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Preface

The ecoregional approach has been proposed by its advocates as a new
approach to address natural resource management (NRM) issues within -
defined geographic areas, using the tools from many disciplines to diagnose
problems and to introduce changes, to generate new knowledge, and to
introduce solutions that are socially, ecologically and economically
acceptable to the communities in the ecoregion. The Red River Basin as an
ecoregion comprising the delta, sloping lands, uplands and highlands of
northern Vietnam, is a suitable area to use this approach. In implementing
the approach, it is generally recommended that a situation analysis first be
conducted in which major stakeholders are assembled to review the status of
the knowledge on NRM, to arrive at a common understanding of key NRM
issues, and to participate in a research planning process using a common
vision for NRM in the ecoregion.

The planning workshop from which papers were selected for this book,
therefore represented a first step in the process of applying the ecoregional
approach for NRM in the Red River Basin. To the extent feasible, resource
persons and scientists from international organizations and advanced research
organizations were invited to join participants from the key Vietnamese
government and non-government organizations in developing this future
research agenda. The workshop informed potential partners of the current
and future scope of ecoregional approaches in the Red River Basin, of the
nature, objectives and outputs expected from NRM research projects, and of
the role of various institutions and projects in a coordinated program for
NRM in the basin. While a summary of the presented papers was made
available shortly after the workshop, it was felt that several papers contained
information which were not generally accessible to many interested in natural
resource issues in this northern part of Vietnam. It was for this purpose that
the proposal for this book was made.

The papers have been divided into three sections: an introductory
section, a section on current and proposed research, and a section on aspects
of a future vision of NRM. The three papers in the introductory section
provide a comprehensive introduction to the different ecoregional
approaches, and also set the context for the Red River Basin as a pilot site
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within a new Iinitiative called the Ecoregional Initiative for the
‘Humid/Subhumid Tropics/Subtropics of Asia. The second section has
twelve papers on different ongoing and new projects on NRM in the basin,
and show the diversity of work on NRM which would be suitable for
inclusion in a collaborative program. The third section contains two papers
which explore some possible elements of an ecoregfonal approach to NRM.

This bopk and the workshop on which it is based, would not have been
possible without the selfless assistance given by so many of our Vietnamese
and international colleagues. We cannot list all of them here but would like
to acknowledge specially the logistical support given by Ms. V. Lantican and
Ms. N.T. Huyen. We would further like to acknowledge the assistance of G.
Trebuil, O. Husson, P. Bergeret, R. Bourgeois, and F. Jesus in the scientific
review of the papers, and to Ms. Gon van Laar for her invaluable help with
technical editing. Many of our IRRI colleagues played important background
roles to facilitate the valuable discussions during the workshop, especially.
S.P. Kam and T.P. Tuong. Lastly, it is our sincere hope that this book will
contain information that is useful in helping the scientists and policy makers
in the Red River Basin to determine sound action for a sustainable future
based on rational technologies for NRM.

N.N. Kinh, P.S. Teng, C.T. Hoanh and J.C. Castella
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The ecoregional initiative and a rationale for
~ ecoregional approaches to natural resource
management

Paul S. Teng
International Rice Research Institute (IRRI),
P. O. Box 933, Manila 1099, Philippines

Introduction

The Asian humid tropics is a region characterized by dynamic economic
growth and social development, both of which are anticipated to continue
into the next millennium. Countries in this region face common issues related
to the ecological sustainability that is required to maintain economic
development (Teng, Fischer & Hossain, 1995). These issues concern what-
alternative crops can be grown given water, labor and land constraints
(diversification), how to increase the efficiency and productivity of current
food crop production (intensification), and how to arrest the negative effects
on the natural resource base due to agricultural practices (degradation and
pollution). These issues further require a systems approach for their
resolution due to their complexity and inter-relatedness. Research to
generate options and strategies at an ecoregional level will require concepts
and techniques that allow integration and interaction of different levels of
biological, physical or social organization. Furthermore, work at high levels
of integration (e.g. regional) will have to build on solid scientific foundations
at low levels of integration (e.g. plant and crop), and vice versa (i.e.
upscaling and downscaling).

The focus of the ecoregional approach is on conservation and management
of natural resources to develop sustainable food production systems (Rabbinge,
1995). However, natural resource management (NRM) tends to be site-
specific, and the opportunities for generalizing research results from one site to
wider domains, and their spill-over effects, are often limited. Because of this,
the conceptualization, conduct, and interpretation of natural resource
management research is best done by considering socioeconomic factors in
biophysically-defined ecoregions. Furthermore, the role of NARS is crucial in
conducting NRM research and in implementing subsequent findings. In the

Asian humid tropics, most NARS have the capacity for collaborative research
" with other NARS and with international centers, and NARS collectively
outspent the CGIAR in this region. Advanced research organizations (AROs),



specially those from European countries, have also been active in this region
on NRM. There is an urgent case to implement fully an ecoregional
approach to ensure that food security and natural resource conservation
become mutually compatible regional goals.

Impact from NRM research has been more difficult to achieve in the
humid tropics than the corresponding research on germplasm improvement.
One reason is that NRM tends to be location-specific, on a small scale, and
its application at one location is subject to strong external influences
emanating from wider scales. Furthermore, most of the issues related to
degradation of the natural resource base due to mis-management cannot be
addressed on a small scale because phenomenon at the field/farm level are
often symptoms of larger scale processes. In order to achieve any significant
impact from natural resource management (NRM) research, it will therefore
be necessary that strong links be forged between NRM at the field/farm level
and NRM at the landscape level. These links include scientific, technical and
institutional ones, but require organization into an ecological framework that
would integrate socioeconomic with biophysical factors. Such a framework
may be provided using a systems approach applied on a distinct geo-physical
area, such as an ecoregion, which is a geographically-bound set of
ecosystems and their human settlements and supporting infractructures. In
this paper, ecoregional approaches are discussed with respect to a new
initiative, called the Ecoregional Initiative - ECOR(I) — that has been
proposed by the Technical Advisory Committee (TAC) of the Consultative
Group on International Agricultural Research (CGIAR), to implement the
approaches in humid, tropical Asia.

The Ecoregional Initiative for the Humid and Subhumid Tropics and
SubTropics of Asia— ECOR(I)

The CGIAR/TAC approved in early 1995 a proposal to initiate this
ecoregional project (IRRI, 1994; Teng, Hossain & Fischer, 1995) and
requested IRRI to convene the ECOR(]) for the humid/subhumid tropics and
subtropics of Asia, involving the following: '

Convening center:IRRI

Participating countries: Vietnam, Thailand, Philippines,
Indonesia, Malaysia, India, Bangladesh
Participating advanced organizations:
France -- CIRAD, ORSTOM
. Netherlands -- Wageningen agricultural
community (WAC)
International Consortium for Agricultural
Systems Applications (ICASA) :
Participating international organizations:IRRI, ICRISAT, CIMMYT, AVRDC,
IBSRAM, CIAT, IIMI, ICRAF.



As convening center, IRRI has responsibility to be facilitator, catalyst and
organizer of activities in the Initiative. ~Additionally, IRRI acts as a
secretariat for the steering committee of the ECOR(I), called the Ecoregional
Working Group (EWG). IRRI also participateé in methodology development
by brokering advanced technologies between AROs and participating NARS,
and through research conducted in its Medium Term Plan in the pilot sites
and the ecoregion as a whole. The EWG has selected two over-arching
themes to characterize the work done under the ECOR(I) -- soil erosion, and
diversification. The Soil erosion theme is led by IBSRAM, which together
with PCARRD is also leading an Asian project of the same name for the
CGIAR Systemwide Program on Soil, Water and ‘Nutrient Management.
IRRI is a research partner in this theme, particularly through its Upland Rice
Ecosystems Program. Crop diversification was chosen as the second theme,
with four sub-themes -- water, land degradation, technology options, and
policy. It is anticipated that research synergy will be determined in planning
workshops through (i) filling gaps in NRM research, (ii) rationalizing and
harmonizing the current research agenda of different institutions, and (iii)
minimizing overlaps in NRM research by delineating responsibilities for
different research activities.

Rationale for the Ecoregional Initiative -- ECOR(I)

The justification for implementing ecoregional approaches via this .
initiative were established in the proposal submitted to TAC (IRRI, 1994),
and further elaborated by Teng, Hossain and Fischer (1995), and are
summarized below:

e The need to develop common vision among different partners for NRM
in an ecoregion, such as in a basin

e The need to fill gaps in information required for NRM which are not
currently generated by existing institutions or activities

e The need to rationalize any overlaps in the mandates and activities of
commodity or topical institutions

e ~ The need for partners in an ecoregion to develop an organized‘
framework to conduct NRM research and to implement NRM
knowledge at the regional level

e The need to ensure that a holistic systems approach is used in regional
level NRM, to avoid potential conflicts in strategies between institutions,



disciplines and sub-regions which may lead to negative effects on
natural resources in the ecoregion; and

The need to develop a single, practical “model” for regional-level NRM.

- In a world where resources are becoming increasing limited to support

agricultural and rural development, synergies and catalysis of activities are
much needed to ensure that farmers can quickly benefit from the results of
research and concurrently, that new technologies do not degrade the natural

environment.

Implementing the Ecoregional Initiative, 1997-1998
An annotated chronology of the ecoregional initiative is as follows:

The CGIAR TAC approved in early 1995 an ecoregional initiative,
(ECOR(])), for the humid/subhumid tropics and subtropics of Asia, to be
convened by IRRI.

The ECOR(]) organized its first planning workshop in September 1995,
at IRRI, Los Banos, Philippines (IRRI, 1996a);

o This was attended by IARCs active in the region, NARS and AROs.

* An Ecoregional Working Group (EWG) comprising representatives -
of the major stakeholders was formed to steer the ecoregional work
in this area.

* Two broad themes were identified for consideration by ECOR(I)
partners -- knowledge base development at ecoregional level, and
efficient NRM for production in diversifying systems. '

A NARS consultant worked at IRRI during 1996 to identify and develop
a database on natural resources and institutions involved in NRM in the
ecoregion.

The ECOR(I) convened the first meeting of the Ecoregional working
Group (EWG) in August 1996, in Kuala Lumpur, Malaysia.

¢ Pilot study regions were identified and criteria developed for
including future regions.

¢ Four concept notes under the diversification theme -- respectively
on lack of technology options, poor policies, water resource



depletion, and land degradation -- were identified for further
- development for possible funding (IRRI,1996b).

.+ Consultations with partners, to identify pilot regions to initiate activity,
based on a high level of current relevant research and development work
(September 1996 - February 1997)

e  First ecoregional methodology developmeﬁt project, SYSNET, started in
October 1996.

e Convening of the first planning workshop for an ecoregional pilot site,
the Red River Basin in October 1997.

e Formalization of ECOR(I) into IRRI’s Medium Tenﬁ Plan for 1998-
2000. o

e Convening of sensitization workshops for scientists and administrators in
Thailand (Chao Phraya pilot site — 1998; Ayerwaddy pilot site — 1998).

e  Conduct of Scale Workshop in Ho Chi Minh City to improve researcher
understanding of scale issues in ecoregional research, June 1998.

e Convening of first pilot site technical workshop, for the Red River
Basin, in Hanoi, October 1998.

The above chronology is a brief summary of the highlights and does not
reflect the many activities under each activity. '

ECOR(I) activities

The ECOR(I)) has three major types of activities: ecoregion-wide
activities, methodology development, and pilot regions.

1. Ecoregion-wide activities
These are guided by the EWG, which catalyzes, rationalizes and develops
the comprehensive ecoregional program, and currently consists of the

following;:

e Thematic working groups to develop specific projects to generate
outputs from ongoing activities by NARS, IARCS and AROs on water,
land degradation, technology options and policy '

- e Databases or information on each region or domain

(delta/watershed/toposequence) for sharing among partners, including
results of diagnostic and characterization studies



e Assessments of food, feed and fiber demand by the ecoregion’s growing
population, and the relationship between this demand and the natural
resource base '

e Case studies within these domains to better define their key attributes
(biophysical, socio-economic, institutional, policy) and to develop
technologies for landscape level NRM

« Research on methodology for upscaling technologies in watersheds, and

¢ Training and supply of computer software to NARS teams for exploring
land use options in different sectors of toposequences.

Partners for research on generic ecoregional issues are jointly identified
through the EWG.

2. Methodology development

The SYSNET Project.Under the umbrella of the ECOR(I), a project
_ involving NARS teams from India, Philippines, Vietnam and Malaysia was
initiated in late 1996 with support from the ISNAR-managed Ecoregional
Fund (Roetter & Teng, 1998). This project emphasizes the development of a
specific set of methodologies to support ecoregional-level decision making,
The two main activities are: '

o Evaluation of generic crop models for estimation of potential yield of
major agricultural crops at different scales; and

s Development of databases and their use with multiple goal optimization
algorithms, to explore tradeoffs between apparently conflicting
objectives in NRM.

The areas studied by SYSNET are The Kedah-Perlis coastal plain in
Northern Peninsular Malaysia, The Mekong Delta (one province), in
southern Vietnam, Haryana state in India, and llocos Norte province, in
Luzon Island, The Philippines. It is anticipated that SYSNET will contribute
databases to the other components of the ECOR(I), and will also identify
research needs in NRM. The SYSNET project has a strong link to WAC and
1CASA to tap into the latest computer software, models and algorithms for
land use planning,. ‘

Other methodology development activities. In addition to the SYSNET
project, a group of NARS is cooperating with IRRI to develop GIS-based
techniques for better estimating rice supply and demand at a sub-national .



level. It is anticipated that this will lead in aggregate to an improved
estimation of the food production capacity in the ecoregion. Additionally, a
joint project between IBSRAM and IRRI is researching quantitative models
for predicting nutrient flows in northeast Thailand.

3. Pilot studies in selected regions

In order to have a tangible demonstration of the potential benefits from
adopting ecoregional approaches, the ecoregion’s NARS in the EWG made a
strong recommendation to focus efforts on several deltaic areas and their
associated watersheds (IRRI, 1996a). They also urged that a process and the
techniquies to conduct inter-institutional, inter-disciplinary research on
natural resource management be developed at these sites by building on
current activities occurring along the transect from upland to lowla_ﬁd
landscapes. The EWG further recommended that current mechanisms for
rescarch collaboration such as consortia and networks, either national or
international, be tapped for inputs for ecoregional cooperation. It is therefore
anticipated that most of the gap-filling research will be done by re-directing
the agenda of the NARS institutions concerned, IARCs or AROs, although
some new research, especially on the development of methods for
“upscaling” knowledge, will have to be done. All stakeholders have
committed themselves to sharing research outputs and data’ generated on the
four sub-themes either by their own efforts or in this cooperative ecoregional
mode, at the pilot regions. Databases from each theme will also be shared
and updated each year for each region under study.

In each pilot region, a Regional Working Group (RWG) will be formed
comprising representatives from all the key institutions involved in R & D
activities. This RWG will inventory the ongoing work by various partners,
conduct planning meetings to identify research needs and bottlenecks in
implementing a regional level program for NRM, facilitate the creation of a
common vision for NRM in the region, assist in the rationalization of any
overlapping research agenda, identify technologies required for improved
NRM, and assist in the development of proposals for research contributing to
improved NRM in the region. Each year, a technical symposium will be held
to enable synthesis and cross-subtheme interactions, from which it is
anticipated that knowledge shared on each pilot region (watershed, delta) will
be of general benefit and of specific use to each partner.

The following regions, with their associated watersheds/toposequences
were selected for joint work based on the substantial volume of current



research activities by the partners in this ecoregional initiative -- Red River

Delta and associated uplands, Vietnam; Chao Phraya Delta, Thailand; [locos

Norte region, Luzon, Philippines; and Mekong Delta, Vietnam. Additional

study regions that require further consultation with NARS partners are those

of South-east Kalimantan, Indonesia; Ayerwaddy Delta, Myanmar; and the -
Ganges/Brahmaputra Delta, India/Bangladesh.

Potential partners for each pilot region are listed below, but is not all
inclusive until the working group for each study region has been convened:

Red River Basin: GRET (an NGO), CIRAD, ORSTQM, Vietnam
Farming Systems Network members, IRRI, ICRAF, CIAT, CIMMYT

Chao Phraya Delta: ORSTOM, CIRAD, Kasetsart University, Thailand
Department of Land Development, Thailand Department of Agriculture/ Rice
Research Institute, IRRI, CIMMYT, IIMI, AVRDC

Ilocos Norte region: PHilRice, Mariano Marcos State University, UPLB,
PCARRD, Ilocos Norte Provincial Government Planning Office, IRRI,
AVRDC '

Mekong Delta: CIRAD, ORSTOM, Can Tho University, Cuu Long Rice
Research Institute, Water Resource Planning and Management Institute,
IRRI, and CIMMYT.

Target outputs for each pilot region from the ecoregional research were
identified by the EWG and include:

e Options for water management in each sector of the toposequence (i.e.
deepwater/ tidal land, irrigated lowland, rainfed lowland, rainfed upland)
and integration of these options for the entire toposequence

e Methodology for, and determination of crop options for different sectors
of the toposequence.

e Improved coordination of collaboration mechanisms within the
ecoregion with respect to NARS/IARC/ARO activities

¢ Land management strategies and practices developed to facilitate water
catchment, water conservation and water utilization

¢ Quantification of the effects of diversification on the natural resource base

" & Biodiversity-conserving crop diversification strategies developed for
each toposequence sector (i.e. deepwater/ tidal land, irrigated lowland,
rainfed lowland, rainfed upland), and their extrapolation potential
determined .
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e Crop and nutrient management strategies and technologies developed for
diversified cropping systems

" & Pest management strategies developed for insects, diseases and weeds
which recognize the spatial link between different crop-based
ecosystems in an ecoregion :

" e Policy options developed for supporting crop diversification in a
sustainable manner with minimal negative effects on the natural resource
base

e  Development of institutional frameworks for NRM at an ecoregional level

These targets are neither all-inclusive nor appropriate for all ecoregional
pilot regions, and it is envisaged that a subset will be selected for each region
and that other targets may be identified for specific regions. '

Restating the characteristics of the ecoregional approach

The ecoregional approach is a relatively new research approach for
tropical Asia, and has been proposed to focus on development of strategies
and techniques for natural resource rﬁanagement at a regional level, in order
to develop sustainable food production systems under pressures of increasing
human populations and declining soil and water resources for agriculture. In
implementing this approach, natural resource management research is to be
done by considering socioeconomic factors in biophysically-defined
ecoregions so that visible impact may be seen at different levels (farm to
watershed) and from different perspectives (scientific and political).
Increasingly, a partnership mode is recognized as being central to the
ecoregional approach, in particular the integration of the individual research
agendas of NARS institutes, international centers (IARCs), advanced
research organizations (AROs), and non-government organizations (NGOs).

An ecoregional approach therefore fully leverages the comparative
advantage of individual research and development organizations with those
of policy and administrative institutions, into a comprehensive program to
ensure that food security and conservation of the natural resource base
become mutually compatible regional goals. In a world that is witnessing
declining land and water resources to grow food, fiber and feed for its human
inhabitants, ecoregional approaches take on urgency as the practical mode of
implementing modern science and technology for sustainable development.
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An ecoregional approach for de\;elopment-
oriented research on agricultural systems

Hubert Manichon' and Guy Trébuil'?
'Annual crop department, Centre de coopération
internationale en recherche agronomique pour le

développement (CIRAD), B.P. 5035,

34032 Montpelllier Cedex 1, France

?International Rice Research Institute (IRRI),
P.O. Box 933, 1099 Manila, Philippines

Introduction

This paper is based on the recommendations made by a working group
bringing together the French agricultural research institutions (CIRAD,
INRA and ORSTOM)' and set up at the request of the Ministry of Higher
Education and Research to draw up joint proposals in the field of ecoregional
research. This concept is currently being developed by the Consultative
Group on International Agricultural Research (CGIAR), where it has become
an important component in the evolution of development-oriented research.
French institutions are already involved in several ecoregional programmes
and consider these initiatives as a step in the right direction, providing a
" means towards more effective development-oriented research. The proposals
_ presented here aim to bring this concept another step forward by defining the
principles of a ‘second generation’ of ecoregional projects that the French
research community would like to put to its partners for discussion and
implementation, for example in the case of the Red River Basin key site of
the Ecoregional initiative for humid Asia, Ecor (I).

Development-oriented research and ecoregional approaches

Logically speaking, it should be possible to measure the effectiveness of
development-oriented research, in the developing world especially, through
its contributions to economic and social development in the countries

1 The members of this working group were for INRA: B. Vissac, C. Albaladejo and
A. Sontot; for ORSTOM: G. Hainnaux, A. Lericollais and P. Gondard; and for
CIRAD: F. Forest, D, Sautier, P. Lhoste and Hubert Manichon.
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concerned. In practice, howevet, the development process is highly complex,
reflecting the multiple interactions of human society with its environment,
and such measurements are very difficult to make. Depending on the case,
research may be alternately attacked or praised, without any objective proof
of its responsibility in success or failure. Indeed, such subjective perceptions
often influence the level of resources that communities are willing to invest
in this area.

Despite such difficulty, agricultural research institutions are increasingly
conscious of the role they must play in responding to social demand. Few are
the scientists who now consider that their contribution can be limited to
individual work on personally chosen topics. Recent years have seen a
growing recognition of the need for collective, multi-disciplinary
organization of research planning activities that need to be based on the
analysis of needs and hence with clearly defined objectives.

The ecoregional approach is benefiting from these changes. It owes its
&evelopment to the efforts now being made to improve the transparency and
credibility of development-oriented research, its objectives, problems and
organization. In particular, it has attracted the attention of funding agencies
who view it as a tool for more effective analysis of the economic, social and
environmental problems of developing countries.

For the CGIAR authorities, who have been developing this approach over
a number of years, it provides a means to take into account, within the
framework of the ‘green revolution’, of the difficulties encountered™in
regions with multiple constraints and, more recently, in regions with high
development potential, and to give greater priority to environmental
problems. To achieve this, not only must the scope of research be extended
beyond the biophysical aspects of production but, at the same time, problems
must be analysed in terms of their technical and human dimensions (CGIAR,
1992, 1994).

We must, therefore, define the geographical areas within which this
multidisciplinary approach is to be applied. For organizational purposes, the
CGIAR has suggested dividing the continents into ‘ecoregions’ (on the basis
of agro-ecological zones defined by FAO). In certain regions, such as south
and southeast Asia, consortia have been set up to carry out collaborative
research programmes, bringing the concerned National Agricultural Research
Systems (NARS) and their comparative advantages into closer and more
equal relationships with the CGIAR centres and other Advanced Research
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Organizations (AROs). As an example, Vietham became recently a full
member of the Upland Rice Research Consortium which is edtering into its
third phase. This institutional approach, providing a tool for renewed
collaboration between North and South, will hopefully enhance the
coordination and éfﬁciency of development-oriented research projects.
However, this approach also involves high ‘transaction costs’ which at a time
when resources are scarce will only be acceptable if the hopes placed in this
approach are fulfilled. )

A necessafy deepening of the ecoregional approach

The various ecoregional programmes already defined cover a wide range
of topics; this is logical since the regions concerned are very different in
nature. However, a large variety of scientific approaches are also used
without any apparent justification for the differences observed. The
programmes rarely stay within the limits of particular ecoregions, and indeed
there often appears to be little true uniformity, in terms of agricultural and
environmental problems, within a single ecoregion.

This problem must be studied more deeply. This need was recognized by
the CGIAR authorities, who decided to set up a working group on this
subject’. For the same reasons, the Dutch éooperation organized a
symposium in December 1994 for the benefit of international centres.

The very objective of the ecoregional approach is to contribute to the
sustainable development of a geographical region and this is also the
necessary starting point for any evaluation of its scientific content. A positive
contribution to developmeﬁt cannot be achieved simply by basing research
projects in the region concerned. Nor is it sufficient merely to ensure that the
issues being studied are related to the region's major development challenges,
or to perfect the methods required to disseminate the results of this research.
Indeed, experience shows that for innovations to be accepted, the new
knowledge produced must be in harmony with the needs and strategies of the
people for whom these innovations are destined and must take account the
constraints to which they are subject. Furthermore, to ensure that the

2 This group was chaired by Cyrus N’Diritu (Kenya) and its members were: 1. Abrol
(India), H. Manichon (France), G.Norés (Argentina) and R. Van den Berg
(Netherlands); the secretary was M. Collinson (CGIAR secretariat).
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solutions to a problem do not, in turn, give rise to new problems when they
are applied, their consequences, both direct and indirect, must be analysed in
detail.”

A given geographical region contains a large variety of situations, both
among different categories of actors (farmers, traders, officials, etc.) but also
within a single category. Consequently, it is quite unrealistic to imagine that
a single solution can be imposed on the entire farming community (assuming
that this is possible) to solve any given problem (increased agricultural
production, improved product processing, or natural resource management).
Though such a solution may be relevant for some, it would never be
appropriate for all situations. This is particularly true where agricultural
diversification and farm or regional specialization is occurring along the
process of integration into market-driven economies such as in today’s
Vietnamese agriculture, On the contrary, a wide variety of alternative
solutions must be provided, devised on the basis of a diagnosis'Bringing to
light the problems affecting an entire region and the strategies of particular
actors within it. They must be made available to all those concerned so that
they can be used to establish new working methods and practices.

. Whether it be to improve food security by increasing production, to
reduce poverty by increasing income or to implement sustainable
management of natural resources and environmental protection, the very
roles of the diversity of stakeholders involved in production or management
of resources are brought into question. For example, to improve the
coordination mechanisms in key commodity chains being rapidly
transformed following important socio-economic reforms like in Vietnam
recently, the solutions provided will only be effective if they enable local
actors to make positive changes in their activity. Local action is a
prerequisite for overall development.

~

We must therefore acknowledge that no contribution can be made to the
development of a geographical region without viewing the land, its people
and their activities as a real object of research by itself. This is the message
we propose to convey through the ecoregional approach. It involves the
integrated study of a region, based on the current local situation, in order to
identify the realistic margins for future progress and the means to achieve
such progress. Of course, these ideas are not new. However, they are all too
rarely applied in research programmes, even when conducted on a
collaborative basis. The proposals presented below could, on this basis,
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contribute to the definition of a ‘second generation’ of ecoregional
programmes and projects to complement and reinforce those which already
exist.

Proposals for a second generation of ecoregional programmes

The proposals presented here have been drawn up largely on the basis of
French experience. This experience is based on an understanding of the
physical and human environments of developing countries, built up over time
through a tradition of work in the field and long-standing relations with
NARS partners. It covers all types of ﬁroduction in these environments:
animals and plants, crops for local consumption and for export, food and
non-food crops. Lastly, its results from the application, over many years, of a
muitidisciplinary and multi-scale systems approach with respect to the
environment as it is actually perceived at different levels (cropping system at
plot level, production system at the household-based unit and agrarian system
from the village to the region and beyond). References to these topics can be
found in the bibliography.

In the specific case of the Red River Basin, one must recall here the two
very early and famous landmark publications, one by Pr. René Dumont’s
thesis in agronomy published in 1935 on ‘Rice cultivation in the Tonkinese
delta’, followed the year after by Pr. Pierre Gourou’s own master work in
physical and human geography entitled ‘Farmers of the Tonkinese delta’.
Closer to the present, two volumes containing each a series of articles on
recent changes in the agriculture of the Red River delta and based on the Red
River Programme activities at the Vietnam Agricultural Science Institute (see
the paper by B.H. Hien, this book), belong to this type of integrated studies
on regional agricultural systems to guide development efforts. The very
timely release this month of a joint special issue of ‘Agricultures’ and
‘Agriculture et Développement’ journals on the recent transformations in
Vietnamese agriculture includes twelve articles on agro-economy and
agronomy on the various aspects of changes in the agricultural production
systems of the Red River Basin. '

During the past years, several research methods and procedures have been
designed and tested that could contribute significantly to a common ‘basket
of tools” to be made available to the various partners of the Ecor(I). As far as
CIRAD is concemned, the following ones could be cited: agro-ecological
\zonations based on the integration of GIS and remote-sensed datasets,
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frequential climatic analyses, cropping systems typologies, on-farm crop-
diagnostic surveys and empirical modeling of yield build-up processes,
household systems typologies based on farmers strategies, commodity chain
and stakeholder analysis, multilevel analysis tool for agriculture (MATA
model), multi-agents dynamic models and decision making helpers,
patrimonial management of renewable natural resources (mediation,
coordination, négotiation), etc.

We present below the role that ecoregional research may play in the
identification of paths towards socially, economically and ecologically
sustainable development in a given region (a more precise definition will be
given later) and their practical implementation. The foundations of the
ecoregional approach are first defined and certain implementation principles
are examined, without seeking to cover every aspect of the question. The
proposed approach is broad enough to be applicable either in the case of high
productivity areas such as parts of the Red River Delta facing new kinds of
natural resource management and socio-economic problems, or (at least until
recently) more marginal areas of the hilly and mountainous zones of the Red
River Basin displaying very constraining bio-physical and socio-economic
conditions. It is also designed to be suitable for those situations characterized
by rapid transformations of agricultural production processes.

Contents of the proposed ecoregional approach

"~ A conventional approach would be to examine the following points in
succession: (i) the identification of the major development challenges facing
the region and their order of importance, (ii) their expression in terms of
scientific questions and the search for answers which may have already been
found, in the region or elsewhere, (iii) the definition and implementation of
appropriate research methods and protocols to obtain solutions if none are
available or applicable, (iv) the definition of methods for dissemination of
results among the populations concerned and their implementation (v) the
evaluation of results obtained.

Though this list contains many essential activities, it is not sufficient in
itself to form the basis for the organization and long-term management of a
research system capable of achieving the objectives presented above.

The first task is, of course, to identify regional challenges and real
research needs; it deserves particularly careful attention. This identification

18



of challenges clearly calls for expert opinion and an analysis of available

data, often relatively abundant thanks to previous studies in the area.

However, this exploratory phase alone is not sufficient to guarantee a

relevant and useful research programme since, in this form, it is the scientists

who impose their own vision upon the farmers and the economic and
political decision-makers.

To ensure greater relevance and efficacy, the next task is to construct an
overall diagnosis of the current dynamics of the region in collaboration with
the various stakeholders concerned and through their direct involvement in
~ the design of the research project and its institutional organization. This
construction, not the product of scientists alone, thus results from
consultation and negotiation between a social demand (which must be
known) and a supply of research (to be constructed). This negotiation must
be established from the outset. After constructing this regional diagnosis,
additional research needs can be identified to fill existing knowledge gaps
and appropriate research protocols combining surveys, testing and syntheses,
can be devised. ' V

However, as work progresses, it would be prejudicial to disconnect the
knowledge creation phase from its utilization, allowing researchers to hand
over the reins to others after achieving the desired results from their research
protocols. On the contrary, there are several reasons why research work and
practical implementation of new knowledge should take place side by side.
Indeed, it may take a very long time to obtain answers to certain problems,
whereas the knowledge already acquired in other areas can be transferred
immediately. Research partners would not see any justification in delaying
implementation until all results were available. Moreover, researchers would
miss an opportunity to tést their validity under real conditions. Indeed, it is
often through the application of apparently well-proven ‘solutions’ that their
shortcomings are brought to light and that new research needs are identified.
The practical application of knowledge for innovation must therefore involve
the scientists themselves, working in close collaboration with beneficiaries.
Action-research interventions are required to achieve this end.

As it is not always possible to test the application of a research result,
other strategies must also be available. The appropriate tool for progressive
integration of acquired knowledge and simulation of its application is, of
course, a model of the dynamics of the region based on the outputs generated
~ during the phase of preliminary diagnosis. The construction of an overall
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representation of the structure and current dynamics of the region therefore
lies at the heart of the proposed ecoregional approach. It forms the basis for
the diagnosis and identification of research and development needs and can
be used to simulate any changes that occur. Defined as the integrated study of
bio-physical, socio-economic and policy factors of sustainable development
in a given geographic area, the ecoregional approach thus corresponds to a
long-term iterative process; its implementation is the progressive
construction of a partnership project established between research scientists
and key stakeholders operating within the geographical area concerned.
Clearly, this breaks down the traditional boundaries between fundamental,
strategic, applied and adaptive research categories, as it does between
research and development; it is an integrated approach to development-
oriented research.

Applying the approach

In this section, we propose to examine three questions successively: the .
type of geographical area within which the ecoregional approach can be
applied, the components of the preliminary diagnosis and, lastly, the regional
model and its application. Other important questions, such as the
characteristics of thematic research procedures, the dissemination of research
results and the assessment of their impact are not discussed here.

Choice of a suitable region

Practically, an ‘ecoregion’, as defined by the FAO classification of agro-
ecological zones,i.e. a vast trans-national area whose boundaries correspond
to climatic limits established on a somewhat arbitrary basis, would not be an
appropriate choice. Indeed, though climatic and ecological factors are
essential for assessing the potential performance of livestock and crops and
for analysing the reasons behind current land use practices, they are not
enough in themselves. The wide variety of agricultural situations co-existing
within a single climatic zone demonstrates that climate is not the only factor
to be taken into account, and that certain cultural, social, -economic and
political factors weigh heavily in the choice of production systems.

It is therefore more practical to delimit smaller areas within the
ecoregions where all the factors affecting their dynamics can be examined
simultaneously. The chosen study area is therefore a ‘region’, defined as an
area within the ecoregion containing human societies whose activities result
from () their own objectives and needs, (ii) the resources (natural resources
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in particular) that they can mobilize to this end, (iif) their mutual relations
(exchange, competition, etc.) and (4v) the rules governing these relations.

Based on such a definition, a region comprises rural areas (in which
economic activity consists predominantly of crop and livestock productions
and forestry) and urban areas, displaying varying degrees of interactions.

It is also convenient, for an initial analysis at least, to use an
administrative subdivision of a state. The situation in such areas is generally
documented by thematic maps (soils, climate, roads, railways and energy
networks) and by a variety of statistics concerning economic activities and
population which, though they must be checked for accuracy, are precious
sources of information. Moreover, centres of economic activity and
consumption, political decision-making centres and potential research
partners are clearly and immediately identifiable at such a scale.

The region may be chosen to include several different climatic (sub-
)zones, such as in the case of the Red River Basin. This should not be seen as
a complicating factor, but more logically as a necessity when the activities
performed in these different zones are complementary and interacting, as is
the case between the hilly and mountainous areas located around the Red
River Basin and the delta itself with its major urban centers.

The collation of existing data and their synthesis by means of a
geographic information system provides a spatial view of the region, of its
internal variability, and of the relations between sub-groups defined within it.
This synthesis document, enriched over time, can be used for example to
select the places where particular research projects are needed and will
provide the basis for delineating the domain of extrapolation of their results.

This analytical procedure must be repeated to study the relations and
interactions between neighbouring regions (such as the Delta, the hilly ‘zone
moyenne’ and the highlands of the Red River Basin for example), within one
or more ecoregions, taking each region as a unit: an ecoregional structure
may comprise several entities. It would run contrary to the very objectives of
the approach to limit the study of regions to partial analyses through which
no overall understanding of each region can be obtained and no valid
comparisons made.

Components of the regional preliminary diagnosis

One commonly-used approach is based on the identification of
hierarchical levels of organization (plot, farm, village, etc.) and the
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characterization of each of these levels. To examine the higher level of
“organization, a synthesis of data concerning the previous level is needed.
This makes it very difficult to avoid potentially dangerous over-
simplification when up-scaling. Particularly, we méy lose sight of the diverse
patterns of reasoning underlying the actions of stakeholders operating at each
of these organizational levels or we may ignore the fact that some of these
key actors are involved in several organizational levels simultaneously. To
avoid such shortcomings, it is preferable to build up a picture of regional
realities by combining several complementary, partially redundant ‘points of

" view’ in which the patterns of reasoning of the various actors can be included

without necessarily associating them with a single level of organization.

Three points of view together form the foundation of a regional
diagnosis:

- Commodity chains constitute the first point of view. They include all the
functions (production, processing, marketing). and stakeholders
involved in the chain leading from a biological raw material to'one or_
more end-products used by human societies. These commodity chains
may (or may not) provide appropriate responses to the quantitative and
qualitative needs (food, energy, wealth, work, environment, etc.) of
rural and urban populations in the region under study. Both local,
domestic and export commodities are concerned, all playing a role -
which must be assessed - in the economy of the region. By studying
each stage (taking account of the production factors used and their use
efficiency) in each major commodity chain, their critiéal\_segments,
strong points as well as shortcomings can be identified.

- The land constitutes the second point of view. Zoning, based on the
variability of the region's physical, economic and human
characteristics, provides a basis for surveys concentrating mainly on

_ the farm level’. The study of farms in a sample group of villages brings
to light the range of production processes used to manage natural
resources (by farmers, herders, foresters, communities) and the
reasons, of whatever kind, behind the choice of such techniques

3 The term ‘farm’ is here used in its widest sense to mean a decision-making centre
' concerning the use of natural resources (and other resources) for production and for
the needs of a family group. It includes entities with their own land and those without
land; in each case, the multi-activity of each of the actors is taken into account.
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(agronomic, economic, legal, cultural or social). The relations
(competition or synergy) between the various stakeholders at the local
level (the village territory), their mode of organization, the pressure
they exert on land, must be studied in particular detail to gain an
overall understanding of land use and of the results obtained. On this
basis, diagnoses can be made concerning: (i) cropping and livestock
production systems and the reasons for differences between their
current performances and their potential output levels, (i7) the short-
and long-term consequences of human activity on the environment,
both in natural and cultivated areas and (ii/) the assessment of the
existing use of resources available in the environment.

- Policies must also be analysed. They concern: prices, credit, exchanges,
land ownership and development, demography and immigration. This
set of policies, like the operation of markets and the organization of
agricﬁltural extension, influences the behaviour of stakeholders,
affecting their reactions to uncertainty, unexpected events and
contributes to the creation of favorable (or not) conditions for the
development of the local economic activity.

For each of these points of view, the analysis concentrates on the situation
in the region at the present time. However, aspects of its past must also be
known in order to obtain a clearer overall picture of the causal mechanisms
that are at the origin of the current situation. In the case of the Red River
Basin for example, recent changes in the land tenure systems and their
impact on land utilization, demographic trends and inter-regional migrations,
evolution of crop yields and farm prices, etc. could be important topics to be
investigated. ' ’

The regional model and its utilization

The preliminary diagnoses drawn up for each component of the regional
analysis give an initial list of questions concerning the region's development,
this providing guidelines for the creation of appropriate research and
extension organization and plans. Here the approach is largely thematic in
nature.

The intégration of the findings from three points of view guarantees that
the main stakeholders involved in the dynamics and development of the
region, and their interactions, are taken into account in the regional
diagnosis. This integration is achieved though the identification of key
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regional sub-systems and an analysis of their operation, the typological
classification of stakeholders and the spatial representation of data
synthesized in a geographic information system. This integration must
concentrate on the levels where decisions are taken concemning production
choices and natural resource management strategies. At this stage, an
additional list of key questions to research can then be identified that will
deal mainly with the relations between stakeholders and between the systems
they manage.

Starting out from the overall diagnosis, a model of the region’s current
mode of operation is built up. It will then be used to simulate the changes that
occur as a result of variations in major factors such as demography, main
production and input prices, land tenure and credit policies, for example, or
through the introduction of new technologies.

To make these simulations possible, the model must provide explicit
information about the relationships among stakeholders, the activities they
pursue and their determinants. It must indicate the linkages between the use
of production factors and resources and the levels of production obtained, as
well as between the types of land use and their economic or environmental
consequences, between the behaviour of stakeholders and their economic,
social and cultural environment. To achieve this, certain aspects must be
taken into account which, though impossible to quantify, are nevertheless
essential for the understanding of regional realities: if the regional model
limits its scope to quantifiable data, the true complexity and diversity of the
situation may well remain hidden.

Such a tool for monitoring the evolution of a regional agricultural system
is enriched over time through the integration of ongoing research and
development outputs and their impact on the farms. Beyond monitoring,
simulations reveal the variability of economic and environmental results
corresponding to different evolution scenarios. They thus bring to light key
areas where, for example, new knowledge or new modes of social
organization may become necessary in the future.

Conclusions

The organization of research efforts within a specified geographic area is
not the only means to perform objective-oriented research. General thematic
approaches are equally valid and their results are valuable for regional
research. However, the particular advantage of regional research is its
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“¢HPacity to takeirte abecint Simultangcusly all the stakeholders (individuals,
. groups, firms and-instifutions) opérating’ within ‘anatéa- and ‘Whosé strategies
interact to contriblte to-the devielbpitieit within the-tegiofl ! THis' development
will not be real and sustdinabtétunleds -there is ‘@ certditiratioratization of
activities, especially as regards the'iise ‘f availablé réstirees within the'aréa
concerned. Of course, research alone does riot héld-the kejto' developiiient.
However, through an ecoregional approach, it is“ablé! o coritribute 10" the
definition of ways and means to achieve such rationalizatiofi.”In- the“cade“6f
the Red river basin site, a key question to be addressed by future Eeci(1)
activities will be: what types of coordination mechanisms should be put in
place between the increasing number of stakeholders in the market driven
regional agricultural economy to bend current practices toward a more
productive and sustainable use of natural resources?

We must therefore understand the diversity which exists in the current use
of natural resources, in the conditions for acceptance of technological
progress and in the strategies used by the various actors to adapt to a
constantly changing environment. To achieve this understanding, technical,
social, economic and political aspects must be analysed together;: the
geographic area in question must therefore be viewed as an object of research
in itself. Such is the concept presented in this communication. Very
practically, Ecor(I) activities will need to be structured in a way that
facilitates the comparative understanding of the functioning patterns and
interactions among adjacent zones (delta, hilly, mountainous) in the basin.

Today, it is clearly necessary to deepen the ecoregional approach as it is
applied in order to prepare for the future challenges analysed in the recent
report entitled ‘Sustainable Agriculture for a Food Secure World’ directed by
Gordon Conway. This report highlights the urgency of a new agricultural and
ecological ‘green revolution’ to establish an agriculture which is both
productive and in harmony with the natural environment. The regions subject
to the greatest constraints are most directly concerned, such as the very
densely populated Red River Delta or the fast degrading steeplands
surrounding it. The ecoregional approach naturally has a major role to play
on the path towards this ‘doubly greje:_n revolution’.

The national and international research institutions of both industrialized
and developing countries have achieved results in many areas, providing
useful answers to the needs of developing countries. But these results have
rarely been integrated into a sustainable development strategy on a régional
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level. This question, which cannot be answered without a major review of the

organizafion and content of development-oriented research, is a major
concern, and rightfully so, of most research institutions. The CGIAR, which

first coined the term ‘ecoregional’, the universities and research centres in

many countries including, in Europe, those of the Netherlands and France,

along with regional organizations of the NARS, are all contributing to this

debate. Faced with the urgency, complexity and diversity of the problems to
be tackled, these various organizations must join forces to establish the

principles and methods for more effective research and to enable

development-oriented research to face up to future challenges with greater

force and vigour. ‘
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Exploring land use options under multiple
~ goals in support of natural resource
management at a sub-national level
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International Rice Research Institute (IRRI),
’ . P.O. Box 933, 1099 Manila, Philippines

Introduction

Vast areas of the humid tropics of Asia are undergoing accelerated land
use changes, mainly driven by market forces, increases in population, and
rapid economic growth. As a consequence, agricultural systems are in
transformation, being challenged by the requirements of increased
productivity, more diversified products and environmental protection to meet
the multiple societal claims on natural resources including land (Pingali et al.,
1997). At the same time, there is also a pull of human resources from
agriculture to other sectors. Both ‘Pushing and Pulling factors’ lead to
accelerated migration of people from rural to urban areas and to increasingly
disintegrated forms of land use.

One response to the challenge of producing more on less land, with less
water and less labour, while maintaining the quality of the natural resource
base, is to increase resource use efficiency in an unprecedented way
(Greenland, 1997; IRRI, 1997). Apart from increased efforts in conventional
research (plant breeding, soil and water management and genetic
engineering) focusing on improved resource use efficiency at field and farm
level, the agricultural research agenda has to be widened and address
environmental and economic issues at higher (regional) levels of integration.
Analysis of sustainable options of land use and resource management at
regional levels is required in order to support appropriate policy change by
offering feasible options, instead of restricting research efforts to curing the
possible consequences of inadequate agricultural and environmental policies.
Moreover, regional level studies help in identifying crucial research gaps,
and thus, in setting research priorities at lower (farm, field, plant) levels of
integration.

Commonly, where agricultural land is scarce and production does not
keep up with population growth, research and development (R&D) measures,
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such as irrigation and improved fertilizer management, are initiated, and
geared towards higher yields per unit area. Unfortunately, in many such cases
success is limited, partly because the required external inputs are either not
available or too expensive. As a consequence there is often no alternative to
meet the increasing demand for agricuitural products except either to over
exploit the natural resource base, or to remove some of the constraints, e.g.
by subsidizing prices of inputs or produce (Dasgupta & Mailer, 1994). The
latter measures, however, often discourage farmers from adopting resource
use efficient technologies. Thus, both lack of required external inputs and
inadequate price policy can lead to undesired environmental effects,
undermining the sustainability of agricultural production systems. This
underscores the need to take technical, socio-economic as well as ecological
dimensions into account when identifying pathways for sustainable
agricultural development for any given region (Dent, 1997; Beek et al.,
1997).

INTEGRATION

Figure 1. Systems approaches to link agricultural research activities at
different scales (adapted from IRRI, 1994).
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SysNet project
Overview and characterization of study regions

To ensure that the fruits of research efforts at field and farm level, such as
integrated nutrient and pest management have a higher impact, decisions on
(agricultural) land use and natural resource management at regional level
should be based on sound scientific knowledge. Such knowledge needs to be
synthesized and made accessible in the form of decision-making support
systems, taking into account the different current and alternative scenarios of
the future functions of the rural environment.

Understanding and information gained from analysing various scenarios
of land use change and its impacts on the natural resource base should
become an integral part of (integrated) economic and environmental, regional
development plans. Developing a systems methodology for that purpose is
the motivation for this new project on regional land use planning in support
of natural resource management in tropical Asia.

- | 3N
odos e |
5ysNet Phiiippines,
ILRICE, UPLB, MMSU

¥SysNetHQs.— +— -1 18°
RN :

<Net Viet Nam ' W/;%
7 kA

|
L

s f‘ i =Py

60° 75° [ 108° 120° 135%

Figure 2. SysNet project (1996-99): Partners and study regions

Under the umbrella of the Ecoregional Initiative for the humid and sub-
humid tropics and sub-tropics of Asia (ECOR(D)) (Teng et al., 1995), the
project ‘A Systems Research Network for Ecoregional Land Use Planning in
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Tropical Asia’ (SysNet), was launched in late 1996, involving NARS teams
from India, Philippines, Vietnam and Malaysia, and coordinated by the
International Rice Research Institute (IRRI). The purpose of the project is, to
develop methods of systems analysis for improving the scientific basis for
]andiuse planning (at sub-national level) in various eco-regions of Asia. Four
study regions (Haryana, India; Kedah-Perlis, Malaysia, Ilocos Norte
Province, Philippines and Can Tho Province, Vietnam) were identified.

Characterization of study regions

Haryana State in northern India, with a total area of 4.39 x 10° ha,
experienced the full success of the green revolution with increases in the area
under high yielding crop varieties from 0.9 to 2.7 x 10° ha and in food
production from 2,600,000 to 10,500,000 tons (Agarwal & Roest, 1996). In
recent years, this prosperous state, which has the second highest per capita
income in India, is increasingly facing serious resource degradation problems
which have partly resulted from intensified agricultural production systems.
In the central and south-western region, canal -irrigation in areas with
brackish groundwater, and without drainage outlets has led to rising water
tables, water logging and flooding, and secondary salinization. The water
table is further declining in the semi-arid to arid eastern region, and in other
areas with fresh groundwater. B

The Kedah-Perlis Region in northern Malaysia is one of the most
important agricultural areas in the country and is the major ‘rice bowl’,
contributing 40% of national production. With a total land resource of 1.01
x10°ha, a population of 1.73 x10° and a labour force of 0.62 x10° it is one of
the poorest regions in Malaysia. (at 60% of national per capita income);
moreover, large disparities in income exist within the region. Currently,
about 52% of the total land resource is agricultural land. However, rapid
transformation to manufacturing a’hd tourism (currently 35% GDP; 47%
employment) is taking place. Labour shortages and rising costs of production
are seen as the most serious constraints to agriculture. Modernization of the
agricultural sector, aiming at both more diversified production (high value
crops) and intensification, is the declared goal. At the same time it is
expected that the region maintains its level of contribution to rice production
in support of the national target of 65% self-sufficiency. ’

llocos Norte Province in northwestern Luzon, Philippines, with a total
land resource of nearly 0.34 x10° ha, is a region with large forest resources
(46% of total area) and a relatively low population density. About 25% of the
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total area is classified as cropland. Based on 1994 data, there are 5.68 persons
per ha cropland. Agriculture in the province basically consists of rice-based
production systems with 33,000 ha planted to rice with irrigation and 24,600
ha rainfed. During the wet season, various crops such as corn, sugarcane, and
vegetables are planted in the uplands. During the dry season, diversified
cropping is practiced in the lowlands where tobacco, garlic, onion, com,
sweet pepper, and tomatoes, all under irrigation, are cultivated. As a result of
excessive use of inputs (namely nitrogen fertilizer) on these dry season crops,
leaching of nitrate has led to high nitrate concentrations in the groundwater.
Agro-processing, ceramics and handicrafts are the major industrial activities
in the Province. Major environmental problems are soil erosion on sloping
land and groundwater pollution in the lowlands.

Can The Province, with a total area of 296,812 ha, is located in the
central part of the Mekong Delta, Vietnam, 170 km southwest of Ho Chi
Minh City. Total population of Can Tho in 1994 was 1.82 million. The
Province is located in the monsoon climatic zone with a high temperature
throughout the year. It has a very flat topography with fertile soils, and
abundant fresh water sources. In 1994, about 83% of the total area was under
arable farming, with the various rice cropping systems (69%) as the
predominant land use type. The major physical constraints to economic
development in Can Tho Province are:

- Annually, 200,000 ha is flooded from 0.3 to 1.5 m for 2-3 months;

- Part of the Long My district (about 7,000 ha) is intruded by brackish
water for 3-4 months; and

- - A large area of the Long My and Phung Hiep districts is affected by acid
water from the acid sulphate soils at the beginning of each rainy season. :

The aim for each case study was to explore technically!'. feasible
development pathways for the agricultural sector in a region, while giving
full weight to the different socio-economic, biological and physical boundary
conditions as well as to the different goals of the community. Such analysis
should reveal to what extent the various goals can be met, given the major
constraints, and provide estimates of the trade-offs between costs and
benefits incurred in order to attain the various goals.
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Figure 3. Structure of ecoregional research in support of natural resource
. management and land use planning.

Origin, key accomplishments and future thrusts

Origin

During the last phase of the project ‘Systems Analysis and Simulation for
Rice Production’ '

(SARP) (Aggarwal et al., 1996) it was found that there is an urgent need
in south and southeast Asia to apply systems approaches at regional scale
levels. This is in order to analyse conflicts arising from required production
increases and natural resource management for larger areas and in different
socio-economic environments (Figure 3). A conceptual framework for such
analyses was elaborated, among others, by FAO (1995) following
recommendations made by the Commission on Sustainable Development,
Chapter 10, Agenda 21 (Kwakernaak, 1995; Johnson, 1993).

Figure 3 illustrates two aspects. Firstly, methodologies and tools need to
be developed “for scaling up and integrating knowledge on production
ecology and natural resource management generated at plant and field level.
Secondly, research priorities at lower levels of integration may be guided by
results obtained for the regional level.
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Three major project outputs have been defined for SysNet:

1. (intermediate output) Crop models identified/developed and evaluated
for yield estimation at different scales.

2. Options for agricultural land use explored at four representative
domains in tropical Asia.

3. Teams of trained scientists who can apply systems analysis techniques
at the regional level to identify development potential and opportunities.

SysNet key accomplishments by output

Output 1:

- Development of a preliminary Asian version (6.0.1) of the generic crop
growth simulation model WOFOST for estimating potential, water- and
nutrlent-llmlted yields for a range of troplcal crops.

- Evaluation of preliminary version WOFOST 6.0.1 for various rice
cultivars (potential production situation) and comparison with other models
(e.g. ORYZA1 and ORYZA_W).

- Incorporation of additional input data and modification of subroutines
of the generic crop growth simulation model according to requirements by
the various SysNet partners (WOFOST version 7.0).

Output 2:

- Stakeholder awareness: consultative workshops were held with
stakeholders in Ilocos Norte and Can Tho on the nature of the case studies
and the type of quantitative information required for carrying out the case
studies; key institutions in the region were consulted by SysNet teams in
Malaysia and India.

- Development of databases for case study regions (pilot studies): two
zones in Haryana; Kedah-Perlis; Batac municipality, Ilocos Norte; and five
subregions in Carnitho Province.

- Agreement by all teams on a common approach for exploring land use
options at regional level. Linear programming models were developed and
applied to the four study regions during a IRRI SysNet workshop held on 23
Sep to 3 Oct 1997. '

Output 3:

-Additional scientists were recruited to fill gaps in the composition of
four multi-disciplinary NARS research teams that had been formed according
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to the decisions made at the ‘Systems Approaches Planning Meeting’ held at
IRRI in December 1996.

- Four SysNet Training Courses on Regional Systems Analysis
Methodology and Tools (Simulation models, GIS, Linear Programming )
were held at

- IARI, New Dehli, India, March 10-17, 1997

- PhilRi¢e, Muiioz, Nueva Ecija, Philip]_oines, April 28 to May 1, 1997
- CLRRI, O Mon, Vietnam, June 9-14, 1997 and

- MARDI, Serdang, Selangor, Malaysia, August 25-29, 1997

- A workshop on linear programming models with participation of all
teams was held at IRRI, 23 Sep to 3 Oct 1997.

-Various training manuals on Regional Systems Analysis Tools were
produced: WOFOST 6.0.1 documentation and exercises; Linear
Programming (theory), Linear Programming exercises with Excel and, on
Multiple Goal Linear Programming theory and exercises using OMP
software package were developed.

Future thrusts

Output 1: Crop mode] calibration and evaluation for other crops than rice;
documentation of generic crop model and of evaluation results; further
development and evaluation of the module for assessing attainable yields
under given N, P, K nutrient supply; development of interpolation,
combination and aggregation algorithms of the various data needed for
assessing regional production potentials within a GIS framework.

Oufput 2: LP models developed during IRRI workshop (23 Sep — 3 Oct
1997) will be further elaborated. Results of four case studies to be presented
at the International Workshop on Methodology at Can Tho, Vietnam (June
1998) with feedback from stakeholders (participants include stakeholders
from more than 12 provinces of the Mekong Delta, Sysnet teams from the -
four countries and IRRI, and SysNet International Steering Committee).

Output 3: In-country training on LP modelling and on GIS techniques all
SysNet teams; Individual training abroad on region-specific topics (e.g. on
‘environmental modelling’): four in-country workshops on model
development are scheduled for the first half of 1998.
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Systems methodology on ecoregional land use planning in
support of natural resource management

General methodology and concepts of explorative land use systems
analysis at regional level

Why a systems analysis approach?

Systems approaches may have different objectives, e.g. conceptualization,
explanation, prediction, exploration or planning (Rabbinge, 1995). Early
examples of applying systems analysis and simulation to agricultural problems
include dynamic crop growth simulation models, which integrate the physical,
chemical and physiological processes that determine crop growth to explain
crop performance and production. More recently, models have been used to
explore land use options for agricultural development and to support natural
resource management at a regional level. Such models do not explain but
formalize the analysis of land use systems to confront various objectives (goals)
and constraints in a quantitative manner. Models based on the concepts of
systems analysis have the common feature of bridging various hierarchical
levels of understanding and, therefore, integrate knowledge from different
~ disciplines (Rabbinge et al., 1994; Bouma et al., 1995).

In prognostic studies in general, as well as in studies on the future of the
land, different types of studies (Figure 4) and techniques can be distinguished
(Haggett, 1983; Van Ittersum et al., in press), depending on the purpose. If
the purpose of the study is to forecast daily weather, for instance, the
techniques and models applied in the analysis will be quite different from
those applied in analysing the consequences of alternative scenarios on
population and economic growth and associated estimates on carbon dioxide
emissions, atmospheric concentrations and climatic change. For short-term
weather forecasts, physical models simulating atmospheric dynamics are
applied, fed with measured data from various layers and locations of the
atmosphere system to predict the weather of the next 1-7 days. The accuracy
of the forecasts decreases rapidly beyond the time horizon of 7 days due to
the short-time scale for processes involved and the error propagation of
inaccurate data from day zero onwards. For short-term forecasts of daily
weather, the detail (what, when, where) is important. Such detail cannot be
aimed at in medium- or long-range forecasts which rely heavily on statistical
analysis based on seasonal or pluri-annual cyclical tendencies, with often
‘limited value for forecasting (Lamb, 1995).
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Figure 4. Types of prognostic studie.

For the much more ¢omplex systems describing climate change, a number -
of techniques are combined, such as trend projection for population growth,
scenarios on carbon dioxide emissions, and coupled ocean-atmosphere
general circulation models for estimating ' the effects on changes in
temperature, solar radiation and rainfall. Many of the processes involved in
climatic change are not well understood and many of the required data for
gaining a better understanding are lacking; therefore, explorations (what-if)
are conducted to learn about the possible range of quantified consequences of
various alternative scenarios on a given process or phenomenon.

Hence, depending on the complexity of the system and/or the
uncertainties in the various data required, and the required detail in the
results, different techniques, such as scenario analysis, simulation, sensitivity
analysis, projections or expert judgment may be distinguished.

Exploring land use options

Land use planning is a process aimed at finding the best use of land in
view of the objectives expresséd by the community of land users, associated
environmental and societal aspirations and constraints, and at determining
appropriate measures to implement required changes in land use (GTZ,
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1995). Explorative studies are an important component in this process and a
widely accepted approach is to make use of multiple goal linear
programming techniques for integrating biophysical and socio-economic
information (FAQ, 1995).

The general approach for exploring land use options under multiple goals
in support of land use planning at a regional level has been described in
detail by De Wit et al. (1988), Van Keulen (1990, 1993), Rabbinge & Van
Latesteijn (1992) and Rabbinge (1995) with multiple goal linear
programming (MGLP) models as the centre-piece (Figure 5). These models
allow biophysical and technical possibilities and constraints to be confronted
with the largely socio-economic, value-driven objectives of stakeholders
(Figure 6). Illustrative examples of applications of this systems approach with
particular
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Figur. 5. General methodology for explorative land use studies.
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Figure 6. Concepts under-lying the Interactive Multiple Goal Linear
Programming technique.

emphasis on natural resource management at a regional level have been
given, among others, by Hoanh et al. (1997), Jansen et al. (1997) and Van
Ittersum & Rabbinge (1997).

The general building blocks include: (i) quantitative land evaluation,
providing an assessment of the suitability of land for the various use forms
and estimates of potential and attainable yields or production for land units
that are relatively homogeneous in terms of climate, soils and hydrological
conditions; (if) quantification on input-output relations for all relevant
(current and possible future) production activities (incl. physical and
monetary in- and output) for each land unit; (iif) application of an integrative
tool, IMGLP, a linear programming (optimization) technique with several
objective functions. When running an MGLP model for one policy scenario
(comprising a set of goals expressed as objectives and translated into
objective functidns), one objective is optimized (maximize total gross
revenue from agricultural activities), while the other objectives represent
constraints (e.g. required rice production) to optimize that goal (Table 1).

Upper and lower bounds can be put on these ‘goal constraints’. For each
policy view scenario, the consequent land use allocation (land use option)
- can be generated. Each option thus represents the consequences on land use
of optimizing and defining bounds for a given combination of objectives
considered relevant to regional development. Objectives (maximize,
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minimize goals X, y, z etc.) are referred to as the technical term for
expressing goals for a given region (e.g. increase in total annual rice
production).

In principle, a large number of goal variables may be defined for
optimization or the setting of minimum requirements; in practice, only few of
these variables are optimized (maximized or minimized), the remainder serve
to ascertain that predefined upper or lower limits are taken into account. The
conceptual framework underlying IMGLP is illustrated in Figure 6.

A set of concepts in production ecology has been developed over the past
25 years (Rabbinge, 1986). Those applied for analysis of agricultural input-
output combinations may be characterized as follows (Van Iitersum &
Rabbinge, 1997, p. 198):

Production level:Level of primary output per unit area.

Production activity:Cultivation of a crop or crop rotation in a particular
physical environment completely specified by its inputs and outputs.

Production technique:Complete set of agronomic inputs.

Production orientation:Value-driven aims and restrictions of the
productioa activity that direct the output and input levels. .

Table 1 Simplified example of a setting for a regional MGLP model run.

b

‘Goal restriction

Variable Objective (constraint)
I. Goal to be Total gross Maximize
optimize revenue from attainable total
agricultural gross revenue
ctivities
11. Goal restrictions
(constraints) : v
Constraint 1 I migration <=50000 persons
Constraint 2 R ice production >42000 ton
0 in a normal year
Constraint 3 E 1ployment >336000man-years

In an MGLP mode aj plied for exploring sustainable land use options at
the regional level, th - technical information that quantifies input-output
relations for current ar. 1 alternative production activities, is integrated with a

4]



set of objectives for a given region and the various constraints, taking into
account exogenous boundary conditions. Decision-makers and various
interest groups are confronted with the consequences of multiple, conflicting
goals. If there is, for instance, no feasible solution for optimizing land use
under the specified targets, the modelling becomes interactive: value-driven
objectives need to be reformulated in consultation with stakeholders, or
additional production activities need to be considered, or the assumptions
made on socio-economic boundary conditions need to be adjusted. This may
finally lead to a modified (policy) scenario, which consists ofa specific set of
objectives, exogenous conditions and technical information. A land use
option represents the consequences of optimizing land use allocation for a
given regional scenario. -

Among the various tools for multiplé criteria analysis, the IMGLP
technique has the advantage that no a priori specified goals are required, a
progressive definition of preferences is possible and that the trade-offs
among the various goals can be assessed (Table 2).

Methodology and tools applied in SysNet

The underlyit- 1 theme of the SysNet Project is land use planning in
support of regional agricultural development based on the criteria for
sus:a nable development: economically viable, environmentally sound and
socia ly acceptable. Within this framework, the obvious goals in rural
envi«nments for increasing food production, increasing net income for
farm :1 . and non-farmers in the community, and the various region-specific
needs of improving/maintaining the quality of the natural resource base are
conflicting under the ziven constraints, at least in the short- to medium-term.

An integrated app ouch to land use planning entails the participation and
comprehensive coope: w.on of partners and stakeholders (institutions and
groups) at national, provincial and local levels in decision-making

concerning land resourc s planning and management.

The mcthodology to 1 e developed in SysNet has to cover various aspects.
At the core is the challen e to develop a general framework for identifying
pfoduction activities that fulfil pre-determined criteria for sustainable
agricultural development in a given region. The scientific-technical aspect
comprises the quantification of input — output relations of the various
production activities that are relevant to a given set of objectives representing
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a possible pathway for sustainable land use. These data are fed into an
optimization model to generate optimum land use allocation for a given set
of multiple goals. The tools that will be developed and applied to four
regional case studies include simulation models, Technical Coefficient
Generators, GIS techniques, and Multiple Goal Linear Programming models.
The number and type of scenarios to be analysed as well as their results need
to be discussed in close collaboration with the various stakeholders of the
region in order to have any impact. This requires involvement of
stakeholders from the early stages of the project and frequent interactions.

Table 2. Overview of tools for multiple criteria analysis.

Pareto iori ified : ;
priori specified goal Distance|Trade- Progre.sswe
Tool | optimal i function| offs definition of
solutions Absolute | Relative preferences
LGP X X
WGP X X
CcpP X X X
MOP X N
IMGLP X X X X

LGP: Lexicographic Goal Programming

MOP: Multi-Objective Programming

WGP : Weighed Goal Programming

IMGLP: Interactive Multiple Goal Linear Programming
CP: Compromise Programming

In SysNet, the methodology for explorative land use studies is developed
for the sub-national level. The regions are states or provinces and the policy
views and derived objectives vary among the four study regions (Table 3).
For instance, maximizing agricultural employment is not a relevant objective
for Kedah-Perlis region, or, minimizing soil loss is an important objective for

Ilocos Norte, while it is not considered relevant for Haryana and Can Tho.

Spatial modelling (GIS technique) is essential for generating‘ input
to the MGLP model as well as for presenting the spatial pattern of the
' ’resulting land use allocation (Figure 7). Input-output relations from
plot and farm levels need to be aggregated to biophysically and/or
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socio-economically defined land units. GIS techniques are also
required to integrate the various data types and generate new data

Table 3. Objectives as identified for the four SysNet study regions

OBJECTIVES HARY- KEDAH ILOCOS ::g
ANA  (MALAY- (PHILIP- (VIET- RRB
(INDIA) SIA)  PINES) NAM)
Maximize Income X X X X ?
Maximize Food Production X X X X ?
Maximize Non-Food Agricultural o - X ?
Production '
Maximize Labour Productivity X X X X ?
Maximize Land Productivity X X X X ?
Maximize Iﬁput Use Efficiency X X X X ?
(Fertilizer, Pesticide)
Maximize Water Use Efficiency X X X X ?
Maximize Employment X - X X ?
" in Agriculture -

Maximize Equity

. ? - (x) X ?
a) income . (x) < i 9
b) food production per capita
Minimize Pesticide Use X X X X ?
Minimize N Loss X x ox ox0
Minimize Soil Loss - (x) X - ?
Minimize Water Use X X X X ?
Minimize Agricultural Employment - X . - ?
Minimize Fertilizer Use - x - - ?
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Figure 7. Levels in spatial modelling (Source: Hoanh, 1996).
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surfaces (such as estimated annual soil loss ha™'). Information and
knowledge from different levels are integrated in crop growth models for
simulating potential and attainable yields. The generic simulation model
WOFOST (Hijmans et al., 1994), being evaluated for that purpose,
distinguishes potential, water and nutrient-limited production situations.
Potential production is solely defined by the crop chgracteristics related to
physiology and phenology of the plant, solar radiation and temperature at
optimum supply of all inputs. When water supply is limiting and the
availability of macro-nutrients is sub-optimum, the situations are called water
and nutrient-limited production. The attainable production level is defined by
the limiting factors water, nitrogen and phosphorus. The difference between
attainable and actual yields is caused by growth-reducing factors such as
pests, pollutants and calamities (e.g. typhoons).

Potential yields can be raised by new cultivars, while the gap between
potential and attainable yields can be narrowed by (more efficient) use of
water and nutrients. The gap between attainable and actual yields can be
narrowed by yield-protecting measures, which are often exchangeable (such
as labour, mechanization and pesticides). Though formal simulation models
are being developed for various annual crops (cultivars) for most perennials,
simpler yield models and expert judgment will be used for estimating
potential and attainable yields. ’

A simple example of an output is illustrated by four maps (Figure 8, a-d),
showing current and future (20 years from now) percentage of agricultural
and built-up (settlement) area per land mapping unit for the Quan Lo Phung
Hiep area (Mekong Delta, Vietnam) under a given set of multiple and, partly,
conflicting goals.
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Figures 8. Land allocation from multiple goal exercise: Maximum Rice
Production Scenario (time horizon: 20 years). (a) current agricultural area,
(b) agricultural 1and in year 20, (¢) current settlement area (d) settlement area
in year 20.
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The output illustrates changes (%) in agricultural and settlement are per
land mapping unit — units homogeneous in soil and hydrological conditions -
for the maximym rice production scenario. Increase in rice production is
emphasized, while the three other goals (‘land use strategies’) taken into
account represent goal restrictions, like increased income from rice production,
crop diversification and minimizing effects of acid water (Hoanh, 1996, p. 96). For
year 20 as for all other years in the time series, target values were defined for the
various goals relevant to the region. While the change in agricultural area
mainly depends on how well biophysical conditions can be improved by
water management, the change in settlement area also depends on natural
population growth rate and migration — the latter triggered by changes in
income.

Land use systems analysis e
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Figure 9. Schematic diagram of 'Real’, ‘Control’ and ‘Decision-Support’
structures in agro-ecosystems.

The final aim of the SysNet Project is to come up with decision — making
support structures for sustainable land use in the four study regions. Through
land use systems analysis as described in the previous sections, an attempt is
made to link the wealth of information generated on natural resource
management at the plot level (‘by the magnifying glass’) with the
information needs of decision makers dealing with land use planning (Figure
9).
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Application of the methodology to the Red River Basin (RRB)
Specific features of the RRB: an overview

The Red River Basin (RRB) is the largest and most important basin in the
north part of Vietnam (Figure 10) with a total area of 169,000 km? of which
86,000 km? is located in Vietnamese territory. The mountainous, midland
and delta areas in the Vietnamese portion of the basin cover 60,000 km?,
9,000 km? and 17,000 km? respectively. The RRB may be divided into 4
agro-ecological zones: the North East (3.4 x10° ha), the North-Vietnam
Hoang Lien Son (3.3 x10° ha), the North West (3.6 x10° ha) and the Red
River Delta (1.2 x10°ha) (NIAPP, 1995).

VIETNAM AGRO-ECOLOGICAL REGIONS

1. NORTH MOUNTAIN AND MIDLAND (NMM)
Pluviomelry . 2200-2400 mm
Lowest temperature : 8-15C

Population denaity  © 120 pers/sq km
Annual crop land : 891477 ha

2. RED RIVER DELTA (RRD)
Pluviometry 1 2400 mm

Lowest temperature : 12-18C
Population denaity  : 1124 parw/sq km
Annual crop land : 626,600 ha

4. SOUTH CENTRAL COAST
Pluviometry . 1400 mm
Lowest temperature : 20-22C
Population denaily 167 persfsq km
Annual crop land : 448,884 ha

3. NORTH CENTRAL COAST (NCC)
Pluviometry . 1800-2000 mm
Lowest tamperatre © 14-16C
Population density . 180 pers/sq km
Annual crop land . 531,688 ha

5. CENTRAL HIGHLANDS (CH)
Piuviomatry 1 1800-2000 mm
Lowest femperature : 15-18C

Piudometry a1

Lowest temperature : 22-25C
Population density @ 400 pers/sq km
Annual crop land 1 2,103,213 ha

7. MEKONG DELTA RIVER (MRD)
©600-2400 mm

8, NORTHEAST SOUTH (NES)
Pluviometry : 1600-2200 mm
Lowest temperature : 22-23C
Population density : 378 pers/sq km
Annual crop land : 525,017 ha

Figure 10. .Vietnam: Broad agro-ecological zones.
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River flows appear to be sufficient to meet foreseeable demands for
irrigation and water supply in all seasons. Abundant hydro-electric resources
are avajlable in the basin, with a potential of 100 billion kwh per year. All
river banks have been diked, some for centuries. Flooding in the delta is
generally caused either by a breaching of dikes or diversion into designed
flood detention areas to protect key economic zones (World Bank et al.,
1996).

The total agricultural land in the basin is 1.8 million ha,‘of which 1.5
million ha is annual crops, mainly two or three crops of paddy, or one paddy
with one or two subsidiary crops About 1,6 million ha is covered by tropical
forest.

In 1995, the total population in the basin was 24,5 million, of which 21
million were rural and 3.5 million were urban. Annual population growth rate
is 2.2%. There are 27 ethnic minorities living in the highlands and midlands
while the ‘Kinh (Vietnamese)’ are of majority in the Delta. About 17 million
people is living in the Delta, where agriculture is intensively developed with
approximately 1.0 million ha, including 0.7 million supported by extensive
irrigation infrastructure. Average agricultural land per capita is 0.07 ha, and
average holding per household is only 0.3 ha. .

Average GDP per capita in 1993 was estimated at 148 USS$ in the Delta,
and much lower in the midlands and highlands The Vietnam Living
Standards Survey in 1992 1993 reports that 60% of the rural population lives
in poverty conditions.

Adaptation of SysNet methodology to the RRB a conceptual model
Jfor land use planning

The issues in land use

The most important issue in the RRB is the severe imbalances which can
occur in the social economy'of the people. Water is not the issue, land is not
the issue, the issue is too many people in agriculture (Red River Delta Master
Plan, Binnie & Partners, 1995).

The long-term outlook for the RRB is an economic structure similar to
that of developed nations, with about 5% of population in agriculture and
* 80% urban. Moving from the current 15% urban to the future 80% urban will
lead to several problems in urbanization, such as urban employment, income
disparities, environmental polluticn, etc.
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Figure 11. Land use changes and relevant processes to be considered
Jor the Red River Basin.

Interactions between the uplands, midlands and lowlands (Figure 11)
become more and more significant in the RRB. Beside the physical flows (of
water, sediments, forest products, agricultural products, industrial products,
migration, etc.), the intellectual flows (culture, lifestyle, etc.) between these
zones, in particular from the lowlands to the uplands will become more and
more significant under the expected economic development.

The obiectives .

Many objectives in the list of objectives of the four SysNet case studies
(Table 3) can be adopted for the RRB. Taking into account the major issues
of the RRB, in particular ‘too many people in agriculture’, the most
important objectives of land use planning in the RRB could be to maximize
income, to maximize income equity, and to maximize employment in
agriculture for current situations.

However, in the long term, the ultimate objective may be to minimize
agricultural employment in support of urbanization and industrialization.
Moreover, taking into account the low agricultural productivity in the RRB
compared with other regions, such as the Mekong Delta, objectives relating
to environmental impacts, such as minimized N loss and minimized soil loss,
are important for sustainable development in the area.

Land use and production systems

In general, land use in Vietnam is classified into agricultural land, forest
land, rural residential areas, urban land, land for spec1ahzed use and unused
land While agricultural land decreased year by year due to the expansion of

4
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residential and urban land, about 6 million ha in the RRB are bare hills or -
mountains.

Production systems in the RRB comprise agricultural cropping systems,
aquaculture activities and forestry. Annual crops are important in all the three
zones, highlands, midlands and lowlands, while perennial crops are dominant
in the first two zones. Selection of relevant production systems for current
situation and promising production systems for the future, and setting
input/output table for each production system is a great challenge in
developing a conceptual model for land use planning, since the economic
situation is changing rapidly in the whole basin.

Constraints to agricultural land use

People in the RRB have found several alternatives to overcome the
salient natural resource constraints. Application of fertilizer, flood control
and irrigation have been practiced for a long time, and many natural resource
management projects have been implemented successfully, such as the flood
control systems.

Socio-economic constraints are becoming more and more important to
agriculture and rural development during the reform process towards a free
market system. Main constraints are improper land management system
(small land area per household and tiny plots), lack of capital and weak
marketing system. With increased production in recent years, the latter
constraint is likely the most important. To improve the marketing system,
confidence between farmers and trade companies would have to be created.
Under stable market conditions, the input/output ratio for production was
predicted more accurately and uncertainties was anticipated to diminish with
optimized land use.

Policy view scenarios

Although food crops are still important in the RRB, the targets or
orientation of agriculture in the RRB has shifted from self-sufficiency in food
production to export. Scenarios for agricultural land use in the RRB could be
(i) food security oriented scenario; (ii) diversification for internal market; and
(iii) diversification for export. These scenarios can also be considered as
different phases in rural development.

Conclusions

The purpose of SysNet is to improve the scientific basis for land use
planning at sub-national level. The general methodology for explorative land
use analysis is characterized by the Interactive Multiple Goal Linear
Programming Technique (IMGLP) for integrating quantitative information

"on land suitability, input-output relationships for relevant production
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activities with socio-economic constraints and objective functions for
different sets of gbals (scenarios). Specific methodology will be developed
for each of the four case studies, taking into account the natural and socio-
economic conditions at the site. As such, the methodology can be adapted for
application to natural resource management problems, as identified for the
Red River Basin. Such application will be a test on applicability of the
SysNet methodology to another region with specific conditions, and is likely
to contribute to a better understanding of natural resource management in this
region.
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Section B

On-going and proposed NRM research
in the Red River Basin
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Eco-agricultural research and developmé_nt
activities of the Vietnam Agricultural Science
Institute in the Red River Delta

B.H. Hien .
Vietnam Agricultural Sciences Institute (VASI),
Van Dien, Thanh Tri, Hanoi, Vietnam

Introduction

The Red River Delta (RRD) plays an important role in the economic,
social, political and cultural development of Vietnam. It is also the craddle of
Vietnamese traditional culture. Although many years have passed with
various historical events, the area has not only developed but also
successfully retained its specific traditions and culture. The government of
Vietnam has, particularly during the last 10 years, spent much effort on all
aspects of the development of this important area of the country.

The Vietnam Agricultural Science Institute (VASI) was founded in 1952, '
and has since been the leading institution in the training and research on
agricultural and rural development. It has greatly contributed to the
agricultural and rural dévelopment in the whole country, especially in the
Red River Delta. The institute’s activities concerning the Delta’s eco-
agricultural development and research have been carried out during different
periods of the country’s economic development:

- The land reform period, 1953- 1954;
- The Cooperative construction period, 1960- 1963;

- At the time of the adoption of order No. 100 of the government,
granting certificates of land use to the farmers; and

- After the adoption of resolution No. 10 of the government on granting
certificates for long- term use of land to farmers, 1993.

In this paper, the research and development activities of VASI on eco-
agriculture in the Red River Delta during the last 10 years will be described.
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Research and development activities and outputs

In terms of rice production, the RRD ranks second in the whole country

and first in the North. The area comprises the provinces/cities of Ha Noi, Hai

" Phong, Thai Binh, Nam Dinh, Ha Nam, Ninh Binh, Ha Tay, Hai Duong,

Hung Yen and parts of Vinh Phuc, Phu Tho, Bac Ninh, Bac Giang, and

Quang Ninh, with a total area of 16,644 km? and a total population of about
17 million, of which 73% are rural.

Aiming at sustainable development, VASI’s activities are concentrated on
two aspects: ecosystem sustainability and socio- economic sustainability.

Research for development of cropping systems, animal raising and
agro- products processing

In 1988, VASI carried out comprehensive research and analyses in order
to identify the principal factors affecting agricultural and rural development
in the RRD. Based on the results, the Ministry of Agriculture and Food
Industry (now changed to Ministry of Agriculture and Rural Development)
gave instructions to develop a plan for the area’s development. Focussing on
eight selected cooperatives representing different agro - ecosystems in the
area, the Institute identified the main factors affecting agricultural production
in the RRD to be:

- Organic matter availability (i.e. number of pigs per hectare of crops).
This factor indicates the intensity level of the agricultural production;

- The area of winter cropping per total farm area, and the labour force per
ha. This indicates the level of agricultural diversification; and

- The amount of agricultural labour force and commodity agricultural
products. This indicates the commodity character of agricultural products.

The agro-ecosystems in the RRD are not uniform. Four different agro-
ecosystems may be observed: )

- Intensive cropping systems in fertile land with fresh alluvium
(comprising 24 districts);

- Semi-hilly less fertile areas and degraded soils on old alluvium (11
districts);

- Low lying areas subject to flooding (22 districts); and

- Saline areas (14 districts).
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On the basis of the research results, VASI has participated in developing
a programme for sustainable agricultural development in the RRD aimed at
increasing the area for agricultural production to meet the demands of a
constantly growing population. In 1988, the goal was set for rice production
increase. Adaptation of new high yielding - varieties, resistant/tolerant to
adverse conditions can be a low- input option for meeting this goal.
Diversification of cropping patterns by planting winter crops can also
contribute to increasing total agricultural production. Further, if properly
managed, the winter crops can also help raise rice production. There are two
main groups of winter crops:

- Early winter crops, such as corn or soybean (planted in October). These
crops can be planted after early maturing summer -autumn rice.

- Late winter crops, e.g. vegetables, potato (planted in November). These
can be grown in the land previously planted to late maturing rice.

Thus, winter crops are of great importance to both the domestic and the -
export markets.

In 1991- 1995, VASI coordinated a national research project concerning
cropping systems in the RRD. Its activities focussed mainly on assessing, and
identifying solutions for increasing the economic outputs of different
ecosystems, such as:

- Deep water systems of low lying fields;
- High-and medium-elevation fields; _
- Cropping systems on river levees and river banks between dikes; and

- Cropping systems on saline and acid sulfate soils.

Generally, the cropping patterns do not vary much between these four
ecosystems. Most of the irrigated land area are planted with one or two rice
crops and some other crop, e.g. short - duration industrial plants, while less
rice is grown in the rainfed areas. The most popular crop rotations are:

- One rice crop. The land is left fallowed after harvest;
- Two rice crops: winter- spring and summer- autumn;

- Two rice crops and one non-rice crop: winter-spring and summer-
autumn rice + a winter non-rice crop; '

-~ One rice crop and one non- rice crop: summer- autumn rice + a spring
non- rice crop;
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- One rice crop and two non- rice crops: a spring non- rice crop +
summer- autumn rice + a winter non- rice crop; and

- Three non-rice crops.

The economic outputs of these patterns vary between ecosystems and
sub- regions.. However, the following remarks can be made for the whole
Delta:

- The total value of agricultural production and the gross output are
proportional to the number of crops per year.

- Monocropping of rice gives lower economic output compared to multi-
cropping rotations, and the highest value is given by the last crop rotation
mentioned above.

Rice yields are also variable between different sub- regions. According to
the General Statistical Office (1996) the highest provincial average of rice
yield was obtained in Thai Binh with 4.97 t ha™', and the lowest, in Ninh
Binh with 3.65 t ha™ (26.4% lower).

Differences in rice yields are also observed between different fields
within a sub-region depending on land fertility, and between farming
households. This indicates that rice yields can be further increased.

One possibility for increasing total agricultural production is to introduce
more winter crops (at present, only about 23-26% of the cultivated area ).
However, various problems must be solved to expand the winter crop area,
such as water management, farming investments, and product processing and
marketing.

Thus, VASI also participated in identifying and developing appropriate
cropping patterns for the RRD, aiming not only at food security but also at
increasing the production of fruits and industrial plants (Table 1). VASI also
propdsed alternatives for increasing land use efficiency as the cultivated land
area is shrinking due to urbanization, industrialization and increased
development of the transport system.

Research on varietal improvement and development of agricultural
techniques

One of the important strategies for rapidly increasing agricultural
productivity is to develop intensive agriculture for growing crops as well for
animal raising. This strategy involves the activities described below.
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Table 1. Proposed cropping patterns and their constraints.

Field Current Proposed
cropping | cropping Constraints Solutions
type patterns patterns
Low -Onerice |Deep parts: - Capital limits |- Loan and credit from
elevation |crop fish - Technical Agricultural
' - Tworice |raising + fruit |limits Development Bank
crops crops - -Loan to poor farmers
(unstable) |- Higher parts: |Unconsolidate |-Agricultural
Rice + fruit dland extension
crops - Insecurity on | Appropriate land
- Depressions: management and
Rice + fish roduction Agricultural policies
Medium |Tworice |Developing -Droughtin  |Improvement of the
crops winter the winter water
crops - Capitaland | Management systems
" | technical limits |- Credit to poor
farmers
- Agricultural
extension
Higher |Onerice+ |- Anotherrice |- Lack of - Developing water
one non- | or non- rice irrigation ’ manage- ment systems
ricecrop |crop system - Credit & loan to poor
- Technical farmers
and capital - Agricultural
limits extension
River’s |-Non-rice |- Further - Old customs |- Agricultural
levees orindus- |cropping - Technical extension
frial crops | intensifying and capital - Credit
- Only non- |- Monoculture | limits
rice crops | of specific - Lack of
craps appropriate
varieties
Saline  |-Onerice |- Anotherrice |- Lack of fresh | Development of water
and one crop water management systems
non- rice - Saline water
crop during spring
- One rice
crop

Source: Nguyen Duy Tinh and Nguyen Thi Hong Loan. pers. Comm.

Development of high- yielding varieties appropriate for each agro-

ecoregion

VASI has spent efforts on developing high- yielding and good quality
varieties, resistant to abiotic and biotic stresses. During 1991- 1995, many
new varieties developed by the institute were approved by the Ministry of
Agriculture and Rural Development for large- scale application in the RRD,
such as for: B
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- Rice: VX- 83, V- 18, CRO- 1, 79- 1, NR- 11, X20, Xi;
- Soybean: M- 103, DT- 80, AK- 05, VX- 92;

- Groundnut:V- 79, 4329;

- Potato: KT 2;

- Cassava: KM 60;

- Mung bean:004;

- Stevia:St 88.

Besides, 21 other varieties of fice, groundnut, soybean, cassava and mung
bean have been approved for specific areas. Research for application of
hybrid vigour in rice and animals has also been undertaken.

Each year, the institute has also introduced about 1,500 -2,000 accessions
of various crops and micro- organisms for use in crop varietal improvement
and for production of microbial products.

In recent years, research on new technologies has resulted in significant
achievements in biological control of rats to reduce damages for various
crops. Research on rélationships between crops and pests and weeds as well
_as on the dynamics of the ecosystem is important not only for pest control by
varietal improvement, but also for ﬁndiﬁg out the ways to reduce the
‘damages, e.g. by improving the environmental conditions and changing the
cropping patterns.

Developmgni of winter crops is the main alternative for increasing the
total cropped area. However, since 1990, the winter crop growing area has
been stagnated. Further, there is a slight reduction in the areas of some winter
crops (Table 2). Nevertheless, the productivity of some crops, such as rice
and corn has increased due to intensification.

Research on improvement of water management system in the RRD

For the whole Delta, a good water management system has been
developed since 1955. The irrigated areas unceasingly increased year by
-year, especially in the period of economic renovation. In 1995, a total of 1.29
million hectares of land were irrigated, including 0.63 million hectares of
winter- spring rice, 0.66 million hectares of summer- autumn rice and 0.2
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million hectares of other crops. However, the irrigation rate is still low (0.8 1
s”' ha™), while the requirement is much higher (1.2 1 s ha™'). In addition,
many canal systems are not sufficient to meet the irrigation demands, and in
fact only 250.000 ha are properly irrigated.

Thus, the following activities must be done in order to meet the irrigation
demand when the irrigated area increases from 180,000 to 200,000 ha in the

comin