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Preface

The ‘Systems Research Network for Ecoregional Land Use Planning in support of Natural
Resource Management in Tropical Asia’ (SysNet) is one of the development projects under
the Ecoregional Initiative for the Humid and Subhumid Troptcs and Subtropics of Asia. The
project, launched in late 1996, comprises five main partners: National Agricultural Research
Systems (NARS) of India, Malaysia, Philippines and Vietnam, and the International Rice Re-
search Institute (IRRI). The purpose of SysNet is to develop methodologies in support of
improved land use planning at sub-national level. Study regions include Haryana State
(India), Kedah-Perlis Region (Malaysia), Ilocos Norte Province (Philippines) and Can Tho
Province (Vietnam). The workshop on ‘Exchange of Methodologies in Land Use Planning',
the first international workshop held by SysNet project, attracted more than 180 participants
from eight countries. These Proceedings present most of the contributions to the workshop.
The main focus of these Proceedings is to present methodology development and preliminary
results of the four SysNet case studies. Other papers address the context of land use problems
and the role that SysNet methodology is expected to play in the arena of developing
sustainable land use policies.

A careful assessment of potential usefulness and limitations of each type of land use study
is crucial for a targeted application and proper interpretation of its results. Land use policies
are not developed by scientists and land use studies. Land use policies are developed by
policy makers and interest groups, in a societal and political process. The role of land use
studies is to enhance transparency of that process, by supplying relevant information,
arguments and options. The specific type of required information depends on the stage of the
policy process. Diagnosis of the actual situation and problems, specification of strategic and
short-term policy objectives, identification of policy instruments, policy tmplementation, and
monitoring of implemented policies all require targeted information.

SysNet methodology on explorative land use studies is aimed at strategic land use issues:
how to satisfy a range of well-defined, often conflicting, objectives focusing on economic,
food security, ecological and social dimensions of land use, Where to produce what and how
in future, in order to meet a set of well-defined objectives? The methods are not aimed at
simple projections, based on today’s and yesterday’s facts, neither are they designed to
provide blue-print answers with detailed prescriptions of what to do to reach desired
situations. The primary aim of the current methodology is to support and stimulate open
discussion about future possibilities and limitations. The agricultural sector is a unique sector
for which it is possible to sketch contours of future options, simply because we largely deal
with biophysical processes and a natural resource base. Understanding of these processes and
quantified knowledge about this resource base enables quantification (e.g. in tables) and
visualization (e.g. in maps) of alternative options and associated limitations of agricultural
systems under various policy scenarios. Explorative studies are needed to enbance
transparency in the policy debate by segregating science-driven and value-driven information.
And, to thoroughly explore consequences of different priorities for policy objectives, before
discussing about the means to realize particular objectives. To summarize, keywords with
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respect to explorative land use studies are: strategic, agricultural and non-agricultural land
use, use of resources, and consequences of policy objectives on land use altocation.

With this, the limitations of explorative land use studies are implicitly indicated: SysNet
methodology in the current project phase is not aimed at predicting, nor identification of
policy means to realize desired options. In addition to this: usually just one scale level is
addressed in a study, in the presented case studies the regional or county level of scale.
Assessment of policy options requires explorations at different levels of scale, including the
farm level. A challenge for the next phase of the SysNet project is to explore oplions at
different scale levels and to confront opportunities and limitations for these various levels.

There is a last aspect, certainly an important one, which must be mentioned in relation to
usefulness and limitations of SysNet methodology. The method should preferably be seen as
an integral part of developing land use policies. That implies involvement of interest groups
from the very beginning. Interest groups contribute to identification of policy objectives and
alternative production technologies. Involvement in defining and constructing land use
scenarios and evaluating land use options truly enhances understanding of the system’s
opportunities and limitations. Land use studies used in this way, not only deliver information,
arguments and options, but contribute to learning what are the sustainable options that have a
chance to be implemented. SysNet has the opportunity to do so.

The workshop was hosted by the Cuu Long Rice Research Institute (CLRRI) in Can Tho City.
We thank the local organizing committee consisting of Drs. B.C. Buu, P.S. Tan, C.V. Phung,
and Prof. N.V. Luat and the many helpers from ‘SysNet team Vietnam’ for all their efforts in
making this workshop successful and a very pleasant experience for its participants. The
following IRRI and CLRRI staff were responsible for developing and handling the scientific
sessions: C.T. Hoanh, R. Roetter, T.P. Tuong, V.P. Singh, O. lto, P.8. Teng and K.S. Fischer,
and N.X. Lai, P.8. Tan and N.V. Luat. They were supported by representatives of NARS
partners and the Wageningen University and Research Centre: F.P. Lansigan, 5.R. Francisco,
S.R. Obien (Philippines), P.K. Aggarwal (India), A. Tawang, A. Zamzam (Malaysia) and
M.K. Van Ittersum, D.M. Jansen and H.H. Van Laar (Wageningen UR).

We extend our sincere thanks to N.T. Dan (Deputy Minister for Agriculture and Rural
Development, Vietnam), V.V. Luy (Vice-chairman, People Committee, Can Tho Province)
and N.V. Luat (Director CLRRI) for their input to the workshop programme.

The contributions of many stakeholders from the various provinces of the Mekong Delta in
the SysNet meetings were stimulating and are highly acknowledged. SysNet thanks the many
other people from this international {IRRI-NARS-Wageningen UR) network that directly or
indirectly were supportive to this workshop. Special mention deserve: Alice Laborte, Peewee
Cabrera, Benjie Nunez, Cecille Lopez and Arlene Dela Cruz (IRRI SysNet staff) for their
enthousiasm and great help in preparing this workshop.

Financial support for this workshop was provided by IRRI and the Ecoregional Fund, The
Hague, The Netherlands.

Los Bafios, December 1998 The Editors
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Opening addresses

Ngo The Dan
Deputy-Minister of Agriculture and Rural Development, Vietnam

Distinguished guests, Ladies and gentlemen,

On behalf of the Ministry of Agriculture and Rural Development, I would like to welcome
cordially the participants of the Workshop on ‘Exchange of Methodologies in Land Use Plan-
ning’, coorganized by the International Rice Research Institute (IRRI} and the Cuu Long
Delta Rice Research Institute (CLRRI) at Can Tho.

After the reunification of Vietnam in 1975, land use planning has been carried out under
the appropriate attention of the Government. To date, although the way of land use planning
still needs further improvement, it has helped in fortnulating the land use strategy at national,
regional and provincial levels. Land use planning has contributed to the development of
agriculture in Vietnam with an annual increase of 4-7%, of which the most prominent success
is recorded in rice production. Two decades ago, the country’s food supply did not meet our
demands, Vietnam started to export rice in 1989 and reached the second position of the world
among rice-exporting countries, with 3.7 million tonnes of rice exported in 1997,

Vietnam is an agricultural country with 33 million ha of land, of which agriculture
occupies 10 million ha, and at present another 7.3 million ha is under exploitation. Land for
rice production is 4.3 million ha. Land for upland food crops occupies 1.1 million ha. So, the
land resource for food production is 5.4 million ha with a cropping area of 7.6 million ha.
Land for fruit trees is about 400.000 ha, and 2 million ha for industrial crops.

Changes in Vietnamese agriculture in response to the accelerating process of
industrialization and modernization of the country are obvious everywhere. Under this
change, the labour available for agriculture will decrease and move to other sectors, the
relative share of crop production in agriculture will be reduced, while the absolute value
continues to increase, and the relative share of fishery and other production activities will also
increase. In crop production, the relative share of industrial crops, vegetables and fruit
production will increase. To the year 2000, the economic structure in rural areas is projected
to be 50% for agriculture, 25% for industry and 25% for service activities. Corresponding to
this change, there should be a shift in land use: a section of agricultural land including land
for crop production will be converted into other purposes under the pressure of
industrialization and urbanization, The development of land use planning methodology,
therefore, should be directed in harmony with the shift in agricuttural structure,

Food demand in Vietnam will increase rapidly from now to the year 2000 and 2010.
Population will be 80 million in 2000 and 95 million in 2010. To meet the requirements of
nutrition in the coming years at a level of 2300 keal person™ d”', plus the supply for feed and
materials for food processing, a food quantity equivalent to 38-40 millions tonnes of rice has
to be produced in 2010, while the present level is 30.6 million tonnes (vear 1997). To meet
future demand, the land resource for food production should be controlled strictly, To serve
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the national need for industrialization and urbanization, a section of agricultural land may be
converted for other purposes, so new land should be found to compensate for this loss. The
land resource for food production in Vietnam in 2000 will be 6.2 million ha, of which the land
for rice production is maintained at 4.3 million ha as at present and the land for upland food
crops will increase to 2 million ha. Up to 2000, it is possible to get 130.000 ha of new land for
rice production in the Mekong Delta,

Along with the policy to control land use for rice production and upland food crops, the
land use strategy should be directed towards the diversification of agricultural production, to-
wards better conservation and enhancement of soil fertility and towards the harmony of a
productive and environmental-friendly agriculture. And at last, the success of land use
planning should be assessed in terms of economic efficiency, in which the increase in income
and living standards of the farmers from the land they toil is the most important measure.

In Vietnam, the work of land use planning is done by various institutions belonging to the
Ministry, such as the Institute for Agricultural Planning and Projection, the Institute for For-
estry Planning, the Institute for Water Management Planning and other research institutes
specialized for regions or for specific crops, along with agricultural universities, At the pro-
vincial level, the Department of Agriculture and Rural Development and the Department of
Land Management, under inspection of the Committee, executes land use planning for
Planning of the Province. The organizational structure for land use planning in Vietnam has
been developed and established. The important issue presently is to enhance the quality of its
activities. Planning always implies some kind of prediction, and planning for land use is a
prediction towards a moving target influenced by various environmental and social factors,
which are always changing. Therefore, to advance and operationalize methodologies for land
use planning is a crucial step in enhancing the quality of planning to serve effectively the
economic development goals. Within this view, the workshop on ‘Exchange of
Methodologies in Land Use Planning’, which is starting here today is a workshop that
Vietnam and other countries in the region are most expecting.

During the workshop, the ideas on methodologies in land use planning wilf be exchanged,
either from the angle of science or from the angle of practical application, either from national
or regional point of view. I hope these ideas will result in a common attempt o identify the
appropriate methodologies to serve as a base for land use planning, which will be able to
serve the higher goals in agricultural development. [ consider this workshop to be a challenge
for Vietnamese agricultural scientists and officers in approaching the latest developments in
land use planning science of the world.

Lastly, I wish to thank the International Rice Research Institute for providing the condi-
tions that this workshop could be held in Vietnam. [ thank the distinguished guests from
abroad and from my own country for participating in this important workshop.

I wish the workshop to be successful,
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Vo Van Luy
Vice-Chairman, People’s Commitiee of Can Tho Province, Vietnam

Distinguished Prof. Ngo The Dan, Dr. K.S. Fischer, Ladies and gentlemen,

1 consider it really a great privilege to be here today in this SysNet International Workshop on
‘Exchange of Methodologies in Land Use Planning’. On behalf of the Can Tho People’s
Committee, I extend to you a most cordial welcome to the Mekong Delta to participate in the
workshop organized by SysNet, one of the methodology development projects under the
umbrella of IRRI’s Ecoregional Initiative for the Humid and Sub-humid Tropics and Sub-
tropics of Asia. Can Tho has been a research target site and it is being able to host such an
important workshop.

We feel honoured by the presence of Prof. Ngo The Dan, the Deputy-Minister of Agricul-
ture and Rural Development to give the inangural address.

I most cordiaily welcome you, especially the foreign delegates from IRRI, India, Japan,
Malaysia, Netherlands, Philippines and all Vietnamese scientists. You are here to contribute
and share your knowledge and wide experience on methodologies in land use planning to
meet the demand of sustainable agricultural development. This gives us a good opportunity to
learn about novel tools including optimization models. We wish to gain from your experience
for the benefit of better promoting our agricultural modernization and industrialization.

I extend my heartfelt thanks to the managers and agricultural officers from many provinces
attending this workshop, to exchange our methodologies for our further cooperation to meet
the target objectives for the development of the Mekong Delta. I also welcome all visitors,
journalists from Press Agencies, Television and Radio Broadcasting Agencies paying special
attention to this workshop.

I very much appreciate the efforts of Dr Luat and his staff at CLRRI for the organization of
such an important international workshop in Can Tho Province, one of the largest granaries in
the Mekong Delta. In Can Tho, rice production is 1.75-1.90 million tonnes. Our goal for 2000
is to increase GDP by 12-13% and agricultural production by 6-7%. Land and water resources
have been thoroughly explioited. It is necessary to have a good strategy to find appropriate
solutions to the problems of growing rice under such conditions, to reap heavy harvests, and
to receive much higher farmer profits. The workshop will deal with various aspecls to meet
the demand not only for Can Tho but also for the whole region. We will be supplied by new
tools, e.g. GIS and simulation models, so that policy-makers can prepare better plans to
synchronize both exploiting and conserving our natural resources to ensure sustainable
agricultural systems.

We hope the workshop will achieve our common objectives. Congratulations to our
international collaboration. | wish the deliberations during this workshop great success.
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K.S. Fischer
Deputy Director-General, International Rice Research Institute, Los Bafios, Philippines

Dear Deputy-Minister for Agriculture and Rural Development,
Dear Vice-Chairman of the Provincial People’s Committee of Can Tho,
Distinguished Colleagues of Vietnam and other Partner Countries and Research Colleagues,

[ am taking this opportunity to convey to you my disappointment in not being present to open
the SysNet International Workshop on ‘Exchange of Methodologies in Land Use Planning’.

I regret that a series of unplanned activities have made it impossible for me to attend. Yet, 1
am keenly interested in hearing of the rapid advancement and success of SysNet as we all
address the challenges of careful use of our natural resources as we endeavour to feed the
growing population in Asia and elsewhere.

The competition between agriculture for land use to produce food and alternative uses of
these resources grows at an alarming rate. Yet so too does the demand for food. In Asia, it is
estimated that we will need approximately 40-50% more rice in the year 2025 than we do to-
day. And as well, there will be large demands for other cereals, poultry, and fish. With such
pressure, marginal lands are forced under cultivation; species habitats are destroyed setting a
cycle of destruction of the earth’s resources and a worsening of the lives of the already poor.

Under this scenario, the primary effort should be to design production systems that opti-
mize the efficiency of inputs and minimize emissions and losses — to the environment. In this
way, we can begin to make considered judgements about the trade-offs in land use to meet a
varied and diverse set of objectives,

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. This
approach of produciion ecology is the interdisciplinary science that integrates the knowledge
of basic physical, chemical, physiclogical and ecological processes in agro-ecosystems and
uses that to understand their functioning.

For this approach, we need new tools and new methodologies. SysNet is developing and
applying such tools for application in 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. Indeed, the CGIAR (Consultative Group on International
Agricultural Research) system as a whole is seeking to enhance its effective work in natural
resource management. SysNet is seen by many to be a leader in exploring new grounds for the
future. A close look at the workshop agenda confirms that view and [ regret not having the
opportunity to hear first hand the gains that you are all making in this frontier area. I wish you
a great and successful workshop, and wish to assure you that IRRI places this initiative very
high on its agenda.
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Nguyen Van Luat
Cuu Long Delta Rice Research Institute (CLRRI), O Mon, Can Tho, Vietnam

Distinguished Prof. Ngo The Dan, Dr. K.S. Fischer, Ladies and gentlemen,

The Systems research Network for eco-regional land use planning in tropical Asia (SysNet) is
sponsored and coordinated by the International Rice Research Institute (IRRI). The project
started October 1996, this workshop on ‘Exchange of Methodologies in Land Use Planning’
is the mid-term workshop of the current phase. The objective of the workshop is to exchange
new methodologies in developing land use considering multiple objectives. It was approved
by the Deputy-Premier {CV No.1458/VPCP-QHQT, 21/4/1998) and MOSTE (CV No. 1133/
BKHCNMT, 15/5/1998) of the Vietnamese Govermment.

In SysNet, many different countries, international organizations and scientists participate at
different levels and in a wide range of activities. In Vietnam, Can Tho Province is the
research site; Cuu Long Delta Rice Research Institute is coordinator in conjunction with the
Land Use Departtnent, Department of Science Technology and Environment of Can Tho
Province; Can Tho University; College of Agriculture and Forestry - Thu Duc, Southern
Agriculture and Planning Centre. The leaders of Can Tho Province and different departments
and agricultural officers at different districts contributed many valuable viewpoints.

Besides sending persons to IRRI for training, three training courses in the application of
new land use methodology, modelling, GIS were undertaken in Can Tho Province. The
participants came from different locations since the SysNet project promotes the transfer of
the methodology and technology in land use planning in different countries through
Institutions. We strongly believe that at the end of project phase [ in 1999, the Cuu Long
Delta Rice Research Institute, along with cooperating agencies, will understand the
methodology and technology. CLRRI will transfer the knowledge to persons at different
localities in order to contribute more significantly ideas for policy makers to make better
decisions on agricultural land use. It is hoped that training for more research staff and
planners would receive sufficient attention in phase II of SysNet project.

Long-term agricultural land use planning has been conducted through decades. At the
initial stage, due to lack of experience in land use planning, actual production was far from
target, For example, land planned for soybean cultivation was grown to jute, because it suits
acid sulphate soil, while jute, planned to increase 10-fold, decreased ten times. However, the
process of planning gained experience. At present, land use planning includes objectives,
data, and strategies that are almost close to the actual condition and at the same time can
reveal strategic viewpoints of the whole country involving sustainable development and
environmental considerations. In order to sirengthen the effectiveness of planning data,
materials, documents of high quality are needed. The methodology of land use planning in
SysNet project is to increase planning skills to obtain the above-mentioned objectives.

Under direct guidance from SysNet scientists, the Cuu Long Delta Rice Research Institute
has suggested various scenarios for optimum land use in the province. Can Tho provincial
leaders provided partial budget support for this activity in its locality. The Cun Long Delta
Rice Research Institute also integrated other projects conducted at O Mon district involving
crop production models CES’VI (NGOQ) and with Mega Project under IRRI support to
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improve rice production efficiency. The objectives of this combination are to provide
alternative production technologies for future land use.

The workshop on ‘Methodology Exchange in land use planning’ comprises about 20
scientific papers and discussions which can be classified into three sessions: (f) viewpoints
about development and strategies to select optimum land use (i) new methodologies and tools
in land use planning, and (Jii} experiences in methodology from SysNet project in India,
Malaysia, Philippines and Vietnam. The contents of the workshop will go into depth
concerning methodology aspects and key problems in land use planning.

The results obtained from this workshop will make a significant contribution to imple-
menting future SysNet projects. The purpose of implementing the SysNet methodology is to
identify possibilities for exploiting and utilizing land potential efficiently.
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New concepts and directions in exploratory land use studies
M.K. Van Ittersum'

! Theoretical Production Ecology, Wageningen University and Research Centre,
P.O. Box 430, 6700 AK Wageningen, The Netherlands
E-mail: martin. vanittersum@staff_tpe. wau.nl

Introduction
Problems with food security, nature conservation, the maintenance of social objectives,
unequal distribution of regional income and the depletion of natural resources are some of the
reasons for a government to initiate active land use policies. Policies aimed at changing land
use in a predefined direction form strong instruments to alleviate all these prablems. A major
aim of eco-regional research is to support strategic policy-making on management of land and
other natural resources, and rural development (Rabbinge, 1995). Such research should syn-
thesize basic biophysical and socio-econornic knowledge about crop and animal production
systems and their interactions with biophysical and social environments, in order to support
decision-making processes for the regional and higher levels of scale. Which options for land
use prevail, what are the major conflicts between objectives and the consequences of
prioritizing one objective over the other? How to stimulate implementation of desired land use
options or resource use?

A major objective of the eco-regional project Systems Research Network for Tropical Asia
(SysNet) is the development of scientific-technical methodology to explore land use options
using models and expert systems at sub-national scales in Southeast Asia (Roetter ef al., 1998;
Roetter & Hoanh, 1998). It adopted, advances and elaborates an exploratory methodology, as
described by e.g. Rabbinge er al. (1994) and Van Tttersum ef al, (1998), to analyse land use
options for four case study regions in India, Malaysia, Philippines and Vietnam. Such studies
fulfil the role of synthesizing fragmented agricultural knowledge to support development of
land use policies. For a careful assessment and successful role of this type of land use study in
the policy making process, several issues are crucial:

- Which types of land use studies and future studies in general can be distinguished? What
questions can different types of land use studies address, how should their answers be
interpreted and how can different land use studies be used in a complementary way? In the
next section this issue will be dealt with.

- Is the research sufficiently embedded within the process of creating awareness and learning
of stakeholders to ensure a dovetailing of questions of stakeholders and answers of
research? Several contributions in these proceedings report on how stakcholders are in-
volved in the various SysNet case studies.

- Are results of exploratory land use studies presented in such a way that stakeholders can
easily draw meaningful conclusions within the context of policy formulation? In this paper,
1 address the issue of how to present results of exploratory land use studies using Multiple

3
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Goal Linear Programming {(MGLP) models, as used in SysNet, in a meaningful way.

- Exploratory land use studies might play an important role in distinct phases of the policy
debate as a first step in designing options. However, successful further development and
implementaticn of promising land use options and farming systems require another type of
research, The last section of this contribution, therefore, focuses on potentially relevant
approaches for a follow-up to the current phase (1996-99) of the SysNet project.

Types of land use studies and their role in developing land use policies

For a successful policy intervention in land and resource use a clear discrimination among the

subsequent phases in policy making is a prerequisite, i.e.:

- Problem definition

- Awareness and agreement on the need for policy intervention

- Identification of policy objectives

- Identification of the means to realize these objectives.

In each of these phases different types of information are needed. This implies that each phase

in the policy-making process requires specific types of land use studies and modelling

approaches. Since land use studies of this type are future studies, we can use the classification
used in future studies to come to grips with their differences in design and output.
One classification divides future studies into four categories (Van Ittersum et al., 1998;

Becker & Dewulf, 1989), based on the criteria:

- The ‘level of uncertainty” in assessing future values of system parameters, and exogeneous
factors (e.g. related to land use: population growth, trade and market developments) greatly
affecting the options and limitations of system behaviour. Usunally the longer the time
horizon for which the study should give a forecast, the greater the level of uncertainty.

- The ‘level of causality’ in the model of the system, used to forecast possible future states
of the system. Models can have an empirical statistical basis enabling description of the
system, rather than explanation, or models may have a more mechanistic basis with
information on causal relationships within the system.

The four different categories of future-oriented studies that emerge from these criteria are (see

Figure 1):

Projection: based on a low level of causality, and valuable for those conditions where the

level of uncertainty is relatively low, due to a short time horizon for which the projections

should be valid, and relatively stable or negligible exogeneous conditions.

Prediction: if more information on causality and relations behind a projection is available, a

projection may evolve into a prediction.

Specuiation: if the level of uncertainty increases, usually associated with a longer time

horizon, a projection based on a low level of causality might evolve into a speculation.

Exploration: if more information is available about causal relationships within the system, it

becomes possible to explore future options, even though future developments on exogeneous

factors are highly uncertain. If causal information is only available for subsystems,
explorations may show options for future developments given explicit assumptions about
uncertain developments for other parts of the entire system.

In the phase of problem definition of a policy process, projective and predictive land use
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Figure 1. Typology of future-oriented studies, as defined by two criteria: level of uncertainty
and level of causality (see text). After: Becker & Dewulf (1989) and Van Ittersum er al.
{(1998).

studies can each play a role. These studies are based on extrapolated trends and facts from the
past and present and may shed light on plausible developments, Examples of such studies are
those of the World Watch Institute (e.g. Brown & Kane, 1993} and FAO (Alexandratos,
1995). A particular type of land use study is that presented by Veldkamp & Fresco (1996).
Their spatially explicit model uses statistical relationships to identify land use drivers at
different scale levels and accounts for dynamic interaction among these drivers. It can be used
to project future land use changes, and to analyse possible impacts of changes in land use
drivers. In general, studies used in the phase of problem definition should show probable
developments in land use for the near future, if trends do not really change, and as such,
project the current situation and likely developments to the near future, Their results should
stimulate political and societal agreement on the need for intervention to prevent that probable
developments become reality.

After the phases problem definition and creating consensus on the need for intervention, in
general the policy debate often shifts towards the policy measures before having identified the
policy objectives. Reason may be that it is much easier to discuss concrete policy measures
instead of more abstract objectives and their consequences. There might also be a political
reason for not being too explicit pbout policy objectives: consequences might be poorly
understood, or consequences may be foreseen but unpopular. Studies combining biophysical
opportunities and limitations with societal objectives explore ultimate options and conse-
quences of priorities. They might be very effective in showing technical and biophysical
possibilities and limitations of the agricultural system, and in creating consensus on
objectives, and a targeted identification of policy instruments.

The final phase, the phase of identification of policy measures, requires more predictive
studies again. The studies should show probable and plausible results of sets of policy meas-
ures. The last section of this paper addresses some features of systems approaches that might
be useful for this phase of policy development.

The SysNet project primarily focuses on exploration of land use options, particularly
addressing the phase of identifying policy objectives. When formulating objectives for future
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land use, there usually is consensus on striving for ‘sustainable land use’, but there will
probably be as many perceptions on its meaning and implications as there are stakeholders.
Sustainable land use comprises ecological, agro-technical and socio-economic requirements.
These can be regarded as objectives and constraints that are given different priority by the
various stakeholders. Operationalizing sustainable development is equivalent to finding com-
promises that are acceptable to the various stakeholders involved. The Netherlands Scientific
Council for Government Policy pointed out in their report Sustained risks, a lasting
phenomenon (WRR, 1995) that priorities for various objectives are driven by perceived needs
and risks related to socio-economic systems and ecosystems. All causes and effects of human
activities are appreciated differently by the various stakeholders as a result of differing ideo-
logical preferences or aspirations. This implies that for the initiation of a land use policy there
is no use in coming up with a single option to be accepted by all parties involved, since that
denies the presence of different perceptions of needs and risks. Consensus can only be the
result of a debate or a learning process in which different objectives are explicitly addressed
and trade-offs among and consequences of objectives are revealed. It is here where science in
the form of exploratory land use studies can contribute, i.e. to examine the technical feasibil-
ity of meeting different sets of objectives and to analyse trade-offs among objectives, Thus,
science shows the consequences of different appraisals of needs and risks involved in society
and environment, thus providing an appropriate basis for discussion among stakeholders. This
requires a method of analysis that discriminates between information on (/) value-driven
preferences and (i) science-driven information, to generate the consequences in terms of
achievement of societal objectives, but also in terms of where to produce, what and how.
Exploratory land use studies, as applied within SysNet, operationalize such a method.

How to analyse and present results of exploratory land use studies

Exploratory land use studies as applied within SysNet use multiple goal linear programming
(MGLP) as the integrating modelling tool. Results of an MGLP mode] run are characterized
by the optimum objective values and the associated optimum set of decision variables (agri-
cultural land use activities: where, what type of agriculture to which extent). Such results can
be presented in a table or a bar diagram showing the objective values, and in a map showing
the optimum land use allocation. Numerous runs can be made with the model, each
representing a different priority setting of objectives, resulting in different optimum land use
allocations. So far results of exploratory studies have been presented for so-called alternative
scenarios (Veeneklaas er al., 1991; Rabbinge ef al., 1994, Stoorvogel et al., 1995). In a study
for the European Union (Rabbinge ef al., 1994; WRR, 1992), four land use scenarios have
been defined and evaluated: Free trade and Free market, Regional Development, Nature and
Landscape, and Environmental Protection. The scenarios have been derived from policy
documents and interviews with policy-makers. Each of the four scenarios represents a differ-
ent priority setting of the objectives and is evaluated in the study by the consequences of these
priorities in terms of objective values and in terms of optimum land use allocation within the
European Union. Scenarios and the way they are evaluated and presented, such as in the
European Union study, may be very effective in stimulating discussion on strategic land use
options, defining policy objectives and directing discussion on effective policy means.
However, such scenario analyses using linear programming {LP) models also have some



limitations.

First, an exact definition of a limited number of scenarios, fully representing the range of
priorities among objectives that might prevail in the policy arena, will always be a very diffi-
cult task. Secondly, and more importantly, the presentation of a limited number of scenarios
as such lacks information on robustness of the scenario results and on the main aspects of
agricultural production characterizing optimal solutions or options. For instance, do regional
differences in physical environments {“where’) determine which land use allocations are
optimal, or do differences among production systems (‘what’) or differences among
production techniques (*how”) rather determine optimally. In short, presentation of a limited
number of alternative land use eptions can only partly summarize the results of an exploratory
study. The policy-maker still lacks sufficient information on the aspects of agricultural
production (where, what and how) that really make a difference in policy making, and on the
aspects that are, or are not worthwhile to consider in the definition of policy objectives and
policy means. This has to do with (i) a continuous range of priority setting that might occur
(as opposed to a limited number of scenarios), and (ii) technical features of LP models.

The first problem, a continuous range of priority settings, might be overcome by not just
presenting a few discrete options, but by rather presenting trade-off curves. Figure 2 presents
the trade-off occurring between the total agricultural area used to feed all people in the EU
(self-sufficiency, no trade) and the total nitrogen loss. This trade-off was revealed with a sim-
plified version of the original GOAL model (General Optimal Allocation of Land use), which
was used for the European Union study (Van Ittersum et /., 1995; Hijmans & Van [ttersum,
1996). For selected points in the graph, the associated optimum land use allocations can be
shown in maps or tables. Table 1 shows the associated production orientations for several
points in Figure 2. A complicating issue in this respect is that there are more relevant objec-
tives and thus dimensions of the trade-off, than can be presented graphically. In the SysNet
case studies, the models comprise ca. 10 different objective functions. A partial analysis of
trade-offs might be the best solution to overcome this problem.

The second problem relates to the fact that results of LP models are typically robust in
terms of their optimum obiective values but generally very sensitive in terms of the associated

Trade-off: N-loss - Agric. area Figure 2. Trade-off curve for the agri-
cultural area required for self-

3500 - . . .
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T.B’ 1500 - GOAL model that has been used for
Ec-’ 1000 | the European Union study (Van [tter-

500 4 sum ef al., 1995; Scheele, 1992).

0 . . . , . Table 1 presents the associated
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Table 1. Different agricultural areas used to realize self-sufficiency in the European Unien,
associated minimum N-loss and associated optimum land use allocation to five different
production orientations . Results were calculated with the simplified GOAL model {Van
Ittersum ef al., 1993).

Relative allocation to different production
Agric. area N-loss orientations (%)
(10° ha) (10°ha) YOP® YOW  EOP EOW  LOA
323 2605 100

40 2309 86 14
30 2241 66 34
52.5 2234 58 7 35
60 2266 17 46 37
70 2475 17 30 6 47
80 2815 3 31 17 50
86.6 3269 7 2 6 36 49

* YOP: Yield-Oriented Potential; YOW: Yield-Oriented Water-limited; EOP: Environment-Oriented Potential;
EOW: Environment-Oriented Water-limited; LOA: Land use-Oriented (see also Rabbinge er af., 1994),

optimum land use (Scheele, 1992; Hijmans & Van Ittersum, 1996). To put it differently:
several, often very different land use allocations, result in similar objective values, which is
not necessarily an artefact of the model, but may represent reality as well. Default, LP models
just generate the oplimum solution. Makowski et al. (1998) have elaborated various
procedures to generate rearly optimum solutions, differing only slightly in objective values
but greatly in terms of land use allocation. Figure 3A graphically presents land use allocation
to production orientations (*how’ to produce) of a set of solutions of the adapted GOAL
model that differ less than 5% from the one with minimum total N-loss for total agricultural
production within the EYJ. In this figure, only two out of five production orientations are
considered: Yield-Oriented Agriculture with irrigation (YOP), and Environment-Oriented
Agriculture with irrigation (EOP). It can be concluded from this figure that these production
orientations are highly equivalent in terms of nitrogen loss, since they can be easily
substituted in nearly optimum solutions. The figure showing substitutability of YOP and
Yield-Oriented Agriculture without irrigation (YOW) is very different (Figure 3B), indicating
that soiutions that are {(nearly) optimal in terms of nitrogen loss, will primarily be associated
with irrigated agriculture. The challenge is to present results of MGLP models in such a way,
that stakeholders can easily identify those aspects of agricultural land use that really make a
difference in satisfying different objectives. Should policy-makers target policy instruments to
re-allocation of land use among (sub-)regions, to a change in agricultural production systems
or to different production techniologies?

From exploratory land use studies towards designing land use policies and farming
systems

As argued above, exploratory studies aim at supporting definition of policy objectives. Two
important questions that come up after defining policy objectives, and even while defining
policy objectives, are (f) which type of policies should be promoted to stimulate development
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of sustainable land use options, and (i) the type of farming systems that best meet sets of
specific objectives. Recently, several research projects in Wageningen focused on this type of
questions, So far, concepts and some preliminary results are available for two different
approaches that might contribute to identification of policy instruments, and two approaches
to enhance development of sustainable farming systems.

Towards intervention studies

In the Research programme on Sustainability of Agriculture in the Atlantic Zone of Costa

Rica (REPOSA) a regional approach using linear programming has been adopted. This

approach has some important differences compared to the models that have been used in the

European Union study and in the SysNet project so far. In the REPOSA LP model constraints

and information on three issues have been implemented {Bouman ef al., 1998):

- Road infrastructure and options for improvement of road infrastructure, and physical dis-
tances to markets, by defining sub-zones within the region with different product prices
due to transport, and differences in labour mobility costs.

- Demand-supply relations, i.e. price elasticity, for agricultural products of the Atlantic Zone
for which production is that high, that it might affect local or world markets, i.e. bananas,
palm heart, plantain and meat.



10

- Labour market: it is assurmed that extra labour can be drawn from the non-agricultural
labour force in and outside the Atlantic Zone, but at a certain cost, which increases with
increasing labour demand.

Partly as a consequence of above-mentioned aspects, the LP model is a model with just one
ohjective function, i.e. maximizing the regional economic objective. Priorities on other objec-
tives related to land use (e.g. environmental and social) can be analysed by changing bounds
on constraints related to these issues.

This type of modelling enables analysis of consequences of current infra-structural and
soclo-economic constraints by running the model with and without these constraints. In addi-
tion, possible effects of hypothetical, improved infrastructure or changed labour or product
markets could be analysed'. The REPOSA model has been developed basically for the
regional level of scale, to explore optimum land use allecations and to assess possible impacts
of infrastructure or market changes. However, this model is, per definition, not capable of
predicting impacts of particular policy instruments. The level of scale at which ultimate land
use decisions are merely taken is the farm level, which is not addressed in this type of model-
ling. In addition, apart from price elasticity, no behavioural component is included in the
REPOSA (nor SysNet) type of models. The research project of Sustainable land use and Food
Security in the Tropics (Dutch abbreviation: DLV) attempted to address this issue.

In the DLV project, a farm household modelling approach was developed, capable of
assessing possible impacts of policy instruments, both for the farm, and aggregated regional
level (Kruseman ef <., 1995; Kruseman & Bade, 1998). Farm household decisions on allo-
cation of land, labour and capital resources for crop and production technique choice are
simulated, taking into account resource availability, household objectives and prevailing
market conditions. The modelling approach relies on {7} farm household modelling focusing
on farm household behaviour; (i) linear programming for assessment of performance of
actual and alternative production options in terms of several objectives, and (iii) partial equi-
librium analysis for assessing interactions between farm households. The aim of the approach
is to evaluate the impact or effectiveness of technology improvement, improvement of infra-
structure, price support, etc., in economic and environmental terms (Kruseman & Bade,
1998). From a theoretical point of view the methodology is very promising, and the type of
results seems to be highly relevant. The method has been applied twice in a research setting
{Mali and Costa Rica) and the main challenge is now to test applicability and effectiveness in
a context with stakeholders.

Towards design of sustainable farming systems

Implementation of sustainable land use also requires on-farm development of sustainable
farming systems. Research and development could focus on important components of the
farming system, e.g., integraled nutrient management or integrated pest management (see e.g.
Kenmore, 1991), but could and should also address whole-farm design. The last decade a
promising empirically based methodology for developing sustainable farming systems has

' In fact, the basic idea of this type of analysis is very similar to analysis of possible effects and
opportunities of introducing irrigation networks, that enable sharing water among sub-regions or
municipalitics, as suggested by Hijmans & Van Ittersum (1996) and Roetter & Hoanh (1998).
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been put forward, i.e. prototyping (Vereijken, 1997). In close cooperation with commercial or
experimental farms, farming systems are developed in an applied-oriented fashion, Four
phases are distinguished: diagnosis, design, testing and improvement, and dissemination
(Vereijken, 1997; Rossing ef al., 1997a). In these subsequent steps, a hierarchy of objectives
is established considering the shortcomings of current farming systems in a region. The
objectives are transformed into a set of multi-objective indicators to quantify them, and a set
of multi-objective farming methods is established, such as multi-functional crop rotation, inte-
grated nutrient management, or integrated crop protection. Next, a theoretical prototype is
designed by linking indicators to farming methods and designing the methods until they are
ready for testing. The theoretical prototype is laid out on several pilot farms, to test and im-
prove the prototype variants until the objectives have been achieved. Finally, the prototype
variants are ready for being disseminated to other farms within the region, The method has
been elaborated and tested in an Furopean network. Results that are reported by e.g. Vereijken
(1997) and Wijnands (1997) are impressive.

Complementary to this line of research and development of sustainable farming systems,
model-based explorations for the farm level are put forward. Rossing et ai. (1997a) identified
two major shortcomings of prototyping: () only a few theoretical prototypes can be tested on-
farm, resulting in a lack of information on trade-off among objectives; and (i} systems design
is based on expertise summarized in simple rules, which narrows views on the range of avail-
able options and obscures understanding of the system. Model-based explorations enable nu-
merical computation and evaluation of numerous alternative theoretical prototypes. They
reveal trade-offs among partly conflicting economic and environmental objectives. In addition
they synthesize detailed knowledge about components of farming systems and enable a better
understanding of relations between components and their effects on systems behaviour.
Promising examples of such model-based explorations have been presented by Rossing ef al.
{1997a, b). In fact philosophy and approach of these model-based explorations for the farm
level, is very similar to the one adopted by SysNet, for the regional level. Rossing er al.
{1997a) argue that model-based explorations can be very complementary to prototyping,
particularly for identifying a wide range of theoretical prototypes and for learning about
options and limitations of the system.

Much methodological research has been done and much more should be done in the sphere of
generating relevant policy information with exploratory land use studies and in the sphere of
designing strategic policies and sustainable farming systems. Eco-regional projects, such as
SysNet, should play an important role in this scene. In this section, we sketched some ideas
based on on-going projects in Wageningen, which might supply interesting and relevant ideas
for possible next phases of SysNet. For all such methodologies it applies that a critical success
factor of their application lies in creating a setting in which stakeholders are fully involved,
thus stimulating awareness, right interpretation, and true decision support. SysNet
methodology and suggested items for possible next phases integrate existing knowledge on
field, crop and animal level, and may stimulate and direct future research for these lower
levels of scale. For the higher levels of scale, SysNet’s current focus and the suggested topics
for its next phases are highly complementary in developing strategic land use policies and
operationalizing a sustainable land use that satisfies a range of societal objectives.
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Introduction

The ‘Systems Research Network for Ecoregional Land Use Planning in Tropical Asia’
{SysNet) aims at developing methodologies and tools for improved land use planning at the
sub-national level in support of natural resource management. Crop simulation models and
alternative yield estimation techniques are one component of the various tools needed for
estimating input-output relations of the varfous production activities (Figure 1). Such
technical information is required to run optimization models (Multiple Goal Linear
Programming models, MGLP; De Wit et al., 1988) for generating optimum land use
allocation and analyse trade-offs among multiple goals for a given region,
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Figure 1. Relationship between yield estimation and other model components and data flow of
regional MGLP model.
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Land use planning can be defined as the systematic assessment of land and water potential,
alternatives for land use and economic and social conditions. FAO (1995) presented land use
planning as a two-stage approach — output from the physical land evaluation becomes the
input for socio-economic evaluation. In physical land evaluation (stage 1), agro-ecological
units are identified and these are compared with the environmental requirements of possible
crops that can be produced from it. The essence of land evaluation is then to compare or
match the requirements of each potential land use with the characteristics of each kind of
land. It is also important that the various current and possible future types of produciion
systems are identified for each unit, and that input-output relationships for the various
alternative production activities are quantified in order to arrive at an optimum allocation of
land uvse, both in economic and ecological terms.

Crop simulation models are one of the tools applied, in particular for the purpose of
providing yield estimates of possible future types of crop production systems. In physical land
evaluation, a range of alternative yield estimation techniques is applied to provide yield
estimates for the different production levels ranging from potential to actual conditions.

This paper reviews the different types of yield estimation techniques applied in land use
planning and discusses the advantages and disadvantages in view of the requirements of new
approaches and associated decision support systems. Questions related to model evaluation
and the choice of appropriate model complexity in relation to study purpose, data
requirements and availability are discussed. Current work on developing a common tool for
annual crops, the generic crop growth simulation model WOFOST (version 7.1) is presented.
Pragmatic approaches to yield estimation for different production levels as applied in the four
case studies of SysNet are described. The wide range of crop models/vield estimation
techniques currently applied by the SysNet teams constitutes a compromise between
information needs and data availability for agro-ecological characterization, model evaluation
and applications. Finally, oppertunities to develop a common biophysical modelling
framework for SysNet are outlined.

SysNet’s hierarchical approach to yield estimation
In late 1996, the “‘Systems Research Network for Ecoregional Land Use Planning in Tropical
Asia’ was launched with the aim to develop methodology for determining land use options
and to evaluate these methodologies for generating options for policy and technical changes in
selected areas. The case study regions are States or Provinces, with total land area ranging
from 0.30 to 4.39 million ha. Relatively homogeneous agro-ecological units, for which yield
eslimates have to be provided, may vary in size from approximately 25 to 200,000 ha,
depending on the total land area and agro-ecological diversity of the target region. Input-
output relations need to be quantified for, at least, three production situations:
Potential yield is achieved when nutrients and water are not limiting. Solar radiation,
temperature, and crop characteristics solely determine crop growth. This is differentiated
from attainable yield where crop growth is limited by abiotic resources such as water
and/or macro-nutrients nitrogen, phosphorus or potassium. Attainable yield is further
reduced to aciual yield when pests and diseases affect crop growth. Differences between
potential, attainable, and actual yvield levels for poorly- to well-endowed physical
environments are illustrated in Figure 2.
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Figure 2. Production situations, production levels and associated growth factors (after
Rabbinge ef ai., 1993)

In reality, usually more than just these three production situations are found, the gaps between
potential, attainable and actual yields may vary widely and not always the way presented for
the schematized types of physical environments in Figure 2. Moreover, there is usually a yield
range for each production level, which depends on weather variability, specific management
practices and their interaction. This range can vary widely among the various physical
environments. Some general rules for resource management apply, however, when following
this hierarchical approach: potential yields can be raised by new culiivars (or by controlling
CO; concentrations and temperature as done in ‘greenhouses’); the gap between potential and
attainable yields can be narrowed by (more) efficient use of water and nutrients, while the gap
between attainable and actual yields can be narrowed by yield-protecting measures which are
often exchangeable (such as labour, mechanization, and herbicides).

Modelling techniques and underlying principles

A range of modelling approaches and techniques exist for estimating reference yields for the
varions production situations. These may be roughly grouped into four: (1) formal
(mechanistic) crop simulation models, (2) empirical (statistical} crop yield models, (3) expert
judgement and (4) surveys. In this section, principles underlying and incorporated in different
crop yield model types/yield estimation approaches will be described. Different approaches to
yvield estimation are sometimes used in combination.

Yield can be expressed as a function of resource availability (e.g. water (W), solar
radiation (R)) and resource use efficiency (e.g. g dry matter per g water used (WUE))
(Haverkort ef al., 1997). In a first approximation, potential and water-limited yield can be
estimated by calculating total dry matter production (De Wit, 1958) using the concepts of
radiation use efficiency (Ritchie, 1983) and water use efficiency according to Monteith (1986,






