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Abstract

An Interactive Multiple Goal Linear Programming (IMGLP) model is developed that considers objectives of multiple stakeholders, i.e. dif-
ferent farmer groups, district agricultural officers and agricultural scientists for agricultural land use analysis. The analysis focuses on crop se-
lection; considering irrigated and non-irrigated crops such as rice, sugarcane, sorghum, cotton, millet, pulses and groundnut. Interests of the most
important stakeholders, farmers, policy makers and water users association are investigated. Important objectives of the farmers are increased
income and retaining paddy area; of the policy makers (Agricultural Department) increased farmers’ income, maintaining rural employment,
improve water-use efficiency, reduce fertiliser and biocide use and discourage farmers from cultivating marginal lands; of the water users as-
sociation optimising water use. Scenarios have been constructed by combining objectives and constraints. A Stakeholder Communication Matrix
(SCM) indicating the level of communication and information flow among stakeholders in the district was generated after a Participatory Rural
Appraisal (PRA). Results of the scenarios generated with the IMGLP model were compared with the matrix. The relevance of analysing the
results of the scenarios generated with the IMGLP model in the context of the SCM is illustrated for a sample set of scenarios. Scenario 1
(S1), where both the paddy area and the agricultural area are retained at the current level, is preferred by the farmers. However, the Agricultural
Department would identify more easily with S10 in which the paddy area is reduced by 50% and the agricultural area by 20%, in accordance
with the policy of limiting the area of high water-demanding crops and dissuading farmers from cultivating marginal lands, while the water users
association would prefer S12, where water use is minimised by expanding the area of crops that are relatively less water-demanding. Income in
S12 is 22% lower than in S1, while water use is 36% lower, and there is a significant reduction in biocide use. The conflict between S1 and S10 is
compounded by the fact that communication between small-scale farmers and the Agricultural Department is relatively weak. Analysing the
scenarios in the context of the SCM is useful to gain insight into the interactions among stakeholders in the system and take curative measures
if required for improved communication. While the IMGLP model considers the bio-economics of the land use system, the SCM describes its
social aspects, which may be critical for successful implementation of the IMGLP model.
� 2005 Published by Elsevier Ltd.

Keywords: Interactive Multiple Goal Linear Programming (IMGLP); Stakeholder communication matrix; Crop selection modelling; Scenarios
1. Introduction

Traditional land use analysis approaches have relied
heavily on land evaluation and land suitability models.
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However, as decisions on land use are co-determined by social
and economic criteria, information on biophysical suitability
alone is not sufficient for land use planning (Huizing and
Bronsveld, 1994). In situations where many different (groups
of) stakeholders have an active interest in the way the land
is (being, or going to be) used, new methodologies for
land use studies are required as a basis for formulation of
land use policies. In these methodologies, the aims and aspira-
tions of the different stakeholders have to be taken into
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account, but they should be based on thorough knowledge of
the agro-technical possibilities and socio-economic conditions
under which land use has to take place (Van Keulen et al.,
2002). Several studies have been reported on participatory
land use planning: Hahn (1998) on the community land man-
agement (CLM) approach for land conflict management
through participatory processes in Burkina Faso; Integrated
Catchment Management (ICM) as a stakeholder-oriented ap-
proach for natural resources management in Australia
(Queensland Government, 1991); Hagman and Murwira
(1994) on participatory approaches for soil and water conser-
vation in southern Zimbabwe; a number of case studies across
the world have been listed by the World Summit on Sustain-
able Development focusing on the role of participation in plan-
ning and decision making as critical for success in sustainable
development (WSSD, 2002); Reddy and Rao (1999), Sarma
(1999), Srivastava (1999) and Yugandhar et al. (1999) give
elaborate and critical evaluations of the watershed manage-
ment, land use planning and participation process operational
in India; Bojórquez-Tapia et al. (2001) on a GIS based ap-
proach for participatory decision making and land suitability
assessment. The theoretical underpinnings of the use of a sys-
tems approach combined with participatory methods for water
basin management are treated by Tippett (2005), while Musta-
joki et al. (2004) illustrate stakeholder involvement in arriving
at a consensus solution for environmental problems.

Agricultural policies aim at directing agricultural develop-
ment in such a way that it leads to attaining a number of so-
cio-economic goals. These include increased production,
employment and profit, but also other goals such as environ-
mental sustainability, pollution abatement and political com-
pensation. A feasible development objective must consider all
these goals imposed on a region (De Wit et al., 1988). Such
regional land use systems (with their agro-ecologicalesocial
dimensions or functions) are complex and therefore difficult
to model, and no blueprint solution exists for the best use of ag-
ricultural land under multiple development goals. Policy
makers have to consider different policy options and at the
same time learn-by-doing (Holling et al., 1998). As learning-
by-doing is time-consuming and experiments are costly or
may be impossible, the use of models may be helpful in reduc-
ing cost and time. By carefully analysing the results of targeted
computer experiments, such models increase insight into the
dynamics of these complex systems (Struif Bontkes and van
Keulen, 2003). The models should present the results in such
a way that possibilities and limitations, relationships and inter-
dependencies become explicit (Zander and Kächele, 1999). It is
especially important to identify conflicting goals and to explic-
itly quantify the trade-offs among the multiple goals that con-
tribute to sustainable agriculture (Romero and Rehman, 1989;
Van Kooten, 1993). One such modelling technique is Interac-
tive Multiple Goal Linear Programming (IMGLP) that has
been widely used to integrate different types of information
and to generate land use options (De Wit et al., 1988; Van
Keulen, 1990; Rabbinge and van Latesteijn, 1992; Chuvieco,
1993; Van Keulen et al., 1998; Van Ittersum et al., 1998; Zander
and Kächele, 1999; Sujith Kumar et al., 2001; Sarkar and
Quaddus, 2002; Hengsdijk and van Ittersum, 2002; Lu et al.,
2002, 2004; Dogliotti, 2003; Kaur et al., 2004). In environmen-
tal applications, IMGLP and fuzzy linear programming
methods integrated with Life Cycle Assessment approach
have recently been reported (Najm and El-Fadel, 2005; Tan,
2005).

The IMGLP model is expected to be applied as a negotiation
support tool and communication is critical in negotiations. As
land use is dynamic and co-determined by socio-economic con-
ditions, it is important to understand the relationship between
socio-economic conditions and land use to be able to adjust so-
cio-economic conditions in a way that allows land users to make
the right strategic, tactical and operational decisions at each
point in time (Ganzert, 1995, as cited in Zander and Kächele,
1999). This requires communication and is only attainable if
some kind of institutionalised driving force for sustainable de-
velopment can be established (Röling, 1994). While various
studies have used IMGLP as a modelling tool for land use anal-
ysis, an ‘explicit’ combination with Stakeholder Analysis (SA;
though there is an implicit association with SA), defined as ‘‘an
approach and procedure for gaining an understanding of a sys-
tem by means of identifying the key actors or stakeholders in
the system, and assessing their respective interests in that sys-
tem’’ (Grimble et al., 1994), has not been reported, nor has the
use of a Stakeholder Communication Matrix (SCM) as a means
of identifying bottlenecks in acceptance of the IMGLP output.
In formulating land use policies, many stakeholders at different
levels are involved, e.g., small and large farmers, planning and
enforcement officials and policy makers, each with their own
‘agenda’, but with the overall objective of the ‘development’
of a particular area. Stakeholders do not live in isolation but in
a society, they communicate and share information on issues re-
lated to development, in this instance agricultural development,
as the study focuses on agricultural land use. For an IMGLP
model to be effective, a negotiated option should be selected.
Arriving at such a broadly acceptable option requires mutual
trust among the various stakeholders that can be built on the ba-
sis of understanding of their relationships as expressed in their
communication and interactions. Such understanding will assist
in identifying bottlenecks in communication, and analysing the
reasons and eventually removing them. We argue that the op-
tions generated with an IMGLP model can be effectively imple-
mented only on the basis of transparent negotiation, based on
communication and information-sharing among various stake-
holders, i.e. platform building. To describe the relations among
the various stakeholders explicitly, a Stakeholder Communica-
tion Matrix (SCM) has been developed. The SCM illustrates
the relationships among the different stakeholders in the area
with communication and information-sharing as important indi-
cators. The stakeholder communication context is important,
because the SCM facilitates identification of possible bottle-
necks in information-sharing (that may be the result of, for in-
stance, power relations) that may lead to bias in assessment of
the ‘weight’ of the objectives of various stakeholders, while
a broad understanding of the attitudes of these stakeholders to-
wards the outcome of the IMGLP model is necessary. For exam-
ple, if objectives among stakeholders are conflicting, strong
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communication links among them may facilitate finding a solu-
tion. However, if these communication links are relatively weak,
strengthening these communication channels may be a pre-req-
uisite for effective implementation of the IMGLP results. In
a land use analysis cycle (Van Ittersum et al., 2004) that sche-
matically represents the different phases in the process aiming
at land use change, IMGLP analysis can be considered a discus-
sion phase with participation of the stakeholders involved. The
stakeholder communication matrix is a useful analytical tool
for identifying and assessing the significance of conflicts of in-
terest and cooperation and as a way of analysing the need for in-
formation-sharing among the different stakeholders (Grimble
and Wellard, 1997). While IMGLP serves as a quantitative mod-
elling tool, SCM represents qualitative information, reflecting
the interactions among the various stakeholders.

The study reported in this paper has been conducted in the
context of a large land use planning programme initiated by
the Government of India called the ‘Integrated Mission for
Sustainable Development (IMSD)’, covering about 83 million
hectares spread across the country. Output of the project com-
prises land and water management ‘action plans’, to be imple-
mented by District level resource managers. Databases on
biophysical characteristics, such as soils, terrain, land cover
and groundwater are available at 1:50 000 scale along with
land suitability data (NRSA, 1995; Nidumolu and Alanga,
2001; Harmsen and Nidumolu, 2002; Nidumolu et al.,
2004). The main objective of the current study is development
of an IMGLP model and its integration with an SCM as a sup-
port tool in negotiating policies for sustainable crop produc-
tion for the study area by various stakeholders.

2. Study area

The study area is Pitlam Mandal (mandal is an administra-
tive block within a District), Nizamabad District, Andhra Pra-
desh State in India (Fig. 1), with an area of 18 214 ha. The
population in the area, which is predominantly rural, is
41 847 according to the 2001 census. The major land cover
categories are agriculture (10 114 ha), forests (3811 ha) and
wastelands (3380 ha). Water bodies constitute the remaining
area of 909 ha. Annual average rainfall is about 990 mm. Of
the farmers’ holdings, 96% is less than 2 ha (small- and mar-
ginal-scale farmers; FAO, 2002). This category of farmers
owns about 81% of the agricultural area, the remainder being
owned by farmers with holdings exceeding 4 ha (medium- to
large-scale farmers). Two distinct agricultural seasons can be
distinguished: Kharif e rainy season between June and Octo-
ber and Rabi e post-rainy season from November to March. In
Kharif, 2884 ha (out of 6170 ha, constituting both rainfed and
irrigated) have irrigation facilities and in Rabi 2399 ha (out of
3944 ha, predominantly irrigated). Tanks and tube wells con-
stitute the majority of the irrigation sources (Table 1). Paddy
rice is the dominant crop with about 2700 ha cultivated in
Kharif and about 1000 ha in Rabi. Sorghum (Sorghum bicolor
(L.) Moench), green gram (Vigna radiata), black gram (Vigna

Table 1

Irrigated area (ha) by source and crop type and areal extent (%) in Kharif and

Rabi seasons (CPO, 2001)

Season Kharif Rabi

Irrigation source

Canal 69 0

Tanks 1100 564

Tube wells 1341 1612

Dugwells 130 22

Lift irrigation 244 201

Crop type

Paddy 2709 1053

Jowar (pearl millet) 368 1225

Pulses 1945 173

Sugarcane 348 282

Groundnut 73 654

Cotton 539 0
Fig. 1. Location of the study area.
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Fig. 2. Conceptual model of the combined analysis of IMGLP and stakeholder communication matrix.
mungo), sugarcane, cotton and groundnut constitute the other
crops (Table 1).

3. Methodology

The conceptual model applied in the study is presented in
Fig. 2. First, we conducted a stakeholder analysis and devel-
oped the Stakeholder Communication Matrix (SCM) based
on interviews with individual stakeholders. SCM provides
a framework for identification of possible bottlenecks in com-
munication among stakeholders. Second, we developed an
IMGLP model. The technical coefficients, describing a set
of agricultural activities, were derived from published statis-
tics of the area, surveys, expert knowledge and stakeholder in-
put. Moreover, resources and constraints were defined. The
stakeholders identified the objectives, from which through dif-
ferent combinations, a number of scenarios can be generated.
The degree of acceptability of these scenarios by the various
stakeholders depends on their level of communication. Hence,
we combined the IMGLP and stakeholder communication
matrix to identify possible bottlenecks in the adoption of the
results of the IMGLP model scenarios.

4. SCM development

Stakeholder analysis is a powerful tool in policy analysis
and formulation, and has considerable potential in natural re-
source policy and programme development. It has been devel-
oped in response to the challenge of multiple interests and
objectives, and particularly the search for efficient, equitable
and environmentally sustainable development strategies
(Grimble and Wellard, 1997). Stakeholder analysis aims at
analysing how stakeholders interrelate, what ‘‘hats’’ they
may wear, and what networks exist (Ramirez, 1999). For the
effectiveness of agricultural policy implementation, informa-
tion-sharing is an important factor. Understanding of patterns,
relationships and context of interactions among stakeholders is
one of the key steps in stakeholder analysis. The study analy-
ses the type of information that is shared among the stake-
holders and how the information flows. In the study area,
the relations among stakeholders are complex, with the farmer
who is the primary stakeholder, at the centre of attention.
Fig. 3 shows how the stakeholders relate to each other, in
terms of information-sharing and lines of command within
the land use sector at regional level.

The stakeholders involved in the negotiations range from
small farmers to District agricultural officials (Fig. 3). For the
negotiations to be successful, effective communication among
the various stakeholders is an absolute necessity. To assess the
current relations among the various stakeholders, with emphasis
on communication and information-sharing, an SCM was
developed, on the basis of a stakeholder analysis in the study
area over a period of several months during 2002e2003.
Sixteen stakeholder(s) categories were distinguished, i.e. small/
medium-scale farmers, large-scale farmers, village secretary,
mandal officer, district planning officer, water users association,
farmers training centre, agricultural officer, deputy and joint di-
rectors of agriculture, agricultural research station, agricultural
market committee, District Rural Development Agency, district
technology transfer advisory board, national banks and the
national bank for agricultural and rural development.

In this study, the SCM (Fig. 4; the larger the circle, the
more intensive the interaction) illustrating the way in which
the stakeholders interact, and the intensity of interaction, has
been used as a way of analysing the subjects and mode of in-
formation-sharing among stakeholders. For this purpose, we
interviewed the 16 (groups of) stakeholders, using different
methods: brainstorming to generate ideas among the farmers,
followed by interviews with farmers and other stakeholders,
using semi-structured questionnaires. Such questionnaires,
which may restrict certain forms of communication, allow
freedom in discussing certain topics and provide therefore
options for in-depth exploration of various issues with res-
pondents. The questions focused on key interests of the
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Fig. 3. Stakeholder setting in the study area.
stakeholders, their influence on the land use system, and their
participation in the process of land use planning. Inferences of
each of these stakeholders’ role and their information-sharing,
and communication were derived.
The SCM developed in this way is not an objective picture
for the area, but is based on our perceptions and discussions
with the stakeholders involved. As socio-economic-political
conditions are dynamic in nature, the matrix undergoes
Fig. 4. Stakeholder communication matrix.
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modifications, sometimes on a real-time basis. Therefore, it has
to be constantly updated if it is to be appropriately consulted.

4.1. The IMGLP model for Pitlam Mandal

A linear programming model is designed to optimise an
objective function subject to a set of constraints; both the
functions and constraints are formulated as linear equations
(Chuvieco, 1993). An IMGLP model, that is designed to opti-
mise (in successive iterations) a number of objective functions,
has three components: (a) Objectives, (b) Constraints, (c)
Activities or decision variables. Data on resources were avail-
able from the IMSD project, district statistical handbooks
(CPO, 1995, 2001) and field data collection. In the present
study, the model components a, b and c were specified on the
basis of a participatory rural appraisal (PRA) and a stakeholder
analysis. Scenarios were formulated on the basis of the major
concerns of the various stakeholders as identified in the PRA.

4.1.1. Objectives
Based on societal, economic, environmental and policy

concerns, eight objectives have been defined e (i) Economic:
maximising farm income, minimising costs of production; (ii)
Social: maximising food production; (iii) Environmental: mini-
mising fertiliser use, minimising biocide use; (iv) Government/
policy: minimising agricultural area, maximising employment,
minimising water use. The objectives of the various stake-
holder(s) groups are given in Table 2. The objectives have
been defined based on interviews held with different stake-
holders during the PRA exercise. The equations are given in
Appendix A.

4.1.2. Constraints
The constraints relate to the resources available and include

land, labour, capital and water: (i) land allocated to various
activities cannot exceed total agricultural land available,
(ii) labour allocated to the various activities cannot exceed
the total available labour force, (iii) costs cannot exceed total
available capital, and (iv) water use cannot exceed total
available water. In addition, the objectives not being optimised
in a particular optimisation (can) act as constraints. For exam-
ple, limiting the area of paddy that can be sown in a particular
season or for other crops. The stakeholders, for example
farmers, defined their constraints as ‘‘it is not possible to re-
duce land for paddy cultivation as it would adversely affect
subsistence’’, while the water user association would cite lim-
ited water availability to maintain current paddy area levels as
the constraint.

4.1.3. Activities
The analysis focuses on crop selection; livestock hardly

plays a role in the economy of the region, thus has not been
considered in the current model. Twelve cropping activities
have been identified as relevant in the current study: (i) Paddy
Kharif (irrigated), (ii) Paddy Kharif (non-irrigated), (iii) Paddy
Rabi (irrigated), (iv) Cotton Kharif (non-irrigated), (v) Sor-
ghum Kharif (non-irrigated), (vi) Sorghum Rabi (non-
irrigated), (vii) Green gram Kharif (non-irrigated), (viii) Green
gram Rabi (non-irrigated), (ix) Black gram Kharif (non-
irrigated), (x) Black gram Rabi (non-irrigated), (xi) Groundnut
Kharif (non-irrigated), and (xii) Bajra Rabi (non-irrigated).
Only current technology is considered, as the majority of the
farmers are small- to medium-scale and significant technology-
related modifications are not foreseen in the near future.

The technical coefficients have been derived from statistical
records from the study area, field surveys, interviews with
stakeholders and published literature (CPO, 1995, 2001).
The model was formulated in General Algebraic Modelling
System Integrated Development Environment (GAMS IDE)
(GAMS, 1998).

The IMGLP model has been developed with a facility to in-
corporate additional functionalities if required and adaptations
can easily be incorporated, if required by changing circum-
stances (new activities such as new crop types, new technolo-
gies, changes in parameters including costs and prices of
products, population dynamics, labour force, changes in die-
tary preferences, changes in infrastructure).

4.1.4. Scenarios
In this study, we consider the interests of some of the most

important stakeholders: farmers, policy makers and the water
users association. In the study area, two important objectives
of the farmers are increasing income and retaining paddy area.
The objectives of the policy makers include increasing
Table 2

Stakeholder objectives

Maximise food

production

Maximise

income

Maximise

labour use

Minimise

agricultural area

Minimise

fertiliser use

Minimise

biocide use

Minimise

water use

Marginal/small-scale farmer U e e e e e e

Large-scale farmer e U e e e e e

District agricultural

department

U e e U U U U

District rural development

agency

U U U U U U U

Water users association U e e e e e U

Agricultural research

station/scientists

U e e U U U U

Extension service U e e e U U U
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farmers’ income, maintaining rural employment, improving
water-use efficiency, reducing fertiliser and biocide use and
discouraging farmers from cultivating marginal lands. The
water users association’s main objective is optimising water
use. A number of scenarios can be constructed by different
combinations of objectives and constraints. For illustrative
purposes, we discuss three examples:

(a) Maximise profit
(b) Minimise water use
(c) Maximise employment

In each of the scenarios, the following four options for achiev-
ing the desired outcomes are explored:

(i) Maintain the current paddy area
(ii) Reduction of 50% in the current paddy area

(iii) Reduction of 20% in agriculture area, while maintaining
the current paddy area

(iv) Reduction of 20% in agricultural area and 50% in paddy
area

Rice is the staple diet for the population of the region, who
because of food security considerations, want to maintain the
current paddy area. However, the policy of the District
administration aims at reducing the paddy area, because of wa-
ter-related limitations. Therefore, reducing the current paddy
area by 50% is explored as an option.

A reduction of 20% in agricultural land is explored to mimic
abandonment of marginal lands currently under cultivation,
comprising Kharif and Rabi non-irrigated lands. The Pitlam
IMGLP model, containing Eqs. (1)e(11) from Appendix A
and the technical coefficients, has been used to generate the
objective values for the different scenarios (Table 3).

4.1.5. Interactive workshop with stakeholders
An interactive day-long research-feedback workshop was

conducted in January 2004 in the state-of-the-art conference
hall in the District Rural Development Agency’s Office in
Nizamabad District, where the IMGLP model was demon-
strated and several scenarios were generated and the results
discussed with the stakeholders. The District Administration
led by the District Collector and the Project Director of the
District Rural Development Agency supported the workshop
with the necessary logistics. The 25 participants from different
parts of the study area, some of which also participated during
the fieldwork phases of the study, included small-scale and
marginal farmers, large-scale farmers, officials of the water
users association, field level agricultural extension officers,
Table 3

Objective values for different scenarios

Scenarios I
(Rs ’000)

L (Man-days

’000)

F
(’000 kg)

B
(kg)

W
(’000

mm)

Paddy (ha) So (ha) SC

(ha)

Co

(ha)

GG (ha) BG (ha) G (ha) % of

total

agric

area

Kirr Knirr Rirr Knirr Rnirr Kirr Knir Knirr Rnirr Knirr Rnirr Kirr

Base

line

22 481 959 1110 4235 2908 1600 1000 1053 368 1225 630 529 980 87 980 88 654 91

S1 30 246 728 1139 7291 2908 2774 e 988 e e e 2576 1545 e e e 109 79

S2 20 917 948 1112 1391 2908 893 470 2399 2815 1545 1009 e e e e e 981 100

S3 15 606 831 1014 1368 2908 772 2990 e e e 1615 e e e e e 496 58

S4 29 376 728 1142 7271 2908 2628 e 1134 e e e 2579 1236 e e e 255 77

S5 21 093 921 1090 1386 2908 865 498 2399 2130 1236 1147 e e e e e 870 90

S6 16 522 831 1014 1368 2908 772 2629 361 e e 1615 e e e e e 496 58

S7 33 211 593 965 8892 2139 1880 e e e e 80 3286 1545 e e e e 67

S8 24 701 863 914 1426 2220 1096 e 783 3286 1545 1787 e e e e e e 84

S9 21 597 614 861 4784 1825 e 1806 73 e e e 1479 1545 e e e 2884 77

S10 31 686 620 933 7391 2144 1880 e e e e 514 2629 1236 e e e e 62

S11 24 877 836 892 1417 2209 1003 e 876 2629 1236 1880 e e e e e e 75

S12 23 511 622 868 1498 1843 e 1048 831 e e e 1580 e e 1236 e 2884 75

I, income; L, labour; F, fertiliser; B, biocide; W, water use; So, sorghum; SC, sugarcane; Co, cotton; GG, green gram (pulses); BG, black gram (pulses); G, ground-

nut; Kirr, Kharif irrigated; Knirr, Kharif non-irrigated; Rirr, Rabi irrigated; Rnirr, Rabi non-irrigated; Rs, Indian Rupees (1 U$ w45 Rs).

S1: Maximise profit with current agricultural land and current paddy area.

S2: Maximise employment with current agricultural land and current paddy area.

S3: Minimise water use with current agricultural land and current paddy area.

S4: Maximise profit with 20% reduction in current agricultural land and current paddy area.

S5: Maximise employment with 20% reduction in agricultural land and current paddy area.

S6: Minimise water use with 20% reduction in agricultural land and current paddy area.

S7: Maximise profit with current agricultural land and 50% reduction in paddy area.

S8: Maximise employment with current agricultural land and 50% reduction in paddy area.

S9: Minimise water use with current agricultural land and 50% reduction in paddy area.

S10: Maximise profit with 20% reduction in agricultural land and 50% reduction in paddy area.

S11: Maximise employment with 20% reduction in agricultural land and 50% reduction in paddy area.

S12: Minimise water use with 20% reduction in agricultural land and 50% reduction in paddy area.
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district level agricultural officers and the project director of
land and water management for the district.

5. Results of IMGLP

Scenario 1 (S1), maximising income while maintaining the
current area of paddy (3763 ha), leads to a high level of bio-
cide use (Table 3), as a consequence of 2576 ha being allo-
cated to cotton (that under current crop management
requires significant quantities of biocides). S2, where employ-
ment is maximised, leads to a 30% increase in labour use,
a 44% reduction in income and a 424% reduction in biocide
use, compared to S1. The reduced biocide use is the conse-
quence of complete disappearance of cotton from the cropping
pattern, while other commercial crops, such as sugarcane
(1009 ha) and groundnut (981 ha) compensate for income gen-
eration. If the current paddy area and yields have to be main-
tained, reducing water use is not possible. Therefore, in this
option (S3), in addition to the current paddy area, sugarcane
(1615 ha) and groundnut (496 ha) are cultivated. When S3 is
compared to S9, where water use is minimised, associated
with a reduction of 50% in paddy area, a significant reduction
(59%) in water use is achieved. Alternative crops in the latter
case are cotton (1479 ha), green gram (1545 ha) and ground-
nut (2884 ha).

6. Combining the IMGLP model and the stakeholder
communication matrix

The relevance of analysing the results of the scenarios gen-
erated with the IMGLP model in the context of an SCM can be
illustrated with the sample set of scenarios. For example, con-
sider Scenario 1 (in Table 3), which is preferred by the
farmers, as income is maximum, while the paddy area is re-
tained at the current level and there is no reduction in agricul-
tural area. However, the Agricultural Department would
identify more easily with Scenario 10, in which the paddy
area is reduced by 50% and the agricultural area by 20%, in
accordance with the policy of limiting the area of high wa-
ter-demanding crops and dissuading farmers from cultivating
marginal lands. Although maximum attainable income in
S10 is about 5% higher than in S2, farmers prefer to maintain
the current paddy area. This conflicting situation is com-
pounded by the fact that communication between small-scale
farmers and the Agricultural Department is relatively weak
(Fig. 4). Another example is the conflict between Scenarios
1 and 12. In this case, farmers prefer S1, while the water users
association’s objective is minimising water use, i.e. encouraging
cultivation of crops that are relatively less water-demanding
and thus its preference is S12. Compared to S1, income in
S12 is 22% lower, while water use is 36% lower, and there
is a significant reduction in biocide use. Thus, analysing the
scenarios generated with the IMGLP model in the context of
the SCM leads to insight into the interactions among stake-
holders in the system and to implementation of curative mea-
sures if required for improved communication.
7. Discussion

This study aimed at contributing to further development of
tools for participatory land use analysis in support of land use
policy formulation. Although (modest) successes have been re-
ported in participatory regional planning (Hoefsloot and van
den Berg, 1998), a recent analysis of such a process concludes:
‘The biggest challenge in the methodology is probably its im-
plementation in practice. One of the challenges is to select
from a multitude of possible questions, those most relevant to
the sustainable development of a region. That requires close co-
operation with the various stakeholders. The relevant questions
can only be addressed and translated into meaningful scenarios,
if both the system and the scientists involved are sufficiently
flexible/competent for demonstrating the scope for extension
and limitations of the system. Another related challenge is,
how to institutionalize this dialogue’ (Roetter et al., 2005).

The study brought out the significance of developing an
SCM as a means of understanding the social communication
dynamics of the system. Hence, while the IMGLP model is
a useful tool to model bio-economics of the land use system,
the social context in which its results should be implemented
determines their relevance. The SCM is thus a relevant tool to
describe the interrelations among stakeholders with communi-
cation as an indicator and serves as a vehicle for stimulating
cooperation between scientists and other stakeholders. Analy-
sis of the IMGLP scenarios in the context of SCM provides in-
sight into the possible bottlenecks obstructing negotiation and
successful application of the model.

The workshop provided an opportunity to interact with the
users on the basis of results of the IMGLP model, and to discern
the usefulness and relevance of the study. The scenarios gener-
ated with the IMGLP model and the examples discussed in the
context of the SCM served to demonstrate the model and to as-
sess the usefulness of integrating both tools. It allowed observa-
tion of the reactions of district level planners to the information
generated with the combined tools and its application in nego-
tiation with the various stakeholders on the options and their
consequences. There was enthusiastic participation and keen
interest among the planners and the farmers to further explore
the capabilities of the tool. It is intended to install the modelling
tool in the district planning office where adequate facilities,
including trained human resources, infrastructure such as
computer labs and software are available. There are also
disciplinary specialists, such as agronomists, soil scientists
and hydrologists who can be involved in the application of
the tool. Clearly, intensive training will be required to familiar-
ize the potential users with the capabilities of the combined
modelling system and the interpretation of the results, to avoid
the effects of ‘fools rushing in where angels fear to tread’.

Eventually, the farmers take the final decision on land use,
based on their aspirations and objectives, within the prevailing
socio-economic context and in response to the policy instru-
ments that the administration utilizes in support of its initia-
tives. Such decisions are taken within the context of the
farm household. Therefore, studies at the farm scale are re-
quired to investigate farm level possibilities in terms of
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opportunities and constraints in response to different policy
measures (Roetter et al., 2005).

8. Conclusions

An IMGLP model is useful as a negotiation support tool in
agricultural policy formulation and the SCM matrix is a rele-
vant addition to judge the position of various stakeholders in
the negotiation process.

A more realistic representation of the farmers’ decision-
making process, however, would require inclusion of their
attitude towards risk. A simple procedure, schematically de-
scribing one of the risk factors (i.e., of a delayed, inadequate
or failed monsoon), could be incorporated in the analysis: in
the IMGLP analysis, a scenario of, for instance, 0% or 10%
paddy area (depending on the area that has already been
planted before the situation of the monsoon is clear) could
be generated for inclusion in the negotiations.

The SCM in the present study admittedly is a simplified
representation of the complex relations between the various
stakeholder groups. In addition to characterisation in terms
of objectives, communication and/or information-sharing, the
relations can also be described in terms of power characteris-
tics, which have an impact on the negotiation process. In fu-
ture developments that aspect needs more attention.
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Appendix A

Mathematics of Pitlam Model

Constraints

X
c;l

Ac;l � TLan ð1Þ

X
c

Lc;lAc;l � TLab ð2Þ

Profit constraintX
c;l

ðPcYc;lAc;lÞ �
X

c;l

ðLccAc;lþ FccAc;lþBccAc;lþOccAc;lÞ > 0

ð3Þ
Cost constraintX
c;l

ðLccAc;lþ FccAc;lþBccAc;lþOccAc;lÞ � TC ð4Þ

Water constraintX
c;l

�
WcAcðl;tÞ

�
� TW ð5Þ

Objective functions

Profit

max P¼
(X

c;lt

ðPcYc;ltAc;ltÞ �
X
cðltÞ

�
LccAcðltÞ

�
�
X
cðltÞ

�
FccAcðltÞ

�

�
X
cðltÞ

�
BccAcðltÞ

�
�
X
cðltÞ

�
OccAcðltÞ

�)
ð6Þ

Labour

max L¼
X

c;l

ðLcAc;lÞ ð7Þ

Water use

min W ¼
X

c;l

ðWcAc;lÞ ð8Þ

Costs

min C¼
X

c;l

ðLccAc;lþ FccAc;lþBccAc;lþOccAc;lÞ ð9Þ

Fertiliser

min F¼
X

c;l

ðFccAc;lÞ ð10Þ

Biocide

min B¼
X

c;l

ðBccAc;lÞ ð11Þ

List of indices, variables and coefficients

A¼Area allocated to crop c
TLan¼ Total land available
l¼ Land type: irrigated or non-irrigated e Kirr, Knirr, Rirr,
Rnirr (Kharif irrigated, Kharif non-irrigated, Rabi irrigated,
Rabi non-irrigated)
c,l¼ crop per land type
L¼ Labour man-days required per crop per ha
TLab¼ Total labour available
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P¼ price per crop
Y¼Yield per ha
Lc¼ Labour costs per ha
Fc¼ Fertiliser costs per ha
Bc¼ Biocide costs per ha
Oc¼Other costs per ha
TC¼ Total capital available
Wc¼Water required per crop per ha in mm
TW¼ Total water available

Note: all costs and prices are in Indian rupees (1 US$ wRs 45).
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