widely
tested in various ecosystems and specific calibration factors for various animal

Figure 4. Sustainability indicators
versus yield for a technologically
feasible alternative pasture in the
Atlantic Zone of Costa Rica
(fertilized Brachiaria brizantha ): (A)
pesticide environmental impact index,
PEII (¨ ) and the amount of N
leached, NLEA (à ); (B) the amount
of C emitted (positive values) or
sequestered (negative values) (¨ ),
and the emission of N2O-N,(à ).
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Figure 5. Diagram illustrating different types of knowledge. After Bouma (1997).

breeds are available. An example of the use of the K3 knowledge is the use of the
NUTMON model to calculate soil nutrient balances. Even though the NUTMON
model itself may be regarded as mechanistic, its input data in PASTOR vary
from empirical expert knowledge (K2) to data derived from deterministic process
models (K5). For instance, the input of N via deposition in rain is based on field
measurements, estimates for N leaching loss fractions are based on expert
knowledge, and the input of N via urine and manure is an output from the
detailed calculations used to quantify the N cycle in cattle systems (NRC, 1989;
1996). An example of the use of K2 empirical knowledge is the estimation of
maximum attainable production of pastures. After careful deliberation, the option
of using process-based crop growth models (Roetter et al., 1998a) was discarded
because insufficient field measurements were available for adequate calibration
of such models, and carrying out the necessary field experiments would be too
costly in terms of both time and money. Moreover, though crop models may
accurately predict potential production, they are much less apt in simulating
attainable production (Bouman et al., 1996), especially in the hot and humid
climate of the Atlantic Zone of Costa Rica. However, the combination of
available literature data, field measurements and empirical knowledge of various
pasture experts was judged to be sufficiently reliable to derive accurate K2-type
knowledge on attainable production. Forcing experts to quantify their knowledge
uses an important source of hidden information and makes this knowledge open
to debate and testing (Hengsdijk et al., 1999). A final example illustrates a
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situation where empirical expert knowledge (K2) was replaced by deterministic
knowledge (K5) in the evolution of PASTOR. In the early stages, expert-based
estimates of (de)nitrification losses of N were used as a proxy for the
quantification of emission of the greenhouse gases NO and N2O. Later, however,
work carried out in the Atlantic Zone of Costa Rica led to the calibration of the
detailed process model DNDC. This model was successfully linked to PASTOR
to quantify emission rates of NO and N2O, as well as emission/sequestration of
CO2, and to derive simple, though sufficiently accurate, metamodels (Plant &
Bouman, 1999).

Conclusions

PASTOR was developed to calculate technical coefficients for cattle breeding
and fattening systems in the Atlantic Zone of Costa Rica. Its structure, however,
is sufficiently generic to allow its use in other environments. By adapting the
input data files, and adding sub-routines to calculate site-relevant sustainability
indicators, PASTOR was successfully applied in a case study on the Pacific coast
of Costa Rica. The modules for calculating technical coefficients of herds also
allow the generation of milk-producing and dual-purpose herds. The calculation
procedures in PASTOR combine the descriptive approach to calculate technical
coefficients of actual systems (Jansen & Schipper, 1995) with the target-oriented
approach to calculate technical coefficients of technologically feasible
alternatives (Van Ittersum & Rabbinge, 1997).
The primary goal of PASTOR is to generate technical coefficients to feed
optimization models in land use analysis. As such, PASTOR has been
successfully applied in studies ranging from the field/farm scale (Bouman &
Nieuwenhuyse, 1999; Bouman et al., 1999b,c; Roebeling et al., 2000) to the
regional scale (Bouman et al., 1999a; Bessembinder et al., 2000; Sáenz et al.,
1999; Schipper et al., 2000). In addition to its primary role as a generator of input
data for land use models, PASTOR is a useful tool for decision support as well. It
has been used by extension officers of the Costa Rican Ministry of Agriculture
and Livestock to quantify trade-offs among socio-economic and environmental
indicators at the field level, and to explore the relative importance of inputs in
cattle systems through cost-benefit analysis. While cost-benefit analysis may
support decisions (e.g., for the efficient application of different inputs), the tradeoffs among different production objectives can be made explicit to identify new
options and to allow more balanced decision-making for new land use systems.
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Introduction

The Asian Development Bank (1997) reports that already 1-4% of national GDP
is lost in Asia due to environmental degradation. Further degradation threatens to
reduce the basis for self-sufficiency in agricultural products in Asia (Penning de
Vries, 1998). More than 50% of Asia’s land surface is sloping (by more than 8%)
and some countries have even a significantly larger fraction (Magrath &
Doolette, 1990). Hence, there is an urgent need for sustainable use and management of sloping land, and for practical knowledge on how to achieve this.
Resource-poor farmers in marginal areas need technologies that are highly
effective, so crucial inputs are required at maximum efficiency. Natural resources
in areas with marginal agricultural opportunities are generally spatially heterogeneous: with uneven topography, variable soil quality, and irregular water supply,
etc., particularly on sloping lands. To allow these areas to reach a high yet
sustainable level of productivity, site- and situation-specific management
(SSSM) is needed: site-specific because uniform application of inputs to heterogeneous land is inefficient, or even harmful; situation-specific because the socioeconomic conditions, such as land tenure, markets and labour prices, determine
to a large extent the success of interventions among resource-poor farmers.
Therefore, the development of currently marginal lands requires explicit attention
to SSSM. Different methods contribute to achieving sustainable land management (SLM):
• Using farmers’ knowledge of local conditions, opportunities and bottlenecks
to innovations (including ‘indigenous knowledge’) is a rapid and cost-effective way to obtain information for effective SSSM (Gandah et al., 1998). This
is called ‘participatory research’.
• Using ‘intelligent’ tractors with appropriate sensors that determine the optimum rate of fertilization for every part of a farmer’s field, and subsequently
apply those rates (Bouma, 1997), is called ‘precision agriculture’.
• Remote sensing by satellites to obtain site-specific information about land,
vegetation and water conditions, is helpful for coarse information from remote
203
R.P. Roetter et al. (eds): Systems research for optimizing future land use in South and Southeast Asia,
SysNet Research Paper Series No. 2 (2000), 203-215. IRRI, Los Baños, Philippines.

204
areas.
SLM is achieved when ( i) the use of the land is productive and ( ii) stable across
years, (iii) soil quality is maintained or improved, (iv ) the practices are economically viable to the farmers and other stakeholders, and ( v ) the technology is also
sociologically and culturally acceptable (Greenland et al., 1994, they urge
applying the framework evaluation of sustainable land management, FESLM).
The need for farmers’ insights and knowledge is particularly great for SLM,
because fine tuning is needed between the specific choices for components of a
technology and the site (soil, climate) and situation (socio-economic conditions),
information that is specific to the farm. The participatory approaches are tools to
identify more effectively the specifics of a site and situation, and to add indigenous knowledge to scientific knowledge. Indigenous knowledge sometimes
reveals constraints to the development of new systems that scientists overlook,
e.g., the importance of seasonal fires. On other occasions, it indicates the relative
weight of a known phenomenon at a specific location, such as the frequency of
damaging hail storms. Often, several SLM variables cannot be measured (either
because methods do not exist or because time, staff and funds are not available),
so stakeholder participation helps to amass local inputs and complements SLM
analysis based on scientific methods.
The International Board for Soil Research and Management (IBSRAM) leads
and carries out research on sustainable land management with national agricultural research and extension institutes (NARES) in developing countries through
collaborative networks. We focus on agriculturally marginal lands and sloping
lands in Asia, Africa and the Pacific Islands. Theoretical and practical experiences show that development of appropriate techniques (i.e., techniques that are
adopted widely) proceeds much faster by using indigenous knowledge, and their
dissemination is faster with the involvement of farmers. Hence, our networks use
participatory approaches extensively. Figure 1 shows how they are part of the
uptake path of IBSRAM’s products in the supply of knowledge (through farmer
participatory research), and in its dissemination (through NARES):
• Participatory research and research management with NARES, to expand their
capacity to deal with natural resource management (NRM) research and extension.
• Participatory adaptive research with farmers, to learn from them and to accelerate the identification of better technologies.
This paper analyses briefly the nature of these categories in participatory
approaches to consider our experiences and to draw conclusions for the future.
The relation of this paper to the SysNet-LUPAS (land use planning and analysis
system) methodology is outlined at the end.
Principles and experiences with participatory methods
The term ‘participatory approach’ is used for many activities. We like to

205
distinguish two groups of participatory approaches: participatory activities with
farmers (PAF) to produce better research results, and participatory activities with
research and extension officers (PARE) to build their capacity to deal with
natural resource management.

Farmers help scientists

PAF means inviting farmers or their representatives to help review constraints to
land use and bottlenecks to SLM, and to help design and test improved technologies and practices. Farmers are invited into the process mainly because they are
better ‘sensors’ of problems – they often know the sites in more detail, and are
better ‘integrators’ of signals than scientists or instruments. The involvement of
farmers (we prefer ‘stakeholders in land use’) is represented in Figure 1 (the line
between resource-poor farmers and IBSRAM). PAF helps to avoid technologies
that scientists consider to be ‘good’ not being accepted in practice because (i)
farming household needs were not sufficiently taken into account or (ii) the
advice to farmers was inadequately site- and situation-specific. (Farming households are also not uniform. PAF should be sensitive to the categories of farming
households needing different solutions.)

Figure 1. The uptake paths through which IBSRAM supplies practical land management
information to different users in developing countries, and the flows of scientific and indigenous
knowledge that it brings together. The bold arrows indicate information flow due to farmer
participatory activities (PAF). The open arrows indicate interaction in a participatory manner
with national organizations (PARE). ARIs are advanced research institutes participating in
international agricultural research. IARCs are international agricultural research centres, largely
CG centres.
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The participation of end users in the design of products has become quite common in the equipment and service industry (consumer surveys), and its value to
land management is no surprise. Yet, involving farmers as serious partners for
finding solutions is still relatively recent and not practised commonly. This
approach also matches the requirements for FESLM and SSSM:
• Sustainable land management requires attention to five dimensions: productivity, stability, conservation, economic viability and social acceptability
(Greenland et al., 1994).
• Site- and situation-specific farming emphasizes that resource-use efficiency is
maximized ecologically and economically when inputs are adjusted to the
local (m2, ha) situations in fields and on farms.
A major expansion of PAF use in agricultural research and development (R&D)
has emerged with on-farm trials (as opposed to on-station trials). Trials designed
with and managed by farmers tend to be more relevant. Yet, because of difficulties with interpreting results (see below), their use spreads slowly. Comparing
notes and expectations between farmers and scientists is thus a natural interaction. In our Asialand Sloping Lands (ASL/SL) network, for instance, alley width
was adjusted on a farmer’s recommendation and hedgerow species were replaced
in the Pacific (PFL) network on the suggestion of farmer-scientists. In both cases,
we noticed the more rapid spread of the newer system. In our latest network, the
Management of Soil Erosion Consortium (MSEC), we involved land users right
from the project design stage when indigenous knowledge on catchment management and insights into their constraints were elicited (Pongsapich & Leslie,
1997; Maglinao & Leslie, 1999). We expect that, as land management in many
catchments operated by MSEC improves, use of indigenous knowledge will have
helped the process significantly, as indigenous knowledge and scientific knowledge complement each other in the development of technologies.
A clear example of the need for farmers’ participation is the case of erosion
prevention and control of soil and nutrient loss. Two networks (in Asia, ASL/SL,
and in the Pacific, PFL) address land management to control erosion. They developed effective methods to stop erosion (hillside ditches, contour grass strips,
alley cropping, etc.). Target farmers generally recognize the loss of soil through
erosion, and appreciate the loss of future crop yield capacity, but erosion control
in itself is not a top priority, as the negative effects of erosion take many years to
accumulate. Moreover, farmers often cannot justify the extra labour, cost, and
inconveniences incurred when future advantages are still many years away. Indeed, we found that concerns about annual income, relative costs and labour
requirements are always pressing and must be addressed with the highest priority
from the beginning. Typically, farmers’ priorities and bottlenecks include one or
more of the following (IBSRAM, 1999b; Penning de Vries et al., 1998):
• Need for erosion-controlling crops that also bring cash (at the right time of the
year), with labour requirements that fit the household capacity.
• Need for methods that are still cheaper and less labour-demanding.
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• Need for tree seedlings and seeds of improved varieties.
• Need for information about a broader range of opportunities (e.g., on fertilizer
advice, economic potential of other varieties, market expectations).

• Need for funds at crucial stages (revolving funds, credit).

Our network responses included more practical alley dimensions (compatible
with other cultivation activities), contour crops that also contribute income and
fit better the farm labour calendar, more flexible trial designs (plus the knowledge transferred to farmers to use the flexibility to their advantage), advice on
use of fertilizer, better identification of target groups (including female-headed
households), etc. (Many of these responses are well-known from farming activities elsewhere, but can be new and innovative in a particular situation; this goes
somewhat against the common trend of demanding ‘revolutions’.)
Three examples help to illustrate the benefits of PAF.
1. In 1997 in the Thai province of Loei, farmers started to use land conservation
technologies developed in the ASL/SL network after a training workshop on
modern methods in conservation farming. They modified the recommended
choice of hedgerow species, and tried the technology on parts of their land;
this appeared to achieve both conservation and production. No subsidy of any
type was involved. Now, the Loei farmers demonstrate to others what to try
and how to do it. The ASL/SL network has learned that varieties to be
recommended should be more carefully selected.
(The course was developed by the Department of Agricultural Extension
(DOAE), with expert input from IBSRAM (on conservation technologies) and
Khon Kaen University (KKU, on farming systems research). The success in
Loei encouraged the DOAE to extend the workshop to many more provinces
and districts in 1998. IBSRAM, KKU and the Department of Agriculture are
now preparing a project to extend conservation farming to several more
provinces and to reach millions of farmers.)
2. Small cooperatives of farmers in Malaysia, associated with the ASL/SL network, created a revolving fund: ‘. . . the idea of having a revolving fund for the
continued use of soil-conservation technologies is now a workable arrangement. This has brought a stronger sense of responsibility to the farmers in
managing the alleys between the rubber rows considering that the alley crops
of pineapple and bananas, being medium-term crops, need a longer time and
care before they bear fruit and provide income. The idea of ploughing back a
portion of the expected income from the sales of the intercrops into a central
pool resulted from a series of discussions in the field. The idea is to have a
contingency fund to support any form of input to maintain the crops.’
(Maglinao, 1998).
3. Small farming communities in Indonesia participated in ASL/SL on-farm
trials. ‘Realizing that without fertilizers, the corn would grow poorly, every
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attempt was made to obtain fertilizers. The group decided that the farmers
should get fertilizers through their own efforts and a cooperative system was
considered a good solution. All project farmers agreed and they collected
membership fees for the ‘Kemitraan Simpaan Pinjam’ that was formed as a
savings and loan co-operative system. Because the accumulated fund was not
adequate, the project provided loans to cover the difference so the farmers
could buy the fertilizers under the condition that they would repay their loan
after the harvest. By the end of December 1996, all their loans had been repaid
and the cooperative’s funds had doubled from the original amount.’
(Maglinao, 1998; IBSRAM, 1999b). IBSRAM is currently advocating this
form of farmer cooperation as a means to overcome lack of credit.
Why does PAF need to be promoted more in developing countries than it was in
Western agriculture? In our view, this is in relationship to the high rate of land
degradation, the small size of NARES and our desire to reduce rural poverty
faster. Farmers’ participation accelerates technology development, but is not
inherently better than research-driven technology development. PAF can be
skipped when a sufficiently large basket of relevant options has already been presented to farmers, and if they possess the information needed for selection. In
other words, PAF is not needed when ample and effective research, development
and extension have occurred. This has been the case in Western countries with
much R&D, but not in countries with much smaller budgets and numbers of staff.
Greater efficacy with smaller R&D support can be achieved through participatory
approaches that help to focus faster and better on, and solve, the real bottlenecks.
Yet, this realization is relatively new. Only a decade ago, farmers were almost
always at the end of the technology development process, and were receivers of
research results.
Limits to participatory research with farmers
While PAF has unique advantages and should be promoted, we must remain
aware of its inherent limitations. Rhoades (1998), while in general a strong
supporter of participatory methods, warns that we should not expect too much.
There are different limitations:
1. Participatory research is a partial and subjective method, as sampling of ideas
and a few persons is always imperfect, socio-cultural conditions may change
rapidly (rendering results volatile) and analyses can be strongly biased. Analysing results from PAF requires a good scientific mind and a large dose of
common sense.
2. Using results from PAF through common scientific techniques is frequently
difficult or even impossible. For the biophysical aspects of trials, some important difficulties are
- There are few repetitions, if any;
- Processes are difficult to monitor and are commonly monitored only once a

209
year;
- It is difficult to install and maintain equipment;
- Management of trials is difficult to control or even to monitor;
- Farmers often do not see the value of a ‘control treatment’, and change
treatments intuitively.
It is therefore necessary to carry out the participatory research with a sound
scientific background so that one-time observations can be processed in scientific minds and results still have value in later years, in other places and in
different economic conditions. Otherwise, insights obtained are of local value
only, without any generic merit. It is a major challenge to science to define a
minimum data set from on-farm trials for extrapolation of SLM technologies.
For socio-economic variables, this is even more difficult as methods to measure and observe cannot give precise answers, and theories are not always welldeveloped. The socio-economic aspects of some farming households may not
be representative and variable, while community-level indicators of bottlenecks or (potential) impacts have received little attention.
In summary, there is a dichotomy between the need for rigour and the narrow
basis of data often available. This is already stretching scientific integrity to the
limit. With the constant pressure to perform analyses faster and cheaper, there is
a clear danger of participatory research degenerating into mere ad hoc, sitespecific data collection without a broader value.

Participatory approaches in capacity building in NARES

NARES and non-governmental organizations (NGOs) are responsible for
approaching land users and policymakers in their own countries. A role of
IBSRAM, and other international agricultural research centres, is to enhance their
capacity for research and research management, and to supply information to
decision-makers and change socio-economic conditions (Figure 1). Enhancing
this capacity requires a participatory approach to research and extension (PARE).
IBSRAM has done this in networks since 1985, with 34 institutions and 187
national staff in 18 countries. This implies classroom and on-the-job training in
on-station and on-farm research and research management, annual meetings with
collaborators to discuss progress and planning, and encouraging international
exchange. IBSRAM does not have its own field or laboratory facilities, as all
fieldwork occurs with and through NARES.
Networks exist ideally for around 10 years, and pass through the phases of
development and training, production of results at the institutional and technology level, and preparation of dissemination via extension and NGOs. Each
network has a steering committee (SC), typically consisting of one member per
participating country, and has in its terms of reference to oversee the operational
part of the network. Current networks of IBSRAM – the Asialand Sloping Lands
network (ASL/SL, 7 countries), Pacific Land network (PFL, 6 countries),
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Asialand Acid Soils network (ASL/AS, 4 countries) and the Management of Soil
Erosion Consortium (MSEC, 9 countries) — are described elsewhere (IBSRAM,
1998). The framework in which they operate is presented in the Medium Term
Plan (IBSRAM, 1999a).
In a survey of the impact of IBSRAM’s activities since 1985, the participatory
network mode of operation appeared to be highly appreciated by our partners and
their supervisors (IBSRAM, 1996). The outputs of the network mode of R&D,
and more importantly their impact, were recently reviewed (Maglinao, 1998).
Some of his conclusions are presented in Table 1. Since many organizations are
active in NRM and involved with NARES, it is inevitable that impacts are the
result of the outputs of many organizations, and cannot be attributed to any single
organization. With respect to the impacts mentioned, the following concrete
examples can be cited from this report:
• “... the Philippine collaboration with IBSRAM and SANREM projects on
natural resources management has provided rich insights for infusing constructive improvements in the Philippine agriculture and resources research
and development system through PCARRD (Philippine Centre for Agricultural
Research and Rural Development, Los Baños) and its research network ....
Among the impacts identified are the following: ( i) rationalized review of
R&D proposals; (ii) balancing of commodity approach with the institutionalization of environmental concerns in research; (iii) input to PCARRD’s
Medium Term Plan; (iv ) improved operationalization of the consortia
approach; ( v ) establishment of indicators of sustainability.”
• “IBSRAM’s activities have provided the NARES with the confidence to question external SLM options (that may be deemed inappropriate by farmers for
any number of reasons) and offer appropriate alternatives (usually offering
short- and medium-term cash flows or providing food) under both research
and on-farm environments. They also increase the awareness of the NARES
on the need for flexibility when guiding farmers towards SLM, given an often
dynamic and volatile on-farm environment.”
• “Probably because of gained experience and improved capability, a number of
IBSRAM collaborators have been given greater responsibility and even the
opportunity to provide inputs and give advice in national policy making.”
• “IBSRAM has opened the door for a wider and more active participation of
the NARES in regional and global activities related to SLM. They now have
better opportunities to attend regional and international meetings that provide
additional exposure to new developments. The NARES have thus become
more active partners in determining the direction of R&D on soil and water
resources.”
A recent survey of contacts of the national partners in one network (ASL/SL) to
non-network institutes, a prerequisite for ‘impact’, indicated that on average 10
different national research, extension and policy organizations are now in regular
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contact with each national network partner.
Even though dealing with NARES has been on a participatory basis from the
beginning, their (and IBSRAM’s) dealing with farmers was not participatory
initially. Research occurred ‘on-station’, and farmers were shown the results.
Although they participated eagerly in field days, this did not lead to spontaneous
adoption of improved soil management techniques. This observation and the
awareness (Greenland et al., 1994) that SLM requires broader attention than soil
management per se led us to implement PAF in our networks, beginning with
ASL/SL. Training of NARES to involve PAF started in 1996, and already more
than 17 countries in Asia, Africa and the Pacific participate. The course provided
a basis for a training manual (Bechstedt, 1999). Most of the network research
now occurs ‘on-farm’. Although some NARES are now also capable of carrying
out PAF, we continue to reinforce capacity in three ways:
• By reaching out to more countries: special effort will be devoted towards
NARES and NGOs that are still ineffective in reaching farmers.
• By research on how to overcome institutional and policy barriers to participatory approaches in some situations.
• By designing simple yet effective participatory approaches for small communities with different stakeholders, such as catchments with upland and
downstream land users.

Table 1. Impact of 12 years of participatory approaches with NARES on capacity building, the
research community and farmers (from Maglinao, 1998).
OUTPUTS

IMPACT

- Improved capacity of the NARES (upgraded
research facilities, trained manpower, quality
assurance)
- Modem methodologies and diagnostic tools
(participatory paradigm, consortium approach,
DSS, GIS)
- Relevant concepts and models (framework
evaluation sustainable soil management; soil
water and nutrient management (CG systemwide initiative), resource management
domain)
- Linkages and collaboration (with the NARES,
IARCs, ARIs, and donors)
- Appropriate technologies and practices
(contour hedgerows, management of Vertisols,
organic-matter management in acid soils, etc.)
- Publications and other information materials
(annual reports, network documents, workshop
proceedings, global databases, etc.)

Impact on NARES
- Reorientation of research priorities and
funding allocation
- Integration of SLM in national policies
and guidelines
- Narrowing the gap between research,
extension and farming community
- More opportunities for participation in
regional and global research
Impact on farmers
- Increased adoption of SLM
technologies
- More farmer initiatives to sustain
adoption of technologies
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Participatory approaches imply that part of the responsibility for choosing
directions and activities lies with NARES. We make this explicit by recognizing
the role of the network steering committees as such. It should be noted, though,
that donors of projects do not always fully appreciate the shared responsibility.

Limits to participatory approaches

It is worthwhile remembering that some problems are not solved by better communication alone, and participatory work may not be sufficient to achieve the
adoption of improved methods. Land users may not be able to do what they want
because economic, legal or institutional conditions may not be met due to the
absence of markets and (micro)credit, prices that do not express the cost of
maintaining a healthy environment in the price of farm products, land tenure, or a
conducive and enforced legal structure. Garrity et al. (1998) noted that extensive
activities to promote sustainable land management in Mindanao, Philippines,
were not rewarded with much success until the national government adopted a
decentralized approach to environmental protection, and provided every village
with some financial means. In the area described by Garrity, these funds were
used to set up common tree nurseries, and SLM suddenly started spreading
rapidly. The bottleneck then was shortage of communal funds, even though he
believes that participatory activities laid a basis for effective use of the funds.
Governments should step up support to resource-poor farmers either directly
(paying farmers for keeping their land in good condition and without polluting
the environment, as done in Europe and the United States) or indirectly (by permitting farmers to include environmental concerns in the price of their products).
Such actions do not necessarily mean subsidies, although these need not be ruled
out when it is for the ultimate benefit of the environment (Rey et al., 1996).
Subsidies may be considered for transition periods, particularly when the initial
investments in land to achieve SLM may be high.
The activities of a large number of private companies play an indirect role in
land management: agro-chemical factories in the first place because of their
supply of fertilizer and crop protection agents, that, if overused or wrongly timed
(quite common), lead to damage. The participation of the private sector in the
process of reducing pressure on the environment is therefore crucial, for instance,
through distribution of information on the proper use of agro-chemicals (through
NARES, NGOs, their outlets and retail organizations), by promoting healthy
materials and methods, and by supporting research on methods and materials that
have a less detrimental effect on the environment.

Relation between participatory approaches and SysNet-LUPAS
methodology

Farmers make decisions about land management of a short- to medium-term
nature, whereas policymakers make medium- to long-term decisions. They do
this also with different sets of information and different objectives. Medium- to
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long-term plans and targets selected by the local or national government, whether
based on LUPAS (Roetter et al., this volume; Hoanh et al., 1998), scenario
analyses or any other method aiming at regional-scale analysis, have little direct
impact on farmers. Farmers will respond to how these plans are translated into
better markets, better credit systems, improved information, etc. (Figure 2).
When LUPAS is applied to whole provinces and states, land units are largely on
the order of 1 to 10 km2, meaning that there is still much variability in site- and
situation-specific conditions. In addition, every farm household has a different
set of resources in terms of land, water, equipment and labour, capital and education. Farmers therefore still have the challenge of making many right decisions.
The better the government planning and the better the translation of this into
improved socio-economic conditions, the faster farmers see returns for their
investments. Participatory research is an effective component of developing for,
and delivering to, farmers appropriate land management information under
current conditions. In this manner, farmer participatory approaches complement
and can support the implementation of development plans such as those based on

Figure 2. The source of information on which particular farmers make their choices. The
diagram indicates how LUPAS and participatory approaches are complementary.
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LUPAS analyses for medium- to long-term agricultural planning at the regional
scale. This will be even more the case in the future, when the SysNet-LUPAS
methodology will be further advanced to solve conflicts between different decision levels (province, municipality, farm) and will take into account the
development pathway from current to future sustainable land use and production
systems (Roetter & Hoanh, this volume).
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Introduction
TropRice - what it is - what it isn't

TropRice is an information system of best-bet practices designed to provide
practical field-level guides for rice crop management in the tropics. TropRice is
aimed at intermediary technology transfer agents. TropRice is not a single system
for the world. The system has been designed in modular form to address specific
problems in target areas. The technical content has come from a range of IRRI
scientists and other sources. Some modules provide relatively site-neutral
recommendations (e.g., seed quality management, land levelling), while others
are developed specifically for the target area. In general, TropRice aims to provide simple distilled practical messages, and thus is more a decision support tool
than a decision support system. TropRice is meant as a template that will be
modified for different environments. The initial system was aimed at irrigated
rice in a Los Baños-type environment. As improved systems on component technologies become available, they will replace or be linked to the system.
Collaborators will modify TropRice further for their different environments.
TropRice is written in hypertext mark-up languages (HTML) so that only
basic computer skills would be required to write or modify the program.
TropRice is a project under development and as such its content and list of
contributors is growing. The initial project strategy has been to
• Identify the target zone,
• Identify the primary problems,
• Identify recommendations for the key problems,
• Develop and combine modules to address key limitations, and
• Include information in different formats (e.g., brochure and poster information, and radio dialogue).
Why an information system anyway? The problems of information and technology dissemination in Asia
The initial hypothesis is that
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“The lack of access to knowledge on management options is limiting rice
production and profitability in Asia.”
Access to agricultural technology is the key to increasing agricultural
productivity, promoting food security and eradicating poverty (IFAD, 1995). Unfortunately, the traditional extension systems charged with delivering
information and technologies have all too often failed to meet their objectives
(Garforth & Lawrence, 1999; cited in New Agriculturalist; Adhikarya, 1994). A
typical example is insect management. While insecticides are generally available,
knowledge on appropriate application (e.g., whether to spray or not) is typically
not available (Escalada et al., 1999). Escalada and colleagues showed that
farmers responded to their perceptions and not necessarily to the reality of their
crop needs. So, although knowledge on improved practices existed, farmers were
not aware of these. The extent of this problem was reinforced during three openhouse consultations held at IRRI during 1999. At all three meetings (involving
more than 200 representatives of public, private and non-government
organizations (NGO) sectors), farmer access to knowledge was identified as a
major limitation to increasing farmers’ livelihoods. The problem is not whether
the knowledge exists, but rather moving the knowledge from the research
‘knowledge’ centres to the farmers1 .
The problem can be represented by picturing knowledge as being held at
various knowledge supermarkets (i.e., the research institutions) throughout the
region. Potential clients surround these supermarkets, but either the institute
doors are closed to the public, or the customers can’t get to the supermarket. As
one NGO chief executive officer stated: “Researchers have a full reservoir of
scientific knowledge, but the knowledge is trying to flow to the farmers through
old, small rusty pipes. The message simply can’t get through as needed.” Besides
the typical inadequacy of most extension systems, the process of communicating
knowledge in and of itself is extremely complex - especially in Asia, due to
socio-economic conditions. For example, multiple factors limit communication
and adoption:
• The large number of farmers
• Farmer education and beliefs
• Language and cultural diversity
• Access to resources and credit
• Limited communication channels, including
- Mass media: radio, television
- Written: magazines, calendars, posters
- Other: telephone
- Poor infrastructure
• Limited access to extension systems, consultants, universities, etc.
1 This assumes of course that these centres are conducting relevant R&D. Although relevant research is a
topic of extreme importance, it is beyond the scope of this paper.
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•
•

Under-funded and under-trained extension systems
Limited private sector development.

Considering the number of farmer clients alone is daunting. For example, a comparison between the United States and Asia indicates that, to cover the same area
as an extension officer in the U.S., an extension officer in Asia would have to
talk to around 140 more farmers (IRRI, 1995). This number surpasses 200 when
compared with Australian conditions.
Given this setting, it has become more and more apparent that, if research
institutes are to have their findings reach farmers, they need to find new ways of
disseminating the knowledge. Communication with farmers will involve two
factors (i) who will do the communicating, and ( ii) how the knowledge will be
presented. The ‘who’ can include work with non-traditional partners to build
multi-sectoral partnerships. The potential partners in the chain include farmers,
co-operatives and national and international bodies such as government R&D
and extension groups, policy groups, NGOs, distributors & manufacturers,
financial institutes, marketing, and import/export companies. Each of these players has its own strengths and weaknesses. For example, many NGOs excel at
grass-roots-level community development, but may lack the technical expertise
required to understand and offer farmers management options. How to efficiently
establish these partnerships and provide these agents of change with tools to help
farmers identify improved options is the objective of a new IRRI project. While
the project involves many aspects (e.g., zone identification, partner identification,
problem and opportunity analysis, training, etc.), it also includes work on the
‘how’ – i.e., how to package the knowledge. It is in this respect that the use of
emerging information technology (IT) tools seems to offer some promising options. In the use of these IT tools, the key considerations become
• Target groups – who should they be? We have identified the intermediary
groups.
• Format and complexity – how best to communicate and package the message?
• Availability – how will the final target groups best access the information?
This is the role of the intermediaries.
The application of IT has to be framed around the practicalities of knowledge
transfer. For example, the most obvious point behind communicating technologies is that farmers have to be aware of an option to even consider testing it.
At a roundtable held at IRRI in 1999 on the use of IT for knowledge transfer, a
private sector representative presented knowledge dissemination as consisting of:
“see it, try it, adopt it”. A major component of the ‘seeing it’ is, if they see it, will
they understand it? There must be mechanisms for feedback and clarification.
The process should not be top-down, but interactive, from problem identification
through to the adoption phase.
We mention, too, the following technology characteristics that will be essential to any recommendation put into an information system (from Rogers, 1995).
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A technology needs to
• Show relative advantage ($) — is it obviously profitable?
• Be compatible — does it fit with the present system and is it socially
acceptable?
• Be understandable — the complexity or ease of being understood affects adoption.
• Be testable — can it be tested on a small scale?
• Be low-risk.
• Be observable — will the impact of the change be obvious?
• Protect the resource base and be environmentally sound.
These factors are important — simply telling a farmer is not enough. Why should
a farmer believe anyone just because they say it is so? It is not the other person’s
money on the line. Farmers need to be able to test and see the results before
committing further.
For this paper, we will focus on the ‘how’ in relation to format and complexity
of knowledge in relation to one of IRRI’s efforts to develop a field-level information system, TropRice. The objective of the TropRice project was to (i)
identify an appropriate information system structure, ( ii) draft a prototype
system, and (iii) ensure evaluation from an early stage.

Material and methods
The project was structured into the following development steps:
1. Discussion and planning on an appropriate format and information system
structure with potential stakeholders. Literature review and visits with people
dealing with practical crop management systems.
2. Identification of target zones and analysis of primary problems and solutions.
3. Documentation of best-bet rice crop management practices — drawing on a
range of sources including recommendations from individual IRRI scientists
based on their research as well as from the literature (e.g., NSW Agriculture,
1994).
4. Software development: conversion from hard copy to computer form (using
HTML).
5. Evaluation and pre-testing — including a roundtable discussion — a discussion
and pre-testing of the system by potential users; 21 people representing public,
NGO, private sectors and farmers participated in the workshop.
6. Continued evaluation and development.
The budget for this project has been extremely modest, involving three Canadian
intern students — two working on the software shell, with the third arranging the
roundtable workshop.
Pre-testing
After initial development of a few draft modules, the software was demonstrated
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to the executive committee of the Philippine Council for Agricultural Research
and Rural Development (PCARRD) during early 1999. During this time, the
software was also pre-tested by the IRRI experiment station staff to identify
management options and for commercial-scale production by two groups during
the 1999 dry season (both groups had no prior experience in growing rice). The
system was also pre-screened by 38 people. Firstly, 21 people (representing
public, NGO, private sectors and farmer groups) met in a roundtable to discuss
IT options for improving communication of technologies through intermediaries
to farmers (in February 1999) and had hands-on pre-testing of the draft system.
In May, 15 ‘Modem Rice Farming Course’ participants, representing
organizations involved in dissemination of practical farming practices, evaluated
the product.

Results and discussion
Identifying an appropriate information system structure

When the project began, the first step was to identify existing field-level recommendation systems. A brief search of the literature suggested that, while crop
modelling and simulation have received considerable attention in rice research,
only three systems were found to be in use, with the CABI system being released
after the project began (Tables 1 and 2).
The focus on an HTML and CD system was supported by results of the International Development Research Centre (IDRC), that has used CD-ROM-based
information dissemination strategies, in Africa, reportedly with great success (J.
Voss, personal communication, 1999). We believe this success could be
replicated at IRRI for the following reasons:

Table 1. Number of references found for ‘rice’ and various keywords in the IRRI library
database.
Keywords: ‘Rice’ &
Models

Number of references
1,194

Simulation

899

Information

427

Expert systems

42

Expert system

38

Decision support

22

Computer aided learning

13

Decision support systems

9

SysNet

8

Information tool (GIS)

5

(Computer/media)-assisted learning

3

Decision support tools

1
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Table 2. Rice-based decision support systems currently in use.
System

Target
environment

System objective

Reference

CABI compendium

Worldwide

Pest management

CALEX/Rice

California, USA

Whole crop management

Real et al. (1994)

DD50

Arkansas, USA

Whole crop management

Helms (1996)

MaNage

Australia, USA

Nitrogen management

Williams et al. (1994)

• Very low cost access to information through use of HTML-packaged information on Web site plus CD-ROM.
• Simple format, navigation and structure of HTML packages, including oneclick printing of majority of information pages, make use simple.
To help focus early efforts:
• Richard Plant of the University of California, Davis, California, and co-creator
of CALEX/Rice was invited to visit IRRI,
• Discussions were made with staff at the University of Arkansas about DD50,
and
• Discussions were held with Rob Williams at Yanco, Australia, about
‘MaNage’.
The visit of Dr. Plant markedly changed our original ideas as he highlighted the
need to reduce both the complexity and the time required to use and maintain the
system. From these discussions, we defined our primary system considerations to
be simplicity and continuity (i.e., develop a system that will have minimal
upkeep costs. Again, simplicity in format and computer language will reduce
costs and enhance the likelihood of continuity with any changes in staff).
It was concluded that mega-systems often tended to be complex and expensive
to maintain. Thus, we decided to develop targeted systems: identify key problems
and build a simple system around these by using a modular approach. The
modules to include would depend on farmer surveys and the major problems and
opportunities facing farmers. Thus, only the modules of primary interest and
relevance for that region would be the priority inclusions.
Subsequently, these initial lessons were combined with those of other
researchers at IRRI in the development of decision support tools (Table 3).

Prototype system drafts

The project started with development of a system for the conditions of the IRRI
experiment station. The modules developed include some that are highly sitespecific, while others can be considered more site-neutral (Table 4).
To demonstrate the approach to flexibility and problem focus, a draft system
was developed for northeast Thailand. Based on the problems identified in the
target area, a prototype system was developed specifically for those conditions.
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Table 3. Lessons learned in developing decision support tools.
Researcher

Comments

Achim Dobermann

• Keep the amount of input data required as small as possible.

& Christian Witt

• Keep the system itself as flexible as possible – i.e., cater for missing data.
• Give users reasonable default values (for their conditions) – users seem to be
afraid to enter a ‘wrong’ value.
• Want a generic system that can give site-specific recommendations. Users do
not appreciate a very general system – IRRI is interested in all of Asia, but
users are only interested in their specific regions. The more specific a system
is for their conditions, the better.
• For a generic system, need quick indicators to narrow system to the one of
interest to the user.

Reimund Roetter

• Revise and refine – iterations – present the DSS a to users, and continue to
refine based on their new ideas for improvement.
• Involve users of the DSS as soon as possible – i.e., from the beginning.
• Need clearly defined sound underlying concepts.
• Need good documentation.
• Present prototype models to other experts from the early stages.

Mark Bell

• Focus – do not try to solve all problems at once – choose your target very
well (recommendation from Richard Plant).
• Simplify, simplify, simplify – users will decide if a system is worth the bother
of using based on the balance among ease of use, time required and expected
benefit.
• At times you will have to give generalized or specific recommendations – do
this, even though it is typically frowned upon.

a

DSS = decision support system.

Table 4. Existing modules and their relative site-specificity.
Module

Site-specificity

Land preparation

Low to high

Land levelling

Low to moderate

Crop establishment

Low to moderate

IRRI rice varieties

High

Management timetable

High

Insect management

Low to moderate

Nutrient management

Calendar-based recommendations are highly site-specific, while other
portions involving leaf colour chart, etc., are moderate

Weed management

Low to moderate

Disease management

Low to moderate

Post-production

Low to moderate

Seed quality

Low to moderate

Economics

Low
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For that system, the traditional variety is considered fixed, whereas water management, nutrient and weed management, seed health and harvest moisture are
key constraints. For that environment, therefore, the draft system included
modules on land levelling, nutrient and weed management and seed health.

Evaluation

The members of the PCARRD executive committee were sufficiently impressed
that they requested that TropRice be part of their AGRINET system — a nationwide computer network aimed at bringing improved technologies to farmers. We
believed that the system required more testing before moving to such a national
scale, although some components could be included.

Roundtable feedback

The roundtable participants agreed that major gains in rice production could be
achieved through adoption of knowledge-intensive practices. They confirmed
their belief that access to this knowledge, however, is a major limitation in helping farmers improve their livelihoods through increased productivity. (This has
also been affirmed by other groups, including representatives from all sectors of
the Philippine rice sector, participants in the ‘Modern Rice Farming Course’, and
panellists at another IRRI IT roundtable workshop that included representatives
of Thailand’s Department of Agriculture, IDRC.)
At the roundtable discussion in February, participants were very positive about
TropRice and the potential contribution it could make. The major request was for
the inclusion of an economics section and a section to highlight the principles
involved for each management practice — both have been subsequently incorporated. The group stressed that the appropriate form of knowledge packaging
depends on where you are in the transfer scheme (Figure 1) and stressed that
TropRice was appropriate for technology transfer intermediaries with some
training.

Modern farming course participants’ feedback

The course had participants from 12 countries throughout Asia. These participants were all people involved in working with farmers to help them improve
their practices and livelihoods. The feedback was unanimously positive and indeed participants were surprised that computer technology was being brought
into rice farming. Specific comments included (i) ‘great tool, concise, novel to
have simple recommendations, very needed’, ( ii ) ‘wealth of information, easy to
follow’.

Initial field-testing of the system
Some comments from those involved in pre-testing (Razote & Bell, 1999) of
TropRice in the field were: the computer version is comprehensive and gives a
lot of options to the user. It contains relevant and critical information that would
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Figure 1. Summary of information flow and options for reaching farmers with knowledge of
management options.

help the user in properly managing the crop. The format is user-friendly: it
enables the user to find relevant topics easily. Specific suggestions were made for
improvement, involving conversion of kg of nutrients to bags of fertilizer and the
inclusion of pictures of rice with nutrient deficiencies and pests. These have
subsequently been included for insects, diseases and weeds.

Next steps and conclusions

There is widespread acceptance that the lack of access to knowledge is limiting
farmer’s profitability. A highly plausible solution is the packaging of knowledgeintensive rice production methods onto a simple-to-use CD-ROM which will be
distributed to technology transfer intermediaries in NARS, NGOs, government
extension, etc. — most of whom have access to a computer with CD-ROM drive.
TropRice was developed to use new IT options as a response to the knowledge
gap. Though initial feedback has been very promising, TropRice, that has been
published on the IRRI Web site (http://www.cgiar.org/irri), needs wider testing
with user feedback. PhilRice (the Philippine Rice Research Institute) and
institutes in both India and China have asked to be a part of the localizing and
evaluation process. They will review the structure, style and content of the system. Eventually, text for PDF brochures, posters and radio format should be
developed. Videos on key technologies could also be included.
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Introduction
The Internet is a popular and effective medium for information exchange.
Various organizations are making data, maps and decision support systems
(DSS) available via the World Wide Web (WWW) to improve information
access and reach a wider range of users. Among the decision support tools
currently available via the Internet are
• The WATERSHEDSS is a DSS for non-point source pollution control
maintained by North Carolina State University, USA (http:/h2osparc.wq.
ncsu.edu).
• NRM Tools is a Web-based DSS for exploring issues and options in integrated
natural resource management maintained by the Central Highlands Regional
Resource Use Project of CSIRO, Australia (http://chris.tag.csiro.au/chrmp).
• Merlin Online (Maryland's Environmental Resources and Land Information
Network) makes use of a map browser to view spatial information (e.g.,
protected land) for the state of Maryland (http://www.mdmerlin.net).
SysNet has developed methods and tools for exploring land use options at the
regional scale. To have a large impact, these tools should get into the hands of
the people who need them. Costs should be kept at a minimum and, at the same
time, more direct access to the SysNet LUPAS (land use planning and analysis
system) models for a greater number of decision makers should be provided. The
Internet or — if data are too delicate to be published — an intranet is an ideal
option for meeting this goal.
User interface
User input: On the Web site, the user is guided through a form sheet which
he/she compiles according to the planning goals for the area of interest. Those
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data are submitted as an input to the model. Additional input data for the model
are extracted from the GIS (geographic information systems) data for the area of
interest.
Results: Depending on the time necessary to run the model, the results can be
presented straightaway on the Web site or written into a hypertext mark-up
language (HTML) file and delivered by e-mail. The data output presents the
results in both tabular and map format.

General requirements
Data storage: The model and its data need to have a direct and continuous
connection to a Web server, much like a Web site and its image files. For a pilot
phase, this should be located at IRRI and, eventually, every national partner
would run its own data on its own Web server.
Link Web site to model: Data submitted by the user must be fed into the model
and a model run is executed.
Link model to GIS: Modelling results must be submitted to the GIS and a map is
then created.
Link GIS to Web site: As this is generally a vector map, it has to be converted
into a raster format compatible to a Web browser.
Restrictions: Depending on the size of the area of interest, the display of the
resulting map on a Web site at the necessary resolution may be insufficient, or
the resulting image file might be too large to be transferred as an e-mail
attachment. In this case, an Internet MapServer should be employed.

Internet Mapserver

An Internet MapServer provides a link between a GIS database and the Web. It
allows viewing access to the map and data stored in the Internet server. Functions
include showing or hiding layers, zooming and panning. This provides optimal
flexibility for the user. For large maps that cannot be displayed as a whole on the
computer screen at a suitable resolution, the zoom and pan functions are
valuable.
Through Internet Map Servers, attribute information can be viewed from the
vector data or from an external database. In the case of SysNet data, the model
results will update a database table which is linked to a polygon vector object of
land units. The Internet Mapserver will access the updated map, transform the
user-defined area of interest into an Internet raster and send it to the user’s Web
site.

Integrating economics with biophysics in exploratory land use
studies
B.A.M. Bouman1
1

International Rice Research Institute, P.O. Box 3127, Makati Central Post
Office (MCPO), 1271 Makati City, Philippines
E-mail: b.bouman@cgiar.org

Over the years, a common methodology for exploratory land use studies has
evolved using optimization techniques, technical coefficient generators and geographic information systems (GIS) (this volume; Bouman et al ., 2000). Mostly,
these studies focus on exploring bio-physical outer boundaries of rural
development potential and quantifying trade-offs between economic and biophysical sustainability concerns. Outer boundaries for production are determined
by bio-physical constraints such as weather, land/soil and crop characteristics,
and availability of land. Prices of inputs and outputs are kept constant and are
assumed to hold in the future. Labour is often considered in unlimited supply, or
to be freely extractable from the available labour pool in the study area. The
results of optimizations under such a setup clearly show what is bio-physically
possible and what trade-offs exist between various goals. An example is given
for an exploration of land use options in the northern Atlantic Zone of Costa Rica
in the column ‘No markets’ of Table 1, where land use was optimized by
maximizing regional economic surplus. Compared to current socio-economic
indicators, total economic surplus can be increased 25-fold and regional
agricultural employment 2.5-fold.
An interesting next step in land use analysis is to investigate how these outer
boundaries are limited by socio-economic conditions, especially product and
labour market conditions. Take the example of the relationship between volume
and price of a product. In explorative land use analyses as discussed above, it is
often found that most of the available land is put under a limited number of
crops. For instance, in Table 1, 99% of the area is put under pineapples and
plantain, whereas currently these two crops occupy no more than 2% of the agricultural land area. Due to market constraints, this calculated ‘optimum’ land use
distribution is not likely to happen: the large quantity of produce coming from
this limited number of crops can be expected to have a depressing effect on their
prices, thereby making these land use types relatively less attractive. Therefore,
the calculated 25-fold increase in economic surplus is also not likely to be
realistic.
The same reasoning can be applied to the use of labour. When labour is in
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Table

1. Actual and simulated

socio-economic indicators

and

land use

distribution

in the

northern Atlantic Zone of Costa Rica.
Variable

Actual a

Unit
10 6

yr -1

No markets b Product market b

Labour marketb

Economic surplus
Employment

$
d 10 3 yr -1

64
12,000

1,635
30,968

272
10,562

1,144
14,228

Pineapples
Palm heart
Bananas
Plantain
Cassava
Maize
Pasture
Total agricultural area

ha
ha
ha
ha
ha
ha
ha
ha

445
7,120
38,715
} 17,800 c

100,238
0
12,250
138,522
0

119,638
18,735
0
76,460
3,787

147,740
211,820

0
0
251,010

3,067
8,169
32,176
860
8,062
94
198,582
251,010

Forest/unused

ha

39,280

0

0

32,390

a

b
c

0
0
218,620

Source: Nieuwenhuyse et al., 2000.
Source: Bessembinder et al., 2000.
Including other crops such as ornamentals, bamboo, roots and tubers.

limited supply, or competition for labour exists from other sectors of society
(industry, cities), labour prices can no longer be assumed to be fixed, but are the
result of balancing supply and demand. Established techniques in economics
incorporate the functioning of markets (for products and labour) in optimization
models. Information is required on price/wage elasticities of demand and supply
(income elasticities would even make things better). Examples for the Costa
Rican case study are presented in Table 1. When price formation of products is
taken into account, the maximized regional economic surplus is only about 4-fold
of the current value (product market). The optimized land use distribution is quite
diverse and resembles the actual land use fairly well, the most remarkable change
being the conversion of some 40,000 ha of forest land into pasture. The effects of
taking labour market constraints into account are given in the column ‘Labour
market’. The labour market restricts the full use of all available agricultural land
(some 32,000 ha remain unused), though the economic surplus can still increase
some 18-fold over current values.
When the functioning of markets is built into optimization models, not only
exploratory analyses can be made, but also ‘predictive’ analyses, since consumer
and producer behaviour is captured in the model through the elasticities. Scenario
analyses can be done taking the existing market functioning into account, or by
relaxing market constraints in the future. For instance, comparisons can be made
between land use options under current product market limitations and land use
options assuming that product markets expand by x%. When x is large, the integrated bio-physical-economic model reverts to the type of bio-physical model
mentioned above. Thus, the integrated bio-physical-economic model not only
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allows us to explore the future, but also shows the socio-economic bottlenecks
that need to be removed to fully exploit bio-physical potentials.
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Ecor(I)Asia

The Ecoregional Initiative for the Humid and Sub-humid Tropics of Asia —
Ecor(I)Asia — is one of eight ecoregional programs approved by the Consultative
Group on International Agricultural Research (CGIAR) to develop and
implement ecoregional approaches in land use planning and natural resource
management (NRM). Ecoregional research is meant to adopt an integrated
systems approach that takes into consideration technical as well as human
dimensions for sustainable improvement of productivity. To ensure that research
problems addressed are relevant and research findings are effectively applied,
effective partnership linkages need to be established among national and
international research agencies as well as with national and local planning,
development and administrative agencies, emphasizing the complementarity of
mandates and functions of the partners.
IRRI was given the responsibility to convene the Ecor(I)Asia, and is mandated
to launch the initiative at pilot sites identified by the Ecoregional Working Group
(EWG),
which comprises representatives
from
international
research
organizations and the national agricultural research systems from various Asian
countries. From the experience of the first pilot site, the Red River Basin in
Vietnam, we developed the following general approach to carry out ecoregional
research. The first step is to develop a common vision among stakeholders for
NRM at the target site and to identify the key issues and problems to be
addressed. This provides the basis to identify gaps in on-going NRM research
activities, particularly emphasizing those aspects that will benefit from better coordination through multi-institutional, multi-disciplinary collaboration. A
coherent research agenda is then formulated in consultation with NARS, IARCs
and ARIs concerned with NRM. While the Initiative functions to promote
exchange of ideas, experience and expertise, facilitate capacity building, and
catalyse the development of research and operational methodologies for
implementing the ecoregional approach, a strong and committed national
institution needs to be identified to provide the leadership in implementing the
research agenda, seek channels to reach stakeholders and facilitate partnerships
amongst national and international institutions.
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Main sets of Ecor(I)Asia activities
Since its inception in 1996, the Ecor(I)Asia has initiated several research
activities, that can be summarized into the following categories:
• The development of research and operational methodologies. Research
methodologies developed to address specific ecoregional NRM and land use
analysis and planning issues include the following:
- Rice supply and demand analysis (RSDA) for studying the implications of
rice production to meet national demand for land use and resource
requirements at the sub-national level.
- Land use planning and analysis system (LUPAS) of the SysNet Project,
which is a decision support system for exploring scenarios of land use and
resource allocation to meet competing demands and stakeholders’
objectives.
- Participatory natural resource management (P-NRM) of the SAM
(Mountain Agricultural Systems) Project in the uplands of the Red River
Basin to develop methodologies for upscaling research on sound NRM
practices from the farm to regional level.
• The development of operational R&D methodologies to facilitate the transfer
of research findings into practical implementation and to increase the impact
of research in land use planning and NRM. Two major efforts have been
made:
- The development of a systems research network (SysNet) among four
countries for developing, testing and implementing the LUPAS
methodology; and
- The development of R&D partnership models for integrated natural
resource management at the ecoregional pilot sites in Vietnam and
Thailand.
• Supporting activities to build the knowledge base and lay the foundations for
specific ecoregional projects under the Initiative, including the following:
- Establishing pilot sites at the Red River Basin in Vietnam and the Korat
Basin in northeast Thailand.
- Establishing databases on ecoregional NRM.
- Organizing thematic workshops on research issues and training courses on
new methodologies.

Methodology integration

Given the complexity of NRM problems, it is recognized that no single
methodology is all-encompassing for research to solve NRM problems at the
ecoregional level, and that different methodologies have their respective utility
and roles in ecoregional research. While the Initiative started with promoting a
‘basket’ of techniques, the ultimate aim is to accomplish the integration of
methodologies in a complementary manner to tackle NRM issues along the
various ecoregional dimensions. The complementarity being sought is in terms of
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themes/scales/partnership mechanisms.
The hypothesis we adopt is that, to achieve greater impact in NRM, we need to
go beyond field research to the regional level, i.e., the dimension of regionalizing
(R), to bridge more effectively the research to development continuum (the D
dimension), and to augment mono-disciplinary research with inter-disciplinary
approaches, i.e., the dimension of multi-disciplinarity (M). Figure 1 depicts these
three dimensions of ‘eco-regionality’.
Under the Ecor(I)Asia, several research methodologies have been developed,
as listed above. So far, the different methodologies have evolved independently
from each other. Each methodology addresses particular aspects of ecoregional
research, and at different scales of geographical and organizational coverage
(Figure 2). There is a distinct opportunity to integrate some of these
methodologies in a complementary manner that will meet the goals of the
ecoregional approach to land use planning and NRM.
An example of methodology integration to be implemented at a common site
is in the uplands of the Red River Basin of Vietnam. A common methodological
framework has been developed under Ecor(I)Asia, where bio-physical
dimensions are linked with socio-economic and policy considerations through the
incorporation of complementary tools: the participatory NRM of the SAM
project, the policy analysis of the ECOPOL (economic and policy analysis for the
ecoregional approach in Southeast Asia) project and LUPAS of the SysNet
project. The three methodologies will be brought together to address the issue of
sustainable agricultural development in a fragile environment to improve the
food security situation and alleviate poverty of the various ethnic communities
who have been subjected to changes in policy that affect their livelihood and to
increasing market integration.
The SAM project, started in 1997, introduces appropriate and environmentally
sound agricultural interventions at the farm level, as well as studies to upscale the
findings of farm-level research to the regional level. For sustainable development

Figure 1. Three dimensions of ‘eco-regionality’.
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Prospects for methodology integration

Figure 2. Multi-scale integration in methodology development in Ecor(I)Asia.

at the regional level, it is important that the cumulative effects of resource use at
the farm level do not deplete or degrade the environment in the long run.
Conversely, it is important to consider overall land use planning options that are
realistic and consistent with community interests. The LUPAS methodology is
introduced in 2000 as a means to identify possible land and resource allocation
options that may be considered by policymakers and regional development and
management authorities. By the same token, the ECOPOL a joint CGPRT1 CIRAD2 research and development project, can contribute by identifying
agricultural and economic policies and strategies that are compatible with and
will facilitate the most desirable scenario of land and resource use. Such a chosen
scenario reflects the best compromise that would be reached between regional
planners and administrators and the local communities. The regional component
of the SAM project, that emphasizes a participatory approach to upscale farmlevel research to larger areas, provides the means to move agricultural change
along the pathway from the present to a future desired scenario.
As Figure 3 shows, integration of the three methodologies leads to more
complete coverage of the three dimensions of the ecoregional approach, and
would increase the impact of ecoregional research in achieving the goals of
sustainable- agricultural development. Research teams operating in the three
1 ESCAP Regional Co-ordination Centre for Research and Development of Coarse Grains, Pulses, Roots
and Tuber Crops in the Humid Tropics of Asia and the Pacific.
2 International Co-operation Centre of Agricultural Research for Development.
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projects mobilize tools from the other projects and conduct research and
development approaches based on their combination. The methodology
integration is being tried out in the uplands of the Red River Basin to take
advantage of the ground work, partnerships and data collection that have already
been begun by the SAM project. Our further vision is to harness the interactions
from ecoregional partnerships to address NRM issues across the toposequence
from the uplands to the delta within the Red River Basin.
The expected outputs of the study include the following:
• Identification of tools and data needed to integrate community-based NRM,
land use planning and policy analysis with the objective of reaching a
sustainable increase in rural income.
• A common multi-scale database for natural resource management and policy
analysis for each research site.
• A comprehensive multi-scale analysis of the main stakeholders as identified in
each zone.
• Methodological synthesis and practical guidelines for integrating economic
and institutional policy analysis tools with land use study and participatory
NRM tools.

Partnership mechanisms

A pre-requisite for such methodology integration, that involves participation and
varied expertise, is effective partnership mechanisms. Partnerships are an integral
component of the ecoregional approach to land use planning and NRM
developed under the EcoR(I)Asia. A new approach to partnerships is needed to
move from linear technology transfer (one theme, one location, one institution)
and consortia (one theme, several locations and institutions), to the ecoregional
framework for studying several themes at one location with several institutions,
and ultimately bringing the experience to several themes at several locations with
several institutions.
Given the complexity of land use and NRM issues, a holistic approach in
tackling these problems requires partnerships to be forged at different levels.

Figure 3. The relative coverages of three research methodologies along the axes of ‘ecoregionality’. (R= regionalizing, D=development, M=multi-disciplinarity)
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These partnerships are subservient to the demands of problem solving, and are
dynamic in terms of membership and collaborative mechanisms. Partnership
development within an ecoregional framework is based on existing projects.
Ongoing projects are the building blocks of the ecoregional pilot site. Each
project requires some partnership mechanism, e.g., the SAM project involves
partners from international and national research organizations working closely
with the communities and local government units. The SAM project, in turn,
works in close partnership with other complementary projects, including
ECOPOL and the Red River Program (a development-oriented project of GRET).
An operational network already exists among these projects and individuals
under the umbrella of the host national institution, the Vietnam Agricultural
Science Institute (VASI). As projects within the same geographical location
combine their efforts for mutual benefit and complementarity, the network of
partnerships builds up. The introduction of LUPAS into the same geographical
area adds on new partners, e.g., the National Institute of Soils and Fertilizers.
This forms a second-level network that builds linkages between institutions
within the RRB that used to be sectoral and operated independently.
The same model of partnership networking operates at higher levels, e.g.,
among research sites within a country, and across pilot sites in the various
countries. This constitutes a nested model in partnership operation. Once
operational, such a hierarchy of partnership networks can address NRM issues
that were not possible to address by any individual project or institution. New
methodologies can then be developed and shared through ecoregional
partnerships to tackle these cross-cutting issues. Such a framework is a key
instrument in tackling in a holistic manner multi-scale, complex NRM issues that
could not be addressed by conventional research networks.

Conclusions

Besides the preliminary research results obtained in the Red River Basin (RRB)
Ecoregional Pilot site, the entire operational process, including R&D priority
setting, partnership mechanisms, is worthwhile documenting. Indeed the
collective learning process in which we have been engaged since 1997 is at least
as important as the scientific achievements to achieve impact at the regional
level.
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Introduction

Data sets are analysed from the Mega project ‘Reversing Trends of Declining
Productivity in Intensive Irrigated Rice Systems’ (RTDP), which involves
several Asian countries. The aim is to develop and apply a yield diagnostic tool
that allows the identification of locally limiting factors, and ways of improving
and stabilizing productivity and yield.

Approach

On-farm yields generally show a large variability due to many factors that vary
among sites. This is not easy to analyse. However, that variability itself, which is
well expressed at a large number of sites, may be a useful feature for identifying
where and what the local problems are, and what improvements can be expected.
Data arrangement of information cannot be done according to factors of yield
(causes), as with experimental results, but according to observed yields (effects)
(Wey et al., 1999). Four yield components can be measured at harvest. They are
assumed to be formed sequentially (Figure l), and the comparison between their
actual and potential values may provide information on the time and intensity of
stress situations. Confronting these results with environmental data will help to
identify the types of stresses. A yield component value is supposed to be
dimensioned according to the varietal characteristics and the level of competition
within the population (Siband et al., 1999). The potential value of a new
component decreases as the product of the previously formed yield components
increases, on a ground area basis. With some practical and statistical precautions,
that variation can be calibrated as the upper limit of component values from a
large collection of data (Figure 2).
The different relationships between two successive yield components will
allow calculation of maximum yield (YM/NPa) according to each panicle
population density (NPa, the first formed yield component), and finally the
potential yield Y MAX :
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Figure 1. Yield component formation periods.

Figure 2. Relation between number of spikelets per m 2 (NS) and percent of filled spikelets (F%).
PhilRice sites, two varieties, IR64 and IR60. The same relationship was found for all varieties,
even with different parameters. Quality of relationships depends on number of sites.

Then, considering each growth stage, replacing in this model the potential by
actual values of already formed yield components gives updated yield potential at
this stage:
Yp (= YMAX) " YV "

YR "

YF "

YM (= actual Y)

(P, V, R, F, M = planting, vegetative, reproductive, flowering, maturation stages)

Finally, comparing successive updated yield potentials produces stage (= s)
realization indices IS that are stress indicators:
IS = YS / YS-1.

For example: IR = YR / YV

It is then possible to write actual yield as the product of a varietal potential yield
(YMAX) and a yield index of local realization of this potential (IY = IV × IR × IF ×
IM):
Y =YMAX × IY

IS and I Y allow quantitative comparisons among large data sets from different
varieties and/or different sites or treatments. Defining a stress threshold value,
and associating a stage binary note BS (0 or 1 stress) to each IS, a simple stress
profile P (for example: 0110) summarizes the crop history. I S, BS or P frequency
distribution allows us to sort the most important stress situations in a region
(Figure 3), and help to identify the most important factors.
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Figure 3. Distribution of binary stress note Bs = 1 (i.e., 1 s £ 0.85). PhilRice sites, four main
varieties, stages: vegetative, reproductive, flowering and maturation.
Rice was mainly stressed during R stage, except IR60, where NPa was low in numerous
situations: limitation could be more likely an extensive factor (ex. trophic, increasing
competition) than an intensive one (ex. surrounding or pest factor).

Perspectives

Such an approach is empirical, and supplies an engineer’s more than a scientist’s
tool. It can also produce interesting hypotheses on the functioning of a crop, for
example, relationships among size of panicle, frequency of empty spikelets and
unit grain size. On the other hand, it will be reinforced by research on
competition within a crop and varietal phenotypic plasticity.
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Soil acidity and nutrient deficiencies limit crop yields in most tropical upland
soils. To properly diagnose and recommend the best nutrient management alternatives for specific sites, numerous combinations of agronomic, economic and
resource conditions must be evaluated.
The nutrient management support system (NuMaSS), formerly called the integrated nutrient decision support system (IntDSS, Osmond et al., 1999), is a
computer-based nutrient decision support system for diagnosing soil nutrient
constraints and selecting appropriate nutrient management on the basis of agronomic, economic and environmental criteria. NuMaSS is being developed by the
merger and integration of the former acidity (A), phosphorus (P) and nitrogen
(N) decision support systems (ADSS, PDSS and NDSS) (Osmond, 1991;
Tropsoils Project, 1991; Yost et al., 1992) under the Soil Management
Collaborative Research Support Program (SM-CRSP) of USAID (http://intdss.
soil.ncsu.edu/sm-crsp/). Factorial experiments with treatments of lime,
phosphorus and nitrogen are ongoing in the Philippines, Mali and Costa Rica to
test, validate and improve NuMaSS predictions and recommendations.
Version 1.0 of NuMaSS has five distinct programmatic sections – Geography,
Diagnosis, Prediction, Economic Analysis, and Summary (Osmond et al., 1999).
The user, through input boxes, enters information. Fifteen data tables allow users
to access default data. Many of the algorithms and default values are functions of
geographical location, soil, crop and climate. The Diagnosis section allows users
to predict soil nutrient constraints and the Prediction section recommends the
amounts of N, P and lime needed to produce a target yield. Costs and benefits are
determined in the Economic Analysis section. The Summary section provides the
conclusions from the Diagnosis, Prediction and Economic Analysis sections.
IRRI and the Philippine Rice Research Institute (PhilRice), as partners in SMCRSP are involved with NuMaSS development in the testing, evaluation and
refinement of fertilizer and lime predictions in the Asian uplands. IRRI and PhilRice are collaborating with U.S. Universities on experiments at Ilagan, Isabela,
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the NuMaSS test site in the Philippines. Experiments at Ilagan are to test and
improve yield prediction and parameters used for prediction in NuMaSS and to
develop crop and amendment combinations that might be used in other testing
locations.
In addition, the IRRI-coordinated Long-Term Phosphorus Experiment (LTPE)
network in Asia is generating improved P coefficients needed for PDSS (George
et al., 1999) and information on legume N 2 -fixation needed for NDSS components of NuMaSS (George, 1998). The LTPE network was conceived and
established in 1994 under the IRRI Upland Rice Research Consortium jointly
managed by scientists from Asian NARS, IRRI, and the University of Hawaii.
The LTPE network aims to predict long-term P dynamics and synergistic effects
of P on other components of soil fertility in the tropical Asian uplands. The
LTPE network is now operational in five countries — the Philippines, Indonesia,
Thailand, India and Vietnam (Figure 1). The LTPE database is continuing to
expand and serves as a unique resource for information on P and legume N 2 fixation dynamics in Asian uplands. It is expected that the LTPE database on
detailed soil characteristics, P dynamics and production potentials will help further improve the accuracy of fertilizer recommendations by NuMaSS.
A much desired but difficult aspect of developing NuMaSS software is to
make it simple enough to be used by technicians and farmers. The farmer
participatory adaptation of usability of the NuMaSS will capture farmer
perspectives in diagnosing and correcting nutrient problems. On-farm trials are

Figure 1. Long-term phosphorus experiment (LTPE) sites.
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being implemented in selected upland farms in the Philippines and elsewhere in
Asia. The 1999 baseline survey of farmers in Ilagan indicated that the farmers’
diagnostic and problem-solving approaches with regard to nutrient problems are
indirect and different from those of researchers and technicians. Future versions
of NuMaSS will try to incorporate these farmers’ perspectives to ensure better
adaptability at specific sites.
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Conclusions and prospects
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The papers presented in these proceedings provide insights into the progress
achieved in developing systems research methodologies for supporting land use
planning, In particular, the success of SysNet in conducting exploratory land use
studies is illustrated. Concurrently, we gained understanding of the many
unresolved problems in transferring an operational scientific-technical
methodology for land use explorations to land use planning in practice. These
problems represent various research challenges. We will refrain, however, from
establishing a complete research agenda for land use systems analysis. Instead,
we want to outline SysNet’s potential future contributions to advancing,
operationalizing and implementing methodologies in support of sustainable
agricultural development.
Hence, we will identify those ‘lessons learned’ from the three years of
stakeholder-scientist interaction and the symposium that — in our judgement —
represented the most-limiting constraints to applying exploratory land use
analyses for policy design and formulating them in practice, and to further
developing tools needed for decision support in the land use planning cycle.
SysNet’s major achievements to date are (i) the solid network built for
stakeholder-scientist interaction and (ii) the capability of LUPAS for land use
scenario analysis. These achievements are insufficient to provide all the answers,
but they provide an excellent platform for further improving, operationalizing
and extending land use analysis methodology with several research opportunities
— as presented in the following:

Stakeholder-scientist interaction: Conclusions and prospects
• Ample demand for development and applications of new methodologies for
land use planning has become evident through stakeholder-scientist
interaction. In all SysNet case study regions, results from conventional land
use planning methods have been confronted with quantitative results from the
SysNet-LUPAS analyses. This revealed overly ambitious and conflicting land
use objectives and targets and led decision makers to review the whole
existing land use plan and opt for the new methodology. To improve land use
planning in practice, the LUPAS methodology should therefore be applied to
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new sites. However, LUPAS results need to be compared with those from
alternative quantitative approaches. This can be realized at pilot sites of the
IRRI-coordinated Ecoregional Initiative (Kam et al., this volume). Such
efforts would stimulate exchange of knowledge and inclusion of new elements
in LUPAS (such as risk analysis). It would also help to generalize findings,
create more confidence in new approaches and, eventually, increase their
impact.
• Local stakeholders (policymakers and planners) are the end-users of the
methodology. Hence, it is a pre-requisite to involve and regularly interact with
stakeholders in developing an operational methodology for land use planning.
Though SysNet followed this pathway, it did not systematically analyse
whether all important interest groups were indeed involved and, if so, at the
right time. To ensure that current problems are better captured and that the
methodology is based on societal confidence, socio-cultural conditions and
planning and decision structures need to be analysed thoroughly for each case.
This may lead to new scenario formulation and analysis. It is planned to
launch such studies, starting with the Kedah-Perlis Region in 2000.
• The interactive part is the most critical in operationalizing the IMGLP
technique. Success in achieving effective interaction requires at least three
ingredients: an operational system for analysis and planning, a skilled (multidisciplinary) team of dedicated scientists and a network of key stakeholders
prepared to interact in developing methodologies for improving policy design
and implementation. SysNet has succeeded in meeting most of these
requirements. Furthering the capability of LUPAS for interactive scenario
analysis (such as creating user interfaces; Dreiser & Laborte, this volume) will
directly result in improved and wider applicability in the land use planning
process. Interactive use by stakeholders will help to refine the systems’ design
for including all ‘what-if questions’ relevant to decision support. As such, this
effort is a key to required methodology advancements and meaningful
applications.

Scientists’ papers and short notes: Conclusions and prospects
• It has been argued that the scenario analyses, performed in most of the SysNet
case studies, are not sufficiently future-oriented — and, hence, do not fully
explore the “window of opportunities” (e.g. De Ridder et al., this volume).
This must (at least in part) be attributed to data limitations and insufficient
resources for synthesizing fragmented agronomic knowledge and experimental
data into so-called “technical coefficient generators” (TCGs; e.g. Jansen, this
volume). It will be a major challenge to screen and integrate on-going work on
modeling input-output relations (at different scales) for all relevant production
systems — including those still in the R&D pipeline. Such efforts will allow us
to improve the capability of TCGs for application to different bio-physical
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situations, and, thereby, enhance the exploratory character of the MGLP
models. Moreover, this will help to identify knowledge gaps.
On the other hand, it has also been argued, that current MGLP models do not
sufficiently address the constraints to achieving regional development goals,
such as represented, for instance, by multi-decision level conflicts (e.g.
between farm, municipality and province). Identification of the various
objectives of stakeholders at these different levels, subsequent multi-level
scenario analyses and optimization may reveal conflicts in resource allocation
between the different levels, but also opportunities for more efficient sharing
of resources in order to optimize realization of a set of multiple objectives.
Optimizations in many cases result in land being allocated to a few land use
types. These may represent an optimum solution in terms of a technically
feasible option, however, in reality, it would not be an economically viable
option. Incorporation of price elasticities into LUPAS is required to deal with
changes in prices resulting from changes in the supply and demand of
agricultural products and production inputs. This would enhance its capability
for indicating the scope for policy formulation and implementation in the short
to medium term.
In order to fully exploit the value of exploratory studies, it has been proposed
to link these with modelling of farm household behaviour (Van Keulen et al.,
this volume). A farm household model aims at predicting the effectiveness of
alternative policy measures, considering the objectives and constraints at the
farm level. By including new production technologies in the model, this
approach can also help to identify those technologies that contribute most to
the realization of the defined objectives, and, thus have the best chance to be
adopted. Integration of the two approaches with iterative exchange of
information and optimization can assist decision makers in identifying
promising policy interventions.
Another step complementing the exploratory studies of SysNet, is the
consideration of multi-time planning horizon conflicts in LUPAS. While
policymakers increasingly recognize the need for strategic (long-term)
planning, they are, in first instance, concerned with short-term planning (1-5
years). Objectives for the short-term may conflict with medium to long-term
objectives. A development pathway needs to be identified that leads to the
desired future situation, taking into account conflicts in the objectives for the
different planning horizons. This would be facilitated by incorporating multiperiod, dynamic modelling into LUPAS (Hoanh et al., this volume). Results
will greatly facilitate implementation of best land use plans.
Insufficient access by the various stakeholders to models and information
generated (bio-physical and socio-economic resources, land use scenarios) and
‘user-unfriendly’ representation of results have been identified as major bottlenecks to fully operationalizing the SysNet-LUPAS methodology. To improve
communication of model results and stimulate use of data and tools for
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effective planning, a common ‘user interface’ for SysNet’s LUPAS needs to
be developed. This should enable non-specialists to select scenarios and
perform optimization runs. Availability of such an interface (preferably also
via internet), will result in both, considerably improved interaction with local
stakeholders, and more efficient information supply (Dreiser & Laborte, this
volume). Such developments will further stimulate methodology advancement
by providing possibilities to exchange knowledge (local and international
expertise).
Maintenance of the “Systems Research Network” will ensure that these
challenges will be tackled for the benefit of sustainable future land use in South
and Southeast Asia.

Annexes
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Annex 1: External review of SysNet (summary)

18 October 1999

P. Goldsworthy and D. Horton
Independent consultant and International Service for National Agricultural
Research (ISNAR), respectively
The Hague, The Netherlands
Introduction

SysNet is a systems research network established to develop methodologies for
determining regional land use options in support of natural resource management
(NRM) and to evaluate these methodologies in selected areas in South and
Southeast Asia. The network is coordinated by a project team based at the
International Rice Research Institute (IRRI). It is implemented by IRRI and
partner organizations in India, Malaysia, the Philippines and Vietnam. SysNet
benefits from collaboration with institutions within the Wageningen University
and Research Centre (Wageningen UR) in The Netherlands.
SysNet began operations in October 1996, when the Ecoregional Fund to
Support Methodological Initiatives approved a three-year project submitted by
IRRI on behalf of four national agricultural research systems (NARS) in Asia. As
the project drew to a close, the International Consortium for the Application of
Systems Approaches in Agriculture (ICASA) and the Ecoregional Fund proposed
to review SysNet in order to
• Take stock of the project’s activities and outputs in relation to its objectives.
• Provide an initial assessment of the project’s contributions to ecoregional
research and development (R&D).
• Flag possibilities for future work.
• Draw lessons for improving future ecoregional projects and programmes.
We were invited to conduct the review in collaboration with members and
collaborators of SysNet. During the review, they attempted to identify the main
strengths and weaknesses of four key aspects of the project: its design,
implementation, outputs and contributions to ecoregional R&D. In conducting
the review, the following sources of information were used
• The project proposal approved by the Ecoregional Fund.
• Progress reports to the Ecoregional Fund.
• Project publications.
• Formal presentations by SysNet scientists and stakeholders.
• Interviews with individuals from IRRI, partner organizations in Asia and
Wageningen.
• Formal review sessions with SysNet scientists and stakeholders.
The review was conducted from 8-16 October 1999, and coincided with an
international symposium on ‘Systems research for optimizing future land use’
(SysNet’99) organized by the SysNet project at IRRI headquarters in Los Baños,
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Philippines. Preliminary findings of the review were discussed with SysNet
members and stakeholders on 13 October. A draft of the review report was
discussed with the project coordinator on 16 October. Subsequently, factual
errors were corrected and the presentation of the findings was clarified. The
authors are, however, solely responsible for the contents of the report and for any
remaining errors or omissions.

Project design
Initial design
The project’s original design is outlined in the proposal submitted by IRRI to the
Ecoregional Fund dated 20 September 1996. In the project’s logical framework,
the stated goal is to support decision making at the regional (sub-national) level
on sustainable agricultural development, NRM and land use in the humid and
sub-humid tropics of Asia. The purpose is to develop, exchange and apply
systems methodologies for improving the scientific basis for land use planning
aimed at sustainable NRM and agricultural development in the same area.
In pursuit of these higher-order objectives, two lines of work are proposed: (i)
development of a ‘scientific-technical methodology’ to explore land use options
using crop models developed for different scale levels, and ( ii) development of
an ‘operational methodology’ to support the cooperation needed in a network to
address issues at multiple sites representative of the humid ecoregions of tropical
Asia.
For the first line of work, the logical framework identified two expected
outputs: ( i) crop models evaluated for yield estimation at different scale levels,
and ( ii) options for agricultural land use explored at four representative sites in
Asia. A single expected output was identified for the second line of work: teams
of scientists who could apply techniques of systems analysis at the regional level.
The project design assumed that the current methodology was suited for
providing quantitative estimates on alternative land uses. It also assumed that
national or regional decision makers would participate in goal definition and
would use outputs of the modelling exercise in decision making.
The substance of the proposal dealt principally with the development of
scientific-technical methodology. A brief statement on operational methodology
refers to the development of databases compiling bio-physical and socioeconomic information and the organization of workshops to develop
understanding of the data requirements for the regional studies and their analysis.
The work was to build on extensive scientific and network capacity in simulation
and systems analysis at IRRI and collaborating institutions in Asia, supported by
advanced research institutes (most notably at Wageningen).
Impact indicators in the proposal included (i) endorsement of SysNet
approaches by relevant decision makers in each study domain, and (ii) reflection
of SysNet outputs in regional and national development plans. Because the
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national SysNet teams would directly interact with their planning agencies and
agricultural extension systems, the project was expected to contribute to the
needed increased food production in a more sustainable way in Asia.

Evolution of the design

During project implementation, the broad objectives of the project were
maintained but the design was modified in some important ways. Early on,
SysNet scientists realized that the two crucial assumptions noted above were
questionable. Available quantitative methodology was not, in fact, adequate to
achieve the project’s objectives. Furthermore, planners and policymakers could
not be expected to use the outputs of land use models unless and until they
developed confidence in the models, understood the outputs and found them
directly relevant to the decisions they needed to take.
Three fundamental design changes were introduced into the project over time.
Early in project implementation, the SysNet team shifted its scientific-technical
focus from the application and refinement of crop simulation models and their
integration at farm (or crop) and regional levels to the development of an
integrated land use planning and analysis system (LUPAS) at the sub-national
(province or state) level. As a result of this change, SysNet embarked on a much
more complex, ambitious and innovative process of methodological
development.
The second change involved SysNet’s training strategy. Originally, training
was viewed as a means of transferring knowledge from scientists based at IRRI
and Wageningen to their counterparts at the study sites. But, during
implementation of the project, network coordinators and participants soon
realized that conventional training would not be enough. Participants needed
hands-on experience in model building and application. Network coordinators
responded by adding development sessions in which scientists from IRRI,
Wageningen and the national teams worked together to develop models adapted
to the conditions of each study site. As a result, the training events evolved into
venues for mutual learning and joint development and testing of the LUPAS
methodologies.
The third design change was to broaden the network to involve stakeholders in
developing and adapting the land use models. Initially, stakeholders were
informed of the work being undertaken. But gradually, they became more
involved in identifying priorities for model development, gathering relevant data
and evaluating the models’ outputs. As a result of stakeholder involvement,
SysNet confronted the practical concerns and interests of land use planners and
policymakers much earlier in the process of methodology development than
otherwise would have been the case.
Crucial to the planning of the project’s activities was a December 1996
workshop in which IRRI scientists met with collaborators from the four country
sites and from the Wageningen UR to review and update the initial project design
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and develop workplans and budgets. As a result of this and subsequent network
meetings, SysNet objectives, strategies and expected outputs were revised as
follows:
• Principal objective: To develop and apply methodologies to analyse future
options for land use and NRM at the regional scale to guide policy changes
and to assess the scope for agricultural development beyond the constraints of
current agricultural and environmental policies.
• Strategy: To present an operational methodology and corresponding system
for quantitative land use planning at the regional level, and to elaborate and
apply the methodology in close interaction with stakeholders in the four
representative regions.
• Expected outputs:
- General methodology for land use planning; models and expert systems for
estimating yield at the sub-national level.
- Various options for agricultural land use explored at four representative
domains.
- Teams of trained scientists who can apply systems analysis techniques at
the regional level to identify development potentials, opportunities and
constraints.

Assessment of the design (process)
The strengths or positive aspects of the design (process) can be summarized as
follows:
• The design was based on previous relevant research and networking activities.
It capitalized on work previously undertaken in Asia, in conjunction with
national agricultural research organizations, IRRI and Wageningen UR (most
notably the work undertaken within the SARP network, Simulation and
Systems Analysis for Rice Production).
• The objectives provided a useful and relevant focus for the methodological
work of network members and collaborators in the area of NRM.
• The objectives and strategies encouraged integration and synthesis in several
ways:
- Integration of basic and applied work
- Integration of work in different disciplines
- Integration of data sets
- Integration of different types of models and analyses
- Integration at different spatial scales
- Synthesis of results across sites
• The networking approach introduced in the proposal and further developed
during implementation of the project contributed to the relevance of the work,
the resources mobilized, the extent of learning from experience and the
application of principles and tools developed.
• Involvement of regional planners and policymakers helped bridge the gap
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between NRM research and policy making at the study sites. It has made
researchers more aware of the concerns and interests of planners and it has
made planners more aware of the potentials and limitations of land use
assessment and planning models.
• The evolutionary nature of the project, with improvements being made on the
basis of experience and stakeholder inputs, contributed to significant
improvements in the design over time.
The main weaknesses or limitations of the design (process) follow:
• The initial objectives and anticipated impacts were overly ambitious in
relation to the project’s time horizon and the resources made available.
• The design was essentially ‘supply-driven’ in that it sought to pursue an
existing line of research without a prior identification of the potential users of
the results or a diagnosis of their circumstances and information needs in
relation to NRM.
• The project proposal contained some unrealistic assumptions (for example,
that most of the scientific methods required were available, that adequate data
would be available for modelling, that modelling outputs would be used by
planners and policymakers, and that plans and policies would be implemented
in practice).
• Some key concepts were not clearly defined. For example, the term
‘stakeholder’, which has become an important feature of the project, refers
generally to policymakers or planners, but this definition is too broad to be
useful in identifying target users and uses of modelling methods or results in
specific situations.

Strengths and weaknesses of project outputs

The main strengths or positive aspects of the project’s outputs can be
summarized as follows:
• The land use planning and analysis system (LUPAS) that has been developed
and its component modules are application-oriented. They are designed to
determine future possibilities and limitations and to explore consequences of
different land use priorities.
• The systems approach developed fosters interdisciplinary research in NARS
and the organizational structures to support it.
• There is good collaboration between the regional project teams, based on
common goals.
• By the nature of the outputs and the intended users, the project provides an
opportunity to establish direct links between researchers and policymakers.
• Apart from its other advantages, as a means to resolve complex land use
problems, the systems approach developed has heuristic value in that it
promotes and facilitates self-teaching. In building the system to represent part
of the real world, a research scientist is obliged to make assumptions, and this
highlights points where understanding or data are deficient, which in turn
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focuses attention on the areas where further research is needed.
• The project has made a significant scientific contribution in the form of
publications of high quality.
• The development of tools and the mode of application have been extensively
documented.
Limitations or weaknesses of the project’s outputs can be summarized as follows:
• While the project promised to address very broad issues of land use planning,
the LUPAS currently developed focuses on a smaller set of issues, restricted to
generation of options for agricultural land use at the regional (sub-national)
level for an unspecified time in the future.
• The outputs from the optimization program are single objective solutions;
there is currently no means of reaching a consensus among stakeholders for
assigning weights to conflicting objectives.
• There is no provision yet for a time dimension in optimization solutions.
• The three aspects just listed limit the range of ‘what-if?’ questions that can be
explored.
• The LUPAS outputs as currently presented are difficult for stakeholders to
comprehend.
• The analysis does not provide details of what needs to be done to achieve the
desired goals.
• The data available are often limited and of doubtful quality.
• There is still a need to validate models.
• At present the LUPAS models are able to handle data on bio-physical
characteristics much better than socio-economic data.

Contributions to ecoregional R&D
This is the first time we as stakeholders get to interact
with scientists. Usually they develop the model, present
it to us and we refuse to use it.
Stakeholder from Malaysia
SysNet has made some important contributions in the area of ecoregional R&D.
Perhaps the most tangible contributions have been to the advancement of
quantitative methods for land use planning and analysis in the context of
practical application. The various reports and publications on LUPAS and its
component models offer evidence of this contribution.
A less tangible, but no less significant, contribution has been made to the
mutual understanding of scientists and land use planners, concerning the role of
quantitative modelling in land use planning and policy making. As a result of
their participation in the SysNet project, planners now understand better what
kinds of information and insights can be generated by land use planning models.
Similarly, scientists (at IRRI and in Wageningen, as well as at the four study
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sites) now understand better what information planners and policymakers would
like to have in order to improve their decision making.
A third contribution has been made at the study sites, where there has been
progress toward improving the information available for land use planning and
analysis.
Stakeholders from Malaysia, the Philippines and Vietnam indicated that their
aim was to demonstrate the application of the system at a provincial level and,
when that had been done successfully, make the system available to other states
or to the central planning authorities. An important issue for the future is whether
the most effective propagation of the methods for wider use might best be done
in this manner, rather than on the grander scale of the CGIAR ecoregional
projects where the management issues are more complex.
SysNet team members report that there have been spill-over benefits from
their activities. Personnel from other projects who have seen the work have
become interested and some have begun to use SysNet tools.
Unfinished business/plans for the future
Project activities planned for the immediate future include quality checks on the
databases for each case study and additional scenario studies with the latest
version of LUPAS. The proceedings of SysNet’99 are to be published before the
operational end of Phase 1 of the project.
Priorities for SysNet activities for 2000 include additional work in the four
case studies with stakeholders and further revision and development of LUPAS,
as required to meet the needs of users. Reports are to be prepared on the
methodology and its application in the four case studies. Training manuals are
also to be prepared.
During the period 2000-2002, work will be carried out within the framework
of IRRI’s ecoregional initiative to further improve LUPAS and standardize the
component modules. Improvements are to be made in the following areas:
• Increase the scope of the analysis to include different scales, including farm
and household data.
• Add capability to examine future scenarios, including relative changes in the
price of production inputs and outputs.
• Indicate the probable time frame for change from the present to desired
situation (e.g., the shift from rubber to oil palm production in Malaysia).
• Provide means to assist in resolving conflicts between goals at a single level,
at different decision levels (e.g., regional vs municipal) and at different stages
of development. Once this is done, it will be easier to attribute weights to
objectives and optimize for several goals.
• Consider other novel scenarios and a wider range of ‘what-if?’ situations. This
will involve generation of technical coefficients for alternative production
technologies.
• Include area under forest in the resource analysis.
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• Develop models for perennial crops or stimulate others to do so.
There are plans to extend SysNet methods of land use planning to additional pilot
sites in northern Vietnam and in northeast Thailand and to use SysNet tools for
yield gap analysis as part of IRRI’s research programme under the Medium-Term
Plan (2000-2002).

Global assessment and recommendations

The SysNet project can be characterized as ambitious, innovative and productive.
Its objectives have been, and continue to be, highly relevant to the improvement
of ecoregional R&D. Its implementation has been vigourous, flexible, efficient
and effective. It has produced many quality outputs. SysNet has made significant
contributions to the development of methods for land use planning and analysis.
The project has made remarkable progress in a short period of time,
particularly in view of the changes in approach from predictive crop modelling to
exploratory linear programming methods. It has achieved an integration of
multidisciplinary efforts on important aspects of NRM.
It is recommended that SysNet managers and participants consider the
following in their future activities:
• Give higher priority to ensuring that planners and policymakers actually use
methods developed. To this end, the planning processes actually used in the
study areas need to be better understood. The information needs of planners
and policymakers need to be identified. Involvement of intended users in
development and testing of methods should be intensified. Presentation of
outputs should be simplified for the benefit of users.
• Expand the sources of knowledge and expertise that SysNet draws on.
• Explore alternative sources of funding to support methodology development
and testing in a networking mode, involving both national scientists and other
intended users of the methods and of their results.
• Seek opportunities to convey the significance of this work to scientific and
policy audiences, including those affiliated with the ecoregional programmes
of the CGIAR.
It is recommended that the Ecoregional Fund seek means to support a follow-up
SysNet project, to allow further development and testing of the land use planning
and analysis system. We believe that returns to further support of the network
along the lines recommended in this report would be high. Discontinuation of
support could substantially limit the returns to the investments made so far. It
could also adversely affect the credibility of the implementing agencies involved.
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