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Abstract

This paper describes the economic research component of a three year collaborative transdisciplinary project supported
by the Australian Cenire for International Agricultural Research to develop and apply an integrated approach to water
resources assessment and management in the Ping Basin. The Ping Catchment in the Northern highlands of Thailand
faces multiple resource use conflicts within a fragile environment coupled with rural poverty. The integrative role of the
economic research methodology and its links with the bio-physical and sociocultural components of the project are
discussed. Linkages are identified to a proposed multi-atiribute decision support system {DSS) to help identify and
assess sustainable options for highland development for decision making at a sirategic level.

1. INTRODUCTHOM

Ping Basin managers in Thailand, as do managers of
multipurpose river basins throughout the world, face
the crucial policy problem of how to plan for
sustainable utilisation and management, including
protection and conservation of land and water
resouress,

The Ping Basin in Northern Thailand has been a centre
of eceonemic activities for the last few decades,
including  deforestation, damming of rivers for
irrigation, hydro-electricity generation and
intensification of agriculture. Although these activities
have provided valuable economic opportunities and
contributed to the reduction in rural poverty to some
extent, they are becoming increasingly unsustainable
because of their onsite and offsite effects,

Onsite impacts include increased soil erosion, causing
declining agricultural productivity. The off site impacts
of these developments have manifested in increased
sedimentation of lower reaches of the river causing
extreme river flow regimes, urban floods and poor
water quality.

in addition, over the past two decades, there has been a
marked increase in immigration by lowland people
seeking potential high returns from highland cash
crops. The scarcity of arable land has increased as has
agricultural intensification and the use of fertiliser and
pesticides. Accompanying the agricultural
intensification has been an increased use of low-cost
gravity fed sprinkier irrigation systems (TDRI 1994).

* This framework was developed while attached to ABARE, Canberra.

The greater contact with lowland people has gradually
altered the traditional highland communities’
perceptions of living standard. Some of these
developments have also had negative social impacts on
cultural traditions and values.

A key policy challenge facing the Thai government is,
therefore, how to plan for the sustainable utilisation of
natural resources in the best interest of the region (and
the nation), while maintaining a balance between
conservation and productive uses.

Conventional approaches to natural resource utilisation
have tended to be top-down. Decisions about
implementing large scale developments have been
largely based on economic appraisal of individual
proiects. The belief that all values are commensurable,
and that economic (cost-benefit) amalysis alone can
help resoive conflicts in use has led {0 its predominant
use in the past.

These appraisais have tended to focus on short term
econemic gains and neglected the potential social and
environmental costs {TDRI 1995, Tungittiplakorn,
1993}, Such fragmented decision making processes of
the past have allowed the over exploitation of tand and
water resources and major impacts downstream.

The application of cost-benefit analysis in particular
has come under heavy criticism for ifs inevitable bias
towards readily quantifiable market based values.
Deficiencies in accommeodating spatial distributions,
temporal effects, non-market values and objectives,
and the rights of and obligations to the natural
environment has been the major focus of such
criticisms (Godfrey-Smith, 1979; Enters 1992).



In particular, imperfections in markets, deficiencies in
institutions, incomplete or poorly defined property
rights, natural restrictions in the tradeability of
envirenmental goods and services; and the presence of
externalities, risks and uncertainties associated with
natural resources have proved cost benefit analysis and
making allocative decisions on the margin are largely
inadeguate (Bruenig 1986, Grimble and Weklard,
1997). Where equity and sustainability issues are also
of concern cost-benefit analysis has also proved
inappropriate. Adding to this problem is the absence of
a  multidisciplinary, ecologicai-social-economic,
conceptual  framework  that could help guide
governmenis to resolve conflicting resource use
demands in a multi-user environment (Grimble &
Weilard, 1997).

Ir an environment where decision making is becoming
increasingly open and is involving staksholder inputs
at  various stages, a holistic approach that
accommodates  dynamic  processes, feedback
mechanisms and control strategies have widely been
advocated as a framework to model realities of
gconomic-environmental phenomena (Costanza et al.,
1993; Hannon and Ruth 1994 and Joubert et. al, 1997).

Generally there is an absence of integrated research
methodologies  that  take advantage of recent
methodological developments in individual disciplines
and carefully analysed case studies. Many of these
approaches are still in a concepiual stage {Grimble and
Wellard 1997},

The development of an analytically rigorous
framework will require a synthesis of approaches that
take into account the interdependencies between the
socio-cultural, biophysical and economic attributes of
the region. The framework needs also to be flexible
enough fo accommodate changing needs and
aspirations of the local people, the nation’s desire to
maximise the net long term economic prosperity and
reflect the capabilities of the natural resources and the
environment.

The objective of this project is to take a “holistic
sustainable development” view and develop and apply
a transdisciplinary framework in which economic,
social, and environmental concerns are analysed in an
integrated manner.

The integrated approach will focus on assessing the
viability and sustainability of local economic activities
and their interaction with the policies aimed at resource
conservation. Such a framewoerk will be designed
involving various stakeholders and applied primarily in
the Mae Chaem subcatchment in the Ping Basin, to
provide for the sustainability of the inhabitants’ natural
resources, without impinging on opportunities for
resource use downstream.

The primary focus of this project for the two

catchments is thus directed owards the reorientation of
agricultural and resource development activities io
minimise externalities such as soil loss, drought and
flooding.

1.1 The integrated Framework
The project is designed as four interlinked components,

biophysical, sociocultural, economic and decision
support, as illustrated in Figure 1.
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Figure 1. Linkages between the four project
components

= The biophysical component will provide an

understanding and assessments of the natural
resource stocks and processes. It will also provide
information about seoil erosion to aid in the
development of current and proposed water and
land use options.

e The socio-cultural component is to identify

stakeholders’ aspirations for highland
development, assess socio-cultural impacts of land
and water use, and generate aiternate land and
water use options compatible with social,
environmental and economic objectives.

# The economic component will assess on-site

benefits as well as on-site and off-site costs of land
and water use, using cutputs from the biophysical
compenent. It will also provide estimates of
quantifiable economic costs and benefits of
alternative management options consistent with
social aspirations and resource constraints. The
economic component will play an important role
in translating the results of the socio-cultural and
biophysical  components  across  different
geographic scales as well as across research
disciplines (Figure 2).

o The decision support component will develop
decision support software and other tools to
perform simulations and visualisations of the
biophysical, economic and social effects of land
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Figure 2: Linkages across activities and geographical
scales from activity, farm household to
subcatchment

In this paper oniy the economic subcomponent is
discussed in detail. For details of the overall
frameworks and other components see the papers
presented at this conference by Jakeman et al; Ross et
al; and Mackey et al.

2. ECOMOMIC RESEARCH

The primary obiective of the economic sub-project is
to provide an analysis of profitability of current and
alternative land use options for use in the decision
support system.

More specifically, the economic sub project will:

» determine the current pattern of land use, water
management, agricultural output and income
patierns in selected subcatchments, but with a
particular focus on Mae Chaem, in the Ping Basin.

e assess the potential resource capability to support
alternative land use and water management options;

o develop guantitative relationships, in the form of
biceconomic models, to assess the profitability of
current and prospective land use options and their
externality implications in terms of economic-
environmental tradeoffs; and assess the catchment-
wide tmpacts of resource use options.

3. BIOECONOMIC MODELLING

The core activity of the research methodology is the
development of a series of bio-economic models to
represent the variability of the land-use systems in the
Mae Chaem catchment.
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3.1 Mode] Development

The modelling systern will have several components
and wili be organised in a hierarchical order (Figure 2).

3.2 Crop Modelling

Individual Dbio-economic crop models will be
developed for key crops and livestock activities in the
Mae Chaers catchment. The profitability of different
agricultural activities, including crop and animal
farming, will be assessed using partial budget and
eross margin analysis. The crop production model will
also include the effects of onsite costs of soil erosion
on cropping profitability

Agricultural activity medelling will provide input to
household agricultural production system modelling,
in particular for those activities for which reliable
agronomic data is =not available from field
investigations. This activity will be undertaken in
association with the biophysical team.

3.3 Farm And Village Level Assessment

These crop/animal biceconomic models of agriculiural
activities will then be used to develop imtegrated
household production system models. Spreadsheet—
based activity analysis and partial budgeting, multi-
criteria optimisation will be used to identify and refine
potential household production systems at the village
level.

The models will focus on the farm/household
production interface and capture the influences of
prices, policies and institutional set up such as water
administration.

Alternative land use options identified by the
stakeholders will be used to develop integrated
household production systems, which are compatible
with social interests, agronomic considerations,
economic efficiency and the potential resource use
capability. This multicriteria analysis will be used to
provide & description and analysis at the village level
of alternative agricultural land use options for different
land use capability classes and their ranking in terms of
social interest, environmental and economic criteria.
This analysis will also help identify linkages at village
level  between agricultural and  non-agricultural
housshold activities. The latter will include, forestry,
agroforestry, and t(raditional and contemporary
improved agricultural options.

These agricultural production system models will be
developed to analyse tradeoffs in the achievement of
environmental and economics policy geals, within the
constraints imposed by the sociocultural expectations,
natural resource endowments and access restrictions.



3.4 Catchment Level Assessment

At the catchment level, quantitative methods will be
developed to assess the profitability of various land use
options and their externality implications in terms of
economic-environmental tradeoffs. Hydrological and
s0il erosion models will be an integral component of
these quantitative, biophysical-economic, models.

On-site and off-site impact assessments and GIS
analyses will be used to determine the catchment-scale
impacts {in terms of soil erosion and its effects on for
example, changes in river discharge regimes, flooding)
of preferred resource use options across the region.

Initiatly, it may be possible to scale up the results over
each successive level following regional aggregation
procedures used by Thai official statisticians.
Mathematical Programming and GIS utilities used in
various Murray Darling Basin studies
(Mallawaarachchi et al, 1993, 1996) will be used to
develop catchment wide costs estimates for the Mae
Chaem. Considering each local area as a case study,
results of case studies will be extrapolated spatially
with the assistance of GIS models that incorporate bio-
physical attributes. Because of likely uncertainties in
some data, sensitivity analysis and simulation will be
extremely important. This will help develop beuter
catchment-scale estimatss of the impacts on the
economy and the environment of various land use
options developed for each of the local areas,

3.5 Regional Impacts - Regional Accounting

Development of an  environmental accounting
framework weould be necessary to systematically
account for production-environmental tradeoffs at a
regional level. These accounts wouid include the value
of degradation of resources associated with various
feasible land use opportunities and the current land
uses, values of environmental tradeoffs related to
fertility and flood damage, and costs of defensive
expenditure, such as management practices to mitigate
soil erosion,

4, PROCEDURAL FRAMEWORK AND DATA
COLLECTION

The procedural framework for this study, adapted from
a framework for Sustainable Development Planning for
Aboriginal Communities {Young and Ross 1993) and a
framework for Integrated Local Area Management for
Australia’s Coastal Zone (Brown 1993), contains four
iterative dimensions 1: Visions, Resources, Options
and Practice. The details of this framework is discussed
by Ross, ef al. (1997).

4.1 Visions

information on visions about land use options will be
obtained from the collaborative work with the
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sociocuitural team. These integrated visions for
sustainable futures will guide the land use planning and
development work coordinated and conducted by the
economics team.

4.2 Resource Assessment

Local, regiomal and catchment level model
development will no doubt require an extensive locat
knowledge and an understanding of the complexities
and interactions at the local and catchment levels. This
will include: an understanding of: the relative spatial
positioning of cropping systems in a landscape (catenal
sequence); and the relative importance of the various
componenis of iraditional farming systerss, such as the
home garden, lowland rice paddies and the upland
aliotments.

Currently available data on land classification for
various uses will be used in conjunction with the
remote sensing and other biophysical information
being collected by the biophysical team (Jakeman ef of.
1997). This will allow identification of areas for
different production and conservation uses and
limitations of certain land classes for certain land-uses.
An understanding about the nature and current
profuability of highland farming systems, with
particular emphasis on its development path, pressure
on resources, people and the environment is also
important when identifying practical alternative fand
use options for consideration by the communities

These analysis will be undertaken for the two principal
tand use groups, namely :

e rainfed upland farming systems in the highlands
and

e rice-based irrigated farming systems in the lower
and middle reaches of the catchments.

4.3 Options

To identify most appropriate land use pattern will
require an agreement on a set of alternative land use
and water management options that are likely to be
acceptable to the stakeholders, profitable and are
capable of meeting resource sustainability and national
policy objectives. The options will include non-
destructive utilisation, conservation and development
aliernatives.

The Thai and Australian researchers will jointly
identify and collect the required data and information
for profitability of alternative land use options,
including off-site costs and benefits. A range of
methodologies will be used: including socio-economic
surveys, literature review, stakeholder consultation
involving Rapid Rural Assessment techniques and
remote sensing and resource appraisal techniques
based on bio-physical measurements.



General agreements about the viability and acceptance
by the community of alternative land use options will
be an integral component of the options analysis. The
social acceptance analysis will be conducted with the
socipcultural research team in a recursive manner,
Profitable agriculturai activities identified using the
fand use capability criteria will be further evaluated for
their potential social acceptability by each social strata
as identified by the socio-cultural analysis.

5 ASSESSMENTS, SIMULATION AND
LINKAGES

Models provide a useful way of simplifying complex
systems as an experimental tool particularly as the
availability of data, time and resources largzly dictate
the level of precision that can be achieved.

A set of farming systems options wili be developed and
assessed under various productivity criteria. Financial
and economic assessment of the alternative land use
and water management options will be undertaken
using land capability classifications and assessments of
the overall merit of selected options using social
acceptance analysis.

information from the economic component on
agricuitural benefits will be fed into the stakeholder
process to provide feedback to the stakeholders on the
benefits and costs of different visions and options for
land use management. Information from the
biophysical compenent on flood stage height, water
quality, and dam siltation wil] be fed into the economic
component for calculation of off-site costs and
benefits. Also, crop yields calculated in the
biophysical component will allow on-site benefits of
yields, and costs of and losses in land productivity to
be calculasted in the economic component. The
economic models and data systems developed during
the project will be integrated into the decision support
system,

5. QUTPUTS OF ECONOMIC COMPONENT
AND DSS

The economic subcomponent will generate the
foilowing ouiputs:

= Description and overview of cumrent land-use
which  will provide the basis for designing
improvements to existing land-use systems.

» Development of a land-use profile in a GIS which
will facilitate interaction with the biophysical
component, by allowing comparisons between
broader land-use categories and macro level
biophysical attributes, leading inte the land
capability classification.

e A detailed profile of the household production
system which will provide a description of the
activities at household level, giving an indication of
the relative importance of activities in each sector,
such as agriculture, rural industry and other types

of employment. This analysis will identify the
components of smallholder farming systems, and
their relationship to social aspirations,

® Quantitative description of the household
production systems. The current level and patterns
of activities at the household level, including
refative factor productivities as observed through
the household surveys, will be evaluated. This will
provide the basis for conducting more detailed
household  level analyses, and identifying
opportunities and constraints for improving current
production systems. Existing activities which have
potential for expansion wili be identified.

v Relative merits of alternative production systems:
economic viability, environmental impacts, social
acceptability. A quantitative assessment of the
relative profitability of alternative land-use options,
their suitabiiity in terms of arresting soil erosion,
and potential social acceptability will be generated,
This information will be used to identify potential
agricultural options  for developing land-use
systems for each focal catchment,

s Bio-economic crop models. The crop models can
be used for evaluating crop performance under
alternate  environmental  and  management
conditions.

e Multiproduct farm models. The farm models will
contain multiple enterprises with the capacity to
evaluate alternate cropping systems and enterprise
combinations o meet multiple objective design
criteria, over time.

» Potential land-use options. The analysis will also
lead to the selection of a range of potential land-use
options that meet local resource constraints and are
compatibie with social, economic and
environmental reguirements.

o On-site cosis and benefits of land-use options. This
output, for each case study catchment, integrates
the results of village level farm meodelling, thus
presenting  estimates of on-site costs of land
degradation associated with agricultural practices,
and the total value of potential agricultural output
from optimal land-use scenarios.

Aggregated onsite and off-site costs and benefits of
land-use options will be incorporated into the DSS
{Mackey er al. 1997), This integration will relate all the
optimal agricultural land-use activities in each sub~
catchment, with similar activities across the case study
catchments. This linkage will allow opportunities for
assessing land-use options to meet broader regional
sustainability requirements and tc assess both the on-
site. and off-site costs of erosion, resulting from
rearrangement of activities according to  social,
economic and envirormental criteria.

7. COMNCLUSION
Economic data is but one set of information used often

to resolve resource use conflicts; social, cultural and
environmental values are also relevant particularly



when there is insufficient market information or where
ali the costs and benefits cannot be quantified and there
are other value sets to be considered. A flexible
decision support system (DSS), which also helps to
iniegrate different types of information, will be
developed in this ACIAR supported collaborative
project. Such a DSS will incorporate capacity for
visual interpretation of scenarios across geographic
scale and through time, These developments will draw
on existing systems (Walker and Johnson 1996,
Malafant and Fordham 1995, Hipel et al 1997).

The DSS will be designed to be user friendly and could
be particularly Thelpful in  discussing project
developments with stakeholders, counterparis and
other interested groups who may not be well conversed
with complex analytical approaches that are being used
to generate resuits. The DSS will also aid future policy
analysis and decision making based on the
identification and economic, enviropmental and social
assessment of alternative resource planning and
development options.
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