THE ROLE OF GROUP HETEROGENEITY IN
COLLECTIVE ACTION: A LOOK AT THE INTERTIE
BETWEEN IRRIGATION AND FORESTS. CASE STUDIES
FROM CHITWAN, NEPAL.

Ashok Raj Regmi

Submitted to the faculty of the University Graduate School
In partial fulfillment of the requirements
For the degree
Doctor of Philosophy
In the School of Public and Environmental Affairs
And the Department of Political Science
Indiana University
February 2007

Accepted by the Graduate Faculty, Indiana University, in partial fulfillment of the
requirements for the degree of Doctor of Philosophy.

________________________________________________
Elinor Ostrom, Ph.D., Chair

________________________________________________
James C. Randolph, Ph.D.
Doctoral Committee
________________________________________________
Kerry Krutilla, Ph.D.

________________________________________________
Michael McGinnis, Ph.D.

May 12, 2006

ii

© 2007
Ashok Raj Regmi
ALL RIGHTS RESERVED

iii

ACKNOWLEDGEMENTS
During the course of my graduate study at Indiana University I have benefited
tremendously from the kindness, patience, encouragement and assistance of many
individuals. Without their good wishes I do not know how I would have completed this
journey.
First of all, I would like to express my gratitude to my parents Ishwari Raj Regmi
and Sushma Regmi for encouraging and unconditionally supporting my academic
endeavor. They have always prayed for me and my family and have always wished us the
best.
I express my sincere thanks and appreciation to Elinor Ostrom. She has always
been a constant source of inspiration to me throughout my graduate years at Indiana
University. During the course of writing this dissertation I have gained a lot from her
ideas, insights, questions and feedback. It is a great honor to have trained under her. I am
truly grateful for her guidance, her friendship, and the training.
I am also grateful to my teachers Vincent Ostrom, J.C. Randolph, John Williams,
Mike Mcginnis, and Kerry Krutilla. The dissertation has benefited a lot from their
suggestions and insights.
The Workshop family has always been a good source of support to me. I would
like to thank Carol Buszkiewicz, Ray Eliason, Charlotte Hess, Gayle Higgins, Patty
Lezotte, David Price, Andy Revelle, and Nicole Todd for helping me out with many
different things on many different occasions.
Other individuals I would like to thank are Madar Samad from the International
Water Management Institute at Sri Lanka who supported my dissertation fieldwork in

iv

Nepal with a grant; Harini Nagendra, research scholar at CIPEC who helped me process
remotely sensed images of Chitwan; Julie England and Robin Humphrey from CIPEC
who helped me set up the IFRI and NIIS databases; colleagues at the Nepal-IFRI office
Mukunda Karmacharya, Birendra Karna, Shiromani Gyawali and Hari Chettri who
assisted me in the field work; and all the villagers from Piple and Kathar VDC who
helped me in so many different ways during the fieldwork.
Most of all, I would like to thank my wife Aruna Khanal and my son Aaruk
Regmi for encouraging, supporting and being patient with me for all these long years.
This dissertation is dedicated to them.

v

Ashok Raj Regmi

THE ROLE OF GROUP HETEROGENEITY IN
COLLECTIVE ACTION: A LOOK AT THE INTERTIE
BETWEEN IRRIGATION AND FORESTS. CASE STUDIES
FROM CHITWAN, NEPAL.
Although considerable agreement exists among scholars about the attributes of a
resource and about resource users that are conducive to self-organization, there are also
puzzling issues related to the effects of size and heterogeneity of the user group. Prior
empirical studies indicate that user-group differences do not have a uniform effect on the
likelihood of sustaining collective action. The effects can be either positive, negative, or
unrelated to self-organization efforts. Since many of the results are derived from
individual case studies, or only a small number of cases, I adopt a more rigorous strategy
to address the effect of these variables on self-governance and outcomes. I draw on a
relatively large number of cases from two different types of common-pool resources in
Nepal – irrigation and forests – to explore associations between group heterogeneity
(measured in diverse ways) and collective action to address whether local resource
management efforts may be affected. Through the use of in-depth case studies, I further
examine the institutions governing both types of resource systems in a setting where
members from the same community use both resources. Not only does this provide
insights into how resource users organize around two different types of resource systems,
but also allows us to assess and compare performance of these self-governed commonpool resource institutions. Using data generated by the Nepal Irrigation Institutions and
Systems (NIIS) and International Forestry Resources and Institutions (IFRI) research
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programs, and my own fieldwork in the Chitwan District of Nepal, I find that some
heterogeneity variables (such as, ethnic composition) are less likely than others to be an
impediment to self-organization; the same heterogeneity variable (wealth disparity) may
have opposite effects on different resource types; resource conditions are more likely to
be affected by ability or inability of resource users to enforce rules rather than by their
group differences; and that self-organized groups are able to mediate the perceived costs
and benefits of organizing through institutional design.
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Chapter 1
GOVERNING WATER AND FOREST RESOURCES IN
NEPAL
RESOURCES IN A COMMON POOL
Withdrawal of water from an irrigation canal means that there is less water for
others to use. Once an irrigation system is in place it is difficult to exclude users from its
benefits. Similarly, for many uses of a forest, one person’s harvesting subtracts products
that are not available for others. Also, except for a small forest where protecting it from
incursions may be easy, excluding beneficiaries from access and use from most forests is
costly. The two common characteristics of both these resources – non-trivial exclusion
costs and subtractability - raises a social or commons dilemma. If exclusion cannot be
achieved by some institutional design, then the problem of free riding arises. No rational
actor would want to contribute to the provision or maintenance of a resource if noncontributors can gain the same benefits as the contributors. Similarly, the subtractability
attribute generates strong incentives for rational actors to maximize appropriation from a
common pool hence speeding up the process of resource depletion (Ostrom, Gardner,
1993). All types of common pool resources that are not already protected by effective
institutional designs face this fundamental problem.
How should this problem be resolved? What type of a governance and
management regime ought then to be put in place to manage common-pool resources?
These questions have generated numerous responses. Despite the many disagreements
there is agreement on one point: it is an institutional problem. If one were to get the rules
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and governance structures well-matched to the characteristics of the resource, then
resources can, indeed, be used wisely (Acheson, 2000). The unresolved point, however, is
what these institutions ought to be. Based on evidence form both the field and
experimental settings, one thing is known for certain, that without effective institutions,
common-pool resources will be underprovided and overused (Cordell, 1978; Larsen and
Bromley 1990; Ostrom, Gardner, and Walker, 1994). What is less certain, and what
generates the controversies, is how such problems ought to be remedied.
There are those who believe that rational actors cannot extricate themselves from
a “commons” dilemma and, therefore, an external “Leviathan” is required to prevent a
“tragedy of the commons” (Hardin, 1968). Such a theoretical perception that
governments are necessary to supply and organize collective action has resulted in
actions such as the widespread nationalization of forests and the concentration of power
in government to supply irrigation water. Similarly, proponents of privatization are also
influenced by the same models and believe that the best way to avoid a “commons
dilemma” is to impose a system of private property rights (Demestz 1967; Johnson 1972;
Smith 1981). Again, this position is based on the premise that an absence of secure
property rights results in high transaction costs, mal-distribution and over-exploitation of
resources, and the presence of private property rights provide incentives to owners of
resources to protect them (Acheson, 1989). A common theme that unites these two policy
prescriptions is that institutional change must come from outside and must be imposed on
the actors. An alternative competing idea that is emerging strongly is that of selfgovernance when the resources are local in scale. Rejecting the assumption that external
actors can easily design an optimal institutional solution and enforce rules at low costs,
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they argue that instead users of a “commons” are better equipped to resolve the
cooperation problem (or be a major participant in the resolution) as the solutions tend to
be conditional and situation specific (Ostrom, 1990). The question “what could these
conditions be” has driven a voluminous amount of research work and the results
emerging from this work indicate that self-governance in many instances can indeed be a
viable policy alternative.
Although advances made in the theory of common-pool resources have not been
able to definitely determine when appropriators will be able to extricate themselves from
a commons dilemma and supply themselves with successful institutions, a consensus has
emerged over the set of resource variables that enhances self-organization. They are: i)
scope for feasible improvement, ii) availability of reliable indicators of the resource
condition, iii) relative predictability of the flow of resource units and iv) spatial extent i.e.
the ability of resource users to develop a knowledge about external boundaries and
internal microenvironments (Ostrom, 1999, Baland - Platteau, 1996, & others). Similarly,
attributes of resource users conducive to self-organization identified are salience,
common understanding, discount rate, distribution of interests, trust, autonomy and prior
organizational experience (Ostrom, 1999). These attributes, among others, reflect the
users demand for, dependence on, and knowledge of the resource and are thought to be
important characteristics of the group which increases incentives for self-organization
(Uphoff et al 1990, Wade 1988). Similarities in resource access, perceptions of risk, and
consistency of norms are also believed to enhance the possibility of cooperation
(Bardhan, 1993; Ostrom 1990).
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Despite the many valuable lessons that have been learnt regarding resource and
resource user attributes conducive to self-organization, some relationships remain very
puzzling. One such puzzle has been the impact of heterogeneity among the users of a
community-based natural resource. Traditional commons research has mostly assumed
the prevalence of homogeneity among resource users, however, it is well known that
serious differences (e.g. in socio-economic attributes, natural resource endowments,
physical circumstances etc) can be and are often present. It is mostly under assumptions
of relative homogeneity that researchers have been able to collect evidence that shows
that groups have been able to successfully self-organize (Ostrom 1990; Ostrom Gardner
Walker, 1994; McKean 1992; Bromley 1992).
The impact of heterogeneity on collective action is an issue that is not yet fully
understood and is the focus of much contemporary research in the common-pool resource
area. Similarly, the relationship between the nature of the resource and the ease with
which users are able to organize around it is also not straightforward. Although mobile
resources without storage are considered to be more complex to manage than stationary
resources with storage (Bloomquist, Schlager, Tang and Ostrom, 1994) there is also
evidence, on the contrary, which suggests that users of a flow resource - an irrigation
system – have been more likely to self-organize than users of a stationary resource –
forests. This is a puzzle.
Studies undertaken in the past have looked at these issues with respect to the management
of a single resource system either irrigation or forest resources but not in combination.
Examining these resources together in relation to the issues of heterogeneity should not
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only contribute towards improving the theory of common-pool resources but should also
help in lending further support to the policy option of self-governance.

IRRIGATION GOVERNANCE AND MANAGEMENT IN NEPAL
Effective governance of irrigation systems is crucial to Nepal because it is
predominantly an agrarian economy dependent upon irrigated rice agriculture to feed a
growing population. Agriculture contributes 40% to the gross domestic product (GDP)
and provides employment to 80% of the labor force (Ministry of Finance, 1998).
Irrigation statistics indicate that of the 2.621 million hectares of land cultivated
nationally, only 853,030 hectares are serviced by some kind of irrigation system
(Department of Irrigation, 1997). Also, despite the potential to irrigate 1.34 million and
428,000 hectares of land in the Terai and Hills respectively only 53% and 18% of the
cultivated area are serviced by irrigation infrastructure (CIWEC, 1990; DOI, 1997).
Further, 75% of the national irrigation infrastructure is accounted for by the 15,000
farmer managed irrigation systems (FMIS) in the hills and 1700 systems in the Terai
(Pradhan, 1988). These statistics underscores the importance of farmers’ initiatives and
investments in the development of irrigation infrastructure in the country. Farmer
initiated and managed irrigation systems are often referred to as FMIS in the irrigation
literature.
Although the Nepali State’s involvement in the provision of irrigation
infrastructure after the 1950s has been substantial, the performances of Agency Managed
Irrigation Systems (AMIS) has been reported to be unsatisfactory relative to the resources
put into the sector (HMG/N National Planning Commission of Nepal, 1994). Failure to
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provide an assured supply of water, failure to reach water to farmers in the tail-end, and
failure to achieve economies of scale in all spheres of construction, operation, and
maintenance in the systems supplied by the Government are among the problems that
have been reported. Systematic study comparing the performance of Agency managed
irrigation systems (AMIS) to FMIS in Nepal (see Lam, 1998) have shown that FMIS
have outperformed AMIS on most key parameters – agricultural yield, cropping
intensities, ability to reach water to tail end. Farmers on the whole have been able to
overcome collective action problems better than the State. It cannot be assumed,
however, that the process is automatic. Although there are many key attributes of both
resources as well as resource users that can interact in a multitude of ways to influence
collective action outcomes, salience of the potential joint benefit and the existence of a
supportive political system are considered, nevertheless, to be important variables
conducive to promoting collective action.
While the potential of FMIS is substantial, not every FMIS operates at an
optimum level of performance. Not every FMIS is successful in self-organizing and selfgoverning activities. It is important to understand why this occurs? “Commons” research
indicates that the role of heterogeneity – e.g. unequal resource endowments, cultural
backgrounds and interests – in influencing collective action outcomes is not too well
understood. Advancing our understanding in this direction can perhaps help better
address the question on self organization posed earlier and provide valuable inputs to
designing intervention policies to support the irrigation sector in Nepal.

6

FOREST GOVERNANCE AND MANAGEMENT IN NEPAL
Reversing the nationalization policy of 1957, the government of Nepal passed a
forest act in 1993 that allowed for the transfer of all accessible forests from the central
government to local communities through the creation of “Forest User Groups”. The
change in the 1993 policy was a result of the inability of the government to prevent
deforestation and degradation (Palit, 1996). Forests have always been of tremendous
importance in Nepal where 93% of rural households rely on fuel wood as their primary
energy source for cooking and heating (Edmonds, 2001). At present there are about
12,000 community forest user groups (CFUGs) in the country, covering 955,000 ha of
forestland (CPFD database, 2000). CFUGs in the Terai, however, number only 1480.
Nepal is divided into three physiographic zones - mountains, middle hills and the Terai.
And, the plain lands of southern Nepal are known as the Terai. In total about 15% of the
total forestland has been handed to the CFUGs. Of this 9.1% area is represented by the 51
hill districts, 2.1% by the 7 inner-Terai districts, and 0.8% by the Terai districts (Pokhrel
and Amatya, 2000).
Although it is well recognized that the Department of Forests is unable to address
the issues of forest management, yet only less than 3% of the total forest area has been
handed over to CFUGs in the Terai. The Forest department believes that communities in
the Terai are not able to self–organize for collective action and that the Government
ought to manage forest resources. This belief is based on the following arguments: a) that
the Terai differs from the hills in terms of forest history, ecology, economy and many
other dimensions and hence, the hill model of community forestry cannot be fully
replicated and b) since Terai forests are located in a continuous belt and settlements are
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located far away clear boundaries cannot be established with regards to resource users
(Paudel & Pokhrel, 2001).
Extant literature on common pool resources, however, suggests that if
Government enforcement is weak then the National forests become virtually open-access
resulting in accelerated deforestation. With limited resources the Forest Department is
stretched out and rules enforcement tends to be generally weak (Schweik, 1998). Despite
the consensus that local communities should be involved in managing their forests, the
capacity of government to initiate and organize local communities to manage and protect
their forests in the Terai is still a challenge. Understanding the patterns of resource
extraction from a forest in a context where a community is already involved in collective
action in providing water to their fields could provide further insights into the complex
interactions between resource users and their resources.

IRRIGATION AND FOREST INTER-TIES
The farming systems in rural Nepal are characterized by the general integration of
crop production with livestock raising and the use of local forest products for farm inputs.
The forest in most communities is also the primary source for meeting the energy needs
of the household (CIWEC, 1990). Since only 32% of total cultivated land is serviced by
an irrigation system most agriculture is rain-fed. Where there are rivers the use of at least
two resources – water and forest – is typical in most communities.
When a community appropriates two different common-pool resources many of
the attributes of the resource users may be common yet the attributes of the resource
could be very different. For instance, irrigation is a resource whose resource units are
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continually flowing. For run-of-the river systems it is not possible to store resource units.
In contrast, forest products are spatially confined and unlike water, do not flow but
remain stationary. The nature of the resource introduces asymmetries in the system. Since
water in a canal flows from head-end to tail end the farmer located at the head end has a
comparative advantage over the farmer located at the tail end. Similarly, locational
differences between households and proximity to forests also introduce a certain degree
of asymmetry in user and resource relationships (Varughese and Ostrom, 2001) but may
not be as acute as in irrigation systems.
The nature of the resource in terms of its characteristics - stationarity and storage affects the types of appropriation and provision problems that resource users face and are
likely to address. Hence, all other things being equal, appropriators of common pool
resources that lack storage and /or yield non-stationary resource units ought to face
greater difficulty in devising allocation rules that reduce appropriation externalities
(Bloomquist, Schlager, Tang, 1994). This suggests that it ought to be easier for people to
manage forest resources than irrigation resources. However, experiences from the
Chitwan Valley in the Terai indicate that the management of irrigation resources appears
to have been more successful than the management of forest resources.
This puzzle gives rise to a set of interesting questions: a) why is a community able
to manage one resource better than another? b) what characteristics of a resource affect
the ease with which people can manage it? c) what role does heterogeneity play in the
emergence of cooperation in irrigation and forestry resources? d) does the
presence/absence of particular conditions encourage collective action to emerge in
governing the resources? e) does successful collective action in regards to one resource
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influence the other? and f) how similar/dissimilar will the institutional designs be and
why? An understanding of how resource attributes interact in complex ways with socioeconomic and institutional variables to affect the basic benefit-cost calculations of
resource users who utilize two different resources could, therefore, help provide insights
in attempting to answer some of the above questions.

STUDY OBJECTIVES AND RESEARCH APPROACH
The broad goal of the study is two fold: a) to examine the role that heterogeneity
plays in influencing collective action outcomes in a setting where resource users
appropriate two types of resources and b) to explore the inter-ties between irrigation and
forest resource systems in a context where the same community appropriates both these
resources.
There are three components to this study: a) how does group heterogeneity affect
irrigation resource use, b) how does heterogeneity affect forest resource use and c) how
are the two resource systems inter-tied. The Institutional Analysis and Development
(IAD) framework (see Ostrom, 2005) will be a common framework that will be used to
understand the structure of the incentives facing resource users and their responses to
problems of provisioning and appropriation in both the systems. The IAD framework is a
method for analyzing how the attributes of a physical world interact with those of the
general cultural setting and the specific rules-in-use to affect the incentives facing
individuals in particular situations and the likely outcomes to result. Although the
resource systems will initially be examined separately the goal is to explore the possible
links across the two resource systems.
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Examination of the irrigation systems will first involve a statistical analysis of the
Chitwan irrigation systems contained in the Nepal Irrigation Institutions and Systems
(NIIS) database. The objective is to examine the impact of heterogeneity on collective
action outcomes. Analyses of case studies will then be undertaken to dig deeper into the
statistical results. Similarly, while studying forest resources use will first be made of
remotely sensed images to assess land cover change over time in Chitwan. This will help
identify the physical condition of forest resources of the valley in a broad regional scale.
Then relationships will be examined between people and forests through a micro-level
perspective using the IFRI protocol. IFRI protocols are research instruments developed at
Indiana University to provide a way for people to collect, store, and analyze data over
time about forests and the communities that use forests.
In the first chapter I have attempted to present an overview of my research
problem and locate it within an appropriate theoretical context. Specifically, I have tried
to answer the following questions: a) what is the problem b) why is it important and c)
how do I intend to approach it. In Chapter 2 I present a literature review on heterogeneity
and the theory of common pool resources with special reference to irrigation and forest
resources and institutions.
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Chapter 2
COMMON POOL RESOURCES, HETEROGENEITY AND
COLLECTIVE ACTION - A LIETRATURE REVIEW
COMMON POOL RESOURCES
Common-pool resources are natural or man-made resources that can be used
simultaneously by multiple users. They share attributes of both pure public as well as
pure private goods. Not only is it difficult and costly to exclude individuals from using
the resource system (as it is with public goods) but consumption of resource units by one
individual leaves fewer units available to others (as it is with private goods). Irrigation
systems, forests, and fisheries are examples of common-pool resource settings.
As discussed briefly in Chapter 1, the difficulty of exclusion arises from many
factors such as the cost of fencing a resource and costs associated with designing and
enforcing rules to assign property rights to exclude access. Unless institutional
arrangements can be designed to ensure exclusion, a problem of free-riding can be
expected. No rational actor would want to contribute towards the provision and
maintenance of a resource that can easily and uninhibitedly be used by non-contributors.
Subtractability of the resource, another attribute, also creates difficulties. Since resource
units consumed by one user are no longer available to the next one, there are strong
incentives to maximize immediate resource use. This can result in quick resource
depletion unless institutions are able to change the incentive structures.
In the following sections I attempt to do three things. First, I review work on
collective action and point out why common-pool resources are considered to be complex
systems rather than the relatively simple settings assumed in earlier work. Second, I
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illustrate this complexity by presenting an immense diversity of findings in regards to
size and heterogeneity. Third, I present the theoretical approach that I take in my
dissertation.

THE CONVENTIONAL THEORY OF COMMON POOL
RESOURCES
The works of Gordon (1954) and Scott (1955) are reported to be among the
earliest on common-pool resource systems (open-access fisheries). Since their work, most
theoretical studies until the mid-eighties analyzed simple common-pool resource systems
using relatively similar assumptions (Feeny, Hanna, McEvoy 1996). The resource is
assumed to generate a predictable and finite supply of one type of resource units.
Appropriators are assumed to be homogenous in terms of their assets, skills and discount
rates. They are also considered short-term, profit maximizing actors who possess
complete information and act independently without attempting to communicate or
coordinate their activities. In this theory, the open-access condition is a given and users
make no efforts to change it. Analyses based under such a set of conditions consistently
predict that over-harvesting and resource degradation will result. This is the conventional
theory of a simple common-pool resource. Until recently it was considered to be
sufficient to understand all common-pool resources.
In game theory, appropriation from a common-pool resource has also been
formalized as a one shot or a finitely repeated Prisoner’s Dilemma game (Dawes 1972;
Dasgupta and Heal 1979). Solutions to such models have shown that defection is a
dominant strategy for a player no matter what the other player chooses. When both
players choose their dominant strategy they produce an equilibrium which is inferior to
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what they might have achieved had both cooperated. Results from formal analyses such
as these have also lent support to the conventional theory. Though these models formalize
the problem differently the basic theoretical assumptions, however, essentially remain the
same. Appropriators are still assumed to possess complete information, are thought not to
interact among themselves, are considered homogenous, and are believed not to have the
capacity to change their institutions.
There have also been a sufficient number of empirical examples suggesting that
the essence of the problem facing common-pool resource users can be captured by the
absence of property rights and independence of actors. Cases of deforestation in tropical
countries and the dwindling ocean fisheries were considered sufficient confirmation of
the empirical validity of the theory. Garret Hardin’s (1968) article further convinced
many that external intervention was necessary to induce socially optimal behavior as
appropriators were viewed to be inextricably trapped in their dilemmas. Until mounting
empirical evidence from the field questioned its generalizability, the basic theory was
applied to all common-pool resources regardless of the capacity of appropriators to
communicate and coordinate their activities (Berkes 1989, McCay and Acheson 1987;
Bromley et al 1992). The possibility that the users themselves might find ways to
organize was never seriously considered until recently.

CONVENTIONAL THEORY AND ITS LIMITATIONS
One of the key assumptions of Hardin’s model – that a “commons” is
characterized by open access conditions – was questioned soon after the publication of
Hardin’s article. Ciriacy-Wantrup (1975) among others pointed out that “common

14

property is not everyone’s property”. Where common property existed, there were rules
that determined entry as well as use rights. Appropriators, therefore, did have incentives
to avoid resource overuse (Thompson, 1975).
The spotlight also quickly turned on the structure of the game theoretic models
i.e. whether the one shot Prisoner’s Dilemma game (PD) accurately represented the
situation faced by appropriators in common-pool settings. Runge, in a series of papers,
made an observation that families of appropriators living together in villages for
generations and expecting to live for more generations would not have defection as their
dominant strategies (Runge 1981, 1984). He pointed out that users of common-pool
resources in such situations faced a repeated coordination game rather than a one-shot
Prisoner’s Dilemma (PD) game. When a coordination game is modeled as an Assurance
Game (AG) there is no dominant strategy - universal cooperation and universal defection
are both possible equilibriums. Unlike the predictions of a one shot PD game this meant
cooperation was possible (but not necessary).
Under such a structure the extent of communication between players was believed
to be a crucial variable in achieving cooperation (Ramussen and Meinzen-Dick, 1995).
However, what action would eventually be taken depended on mutual expectations and
was a function of the degree of trust among members of the group (Baland, Platteau
1996; Runge, 1984). Similarly, modeling the Prisoner’s Dilemma as an iterated game
Axelrod (1984) was able to demonstrate that a tit-for-tat strategy could also sustain
cooperation in an iterated PD game. In such games reciprocity was thought to be a key
factor that could foster cooperation since each player could play whatever the previous
player played. Axelrod’s work implied that it was possible for perfectly rational players
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to extricate themselves from a dilemma without external intervention – a counterintuitive
and important result challenging the standard theory.
Other challenges to the basic theory of social dilemmas concern the role of
communication and innovation. Standard theory treats communication as cheap talk and
its presence is thought unlikely to change results unless individuals involved can call
upon external agents to enforce agreements (Farrel, 1987). Evidence from the field,
however, has repeatedly shown that individuals can make and do keep promises even in
the absence of external authorities to enforce agreements. Laboratory experiments (Sally,
1995; Cason and Kahn 1996; Sell and Wilson, 1991; Issac and Walker 1991; Ostrom and
Walker 1997) have also demonstrated that communication and face-to-face
communication more so has an unmistakable influence in fostering cooperation and
collective action. In repeated common-pool resource games subjects with repeated
opportunities to communicate have obtained higher yields on average than in baseline
experiments without communication. Since communication is most likely to affect
individual trust that others will keep to their commitments, researchers have increasingly
begun to see a strong role for communications in second-generation models of rationality
(Ostrom, 1998).
The ability to change the rules of a game (innovation) or use a system of sanctions
to punish those who do not cooperate is not considered to be a viable option in standard
theory (Ostrom, 1997). Theory predicts that no body should spend resources to punish
others because all share the positive impact of the action equally whether they contribute
or not. Extensive research, however, indicates that resource users in many common-pool
resource situations have been able to change the structure of the social dilemma
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(Bloomquist 1992, Bromley et al 1992, Tang 1992, Ostrom 1990) by devising a wide
variety of rules that they themselves have been able to enforce. Experimental results
(Ostrom, Walker, Gardner, 1994) also point out that when subjects are given the
opportunity to use a costly sanctioning mechanism this option is frequently exercised and
the use of sanctions also increases the level of cooperation. Clearly, the willingness of
appropriators to bear the costs of overcoming a second-order level dilemma by
monitoring and enforcing their own rules is inconsistent with the theoretical assumption
that users are not able to coordinate their activities (Ostrom, 1998).
Most common-pool resources are far more complex than assumed in the base
theory (i.e. homogenous appropriators, resource generates predictable flow units,
appropriators harvest only one type of resource unit etc.). Yet, many documented case
studies representing a wide diversity of settings demonstrate that appropriators dependent
upon common-pool resources have organized themselves to achieve much higher
outcomes than predicted by the conventional theory (Cordell 1989; Wade 1994, Sengupta
1991). Empirical studies in the forestry setting have shown that forest users in many
locations have organized themselves to protect and in some case enhance local forests
(Fortmann and Bruce 1988; Fox 1993; Fairhead and Leach 1996). Despite the
tremendous threat faced by forests all over the world there is evidence from many sources
indicating that local users are still capable of managing forest resources in many diverse
locations (Ascher 1995; Becker et al. 1995; Agrawal and Yadama 1997).
There is similar evidence in the irrigation sector. One case study that most closely
approximates the conditions assumed by the base theory is Lam’s (1998) study of
irrigation systems in Nepal. In such a setting he is able to show that the performance of
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self-organized farmer-managed irrigation systems are superior to agency-managed
irrigation systems despite the low level technology used by farmers in their systems. He
has been able to show that farmers with long-term ownership claims, who can
communicate, develop their own agreements and who can monitor and enforce their own
rules are more likely to distribute water more equitably, maintain their resources in better
conditions and grow more paddy. The study shows that farmers under certain conditions
have not only been able to self-organize to govern their common-pool resources but are
able to do it better than the national water agency.

CONSENSUS ON VARIABLES ENHANCING SELFORGANIZATION
Mounting empirical evidence from field research has shown that the conventional
theory is not broadly generalizeable. Though the theory is successful in correctly
predicting outcomes in certain simple settings, where appropriators are alienated from
each other or cannot communicate effectively, it cannot explain why appropriators selforganize in other settings. To explain this variance researchers have begun to elucidate
some of the conditions that are most likely to be conducive to self-organization by those
using a common-pool resource (Baland and Platteau, 1996; Ostrom, 2000). There is
considerable agreement on the set of variables that enhance the chances of selforganization.
Attributes of a common-pool RESOURCE considered to be important for selforganization are chances of feasible improvement, availability of reliable and valid
indicators, moderate size boundaries, and predictability of resource units (Ostrom, 1999).
There is agreement that unless modest levels of scarcity is apparent to users little efforts
18

will be exerted to organize. Also, the ease with which resource users are able to learn and
understand the dynamic patterns of the resource stock and flow enhances the likelihood
of self-organization.
Similarly, attributes of RESOURCE USERS conducive to self-organization are
salience, common understanding, low discount rate, trust and reciprocity, autonomy and
prior organizational experience (Ostrom, 1999). There is general agreement that
appropriators who are dependent on a resource, intend to use their resources over a long
period of time, have achieved levels of trust, and possess some level of autonomy to
make their own rules are more likely to self-organize. Whether local users are actually
able to organize, however, depends on the benefits and costs of changing institutional
rules perceived by those who can change local institutional arrangements.
Many of the aforementioned variables are in turn strongly influenced by the larger
political regime in which the users are embedded. In settings where the larger regime is
willing to supply accurate information about the resource, provide arenas for participants
to resolve their conflicts, and offer mechanisms to support local monitoring and
enforcement efforts the likelihood of self-organization is higher. Conversely, in settings
where the authority of locals to make and enforce rules is not recognized, resource
problems are ignored, and outsiders impose rules without consulting locals then the
likelihood of self-organization is lower.
No two common pool resource settings are likely to be the same. Similarly, the
number and type of attributes conducive to self-organization present in a resource system
can also differ from setting to setting. To understand whether self-organization will
emerge Ostrom (1999) suggests that one has to look at the way these attributes affect the
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basic benefit-cost calculations of a set of users utilizing a resource. If the expected net
benefits of harvesting, using a new set of rules, are less than those compared to the old
set, for all users then there will be no changes. If the change is positive for at least some
of the users then they would need to estimate their costs associated with change.
There can be three types of costs: the costs of time and efforts spent on devising
new rules, short term costs of adopting new harvesting rules, and long term costs of
monitoring and sanctioning. If the cumulative expected costs exceed expected benefits
then users will not invest time and energy to create new institutions. In field settings not
everyone perceives the costs and benefits of a proposed change equally. Those who
perceive benefits to be greater than costs may favor changing the operating rules and
those who perceive otherwise may oppose. Whether the change occurs, therefore,
depends on the collective choice arrangements that are in place to change the operational
rules relating to harvesting, monitoring and other management activities. For any
collective choice rules there has to be a minimal coalition of users that must agree prior to
the adoption of new rules. Whether a winning coalition can form depends on how
members of the coalition perceive their own benefits and costs. If benefits are greater
than costs for each member of a minimal coalition then new rules can be adopted.
Otherwise, if costs are perceived to be greater than benefits for even one member of this
coalition then no new rules will be adopted.
Attributes of a resource can affect the benefit-cost computations of users in
different ways. If a resource is abundant then there is very little reason for users to invest
in organizing. If the resource is seriously degraded then the costs of organizing may far
exceed the expected benefits discouraging users from organizing. Self organization, thus,
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can be expected only when the users sense substantial scarcity but not full degradation.
Also, if there are reliable indicators about the resource health then it is easier to
understand the resource. It is much easier to organize around a predictable resource than
an erratic one.
Attributes of the resource users also affect benefits and costs. If many of the users
do not rely on the resource for a significant proportion of their incomes then spending
efforts to govern the system may be considered by them to be a worthless exercise. If
users with many different options heavily discount the value of future incomes, or, if they
do not share a common understanding of how complex resource systems operate, then too
cooperation may be difficult. The differences in political and economic assets possessed
by users can also affect cooperation. If the interests of the well endowed happen to be
similar to those of the less well endowed then the likelihood of self organization is
greater. The powerful group of users can bring in their assets and authority to organize
the group and devise rules. On the other hand, if the interests of the well endowed users
do not match with others either because the resource is not important to them or because
they have higher discount rates then they may be unwilling to invest their resources or
may even impede organizational efforts. Similarly, users who trust each other and are
willing to use reciprocity in their relationships face lower expected monitoring and
sanctioning costs and are more likely to self-organize. The chances of self-organization
also improve if user groups have the autonomy to devise and change their rules. If local
authority is not recognized by larger regimes then it becomes difficult for users to
establish enforceable rules (Ostrom, 1990; Wade 1988; Bromley and Cerena 1989;
Bardhan 1993). The chances of self-organization improve further if users have had prior
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experience with other forms of local organization. Users are more likely to agree upon
rules which they understand from prior experience than upon rules that are new or have
been introduced by external actors without their own involvement. Evaluating how these
diverse variables affect the expected benefits and costs for users in complex field settings
is a difficult task not only for the researchers but for the users themselves.
The theoretical consensus on the attributes that enhance the likelihood of selfgovernance, however, does not mean that most appropriators using common-pool
resources will self-organize. There are many settings where appropriators can be
expected to continue overusing their resource unless efforts are made to change one or
more variables that affect the perceived costs or benefits of institutional change. Since
many variables can affect benefits and costs, many points of external intervention can
either enhance or reduce the chances of self-organization. To ensure that intervention will
promote and not seriously impede performance of self-governing institutions external
authorities will, however, need to understand how these variables interact in field
settings. It is not necessary that most attributes conducive to the development of selfgoverning institutions need to be in place before users are able to develop effective
agreements. When the benefits of organizing are commonly understood by users to be
high self-organization can still emerge even when many of these variables are lacking.
The key to further theoretical integration is to understand how these variables interact in
sufficiently large number of diverse settings to affect the benefits and costs calculus of
resource users.
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THE EFFECT OF GROUP SIZE AND HETEROGENEITY ON THE
ABILITY TO SELF-ORGANIZE
Scholars have begun to realize that it is not the mere presence or absence of
variables conducive to self-organization that determines whether users are able or unable
to self-organize. Rather, it is how they operate interactively in field settings to affect the
perceived costs and benefits of users that determine the likelihood of self-organization.
Common-pool resources are very complex systems and assessing benefits and costs of
engaging in collective action is never straight forward and not yet fully understood. The
difficulty in trying to understand how certain variables may affect the likelihood of selforganization can be illustrated by the diversity of findings that have been reported in
regards to group size and heterogeneity.

Group Size
Are smaller user groups better than larger groups at providing and sustaining their
forests, irrigation systems or grazing grounds? Is small group size a necessary condition
for successful collective action? Though there are many reasons to expect increasing
group size to be negatively associated with successful collective action, its effect on
participants facing problems of creating and sustaining a self-governing organization is
not yet clear. Drawing on the work of Olson (1965) many scholars have argued that
larger groups a) are less likely to achieve collective action, b) are more likely to have
sub-optimal provisioning levels and c) are more likely to have lower overall provision
levels. Results from the formal analyses of repeated PD games also suggest that
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cooperation is more likely to result in smaller groups rather than larger groups (Baland
and Platteau, 1996).
When groups are small, members have opportunities to interact frequently and
have highly personalized relationships. There are, therefore, stronger incentives to
consider the consequences of choices over a longer term instead of the immediate short
term. Also, the ability to have more face to face communications enables each member to
be better informed of another’s preferences and choices. Such conditions, it is believed,
present opportunities for members to build reputations, and develop higher levels of trust.
Axelrod (1984) has also argued that if group size is small then concerns about avoiding
sanctions alone are powerful motives to induce cooperation. Smaller groups are also
thought to function better because individual contributions will be perceived to mean and
matter more in a small group than in large groups. The empirical works of Coward
(1980), Barker (1984), Cernea (1989) and Wilson and Thompson (1993) support the idea
that smaller groups are more likely to be self-organized than larger groups.
Systematic empirical field studies, however, show that smaller group sizes cannot
automatically be associated with the ability to cooperate or perform better. Agrawal
(1998) in his study of forest institutions in the hills of Kumaon found that smaller user
groups are less able to undertake the level of monitoring needed to protect resources than
moderately sized groups. Similarly, Tang’s (1992) study of farmer managed irrigation
system did not find any statistical relationship between either the number of appropriators
or the size of the land they irrigated with his performance variables. Lam (1996) in his
study of Nepali irrigation systems also did not find any relationship between the number
of appropriators and his performance measures. Utting (1994), too, reports that the Kuna
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Indians of Panama have collectively been able to administer a wildland park on a large
scale (600 sq. Km).
Theoretical arguments as to why larger group size may be positively associated
with collective action are also found in the literature. Chamberlain’s (1974) formal model
demonstrates that provisioning for public goods can increase with group size despite the
decrease in individual contributions. Marwell and Oliver (1993) too suggest that when a
good being provided for is a public good, group size can have a positive impact on the
probability that it will be provided. Wade (1988) argues that it is not group size per se
which is important rather it is the existing social ties and authority structure within the
group which determines the effectiveness of collective action. If these conditions are
present then the likelihood of self-organization is greater irrespective of the size of
groups. Ostrom (1999 based on Agrawal 1998) has also argued that if the costs of
providing a public good related to the use of a common-pool resource, such as a
sanctioning system, remains constant as group size increases then increasing number of
participants could bring in additional resources that could potentially benefit all. She also
points out that if the situation, however, involves provisioning for a subtractable public
good involving higher transaction costs, group size may very well hinder cooperation.
The relationships between group size and cooperation appear not to be simple and
uni-directional (Ostrom 1999, Potete and Ostrom 2004). Ostrom suggests that the reason
why this occurs is because many other variables change or are in different configurations
as group size increases. She emphasizes that to understand how size affects the groups’
abilities to govern common-pool resources one has to look at how it affects other
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variables as they impact the cost-benefit calculus of those involved in negotiating and
sustaining agreements.

Heterogeneity
Heterogeneity is a contested variable. The way it impacts the capabilities of
individuals to self-organize is not uniform. Groups can vary along a variety of
dimensions such as socio-cultural backgrounds, interests, and endowments among others.
How each of these dimensions may operate depends from situation to situation.
Heterogeneity can be broadly conceptualized as resulting from differences in
economic, as well as non-economic factors. Although wealth and income are two readily
identifiable components of economic heterogeneity there are other factors that belong to
this category too. For instance the amounts of unequal efforts community members have
to make, the unequal benefits they derive from cooperating, and the differences in outside
earning potential (exit options) have economic characteristics. Similarly, differential
endowments in terms of skills and knowledge which may affect resource extraction and
the rate at which users discount the future (rate of time preference) also have an
economic component.
There are non-economic types of heterogeneities as well. Ethnicities, culture,
locational asymmetries, and political standing also affect cooperative behavior (see
Bardhan and Johnson 2000, Baland and Platteau 1996). Shared values and norms can
facilitate cooperation and so can the role of leadership. Conversely, socio-cultural
differences may also impact cooperation negatively as it leaves ample room for different
interpretation of rules. A variety of situations can exist in different groups – a group can
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be culturally homogenous yet economically heterogeneous, or both culturally and
economically heterogeneous – resulting in potentially different types of outcomes.
The socio-cultural composition of a group may result in a difference of interests
that influences how resources are governed and managed. Differences in social class and
ethnicity have been reported to make consensus building and norm enforcement difficult
(Blair, 1996). It is presumed that diverse groups may find it more difficult to agree upon a
set of rules as the levels of conflict involved in building consensus may be high. Different
groups may also not be willing to abide by a single set of rules. For diverse socio-cultural
groups sharing a common resource the likelihood of self organization, however, is tied to
the question of whether multiple groups view the structure of the resource, interpretation
of rules, trust and reciprocity similarly or differently. There is no necessary relationship
between socio-cultural diversity and the ability or inability of groups to self-organize. If
groups share a common understanding such as when new settlers adopt the rules of the
established group then cultural differences do not affect participation in governing a
resource. If groups do not share a common understanding then this can generate high
levels of conflict endangering a self-governing enterprise.
Empirical studies exploring the relationship between socio-cultural heterogeneity
and collective action suggest a diversity of results. Whereas Cernea (1989, 1981) reports
that class differences can cripple efforts at organizing for collective action in the villages
due to mistrust and lack of mutual understanding, Wade’s (1994) study of south Indian
farming communities show that members of groups can overcome socio-cultural barriers
and cooperate. Vedeld’s (1997) Mali study too is unable to find a systematic relationship
between socio-cultural heterogeneity and collective action. He explains that collective
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action can either be enhanced or hindered depending on how cultural asymmetries play
out in relation to economic and political interests. If other interests converge then cultural
differences may not be a stumbling block otherwise they may be. The failure of the
pastoralists and the agriculturists to agree upon how common lands ought to be regulated
is a case in point (Basset, 1993). A study of 46 surface water systems in the Philippines
by Fujita et al (2000) and 54 farmer managed irrigation systems by Dayton-Johnson
(2000b) in Mexico shows mixed results too. Whereas the Mexican study finds a negative
association between measures of social heterogeneity and collective action the Filipino
study does not. When irrigators belong to more than one community infrastructure
maintenance was found to be poorer in the former case whereas it did not affect
performance in the latter.
Similarly, Gautam (2002) in his study of eight forests of Kabrepalanchok District
in Nepal does not find any relationship between his measures of socio-cultural
heterogeneity and forest condition. Instead he finds that the variations in forest conditions
are best explained by ecological conditions. Somanathan et al (2002) too do not find any
relationship between caste differences and the frequency of user group meetings in their
study of forest user groups in India. Baker’s results from the study of 39 kuhl irrigation
systems in Himachal Pradesh, however, show that social differentiation (when irrigators
of a kuhl comprise many castes and when a kuhl irrigates more than one village) does
place a lot stress on irrigation management. The results indicate that heterogeneity is not
necessarily an obstacle to collective action and whether appropriators are able to
overcome the differences in ethnicity and class or not depends on how the socio-cultural
dimension interacts with other variables in the field.
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There has been considerable theoretical and empirical research that has focused
on the heterogeneity of assets. Theoretical arguments are made for how asset
heterogeneity is positively, negatively or unrelated to self-organization efforts. While
some argue that heterogeneity of assets is negatively related to the capacity of groups to
organize others dispute the assumption that participants need to be relatively similar in
their endowments to sustain common property. Appropriators who possess more
economic or political assets may have interests that are either similar or different to those
who possess fewer assets. If the interests of the powerful are different from the rest then
achieving a self-governing solution to a common-pool resource problem is challenging.
However, if the interests are similar then the chances of self-organization may increase as
the powerful are capable of mobilizing more resources to invest in devising rules to
govern resources. Olson (1965) recognized long ago that asymmetric resource
endowments in a small group can drive even a single member to absorb all costs of
providing for a collective good if he/she sees a good proportion of that benefit accruing to
him/her self. If the interests match then asset inequalities may actually favor rather than
hinder the provision of public goods.
Empirical examples supporting such an argument is Leach’s (1961) account of
collective duties in pre-independence Ceylon where large landowners provided canalcleaning efforts even if no other irrigators followed suit; and Vaidyanathan’s (1986)
historical account of the role of elites in promoting the emergence of irrigation
management regimes in India, China and Japan. Researchers have also attempted to
explain this idea of wealthier farmers taking the initiative to derive benefits from
collective action by pointing out to the existence of nonconvexities in the production
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function of some particular types of production systems. Benefits derived from collective
action are considered to be a nonconvex function if a minimum aggregate effort is
required to cross a threshold before any benefits are realized. Irrigation is one example
where large set up costs are required for dam or canal construction before any benefit can
be derived. Such a setting, it is argued, can also induce wealthier farmers to absorb the
initial expenses (Bardhan and Dayton-Johnson, 2002).
A number of empirical studies also find that show that heterogeneity of assets is
negatively related to the capacity of a group to self-organize (e.g. Blomquist, 1992;
Hackett, 1992; Kanbur 1991; Libecap 1989; Issac and Walker, 1988). These studies have
concluded that heterogeneous communities find it more difficult to design, monitor and
enforce rules and that they are more likely to be weak at conflict resolution (Baker 1998,
1994; Blair 1996; Chambers et al, 1989). Large N studies such as Tang’s (1991) and
Lam’s (1998) also lend support to the notion that heterogeneity negatively affects
collective action. Tang reports that a low variance of the average annual family income
among irrigators tends to be associated with a high degree of rule conformance and good
maintenance, and Lam’s regression analysis (1998) indicates that income inequality is
significantly and negatively related to productivity. Ternstorm (2003) in her study of
farmer managed irrigation systems in Chitwan too finds that there is negative correlation
between inequality in land holding and cooperation.
Differential endowments of appropriators can be associated with extreme levels of
conflict as well as smooth transitions into a self-governed system. Johnson and Libecap
(1982) report that the differences in the skills and knowledge that different groups of
fishermen possess frequently prevents them from arriving at agreements on how to
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allocate quantitative harvesting quotas. On the other hand, heterogeneities in income,
wealth or power may not necessarily be associated with a difference in interests
(Vaidyanathan, 1986). Appropriators may design institutions that are able to cope
effectively with heterogeneities. For instance, leadership roles assumed by elite members
of a group can favor collective action since they can not only provide the authority
structure for the proper enforcement of rules but may also absorb initial costs of
organization. Researchers, however, point out that it may be moderate and not extreme
differences in wealth distribution (Baker, 1988) that are more conducive to selforganization.
Dayton-Johnson and Bardhan (1996) theorize that increasing asset inequality does
not necessarily enhance efficiency nor does perfect asset equality. Rather, they suggest
that the relationship between inequality and collective action is U shaped, a non-linear
relationship, where very low and high levels of inequality is conducive to resource
sustainability and for some middle range of inequality it is not. Empirical support for this
curvilinear relationship can be seen in the works of Bardhan (2000) and Dayton-Johnson
(2000), Agrawal and Narayanan (1999), and Balasubramanium and Selvraj (2003).
Bardhan and Dayton-Johnson (2000) find that wealth inequality is significantly and
negatively associated with canal maintenance in their Tamil Nadu irrigation systems.
They also report that conflicts tend to be highest not at low or high levels of wealth
inequality but somewhere in the middle range suggesting a U shaped relationship.
Agrawal and Narayan, using the variation in costs faced by farmers to secure
credit to install groundwater extraction capacity, demonstrate that water use efficiency
first decreases with increasing inequality and then increases later on, again, supporting
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the U shaped relationship between inequality and collective action. Similarly, in their
study of privately owned tube wells in South India, Balasubramanium and Selvraj too
find the same relationship between wealth inequality and their measure of collective
action. Molinas’s (1998) study of 104 peasant communities in Paraguay show a slightly
different result. Though he does find a curvilinear relationship between income inequality
and local participation and effectiveness of user groups, he notes that moderate levels of
inequality and not the extremes are positively related to performance.
Locational asymmetries are present in irrigation systems between those who are
close to the source of the water and those who are physically distant from it. Similarly,
appropriators of a forest resource can be located at different distances from the forest. It
is presumed that when locational asymmetries are high all the appropriators do not have
the same incentives to devote resources for the upkeep of the resource. There are,
however, no systematic relationships between locational asymmetries and the ability of
appropriators to engage in collective action. Varughese (1999, Varughese and Ostrom
2001) in his study of 18 forests located in the mid hills of Nepal finds that appropriators
are able to design institutions to overcome heterogeneities introduced due to location as
well as other forms of heterogeneity. He does not find any significant association
between locational differences (distance between forest users’ residences from their
forests) and his measure of collective action. Lam (1998) in his study of Nepali irrigation
systems, however, finds that farmers who are otherwise able to overcome asymmetries
due to location are unable to do so when systems have permanent headworks. He notes
that the presence of permanent headworks is negatively and significantly associated with
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his performance measures. Permanent head-works create a situation where it becomes
unnecessary for headenders to cooperate with tailenders resulting in conflicts.
Despite the argument that homogenous groups are more effective at selforganization field research shows that homogeneity is not necessarily a critical condition
for collective action. Studies show that fairly heterogeneous groups have under some
conditions been able to overcome strong asymmetries by devising rules that distribute
benefits and costs fairly (Varughese and Ostrom 2001). Heterogeneity, however, does not
have a uniform effect on the likelihood of organizing or sustaining collective action.
There are some instances where appropriators are able to cope with asymmetries and
other instances where they fail. If there is at least a minimal winning subset of
appropriators who are dependent on the resource, share a common understanding of their
situation, trust each other, and have the autonomy to make their own rules then the
chances of a group to cope effectively with their differences improve. The mechanisms
by which differences or similarities among users may affect collective outcomes,
however, are not fully understood. Similarly, the condition under which certain types of
heterogeneity may undermine or enhance collective action also remains largely puzzling.
There is also an incomplete picture regarding why some groups of resource users are able
to cooperate whereas others are not given similar resource and community attributes. It
is, therefore, important to understand how heterogeneities affect collective action in
diverse field settings and also begin to understand how resource users cope with
particular heterogeneities to ensure successful collective action.

33

THEORETICAL APPROACH
The immense diversity of findings on the relationship between heterogeneity and
self-organization suggests that they are contextually driven and frequently non-linear.
Any one of the specific attributes of a group - whether it be differences in assets, sociocultural perspectives, group size or location - can be positively, negatively or unrelated to
collective action depending on the configurations of other attributes of resource and
resource users. To understand how some of these attributes affect the ability of
appropriators to self-organize in settings where resource units are in a state of flow versus
when they are in constant stability, this study examines two different types of resource
systems - irrigation and forests in a single ecological zone of Nepal.
Irrigation systems share the same two characteristics common to other commonpool resources - non-trivial costs of exclusion and subtractability. Due to the flow nature
of water, once an irrigation system is constructed farmers who own land adjacent to the
watercourse can easily access water even if they have not contributed towards its
provision. Also, a volume of water appropriated by one farmer makes less of it available
to the next farmer. Farmers sharing an irrigation common-pool resource, hence, have to
cope with problems of provision and appropriation. The provision problem concerns
maintenance of the irrigation system and the appropriation problem concerns the
allocation of water to agricultural production. In addition, irrigation common-pool
resources are also characterized by an asymmetry between farmers located at the headend
and farmers located at the tailend. Since water in a canal flows from the headend to tail
end, farmers whose fields are located at the headend enjoy a comparative advantage over
those located at the tailend.
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The nature of the resource as well as resource users introduces more complexities.
Compared to common-pool resources that produce stationary units – such as grass or
fodder in a forest – irrigation resource units are mobile. Unless constrained to do so water
flows with gravity and cannot be stored. It is this flow nature of water that creates
uncertainty in regards to spatial and temporal availability of water. The uncertainties tend
to be even greater when discharge volumes of rivers fluctuate widely and when irrigation
systems do not have storage facilities such as reservoirs. The costs of assessing the
quantity of units available for flow resources tend to be higher than for resource units that
remain in one place. In addition to the nature of the resource the characteristics of a group
of resource users sharing a resource can also vary along a number of dimensions – ethnic
composition, asset base, group size, etc. The asymmetries of interests and endowments
between resource users add to the difficulties. It is within such settings that farmer
managed irrigation user groups have to coordinate their efforts to solve the problems of
provision and appropriation.
There have been studies that have looked at the impact of moderate levels of
heterogeneity on a flowing resource (Tang 1992, Lam 1996, Fujita et al 2000, Dayton
Johnson, 2000). What I attempt to do is to look at some of the more extreme forms of
positional heterogeneity. In Chitwan there are two distinct types of river systems. Those
that flow from North to South and those that flow East to West. The rivers that flow from
North to South (Kair Khola, Pumpa Khola, and Lothar) originate from the Mahabharat
hills and are characterized by i) steep gradients ii) seasonal flows, iii) changing river
courses, iv) low discharge volumes, and v) flow through difficult terrain. Irrigation
systems drawing water from these rivers are located immediately on the foothills of the
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Mahabharat Hills and share the characteristics of both Hill and River-Valley Irrigation
Systems. Such irrigation systems tend to have longer canals, landslide zones, narrow
cross sections, frequent flash floods, longer idle lengths, and require frequent
maintenance of diversion weirs.
The rivers that flow from East to West (Rapti, Dhongre, Boodi Rapti), however,
are characterized by flat terrains, mild gradients, perennial flows, and high discharge
volumes. Irrigation systems drawing water from these rivers share the characteristics of
Terai Irrigation Systems. In such systems intake construction is crucial and resource
mobilization considerable as they tap into powerful rivers. However, since river gradients
are negligible and the canal irrigates flat farmlands canal maintenance efforts are lower.
In the context of these two different types of settings the study looks at how farmer
managed user groups, who may differ on a variety of other attributes, cope with the
problems of provision and appropriation in Chitwan.
Like irrigation systems many aspects of a forest too can be considered to be a
common-pool resource. Excluding beneficiaries from the use of a forest is costly and one
person’s use of resource units subtracts from the quantity of resource available to others.
Incentives to maximize individual consumption and free ride, as in any other commonpool resource situations, are high. Users of a forest resource face problems of provision
and appropriation too. Provision problem in forests relate to the enhancement and
maintenance (seed-planting, weeding, selective cutting) of the forest resource and
appropriation problems relate to allocation of subtractable benefits (consumption quotas,
time of harvest, use of agreed upon technology).
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Though forest resources are characterized by stationary units, and thus have an
advantage over mobile resource units in terms of the lower costs required to assess the
quantity of resource units available for harvest, many complexities are still involved.
Locational asymmetries between users may not be as obvious as in irrigation systems, but
the distance some users have to travel or their relative proximity to a forest does affect
the relationships among users and the relationships with the resource. Unlike in irrigation
systems, where only a single type of resource unit is available for appropriation, forests
provide multiple types of resource units (food, timber, herbs and medicine). Similarly, a
single species such as, Shorea robusta, can have multiple uses (for timber as well as
fodder) and there can be many such species in a forest. The heterogeneous characters of
the resource units have implications for self-organizing capabilities. In addition to the
resource characteristics, users have to further contend with the differences within a group
and also take into account the larger political regime in developing institutions to cope
with the problems of provision and appropriation. Whether a group is able to self
organize, depends, on how various variables interact to influence the benefit-cost
computations of those involved in negotiating and sustaining agreements.
Unlike in the flow resource where context is defined in terms of extreme forms of
positional heterogeneity, for the stationary resource it is defined by a moderate level of
heterogeneity that is introduced by differences in governance regimes. Community
managed forest groups in Chitwan fall under two different types of jurisdictions. Forests
that are regulated by the District Forest Office (DFO) and forests that are overseen by the
Department of National Parks and Wild Life Conservation (DNPWC). User groups that
are registered with the DFO office enjoy more flexibility and freedom to manage their
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forests and are governed by the community forestry regulations. On the other hand forest
user groups registered with the DNPWC are governed by a more restrictive set of Buffer
Zone regulations. There is also a distinct difference between the two sets of community
forests in terms of their location. The former type is located in the Mahabharat hills and
its physical setting is very much like those community forests in the mid-hills of Nepal.
The latter type of community forests, on the other hand, is located within a buffer zone in
the Terai plains in close proximity to the Royal Chitwan National Park (RCNP). It is
within such a setting that the physical attributes of the resource (nature and size of forest,
topography, climate, altitude etc.) and the attributes of the community (number of
resource users, locational differences, differences in incomes, socio-cultural differences)
interact to determine the incentives for groups to cooperate.
In the subsequent chapters I first describe the study area and then the irrigation and forest
resources in the area. Then, I present a research framework and methodology that I have
used to help me understand the role that particular heterogeneities play in the abilities of
users to self-organize.
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Chapter 3
THE STUDY AREA
OVERVIEW
The literature on heterogeneity suggests that the context and the type of
heterogeneity appear to affect whether it has a positive, negative, or no effect on
cooperation. Major sources of heterogeneity have been identified as socio-cultural
backgrounds, interests, and endowments (Baland and Platteau 1996). In the Nepali
context one of the interesting geographic areas to conduct an empirical test for the effects
of heterogeneity is the Chitwan valley. The Chitwan valley has been settled relatively
recently. Prior to 1950 most of the Chitwan valley had dense forest growth and was
infested with malaria. Only the indigenous inhabitants; Tharu, Darai, Bote, and Kumal;
who were immune to malaria, lived in the valley (Elder et al 1976). Only after the
eradication of malaria in the late 1950s was the valley opened up by the government for
planned settlement. Under the resettlement program there was a major migration of
people from the hill districts to Chitwan valley. The settlement policy and subsequent
policies encouraging agriculture expansion, and infrastructure development encouraged
deforestation early in the settlement of the Terai. Chitwan’s population structure is now
multiethnic in character and most settlements have a mix of Tharus, Brahmins, Chetri,
Newar, Gurung, Darai, Bote, Kumal and Tamang ethnic groups in varying proportions.
Since agriculture is now the mainstay of the Chitwan economy there have been
numerous efforts to develop irrigation facilities through community initiatives and more
recently through government interventions. It is reported that Eastern Chitwan alone has
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nearly 100 community built and managed irrigation systems some of which date back to
250 years (Pradhan, 1989). Chitwan’s forests, however, have a different history. During
the early 1950’s two thirds of the Chitwan valley was cleared of its dense forest cover
and converted into agriculture land because of the government’s settlement policy.
Migrants were encouraged to clear and cultivate plots of land which in time they would
own (Shrestha et al 1993). Forest encroachment leading to deforestation, migration,
agriculture and irrigation development is part of Chitwan’s history. So is the interaction
of the migrant population with the indigenous population. The presence of welldocumented collective action efforts to govern irrigation resource on the one hand and
the inability of similar efforts to emerge in the governance of forest resources (Kumrose
community forestry and Baghmara community forestry are notable exceptions) on the
other hand provide a setting to examine the impact of heterogeneity on multiple resource
use and their inter-ties.
Chitwan district as well as Piple and Kathar village development committees
(VDC) 1 are the research area for this study. The unit of analysis for both forest and
irrigation resource at the macro level is the entire district. Remotely sensed images of the
district, information on irrigation systems contained in the Nepal Irrigation Institutions
and Systems (NIIS) database, and information on Nepali forests available in the
International Forestry Resources and Institutions (IFRI) database are the basic data
employed for analyses. At the micro level, however, the study focuses on a community of
resource users who appropriate both resources. This involves examination of certain
community forests and farmer managed irrigation systems in Piple and Kathar VDCs.

1

VDC is an acronym for village development committee. This is the smallest unit of local government in
Nepal.
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Parewaswori Community forest with its related irrigation systems in Piple and
Kuchkuchhe Community forest with its irrigation systems in Kathar are the units of
analyses for the case studies.
The goal of the following sections is twofold: a) to present an overview of the
characteristics of Chitwan valley and of the resources and resource users in the district
and b) to locate the case study sites within the district.

CHITWAN
Chitwan (Figure 3-2) is one of 75 Districts of Nepal (Figure 3-1). It is located

146 Kilometers south of Kathmandu, the capital, between longitudes 830 55’ to 850 55’
East and latitudes 270 21’ to 270 46’ North roughly covering an area of 2218 square km.
It is bounded by Makwanpur and Parsa Districts in the East, Nawalparasi and Tanahu in
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the West, Dhading and Tanahu in the North and the State of Bihar, India in the South.
Administratively, the district is divided into 36 Village District Committees (VDCs) and
two Municipalities (Ratnanagar and Bharatpur). The district headquarter is Bharatpur.
In terms of its topography Chitwan District can be categorized into three regions –
Mahabharat hills, Chure hills and the valley floor. Chitwan valley is sandwiched between
two mountain ranges, the Mahabharat in the North and the Chure in the south.

Figure 3-2 CHITWAN
EAST CHITWAN

The valley approximately constitutes 75% of the land area in the district and its
average elevation does not exceed 200 meters. The northern and southern regions of the
district, however, are steep (2000 meters and 600 m respectively) and are accessible only
by foot. In between the plains and the Chure Hills lie the dense subtropical forests rich in
flora and fauna. Most of this forest located south of Rapti River is protected and falls
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within the boundaries of the Royal National Chitwan Park (RCNP). Rapti River, a major
river system flowing from East to West across the valley, bisects Chitwan into the
northern and southern regions. As most settlements (except for 5 VDCs) in the District
are located in the Northern region the river forms a natural boundary between the
settlements and the Park area. Chitwan valley is also popularly categorized as Eastern
Chitwan, Western Chitwan and the Maadi Plains. Khageri River delineates eastern from
western Chitwan and the four VDCs (Gardi, Basada, Kalyanpur, and Ayodhyapuri) south
of Rapti constitute the Maadi Plains. The major rivers flowing through the district are the
Lothar, Narayani, Rapti, Khageri, Kair, and Pumpa.

Climate Vegetation and Land Use
Although the climate of Chitwan is subtropical monsoon, the variation in
topography (200 – 2000 m) allows for diverse bio-physical environments. Hence, though
the inner Terai of Chitwan may be considered as part of the hills, the vegetation of its
valleys is similar to the Terai conducive to luxuriant vegetation growth. Summers in the
valley are hot and humid and winters dry and cold. The hottest months are in April and
May (average temperatures 350 C) and the coldest in December and January (average
temperatures are 150 C but can go as low as 50 C). Average temperatures, however,
decrease with elevation. The average annual precipitation is 2000 mm where 75% of the
rainfall occurs during the monsoon from June through September (Shukla et al 1993).
July and August are the wettest months. The soils of the valley formed by sediments
transported by the Rapti and the Narayani rivers are sandy loam in texture and are
considered to be among the most fertile soils in the country (Shukla et al 1993).
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The total land area of Chitwan is estimated at 221,800 Ha (LRMP 1978). Of this
60% is estimated to be forests, 21% agriculture lands and the remaining 19% settlements,
pasture lands, water bodies and rock outcrop (WESC/CEMAT 1985, FSD/FPRSEC
1993). The Royal Chitwan National Park alone accounts for nearly 63% of the total forest
area in Chitwan.

Settlement History
The settlement history of the “Terai” region is very different from that of the
“Inner Terai” regions of Nepal. Although the Terai region was pretty much in a state of
wilderness throughout most of the 18th century it was still exploited by the Nepali State as
an important source of revenue. Large amounts of revenue were generated from the sale
of timber, elephants and the rights to pasture. It became even more important during
much of the 19th century as an instrument of state patronage and a source for further
increasing revenues. Large tracts of forests were cleared for awarding Birta 2 and Jagir 3
land grants. Records from the years 1834-1851 show a doubling of revenues in the Terai
region indicating an increase in the land under cultivation. Throughout much of the latter
half of the nineteenth century the Nepali government pursued an active policy to reclaim
as much Terai land as possible by encouraging settlements. This explains why certain
parts of the Terai lost most of its forest cover earlier than other parts in the country.
The “Inner Terai” specifically Chitwan and Makwanpur, however, escaped this
fate until the early 1950s for a number of reasons. After the 1816 war with the British it
was state policy to make the inner Terai regions of Chitwan and Makwanpur inaccessible.
2

Birta is a land grant made by the state to individuals, usually on a tax free and inheritable basis
A type of land tenure in Nepal granted primarily to military personnel, allowing them tax-free access to
produce from the land in return for military service.

3
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Since routes through this region could provide quick access for the enemy to enter
Kathmandu it made good military sense to maintain the malaria infested forests as a first
natural line of protection against any aggressor from the South. A record of a decree
issued in 1817 indicates that farmers from the inner Terai were forced to abandon their
land and villages. Ross Bell (as quoted in Muller-Boker, 1999) writes “Prior to the first
Nipal War, the dhuns of Chitwan and Makwanpur were cultivated; but since the peace of
1816 the Gorkha Government, from motives of policy, have caused the inhabitants to
abandon the greater part of them, and they have been allowed to revert to their natural
state of forest and grass jungle.” Later, during the Rana regime (1846-1950) this region
was still maintained as a forested area but the motivation to do so was derived more from
a desire to maintain a private hunting reserve rather than from concerns of security.
Hence, until the overthrow of the Rana regime in 1950 Chitwan was largely under heavy
forest cover, infested with malaria, and sparsely populated by the Tharu, Darai, and Bote
– indigenous groups of people who are believed to have been resistant to malaria.
The stage for forest cover changes in Chitwan was set after the political
reorientation of 1951 aided by a series of events. Under the instructions of King
Tribhuvan, investigations were undertaken that year to explore the possibility of
establishing settlements by clearing forests. The idea of resettlement came to the fore,
again, when adjoining hill districts of Chitwan suffered massive floods and landslides
during 1953. There was pressure on the administration to provide arable land and
accommodate the flood displaced farmers. When US flood relief assistance funds were
offered the government quickly accorded priority to the Chitwan Valley resettlement plan
and the Rapti Valley Development Project (RVDP) was born. US aid was utilized to
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eradicate malaria, clear forests and grassland for resettlement, and construct a motorway
in the valley during the years 1954 – 1960. By 1960 malaria was eradicated and 27,759
ha of land (12.5% of the total district area) was distributed to 5,233 families under the
project (Kansakar, 1979 in Muller-Boker, 1999). The government actively encouraged
families to migrate from the hills into the Chitwan valley not only by allotting land but
also by providing food, bullocks, seed and some capital. Under the resettlement program
there was a major migration from the hill districts of Lamjung, Tanhau, Gorkha, Baglung,
Dhading, Nuwakot and Makwanpur. Until 1955 approximately, 1700 ha of land was
under cultivation and the remaining was forests, but by the early 1960s the area cultivated
had already hit the 30,000 ha mark. Similarly the population of Chitwan had multiplied
three times from an estimated 36,000 in 1950 to over 100,000 by the mid 1960s. The
major change in forest cover in Chitwan occurred in the decade between 1950 and 1970
mainly due to the settlement and subsequent policies encouraging agricultural expansion,
and infrastructure development.

Demography
According to the latest population census of 2001 the total population of Chitwan
was 472,048 comprising a male population of 235,084 and a female population of
236,964. Factoring in the annual population growth rate of 2.4% for Chitwan the
projected population of the district in 2006 would be a little over half a million (see Table
3-1).
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Table 3-1
Population Projection of Chitwan District
YEAR
Total
Population

1951

1961

1971

1981

1991

36,000

68,500

183,644

259571

354,488

472,048

1961-71

1971-81

1981-91

1991-01

2001-2010

10.36%

3.52%

3.16%

2.91

2.4%

Average
1951-61
annual %
Increase
6.6%
Source: CBS 2001

2001

2006
531,478

Prior to 1950 Chitwan was inhabited only by the indigenous inhabitants namely
the Tharu and the Darai and their settlements were scattered across the valley. After the
valley was opened up to planned settlement the population exploded due to the
encouragement of in-migration from the hill districts. Within twenty years (1950-1970)
the population increased more than 5 times and the indigenous inhabitants were quickly
outnumbered by the migrant population. The highest average annual population increase
of 10.36% occurred between 1961and 1971. The growth rate from 1971-1981 was 3.5%
which was still far greater than the regional average of 2.9% and the national average of
2.7%. More than two thirds of the population growth during this period was due to inmigration (Khadka, 1997). The population growth rates from 1981–91 (3.16%) and from
1991–2001 (2.91%) were still well above the regional and national averages and were
influenced heavily by migration. Although a tapering off in the growth rate can be seen
from 2001 onwards, 2.4% compared to the national average of 2.34%, the fertile lands of
Chitwan even today remains a magnet for many migrant families from across the country.
The population characteristics of the district indicate that there are 92,863
households with an average household size of five, 48% of the population is under the
age of 20, urban population is 24%, 75% of the economically active population is
engaged in on-farm activities, 3% of the economically active population do not reside in
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the district and work elsewhere, and there are at least 55 ethnic groups living in the
valley. The dominant ethnic group is the Brahmins (29.53%) followed by Tharu
(12.80%), Chettri (10.47%), Tamang (7.15%), Gurung (6.9%), Newar (5.47%) and
Chepang (4.17%) (Population Census, CBS, 2001; see Figure 3-3). These seven groups
constitute more than 80% of the total population (see table below). Although most of the
ethnic groups have their own languages the overwhelming majorities understand and
speak Nepali, the national language. Also, Hindus and Buddhists together make up over
99% of the total population.

Figure 3-3
Ethnic Composition of Chitwan Population

Eth n ic G ro u p s

Others
Sarki
Damai
Kami
Darai
Kumal
Bote
New ar
Chepang
Magar
Tamang
Gurung
Tharu
Chettri
Brahmin
0.00%

5.00%

10.00%

15.00%

20.00%

Percentage
Source: Population Census, CBS, 2001
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25.00%

30.00%

35.00%

Farming
The agro-climatic condition of Chitwan valley is suitable for a variety of tropical
and sub-tropical crops and fruits. Major crops grown in the valley are paddy, maize,
mustard, wheat and pulses. More than 75% of economically active population is engaged
in agriculture and the district is a net exporter of food grains.
Although 95% of the estimated 46,894 ha of arable land area in the district is
already under cultivation only 28,374 hectares (64%) has some form of irrigation
facilities. The land area that has access to year round irrigation, however, is even smaller
(12,726 ha). The remaining 15,648 ha is irrigated only seasonally (ADO, Chitwan, 1999).
Hence, of the total cultivable area 29% is irrigated round the year, 35% seasonally and
the remaining 36% is constrained to rain fed agriculture (Figure 3-4). These statistics
suggest that increasing agriculture production in Chitwan in the future would have to rely
more on intensive rather than extensive agriculture.
Figure 3-4
Proportion of Agriculture Land Area with Irrigation

Year Round
Irrigation
(29%)

Rain fed
(36%)

Seasonal
Irrigation
(35%)

Source: DADO 1999

Most farm households in the district hold small parcels of land. Nearly 46% hold
less than 0.5 hectares and 70% less than one hectare of land. About 1% of households are
landless and only 9% own more than 2 hectares. Land distribution pattern among
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households in Chitwan, however, is skewed. 71% of the households who hold less than 1
hectare of land together account for only 34% of the total arable land. The larger
proportion of 65% is accounted by 29% of the households who own land parcels greater
than a hectare (see Table3-2).
Table 3-2
Landholding and Distribution
Household Category

Land Size (Ha)

Number of HH

% HH

Land Area

% Land Area

Landless

0.00

387.00

0.72

0.00

0.00

Small Farm Size

0 - 0.5
<0.5 <= 1

24238.00
13336.00
37574.00

70.33

5359.00
9247.00
14606.00

34.12

26.31

14006.00
8058.00
22064.00

51.54

2.64

4338.00
1801.00
6139.00

14.34

Sub Total
Medium Farm Size

<1 <= 2
<2 <= 3

Sub Total

Sub Total

1190.00
221.00
1411.00

Grand Total

53428.00

Large farm Size

<3 <= 5
<5

10597.00
3459.00
14056.00

42809.00

Source: CBS, 1991/1992

The cropping calendar of the district is presented in Table 3-3. Whereas maize can
be grown all year round paddy is cultivated in the monsoon from May to October and in
the Spring from February to June. Most irrigated lands in the district grow two paddy
crops.
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Table 3-3
Cropping Calendar and Area Cultivated
Crops
MONSOON
Monsoon Paddy
Monsoon Maize
SPRING
Spring Paddy
Spring Maize
WINTER
Winter maize
Winter Lentil / Mustard
Winter Wheat
Source: Shukla, A. et al 1993

Cultivating Period

% Area Cultivated

May - October
April – August

76%
65%

Feb – June
Feb – May

26%
22%

Nov - Mar
Oct – Mar
Nov - Mar

NA
NA
NA

Multiple cropping is practiced throughout the district but cropping patterns can
differ from region to region depending on topography and availability of water resources.
Accessibility to irrigation facilities greatly influences cropping patterns. Areas that have
access to sufficient round the year irrigation cultivate three crops - Spring paddy,
Monsoon paddy and one Winter crop either maize/ wheat/ mustard or lentils. The
cropping intensity for these areas is between 200 - 300%. Seasonally irrigated lands too
can grow three crops but there is slight variation in the choice of crops (monsoon paddy,
spring maize, and either maize, or lentils in the winter) and cropping intensities are lower
(150-170%).
Areas that have to depend on rainfall for their water needs, especially the hilly
areas, generally cultivate a single crop (maize, millet or potato) and cropping intensities
are well below 150%. The two most important crops in Chitwan are paddy and maize.
Paddy is the dominant crop cultivated in the Khets (plain and lowlands) covering 76% of
the total cultivable land area in the district. Maize which is grown in 68% of the area, on
the other hand, is cultivated either in the Pakha (terraced and sloping uplands) or in
flatlands with inadequate water supply to grow paddy. Many types of tenure
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arrangements (share cropping, contract, mortgage) can be observed in the farming
practices of the district, however, the majority of small farmers are purely owner
operators – they till their own land. The agricultural census of 2001 (CBS) indicates that
92,500 tons of paddy and 61,083 tons of maize was produced in 33,685 and 28,742
hectares of land respectively (see Table 3-4). Farming is an important activity in the
district.
Table 3-4
Average Crop Yield
Cultivated area (Ha)
Paddy
33,685
Maize
28,742
Wheat
8,500
Millet
1,500
Source: CBS 2001

% area cultivated

Production (ton)

Yield (ton/ha)

76
65
19
3

92,500
61,083
13,770
1,375

2.8
2.13
1.62
0.92

Infrastructure
Compared to other districts of Nepal, Chitwan is considered to be fairly
accessible. Although many villages located in the mountainous regions of the district and
settlements in the Madi plains are still accessible only by foot trails, Chitwan valley on
the whole has a relatively well developed network of roads. Transportation facilities to
markets, hospitals and educational centers are easily available. There are two major
highways linking the district to the hill and other Terai districts of the country. The 78
Km Narayanghat–Hetauda section of the Mahendra Highway traverses the district from
East to West and connects it to other Terai districts. Similarly, the 36 Km Narayanghat –
Mugling Highway connects it to the Prthivi Highway, a motorway linking the districts of
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the mid hills to Kathmandu. The travel time from Narayanghat to Kathmandu is a little
over four hours by road. Chitwan is also connected by air and has two airports serviced
by small planes at Bharatpur and Meghauli. There are also quite a number of unpaved
link roads connecting many village settlements in Southern Chitwan, however, during the
monsoon these roads become inoperable due to lack of bridges over rivers and streams.
There are about 496 elementary, lower secondary and secondary schools in the
district servicing nearly 15,510 students (CBS 2001). There are also a number of higher
education institutions such as the Institute of Agriculture and Animal Science in Rampur,
Birendra Multiple campus and Bharatpur Teaching Hospital in Bharatpur and a college in
Taadi Bazaar. The average literacy rate in the district is 58.3%. Though Chitwan ranks
among the top 10 districts in terms of its socio-economic status, there are significant
regions within the district (9 montane VDCs and 4 VDCs in Madi) which have poor
access to education, health, drinking water, and other development facilities.

Local Economy
The economy of Chitwan is predominantly tied to agriculture engaging 75% of
the economically active population. The service industry which includes tourism employs
13%, commercial sector 6%, and production sector 2% of the economically active
population. The major agro based industry is the poultry and feed industry which directly
employs about 6000 persons and supplies nearly 60% of the national poultry market
(Spotlight, 2001). The Royal Chitwan National Park, a major tourist attraction (100,000
arrivals per year), is also a major contributor to the local economy. Apart from these
sectors the construction material industry, transport industry and the beverages industry

53

(coke & beer) also contribute towards employment. Agro-based activities such as dairy,
apiary, sericulture and vegetable and fruit production is also picking up in the district.

HISTORY OF IRRIGATION DEVELOPMENT ACTIVITIES IN
NEPAL
Although recorded information on development of irrigation systems prior to
1950 is scanty we know that there are many small irrigation systems scattered all over
Nepal which have been operating for more than a 100 years. The Nepal Irrigation
Institutions and Systems Database (NIIS) indicates that there are 33 systems out of 231 in
the database that have their origins before 1900 and 13 of them including the “Raj Kulo”
of Argali, Palpa have been in operation before 1800. Similarly, at least 11 systems in East
Chitwan alone date back to over a hundred years. Reviewing these statistics against the
base year 1950, one begins to observe evidence of the capabilities of farmers to engage in
fruitful collective action. 1950 is an important year in Nepalese history because it was
only subsequent to this year that the state assumed an active role in the development
activities concerning its citizens.
Demographic forces are believed to be the primary reason that led to agricultural
intensification techniques, irrigation being one of them. The manner in which the earlier
systems were developed has a colorful and mixed history. Yoder (1983) cites the
development of some of the earlier systems as having taken place through the individual
initiatives of courtiers or soldiers after receiving land grants from the King. Invested with
the powers of the state to draft tenants into constructing the systems in lieu of paying
higher revenues the incentives were strong for constructing irrigation systems to boost
productivity. Other driving forces have been “guthis” (land endowments), initiatives of
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local elite and royal directives. Although farmer-managed irrigation systems may have
had its origins in “birta” (land grants awarded by the state) or “jagir” (temporary
assignment of land by the state to compensate for services tendered) and the coercion of
the state, there is evidence that some of them were built by farmers themselves (e.g.
Cherlung Kulo of Palpa). There is also contemporary evidence to suggest that the vast
majority of the irrigation systems built by the farmers themselves have been selfgoverning.

AGENCY MANAGED IRRIGATION SYSTEMS (AMIS)
It was only after the political changes in 1951 that the Government started taking
responsibility for developing different sectors of the economy. As part of its plan to
develop the agriculture sector, the Department of Irrigation (DOI) was established in
1952. This department today is the principal government agency for planning, designing,
executing and managing government owned irrigation projects in Nepal. Although there
are evident changes now in the approach adopted by the department towards development
work; in the earlier days it assumed entire responsibility for construction, operation, and
management of the entire system.
Planned modes of irrigation development were initiated through the five-year
national plans adopted since 1956. The first three development plans had modest targets
and efforts were focused on developing minor irrigation schemes within the Kathmandu
Valley and medium scale projects in the Terai. During the first, second and third plan
periods targets were set to develop irrigation infrastructure to irrigate 20,785, 32,544 and
50,645 hectares of land respectively. In the fourth plan the targets over the previous plan
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increased five-fold to 253,711 ha and major large-scale schemes were initiated. Since the
fourth plan targets in the consequent periods appear to have stabilized at 230,000
hectares.

FARMER MANAGED IRRIGATION SYSTEMS (FMIS)
Effective governance of irrigation systems is crucial to Nepal because it is
predominantly an agrarian economy dependent upon irrigated rice agriculture to feed a
growing population. Agriculture contributes 40% to the GDP and provides employment
to 80% of the labor force (Ministry of Finance, 1998). The Irrigation statistics of the
nation further indicates that of the 2.621 million hectares of land cultivated nationally,
only 853,030 hectares are serviced by some kind of irrigation system (Department of
Irrigation, 1997). Farmer Managed Irrigation Systems (FMIS) contribute 75% towards
the total irrigated area. There are 15,000 FMIS in the hills and 1700 systems in the Terai
(Pradhan, 1988). Until the 1950s irrigation development nation-wide was a result of
farmers’ initiatives and investments in the construction and management of irrigation
systems.

IRRIGATION RESOURCES OF CHITWAN
There are three major river systems in Chitwan district – Rapti, Reu and
Narayani. The first two rivers are major tributaries of the latter. The Narayani River
originates from the Himalayas and flows across into India. Although it has a large
catchment area of 31,100 square km only 2323 sq km falls within the district. It is only
the 130 Km stretch of this river that forms the North western boundary of the district.
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Narayani Lift irrigation Scheme, which draws water from this river, irrigates parts of
western Chitwan. The Rapti and its 11 tributaries within the district – Lothar, Dhongre,
Martal, Budhi Rapti, Kair, Pumpa, Khageri, Chyatra, Dudh Koshi, Tanhi and Budhi
Khola – forms another major river system. The Rapti flows into the district from its
Eastern boundary with Makwanpur and flows across west 64 Km before mixing into the
Narayani River. Most of its tributaries originate in the Mahabharat hills and flow from
North to South. The Rapti River system is an important irrigation resource for Eastern
Chitwan. Unlike the other two rivers, Reu originates within Chitwan and flows 53 Km
from East to West in the Madi area before mixing into the Narayani. Most of the
cultivated land in the Madi (Southern Chitwan) is irrigated by waters from the Reu River.
Development of irrigation infrastructure in the valley prior to the mid 1950s was
undertaken entirely by the indigenous Tharu and Darai community. More systems were
constructed later by migrant communities after their arrival in the valley from the hills.
Shukla et al (1993) in their study of 88 community managed irrigation systems in Eastern
Chitwan report that 35 of the 41 irrigation systems built prior to 1954 were initiated by
indigenous people whereas 34 out of the 47 systems constructed after 1954 were initiated
s

by migrant communities. The pre 1960 irrigation infrastructure was developed without
State intervention. Government involvement and assistance occurred only after 1965.
Pithuwa (600 Ha) 4 was the first government constructed irrigation system commissioned
in the region in 1967. Other Government built major irrigation systems in the area are
Narayani Lift irrigation Project (8,600 ha)4, Khageri Irrigation Scheme (6,000 ha)4 and
Pachkanya irrigation scheme (600 ha)4. However, even today farmer managed irrigation
4

To be consistent with the frequently cited statistics the original design numbers have been used here.
The actual area irrigated by the systems at present are: Narayani Lift Irrigation - 4700 ha, Khageri - 3900
ha, Panchkanya -600 ha, and Pithuwa -500 ha.

*
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systems (FMIS) still account for more irrigated agriculture than agency managed
irrigation systems (AMIS). It is estimated that 125 FMIS units account for 65% and the 4
large AMIS units account for 35% of the 28,000 ha of surface water irrigation in the
valley. Ground water is also increasingly getting used for irrigation. There are an
estimated 625 shallow tube well and treadle pump units that account for 6% of total
irrigated area.

Figure 3-5
Irrigated Agriculture and Farmer Managed Irrigation Systems
FMIS
(18,306 ha)
65%

125 units

SURFACE WATER
IRRIGATION
(28006 ha)
AMIS
IRRIGATED
AGRICULTURE

(9700 ha)
35%

*

4 units

Eastern Chitwan
(10694 ha)
58%

88 units

Western Chitwan
(4010 ha)
22%

19 units

Madi - Southern
Chitwan (3280 ha)
18%

16 units

Northern Chitwan/
Hills (322 ha)
2%

2 units

GROUND WATER
IRRIGATION
625 units
(1889 ha)

Source: RTDB, IAAS, IWMI, 1999

Most (58%) of the FMIS in the valley are located in Eastern Chitwan. The
existence of 86 systems in this area was first reported in a study carried out by
independent consultants in 1990 (DOI / Nippon Koei / SILT). This number was
subsequently updated to 88 in the IMMSG report of 1993. There are also 19 and 16 such
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units in Western and Southern Chitwan, respectively. Farmer managed systems of
Eastern Chitwan in recent years (1993-1998) have also benefited from an infrastructure
rehabilitation and improvement program undertaken by East Rapti Irrigation Project
(ERIP), an Asian Development Bank funded program in the public sector. The initial
project plan, however, was not aimed at supporting existing systems. Rather, it focused
on constructing a diversion weir on the Rapti River and building new irrigation networks.
When concerns of adverse environmental impacts on the riverine ecology of the Royal
Chitwan National Park (RCNP) were raised by environmentalists in 1991 ERIP was
forced to review its cost benefit analysis. Original analyses had overlooked
environmental costs (Bennett, 1989) and had also underestimated FMIS irrigated area by
more than two and one half times (4000 ha vs 10,000 ha) inflating the benefit stream.
ERIP’s project goals were ultimately reformulated and the idea of strengthening existing
FMIS and their Water Users Associations took center stage.
The development of irrigation infrastructure in Chitwan valley has taken place
through multiple routes. There have been community initiated efforts, agency initiated
efforts and also joint efforts. Joint efforts have not only been limited to infrastructure
support but also to management transfer programs as well. The agency managed 600 ha
Pithuwa Irrigation System is one of the first systems to be transferred to local water
users’ associations for its management in Chitwan.

59

FOREST RESOURCES OF CHITWAN
It is estimated 5 that the forest area of Chitwan is 128,500 hectares which is about
58% of the total district area. Most of this forest area (64%) is part of the Royal Chitwan
National Park (RCNP), a protected area. Another 11% lies within the delineated
boundaries of RCNP Buffer Zone and are known as buffer zone forests. The remaining
25% of the forests are administered by the district forest office (DFO) as community,
protection and production forests (Fig 3-6).

Figure 3-6
Forest Categories in Chitwan

Protection
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Community
5%

Production
Forest
4%

RCNP Forests
64%

Buffer Zone
Forest
11%

Source: National Forest Division, Department of Forests, July 1998

5

There tend to be variations in the forest statistics used, for instance, Chitwan’s forest area is cited as
122,263 ha (RTDB/IAAS, 1999), 128,500 ha (Management Plan for Chitwan, Department of Forests,
1998), and 142,422 ha (National Planning Commission website 2004). For this study I will use the Forest
Department’s figures where available.
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The forests of Chitwan, unlike those in other Terai regions, were very much in
their natural state and even as late as 1958 the forest cover was estimated at 96%. The
combined effects of the malaria eradication program, the opening of the road network and
the Government’s resettlement programs triggered a rapid loss in forest cover from 1960
onwards. By the early 1970s forest cover was already down to less than 70% and by the
mid 1990s it further climbed down to 60%. Chitwan appears to have lost over 85,000 ha
(40%) of absolute forest cover between the years 1958 - 2000. Although a significant
proportion of this deforestation which took place during the 1960s and the 70s was driven
by government policy encroachment, illegal log felling, and wood pilferage also
contributed to depletion in forest cover. The forest area lost due to illegal encroachment
in the period 1964 - 1973 is estimated at 6626 Ha and 2400 Ha from 1978 – 1991.
The spreading settlements also resulted in loss of numerous wildlife species
through hunting and habitat destruction especially those of the one horned rhino and the
Bengal Tiger. It was in response particularly to the loss of the rhino population that the
first forest protection program in Chitwan was initiated. What is now known as the Royal
Chitwan National Park (RCNP) started off in 1962 as a 544 square Km area dedicated to
protecting the rhino population. This was one of the earliest efforts of the Government at
protecting and conserving forests not only in Chitwan, but also in the country. Though
much of the forest resources are still managed by different centralized agencies such as
Royal Chitwan National Park (RCNP), District Forest Office, and the Warden’s Office
(Buffer Zone Office), there have also been efforts at decentralization. In recent years
small blocks of forest areas, in the buffer zone as well as in areas under DFO jurisdiction,
are also being managed as community forests.
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FORESTS IN THE ROYAL CHITWAN NATIONAL PARK
The Royal Chitwan National Park (RCNP) is the first National park in the country
established under the provisions of National Parks and Wildlife Conservation Act 1973
and administered under the Royal Chitwan National Park Regulation 1974. Since 1984 it
is also a UNESCO designated world heritage site recognized for its unique biological
resources. Within its 1182 square Km area that spreads across 4 districts (Chitwan,
Makwanpur, Nawalparasi and Bara) there are at least 8 types of ecosystems that include 7
types of forests, 6 types of grassland, 5 wetlands and 3 main river system habitats. The
dominant vegetative cover is Sal (70%) followed by grassland (20%), Riverine forests
(7%) and Chirpine forest (3%). It is home to 50 animal and 600 plant species.
Although it was initially created as a sanctuary for the protection of the rhino it
has now assumed a much broader role of conserving and protecting ecosystems and
wildlife habitats. Rules governing park management forbid resource extraction of any
kind including harvesting fodder, collecting firewood and grazing cattle. Rules are fairly
strict and a contingent of the royal Nepal Army is stationed onsite to enforce rules. This
does contribute greatly towards protecting the forest cover within the park area. However,
with an estimated 223,000 people living around the park periphery and given their forest
resource needs there is tremendous tension between the people and park authorities.
Every year 8-10 people get killed by rhinos and tigers and 50% of the standing crops are
damaged by wildlife in the adjoining fields around the park (PMPW, 1998). Similarly,
there are many incidents of illegal resource extraction (grazing, firewood & fodder
collection, timber theft, some poaching and boundary encroachment), despite the opening
up of the park annually for a week of fodder collection. Managing the people-park
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conflict is a serious concern and there are a number of ongoing community development
programs in the buffer zones to help manage the crisis. Although there is resource
pressure on the Park, its forests are generally well protected.

FORESTS IN THE BUFFER ZONE
The logic of creating a buffer zone (BZ) around a park area is primarily to deflect
human pressure on core areas through activities in the BZ. Increasing number of
settlements as well as population around the RCNP area resulted in higher rates of illegal
resource extraction which began to seriously impact park resources. To release pressure
off the park area a buffer zone around the RCNP was declared in 1996.
The 746 Sq Km BZ of RCNP is spread over Chitwan, Nawalparasi, Parsa and
Makawanpur Districts. It covers whole or parts of 35 VDCs and 2 Municipalities and
supports a population of 223,000 in 510 settlements. About 425 sq Km (56%) of this area
falls within Chitwan district which is spread over 17 VDCs and 2 Municipalities with an
estimated population of 139,100. About 55% of the buffer zone area in Chitwan
constitutes cultivated land, 32% forests, 2% shrubs and grass land and remaining 11%
rivers and sand. The amount of forest area in the BZ (13,495 Ha) accounts for 11% of the
total forest area in the district.
Most of the buffer zone forests (83%) fall in the four VDCs – Gardi, Baghauda,
Kalayanpur and Ayodhyapuri - south of the Rapti River. The settlements in these VDCs
are located north of the BZ forest boundaries and south of the park boundaries. The
southern boundaries of these forests delineate the international borders with India. None
of this forest area is managed as a community forest. Most of the forest area in the BZ
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north of the Rapti River, however, is managed as community forests. There are about 25
community forest organizations that manage 17% or 2,273 hectares of the BZ forests.
Baghmara and Kumrose are the two better known cases of community managed forests in
the BZ that have been able to restore degraded forest through resources generated from
ecotourism.
In recent years there have been reports suggesting that vegetation growth in
community managed forests in the buffer zones is being restored (Schweik, Nagendra, et
al 2001). However, when making comparisons with community forests outside the BZ, it
has to be noted that the BZ has been receiving considerable financial and technical inputs
through the UNDP assisted People and Parks Program and other organizations over many
years (1995-2001). There are also more restrictions on the freedom granted to user groups
to frame their own rules. Community forests in the BZ are regulated by the National
Parks and Wildlife Conservation office unlike other community forests handled by the
District Forest Office.

FORESTS UNDER THE JURISDICTION OF DISTRICT FOREST
OFFICE (DFO)
The forest office has responsibility for administering 32,230 Ha (25%) of forests
in the district. For management purposes it has classified forests into three categories a)
production forest, b) protection forest and c) community/leasehold forest. Production
forests are forests set aside for harvesting and constitutes approximately 17% of the total
forest area under its jurisdiction. Another 64% of its forests are marked as Protection
forests. These forests are maintained to prevent erosion in the hills and protect watershed.
Protected forests include most of the forests of the Mahabharat Hills as well as forests
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along the river banks. The community/leasehold category of forests constitutes the
remaining 19% and is considered to be the most poorly stocked amongst all categories of
forest. As of 2003 the DFO office has handed over an estimated 6200 Ha of forests to 13
user groups. The sizes of the community forests handed over have varied from 28 – 1055
hectares. All of these forests lie in the Mahabharat Hills.

PIPLE VILLAGE DEVELOPMENT COMMITTEE (VDC)
One community forest and three irrigation systems were selected for study within
Piple VDC. Residents of wards 6 & 4 of Piple are the eligible users of Parewaswori
Community Forest (PCF) located in the Mahabharat hills. Similarly, the farmlands of
these two wards are irrigated by Madhevtar ko Kulo, Sisneri Bagar ko Kulo, and
Dubichaur ko Kulo. The boundary of the study area, by design, connects these two
resources to a common set of resource users. PCF was the first forest to be handed over to
the community in Piple VDC in 1996 and has a forest area of 938 Ha. The three irrigation
systems together irrigate about 240 Ha of land belonging to 310 households.
Piple is located about 36 Km east on the Bharatpur-Hetauda highway. It is
bounded by Lothar River in the west, Bhandara VDC in the East, Korak and Lothar
VDCs in the North and the Rapti River in the South. It is the eastern most VDC of
Chitwan which shares the Lothar River as a boundary with Makwanpur District. Nearly
half of the Piple VDC area is located in the valley plains and the other half in the
Mahabharat Hills where elevations range from 320 – 950 meters. About one third of the
VDC population live in settlements in the mountains and the remaining in the plains.
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Lothar Bazaar is the nearest and the most frequently used market by the residents of this
VDC.
The VDC has a population of 13,082. Brahmins and Chettris (41%) constitute the
major ethnic group followed by Tamang (12%), Chepang (10%) and Rai (10%).
Representation of each of the other ethnic groups is less than 5% of the population.
Tharus and Darais do not live in this area. The dominant population groups in the hill
settlements are the Tamang and Chepang and in the plains Brahmin and Chettris.
Farming is the dominant economic activity in the region. Most residents living in
the hill settlements own Bari land (non irrigated upland), whereas those living in the
plains own Khet land (irrigated land). Maize and Millet are major crops grown in the
uplands and paddy, wheat, and lentils are major crops grown in khet land. The irrigated
farmlands in the plains are productive and yield at least three major crops annually. Most
farming households also raise livestock such as cattle, buffalo and goats.
There are an estimated 1200 hectares of agricultural land in the plain areas of the
VDC. These farmlands are irrigated by the waters of the Lothar and the Rapti Rivers. At
least 5 farmer managed irrigation systems serve the area. There are also 9 community
forests that supply fuel wood, fodder and timber needs of VDC residents. Four of the
community forests are located in the buffer zones south of the settlements in the valley
plains and five are located North in the Mahabharat Hills. Local water user associations
and forest user groups manage these resources.

KATHAR VILLAGE DEVELOPMENT COMMITTEE
Unlike Piple, all of Kathar VDC is located in the plains where average elevation
is 250 meters. It lies 5 Km south of Khurkhure, a small bazaar 20 Km east on the
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Bharatpur-Hetauda highway. Kathar shares its western VDC boundaries with Khairahani
and Kumroj, eastern boundary with Bhandara and its Northern boundaries with
Birendranagar and Bhandara. The Rapti River flows along its southern border delineating
it from RCNP. Kathar is one of the VDCs in Chitwan which falls entirely within the
Buffer Zone.
Kathar VDC has a population of 9335 which is about 4,000 lower than that of
Piple. The ethnic composition of the population is also different. The Tharus are the
dominant population group (32%) in this VDC and the Darais also have a significant
presence (10%). There are quite a number of Brahmins (24%), Chettris (11%) and
Tamangs (6%) as well. Although there are quite a number of ethnic groups they do not
live together. The settlements of each group tend to be located separately from other
groups.
The Kuchkuchhe Community Forest (KCF), and seven irrigation systems Badgaon Pipara ko Kulo, Koilidhara Kulo, Amrit Kulo, Janakalyan “Kha”, Kharkhutte
Tallo Kulo, Janakalyan “Ka” and Janashakti - were chosen for study. Kuchkuchhe is
one of three community forests in Kathar. There are also more than 14 irrigation systems
serving 1128 ha of cultivated land in this VDC. The major Rivers in the area are the
Rapti, Boodi Rapti and Dhongre.
KCF was formally established in 1995 and occupies an area of 118 hectares.
Since it is a community forest within the buffer zone, it falls under the jurisdiction of the
Warden’s office in Kasara and not the District Forest Office, as is the case for
Parewaswori community forest. The boundaries of this forest are as follows: Kanteswori
forest in the North, Rapti River and a portion of Ward number 9 in the south, Ward
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number 9 in the West and Devithan and Bhandara forests on the East. Physically
Kuchkuche, Devithan, Kanteswori and Bhandara are one contiguous forest. Boundaries
have been drawn only for the purposes of delineating different community forests.
Kanteswori forest is governed by households from wards 2,3, and 5, and Devithan by
households from wards 1 and 4. The Bhandara portion of the forest falls in Bhandara
VDC and not in Kathar.
The Kuchkuche forest area is the Rhino’s habitat. Villagers when cutting grass or
collecting firewood constantly cross paths with the rhino and quite a few mishaps occur.
Although the forest area of the Royal Chitwan National park across the Rapti River is a
large area Rhinos frequently do cross over to the north, especially during the winter
season, to feed on the villagers’ rice fields. This is a constant source of conflict between
the park and the people.
The economic activities in Kathar are very similar to that of Piple except for the
agricultural yields. Since all of the farmlands in Kathar lie in the plains and are serviced
by some type of irrigation system the cropping intensities are higher.

CONCLUSION
The analyses of the physiographic, demographic, economic, and resource
characteristics of the district aim to provide a broad sweep of the macro environmental
forces shaping resource use and land cover changes in Chitwan. An additional goal is to
locate the study area in the VDCs within a broader physical, socioeconomic and
institutional context.
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Chapter 4
RESEARCH METHODOLOGY
OVERVIEW
One of the key objectives of the first three chapters of this dissertation was to
present the underlying rationale for undertaking this study. Drawing on results from a
number of empirical studies I first point out that the relationships between heterogeneity
and collective action are frequently non-linear, contextually driven, and not well
understood. Then, I underscore the idea that these complex relationships can be better
understood if more empirical studies are undertaken in settings where it is feasible to
understand how context interacts with diverse forms of heterogeneity. Thus, I propose to
examine two different resource systems in Chitwan to understand how resource users
cope with particular heterogeneities as they interact in one ecological system.
In this Chapter, I describe the questions that I have chosen to ask and the
approach that I have taken to address them. The first two sections detail out the research
objectives and the research framework. Then, in the later sections I describe the research
instrument used to collect data and my approach to data analyses.

RESEARCH OBJECTIVE
This study has two broad goals. The first goal is to examine the role that
heterogeneity plays in influencing collective action outcomes in a setting where the same
users appropriate two different types of common-pool resources. And, the second goal is
to explore the inter-ties between these resource systems. To address these goals the study
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looks at how spatial heterogeneities in irrigation systems and institutional heterogeneities
in forest systems affect the ability of groups to self-organize in the Chitwan Valley of
Nepal, and centers on the following questions:
•

How does heterogeneity affect collective action? How do differences among user
groups affect their ability to self-organize?

•

Why have users been able to manage water resources better than forest resources in
Chitwan Valley? What may be the relevant attributes of different resource types or
property right systems that affect the ease with which people can manage it?

•

What kinds of institutional arrangements emerge when the same community
appropriates two different types of common-pool resources? What are the differences
and similarities in these institutions? Does one influence the other? Are there possible
inter-ties?

RESEARCH APPROACH
The general research approach involves examining both irrigation and forest
resources in light of the objectives, first, at the macro and then at the micro level. Then
possible links across the two resource systems are explored. A large N statistical analyses
of farmer managed irrigation systems as well as forests is undertaken first to examine
how particular heterogeneities affect self-organization. Remotely sensed images of
Chitwan district’s forests are also analyzed to examine the influence of institutions and
topography on forest cover change. Then specific case studies of particular irrigation
systems and forests are undertaken to gain a better understanding of how particular
attributes of the resource and resource users interact in different settings to affect the
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incentive structures and the ability of appropriators to self-organize. Finally, an attempt is
made to integrate the insights from the case studies and explore the inter-ties across the
two resource systems.
Although the resource systems are initially examined separately, in this study, the
manner in which the cases have been selected allows for examining the links across the
two resource systems. The study sites were selected so as to ensure that the members of
the same community appropriate resource units from both the resource types. Units of
analysis for the selected case studies are the communities of villagers residing in Ward
numbers 6 & 4 of Piple VDC 6 and Ward numbers 6,7,8 & 9 of Kathar VDC. Residents of
Piple VDC irrigate their fields through three farmer managed irrigation systems and use
Parewaswori Community Forest for their fuel, fodder, and timber needs. Similarly, seven
irrigation systems and the Kuchkucche Community Forest services the resource needs of
the residents of Kathar VDC. There have been studies in the past that have examined
each of the resource systems separately, but no studies have examined them together. The
choice of a community appropriating both resources as the unit of analysis enables us to
explore the inter-ties.
The Institutional Analysis and Development Framework (see Ostrom, 1999) is the
common framework used to examine the incentive structures facing resource users and
their responses to the problems of provisioning and appropriation for both the resource
systems. IAD is a method developed by Elinor Ostrom and other colleagues associated
with the Workshop in Political Theory and Policy Analysis at Indiana University. The
framework allows analysts to examine outcomes with respect to attributes of the physical

6

VDC is an acronym for village development committee. It is the smallest unit of local government in
Nepal.
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world, attributes of the community within which actors are embedded, rules that create
incentives and constraints for certain actions, and interactions with other individuals
(Appendix 4-1).

STUDYING IRRIGATION SYSTEMS
An irrigation system is a complex system subject to high levels of uncertainty.
The weather, topography, monsoon, and the changing needs of the appropriators are
variables that influence the appropriation and distribution patterns of the resource units.
During the monsoons the embankments can break requiring emergency action. The
discharge of water in the river can change calling for an adjustment in the operation and
management of the system. Swift response to the changing needs is critical in ensuring
equity and system efficiencies. Without the intimate participation of the users it becomes
difficult to cope with such uncertainties.
Participation, however, cannot automatically be assumed even if all parties stand
to realize obvious benefits from cooperation. The bases for cooperation among
individuals have many dimensions. Individual farmers are likely to contribute and
cooperate only if they perceive that they will be able to reap the long-term benefits of
engaging in collective action. They are also more likely to cooperate if they are aware of
their interdependence and see mutual benefits resulting from working together. Whether
farmers organize depends on attributes of the resource system and of the appropriators
themselves that affect the benefits to be achieved and the costs of achieving them.
The process of designing effective institutions depends on our understanding of
the relative importance of different variables that are associated with higher levels of
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success at self-organization. It also depends on our understanding of the complex
interactions of attributes that occur within a particular setting. The study attempts to
address the prior concern through a large N study of farmer managed irrigation systems
in Chitwan and the latter concern through the analysis of specific case studies. Analysis
of the irrigation systems are undertaken to address the following questions:

•

What characteristics of a resource affect the ease with which people can manage it?
What are the essential motivating factors that will enhance collective action among
water users to ensure effective and sustainable management of irrigation systems?

•

How does heterogeneity affect the “commons outcome” in an irrigation setting?

•

How is irrigation resources governed?

•

What are the incentive structures various actors face in shaping, supporting and
operating farmer managed irrigation systems (FMIS)?

•

What are the problems of cooperation that exist among farmers?

Large-N Study of Farmer Managed Irrigation Systems
Nepali irrigation systems are usually classified on the basis of the topography of
the terrain traversed by the rivers. Systems that tap into rivers whose gradients change
rapidly as they flow downhill are called Hill Irrigation Systems, those that draw water
from rivers that cut across valleys with gentle gradients are termed River-Valley
Irrigation Systems, and those that draw water from relatively large rivers flowing across
the flat Terai lands are called Terai Irrigation Systems (Pradhan, 1989). They can be
divided further into more classes depending on the way they are governed. Systems that
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are owned, developed and managed by farmers are known as Farmer Managed Irrigation
Systems (FMIS) and those owned and governed by the national water agency are referred
to as Agency Managed Irrigation Systems (AMIS) (Pradhan, 1989). An irrigation system,
therefore, can be located either in the hills, river valleys, or in the Terai and can either be
farmer managed or agency managed.
Although there are physical and institutional differences between these classes of
systems there are similarities too (Pradhan 1989, Ostrom, 1992). Intake structures on
systems in all classes are generally constructed from boulders, stones and brushwood
located appropriately to ensure easy diversion of water; rights to water withdrawal are
fairly well established within systems and water distribution among appropriators are
governed by commonly understood sets of rules; and maintenance of physical structures,
especially the intakes, during high floods require significant resource mobilization
(Parajuli 1999, Ostrom 1992).
River systems of Chitwan, depending on their orientation of flow, can be grouped
into two types – those that flow along a north-south orientation and those that flow along
an east-west orientation. The north-south flowing rivers originate from the Mahabharat
hills and pass through changing terrain from hills to plains. These rivers share
characteristics of both the hill and river valley irrigation systems. Rivers that flow eastwest on the other hand traverse relatively flat terrain and share the characteristics of Terai
irrigation systems. About 65% of the 74 irrigation systems studied draw water from rivers
that flow north to south and 35% from rivers that flow from east to west. All of the
irrigation systems examined, however, are farmer managed irrigation systems.
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Significant differences exist in the characteristics between irrigation systems that
draw water from these two types of river systems. Variations occur in terms of the efforts
required in undertaking canal maintenance, farm types irrigated, size of command area
and rules governing resource mobilization and water sharing. Resource user
characteristics can vary too. Some groups may be more heterogeneous in their ethnic
composition than others, incomes may vary, land holdings may differ and there may be
attractive exit options for certain members of a group. It is within the context of these
variations that groups of appropriators have to organize and craft rules that allows them
not only to generate significant resources to maintain the physical infrastructure but also
equitably distribute water among themselves. The objective of the large N study is,
therefore, to develop an understanding of the relative importance of different variables
and conditions that enhance or detract from self-organizing capabilities when individuals
differ substantially from one another.
The large N study involves statistical analyses of farmer managed irrigation
systems of Chitwan District contained in the Nepal Irrigation Institutions and Systems
(NIIS) database (see Appendix 2 for the NIIS protocol). The database contains
information on 231 Nepali irrigation systems. Of these 181 are farmer managed systems
and the rest are either agency managed or jointly-managed 7 systems. Although there are
74 cases from Chitwan, only 65 of these or less could be used for statistical analyses due
to data gaps. The data for these systems was collected through the NIIS project conducted
by a research team associated with the Workshop in Political Theory and Policy Analysis
at Indiana University headed by Elinor Ostrom. The coded information in the NIIS is
7

Jointly managed irrigation systems are systems where the Agency and farmers together manage the
system.
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based on a variety of sources such as reports, published articles, PhD. Dissertations, and
field work. Data verification was undertaken in collaboration with the Irrigation
Management Systems Study Group (IMSSG) of the Institute of Agriculture and Animal
Science at Chitwan. Most of the information in the database was collected between 1991
and 1993 and was updated with additional systems in 1997 and 1999. Qualitative data for
a number of irrigation systems in Kathar and Piple VDCs were also collected in 2003, as
part of this dissertation.
First, multi-dimensional measures for gauging irrigation performance are
identified. A confirmatory factor model is then constructed to check for the validity of the
performance measures. The valid performance measures, which are the dependent
variables, are then used to specify a multiple regression model. Regression results are
then used to interpret the relative importance of the specified physical and socioeconomic variables (see chapter 5 for details). Further analyses are also done to
determine associations between performance measures and various institutional variables.
Descriptive statistics of the irrigation systems are also provided to present a general
picture of the characteristics of irrigation systems and how they are managed in Chitwan.

Case Studies of Irrigation Systems
A case study involves the detailed examination of a relatively few units. The main
methodological feature of the case study and its greatest strength is its ability to provide
researchers with “in-depth, detailed analysis” of a given topic (Casley and Lury, 1987). In
this study representative irrigation systems from Piple and Kathar VDCs are examined to
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understand how appropriators of these systems have coped with their uncertainties to
address the problems of provision and appropriation.
The cases are examined using the IAD framework. They are used to examine a)
physical attributes of the irrigation system, b) attributes of resource users, c) existing
institutional arrangements, d) incentive structures facing actors, e) outcomes, f) attributes
and outcomes in light of characteristics that hinder or help self-organization, g) irrigation
systems in light of the design principles, and h) relationship between key attributes and
collective action.
Study of the physical attributes of the irrigation system involves an inquiry into a)
location and the physical topography b) catchment’s characteristics c) hydrology and
river regime, d) agro-climatology e) boundary of the system and f) size of the
appropriation and production resource. Particular attention is devoted to understand the
influence of size of the irrigation system, availability of alternative water sources, degree
of water scarcity and the asymmetries introduced by irrigation infrastructure on
collective-action capabilities.
There are a lot of variations among the characteristics of the resource users in
irrigation systems. Variations can occur along anyone of the following dimensions: a)
cultural and social characteristics such as ethnicity, caste, race b) the amounts of irrigated
land or water shares they hold, c) location of the plots held within the system, d) income
distribution and e) the exit options available to them. These differences can have different
impacts on the ability of groups of irrigators to engage in successful collective action.
Attention is also paid to contextual variables such as the demand for, dependence on,
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knowledge of the resource, number of users in the resource system, resource access, and
perceptions of risk which can influence the incentives for self-organization.
There are three layers of rules that cumulatively affect irrigation systems operational choice rules, collective choice rules and constitutional choice rules (Ostrom,
1990). The operational rules directly affect the use of resources and determine who can
participate, what the participants may, must and must not do and how they are rewarded
or punished. Since the nature of the operational rules significantly influences the
likelihood of self-organization they are closely examined in each of the case studies. The
category of rules that are examined are a) boundary and access rules i.e. how the resource
system is defined in terms of area and members, b) allocation rules i.e. who is getting
what; c) input rules – in what way do users contribute, d) penalty rules - monitoring and
sanctioning and e) conflict resolution mechanisms. Similarly, collective choice rules i.e.
who is eligible and how the future operational rules will be made (Ostrom, 1990) are also
examined to see how the levels of participation of individuals are affected by the
operational rules.
It is the interaction between the physical, community, and institutional attributes
that shape incentive structures irrigators face. Scarcity of the resource, for instance, can
be understood as a result of interaction among factors from all three categories e.g.
supply of the resource, user’s dependence or reliance on the resource, and the operational
rules regulating access to the resource (Rasmussen and Meinzen-Dick, 1995). Analysis is
undertaken to understand the structure of the interactions in the action arena and
incentives that farmers face when organizing for collective action.
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The degree of cooperation that irrigators are able to achieve directly influences
the outcomes in an irrigation arena. Observation of the outcomes can be made on a
number of variables such as a) physical condition of the irrigation infrastructure, b) the
quality of water delivery and c) agricultural productivity in the system. These measures
are examined in relation to the determinants that drive collective action.
Cases are examined to see how the number of resource users in the system, their
proximity to each other and the resource and their perceptions of risk affect their ability
to cooperate. The presence of these characteristics in a group is considered to increase the
incentives for self-organization (Uphoff, Wickarmasinghe, Wijayaratna, 1990; Wade
1988).

Examining Irrigation Systems in Light of the Design Principles
Another framework employed for examining irrigation systems is based on the
design principles posited by Ostrom (1999). These principles are derived from studies of
long-enduring common-pool-resource systems. She has identified the following features
that successful communities seem to have in common.
Presence of Boundary Rules: Cases are examined to see if the rules specifying the
boundaries of service areas and appropriating households are well defined and whether
these rules are recognized as legitimate by irrigators and government. Comparisons
across cases are also undertaken to understand why some systems are able to define their
boundaries better than others?
Proportional Equivalence between Benefits and Costs: Allocation and input rules
are carefully examined to see if the principle of proportional equivalence holds. Rules are
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also examined to see if they are simple, flexible and fair. These characteristics are
believed to enhance the possibility of cooperation (Baland and Platteau 1996).
Collective-Choice Arrangements: Unless most individuals affected by operational
rules are included in the group that can modify these rules cooperation is unlikely to be
enduring. In a world of changing environment operational rules adopted at one point in
time may have to be modified to adjust to the changes. Therefore, unless the costs of
changing the rules are low long-term compliance to the rules becomes problematic. Cases
are examined to check for the levels of rule compliance.
Monitoring and Sanctioning: Characteristics of long enduring CPRs suggest that
monitoring is more effective if the monitors are accountable to the users and/or are the
users themselves and also if graduated sanctions enforced by the users. Monitoring and
sanctioning systems are examined in relation to levels of rule compliance or conflicts to
gauge irrigation performance.
Minimal Recognition of Rights to Organize: External authorities’ recognition of
local practices and norms are considered as facilitating effective local organization
(Wade, 1988; Bardhan, 1993; Ostrom, 1990). Local organization also becomes easier
when the arrangements in the external environment are supporting the process.
Relationships between FMIS and external authorities are examined to assess the impacts
on collective action. It is also believed that if their rights to govern and manage their own
irrigation system are recognized, or at least not interfered with, farmers on systems that
require much more labor input can attempt to add or reform rules that improve system
outcome.
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Nested Enterprises: It has also been argued that organizational activity will be
positively affected by links to other organizations. Existing organizations are believed to
be better off if they are a part of a larger organizational system than if they are
performing in isolation (Uphoff, 1991). Ostrom (1990) finds that if different activities
such as appropriation, provision, monitoring and enforcement are organized in multiple
layers of nested enterprise they tend to be more stable. Irrigation systems are examined to
see if they are part of nested organizations.
Finally, drawing upon both statistical and the above set of analyses insights on the
set of conditions that enhance or detract from self-organizing capabilities in irrigation
systems are presented.

STUDYING FORESTRY SYSTEMS
The approach to studying forest resources is very similar to that undertaken for
irrigation systems. Many of the questions addressed are also similar. First, a statistical
analysis is undertaken to understand associations between heterogeneity variables and
collective action. Remotely sensed images are then analyzed to corroborate results for
some of the heterogeneity variables. Then, particular forests are examined to understand
how attributes of the resource, attributes of the resource users and the rules governing
resource use interact with each other to affect forest conditions. Analysis of the forest
resource is structured around the following set of questions:
•

What characteristics of a resource affect the ease with which people can manage it?
How does heterogeneity affect collective action in a forestry setting?
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•

What are the essential motivating factors that will enhance collective action among
forest users to ensure effective and sustainable management of forests? What are the
appropriate planning, design and operational criteria for the governance and
management of forest resources?

•

Which sub-regions within the valley have undergone faster/slower rates of
deforestation?

•

What are the incentive structures various actors face in shaping, supporting and
managing forests? How have forest users organized themselves to cope with the
provisioning and appropriation problems?

•

What are the existing linkages between agencies and forest users? What are the
problems of cooperation and communication that exist between forest users and
different agencies?

Statistical Analyses
Simple statistical tests are used to examine relationships between heterogeneity
and collective action variables to understand how particular heterogeneities may affect a
group’s ability to self-organize. The statistical analysis is based on the data generated by
the International Forestry Resources and Institutions (IFRI) research program. IFRI is a
multilevel, multi country study of forests and institutions that govern these forests. IFRI
studies are undertaken by a network of collaborating research centers (CRC) around the
globe which are coordinated jointly by the Workshop in Political Theory and Policy
Analysis (WORKSHOP) and the Center for the Study of Institutions, Population, and
Environment Change (CIPEC) at Indiana University.
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The IFRI-Nepal database has information on 115 forests covering 51 different
sites. However, only 59 forests were selected for this study (N=59) as leasehold forests
were excluded from the analysis. In addition to the two forest sites that we jointly
surveyed as part of this dissertation in 2003, information on all the other forests were
independently collected by colleagues at the IFRI-Nepal research center. The information
spans a time period from 1993 to 2003.

Remote Sensing
Theoretical considerations indicate that the physical attributes of a resource are
one of the factors that determine the likelihood of the formation of self-governing
associations. For instance, if a resource is at a point of deterioration where it is useless to
organize or where it is so underutilized that there is little advantage to expect from
organization then the likelihood of self-organization is low. Similarly, if users do not
have the means to develop an accurate knowledge of external boundaries and internal
microenvironments then too the possibility of self-organization decreases. One method to
assess the physical attributes of a forest resource on a broad regional scale is through the
application of remotely sensed data. Using remotely sensed data, it is possible to obtain
considerable landscape information about forest types, their areal extent, and the spatial
and temporal distribution of land cover, topography and transportation networks.
Remotely sensed images of Chitwan from three time periods are analyzed to examine
regions of forest cover change over a 24 year period from 1976 -2000.
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Case Studies
Forest conditions are dependent on both human decisions and on physical and
biological processes. Human decisions can affect forests in direct as well as indirect
ways. When subsistence farmers clear a patch of forest to convert it to agriculture use or
when they extract particular types of forest resources they directly affect the extent and
shape of a particular forest (destruction rates, species composition etc.). Construction of
irrigation infrastructure or highways may also directly affect forest conditions. Their use,
however, can result in significant indirect effects. Changes in population density and
spatial distribution can also indirectly affect forest conditions. Forest conditions are also
affected by the physical factors such as solar radiation, temperature, precipitation;
topography; and biological processes such as seed dispersal and competition. The extent,
to which forest conditions are affected, therefore, is linked to how institutions are able to
mediate the incentives created by the interactions of different sets of variables at a
particular location (Moran, Ostrom & Randolph, 1998).
Forest use and management in Chitwan occur in diverse settings characterized by
a variety of physical and community attributes. Some of the dimensions along which the
physical attributes of a forest resource can vary are its size, proximity to roads & markets,
and the topography of the site. Similarly, community attributes can vary along a number
of dimensions such as ethnicity, incomes, exit options, salience, and user size. These
attributes are, further, embedded in a larger institutional context.
There are at least four distinct types of forest governance regimes in Chitwan
alone (see Table 4-1). Forests within the Royal Chitwan National Park and protected
forests outside the park & buffer zone are directly managed by two separate government
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agencies the Department of National Parks and Wildlife conservation (DNPWC) and
District Forest Office (DFO).

Table: 4-1
Types of Forest by Governance
OVERSEEING
GOVERNMENT AGENCY
Department of National Parks and
Wildlife conservation (DNPWC)
District Forest Office (DFO)

GOVERNANCE TYPE
Government Managed
Forests
Royal Chitwan National
Park Forest (RCNPF)
Protection Forest (PF)

Community Managed
Forests
Buffer Zone
Community Forest (BZCF)
Community Forests (CF)

There are also two distinct types of community managed forests - those located
within the designated buffer zone and those located outside. Forests within the buffer
zone are overseen by DNPWC and those outside by the DFO (see next chapter for
details). Two community forests – one from each category – were selected for the
purposes of this study. The 938 hectare Parewaswori forest in Piple is a community
managed forest that falls under the jurisdiction of the DFO. And the 118 hectare
Kuckucche community forest in Kathar is a buffer zone forest overseen by the DNPWC.
The IAD framework again is the underlying foundation for analyzing the selected
cases. Physical attributes of the forests, attributes of the resource users, and the existing
institutional arrangements are closely examined to understand how different attributes
combine in complex ways to shape the incentive structures faced by resource users.

EXPLORING INTER-TIE BETWEEN IRRIGATION AND FOREST
RESOURCES
Although the characteristics of a community appropriating two types of resources
may be the same, the physical attributes of the resources may be very different.
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Differences can also ensue because they are embedded in different types of larger
regimes. Respective departments (Department of Irrigation, Department of Forests)
operate under different sets of rules. Understanding how various attributes interact in
complex ways in the two resource types can help provide insights to begin answering
questions such as: a) why is the same community more successful at self-organizing to
manage irrigation rather than forest resource? b) what conditions are necessary for
collective action to emerge for governing both resources c) can successful collective
action in one influence the other, and d) what role does heterogeneity play in the
emergence of cooperation?
In depth case studies are used to explore the inter-ties between the two resourcesystems. Though irrigation systems and forests are initially analyzed separately they are
subsequently synthesized together. Both resource systems are then examined in light of
the design principles, to see how their characteristics compare to these principles,
especially the following:
•

Boundaries of service areas and the individuals or households with rights to use
resource units will be clearly defined.

•

Allocation and input rules will reflect the principle of proportional equivalence and
the rules will be simple, flexible and fair.

•

High levels of rule compliance will be observed reflecting successful collectivechoice arrangements.

•

Minimal Rights to organize will be recognized by external authorities
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STUDY AREA
The irrigation systems and forests examined in this study are located in the
Chitwan District of Nepal. Field studies were undertaken at two sites in Eastern Chitwan
from March - June, 2003. Three farmer managed irrigation systems and one community
managed forest were surveyed at the first site in Piple Village Development Committee
(VDC). Similarly, at the second site, seven irrigation systems and a buffer zone
community forest were surveyed in Kathar VDC. VDCs are the smallest administrative
units of a district. Chitwan is one of 75 districts of Nepal and consists of 36 VDCs and
two municipalities.
Eastern Chitwan was selected as the study region because it provides a suitable
setting to examine the effects of spatial and institutional heterogeneities on selforganization. The region has quite a number of self-governed irrigation systems as well
as forest systems. Also, attributes of the resource systems and resource users vary
significantly along a variety of dimensions. The details of the study area are discussed
separately in the previous chapter.

DATA COLLECTION METHODS
Two separate survey instruments were used to generate primary data for the
study. The Nepal Irrigation Institutions and Systems (NIIS) protocol was used to collect
information on irrigation systems, and the International Forestry Resources and
Institutions (IFRI) protocol was used to study the relationships between people and
forests resources. These two instruments have been specially designed by the Workshop
in Political Theory and Policy Analysis at Indiana University for the study of irrigation
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and forest institutions. The NIIS and IFRI instruments consist of seven and ten forms,
respectively. They are designed to collect information on resource attributes, community
attributes, and institutions. A brief description of these forms and the types of information
that they try to capture is presented in Appendix 4-2 & Appendix 4-3. Additional
methods employed to collect primary information involved participant observation and
face to face interviews with key informants.
One of the key pieces of secondary information used to assess forest cover change
were the remotely sensed images of Chitwan Valley that were made available by the
Center for Institutions Population and Environmental Change (CIPEC) at Indiana
University. Three images covering different dates – Landsat MSS, December 1976;
Landsat TM, Januray 1989; and Ladsat 6 ETM, April 2000 - were used to assess change
over time. Other secondary sources of information that were used for the study included
research publications, government documents, and various published reports.
The field survey was undertaken between March - June, 2003 by a five member
team led by the researcher. All the members of the team were professionals associated
with the Nepal-IFRI office. Nepal-IFRI office is one of the collaborating research centers
linked to CIPEC and has considerable experience undertaking studies relating to forest
resources and institutions using IFRI methods.
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APPROACHES TO DATA ANALYSES
Both resource types are analyzed first at the macro and then at the micro levels.
Descriptions of the basic approach to data analysis at the macro level are presented
below. The approach to the analysis at the micro level, however, is omitted here as it has
already been covered in the earlier sections.

Irrigation Resource - Macro Level Analysis
Analysis of irrigation systems in the NIIS database is based on a two step
approach. The first step involves identifying and constructing a measure for collective
action. And the second step involves specifying a regression model to explore
relationships between the measure of collective action (dependent variable) and the
heterogeneity variables.
Lam (1998) suggests that a single dimension alone may not be able to capture
collective action in irrigation systems and may require multiple dimensions. Since large
investments in time and efforts are required to operate and manage irrigation systems a
well performing system is an indicator of successful collective action. A well performing
irrigation system among many other things has to be able to maintain its physical
infrastructure, deliver water and achieve better agricultural productivity. These
dimensions of performance are associated with certain measurable indicators. For
instance, agricultural yield in metric tons, cropping intensities at the head end, and
cropping intensities at the tail end are all indicators of agricultural productivity. The
productive potential of a group is a reflection of their collective efforts. Similarly, the
quality of the irrigation infrastructure is a reflection of the collective maintenance efforts
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as well as the degree of social organization of the group. All of the dimensions of
irrigation performance can similarly be linked to their indicator variables. When a model
links the indicator variables (yield, cropping intensities) to their latent factors
(agricultural productivity) such a model is known as a confirmatory factor model. The
model can be estimated as well as tested for its fit using LISREL. The study uses this
methodology to construct a multi dimensional performance measure for collective action
(see chapter 5 for details).
The next step in the analysis is the specification of multiple regression models.
Factor scores of the performance measures computed from the earlier analysis constitute
the dependent variables. Physical and socio-economic characteristics of the irrigation
systems comprise the independent variables. The regression model is estimated using
Ordinary Least Squares (OLS). Parameter estimates are then examined to understand how
heterogeneity influences collective action outcomes (see chapter 6 for details).

Forest Resources - Macro Level Analysis
Statistical Analysis: To determine how selected group characteristics such as
ethnic composition, wealth disparity, dependence on forest resource, group size, and
distance from forest impact a group’s ability to self-organize a three-way table is set up
and chi-square tests of independence are performed on all sub-tables. This is done by
tabulating the dependent variable, forest condition, against the collective action variable
under a variety of conditions (see chapter 7 for details).
Remote Analysis: The objective of analyzing remotely sensed images in this
study is to qualitatively identify broad regions of forest cover changes that have occurred
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in Chitwan District over a 24 year period from 1976 – 2000. Three scenes of Chitwan
from three time periods – Landsat Multispectral Scanner (MSS) scene from December
1976; Landsat Thematic Mapper (TM) scene from January 1989; and a Landsat 6
Enhanced TM (ETM) scene from April 2000 - are used for the analysis.
The change detection method employed is the “change detection method using
write function memory insertion”. The advantage of this technique is that it allows for
remotely sensed images from three dates to be developed into one composite image. The
technique involves inserting individual bands of remotely sensed data into specific write
function memory banks (red, green, blue) in the digital image processing system to
visually identify change in the imagery (see chapter 7 for details). It is considered to be
an excellent analog method for qualitatively assessing the amount of change in a region
(Jensen, 1996).

CONCLUSION
In this chapter I have tried to explain what is it that I want to do, how I intend to
do it, what type of information I have used, how and where have I collected the
information, and how I intend to process the information. In the next two chapters I
present detailed analyses of irrigations systems.
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Chapter 5
A GENERAL ANALYSIS OF FARMER MANAGED
IRRIGATION SYSTEMS IN CHITWAN DISTRICT OF
NEPAL
OVERVIEW
Although there is considerable agreement among scholars about the attributes of a
resource and about resource users that are conducive to self-organization, there are also
puzzling issues related to the effects of size and heterogeneity of the user group. Prior
empirical studies indicate that user-group differences do not have a uniform effect on the
likelihood of sustaining collective action. The effects can be positive, negative, or even
unrelated to self-organization efforts. Since many of the results are derived from
individual case studies, or from a small number of cases, I adopt a more rigorous strategy
to examine the effect of these variables on self-governance and outcomes. I draw on a
relatively large number of farmer managed irrigation cases from Chtiwan, Nepal to
explore associations between particular group heterogeneities and collective action. I also
examine the effect of different physical and institutional variables on collective action.
Stronger collective efforts in an irrigation setting are associated with better system
performance. An irrigation system is likely to perform better if user groups are able to
resolve collective action problems related to provision (system maintenance), and
appropriation (water allocation and distribution). Irrigation performance, however, is not
one-dimensional and can be conceptualized in multiple ways. A well-maintained physical
infrastructure, the ability to deliver water, and agricultural productivity are all different
dimensions of irrigation performance (Lam, 1998). And, each of these dimensions can be
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measured in a variety of ways. Pursuing the multi-dimensional conceptualization of Lam,
I construct a composite measure of performance using the confirmatory factor analysis
methodology. The key effort in this chapter is to develop a sophisticated measure of
performance for further analysis.
This chapter is divided into two sections. At the beginning I examine multiple
dimensions associated with operating and managing irrigation systems in Chitwan. The
general analysis is based on the Nepal Irrigation Institutions and Systems (NIIS)
database, and draws on the earlier studies of Pradhan, Ostrom, Benjamin, Shukla and
Shiwakoti on Nepali farmer managed irrigation systems backed up by my own field
work. In the second section I attempt to validate a composite quantitative measure of
irrigation performance using confirmatory factor analysis. This measure is used in the
subsequent chapter to investigate associations between collective action and
heterogeneity.

DATA DESCRIPTION
The analyses undertaken in this study is primarily based on the data generated
through the Nepal Irrigation Institutions and Systems (NIIS) research project conducted
by a research team associated with the Workshop in Political Theory and Policy Analysis
at Indiana University. Information for the NIIS database was generated during different
time periods from 1991-1993 and 1997-1999. The NIIS data was supplemented by
information available in a report titled “Irrigation Resource Inventory of Chitwan”. The
report prepared by the Irrigation Management Systems Study Group (IMSSG) at the
Institute of Agriculture and Animal Science at Rampur, Chitwan in 1993. It has useful
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information on a limited number of variables on 88 farmers managed irrigation systems
in Chitwan. Information on some of the systems was also verified by my own field work
undertaken from April-June, 2003.
The NIIS database has information on 231 irrigation systems from Nepal. Out of
these 181 are farmer managed irrigation systems and the rest are either agency managed
irrigation systems or joint management irrigation systems. My sample size is a subset of
74 irrigation systems from Chitwan. Of these, only 65 of or less cases could be used for
the confirmatory factor analysis and regression analysis due to data gaps. Information
from the IMMSG report has been used to plug data gaps as well as add cases where
information was available.

DEVELOPMENT OF IRRIGATION SYSTEMS IN CHITWAN
History
Farmer managed irrigation systems that are more than 50 years old were mostly
initiated by the indigenous Tharu and Darai communities. The newer systems, however,
were constructed by the migrant Pahadiya communities who started settling in Chitwan
after the 1950s.
Table 5-1
Age of Irrigation Systems in Chitwan
Greater than 100
75 >= age < 100 years
50 >= age < 75 years
25 >= age < 50 years
0 >= age < 25 years
Total

Number
11
8
6
36
9
70
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Percentage %
16
11
9
51
13
100

In my sample about 87% of the systems have been in operation for more than 25
years and 27% for more than 75 years. Most of these systems were initiated and
constructed by farmers themselves without any external assistance. External inputs
started flowing into the systems targeted towards system rehabilitation and improvement
mostly after the 1970s.

Resource Mobilization
Resource Mobilization for Initial Construction: The users themselves are reported
to have made substantial investments for the development of the irrigation systems in
most cases. There has also been support from government agencies and local government
for the initial construction of systems but this has been few in numbers (<5 systems).
Resources mobilized for the construction has been in terms of cash and labor in most
cases. In some instances food grain is also reported to have been collected to pay for the
hired laborers. The basis for resource contributions towards construction has been either
on a per household basis or in proportion to the size of the land owned in the command
area.
Resource Mobilization for System Rehabilitation and Improvement: In more
recent times many external agencies such as the DIO, FIWD, SFDP, Care-Nepal, DOR,
and VDCs have been involved in various types of maintenance work. They continue to be
an additional source for resource mobilization in addition to the resources generated by
the community themselves. Many of the systems report receiving assistance in some form
or another from external agencies.
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MAJOR PHYSICAL CHARACTERISTICS OF IRRIGATION
SYSTEMS IN CHITWAN
The purpose of an irrigation system is to divert water from any given source and
convey it to cultivated areas. To do this all systems make use of certain basic structures
such as headworks, canals and water allocation devices. Headworks can be permanent or
temporary. Typically a permanent headwork includes concrete dams, weirs and control
structures. This not only allows large volumes of water to be diverted and controlled but
requires less maintenance efforts. Temporary headworks used by many irrigation systems
in Nepal, on the other hand, appear flimsy. Typically made out of simple construction
materials such as boulders and brushwood they are easily washed away by floods. Also,
since the headworks do not have water adjustment devices lots of efforts have to be
exerted manually to adjust and control water flow. Operating and maintaining such a
system can be very labor intensive. In spite of these challenges many FMIS run very
well. Though the presence of a permanent headwork results in a reduction in the need for
mobilizing resources (labor and others) to maintain the system annually, it can have
adverse consequences for system operation. The increased bargaining power of the
headenders over the tailenders can change the pattern of relationships among farmers
within a system reducing the recognition of mutual dependencies and patterns of
reciprocity between them.
Like the headworks, canals are also important infrastructure. The nature and
condition of the canal is linked to its water delivery efficiency. If canals are lined there
are less seepage and conveyance losses and therefore more water available in the system.
The nature of the canals (completely lined, partially lined or unlined) can affect
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differences in water availability between head and tail end. A completely lined canal can
potentially help alleviate some of the water scarcity problems faced by tail enders.
The physical characteristics of a system can influence performance. In the
following sections I provide a general summary of some of the physical characteristics of
FMIS systems in Chitwan.
Headwork: There are three major types of headwork observed in the systems.
They are the temporary brushwood check dams, gabion boxes used as a semi-permanent
diversion structure, and permanent cement concrete gated diversion weirs. There are 33
systems that either have gabion boxes or concrete weirs and 38 systems that have
brushwood check dams. The headworks of all the systems when originally constructed
were made of brushwood. Irrigation systems with permanent structures are of recent
origin (mostly early 1990s) and have been constructed with external assistance.
Canals: The irrigation systems consist of a main canal and a number of branch
canals that are mostly unlined. Only 14 of the 68 systems for which data is available are
reported to be lined, and most of these are partially lined. The mean canal length of the
systems (sum of the main and branch canals) is about 6200 meters ranging from 1000m
(Khairghari) to 40,000m (Pithuwa). 65% of the systems have canal lengths which are less
than this mean value. Similarly, the highest and lowest number of branch canals reported
on systems are 17 (Mahdavpur Kulo) and 0 (Khairghari) respectively. The majority of the
systems (31) have less than 6 branch canals.
Structures for Water Allocation: Only a few systems have the cement concrete
proportional weirs for dividing water shares. Most rely on wooden weirs. Systems that do
not have provisions for proportional weirs use gated outlets, piped outlets and temporary
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outlets. The sizes of these outlets are proportional to the area irrigated. In the absence of
permanent water allocation structures, farmers have also been observed to erect
temporary checks of wooden stakes, bushes, stone and earthen materials across the main
canal so as to ensure a near proportional allocation of irrigation water.
System Area and Households Served: The average service area of the 71 farmer
managed irrigation systems are 124 hectares ranging from a low of 7 hectares (Khairghari
Irrigation System) to a high of 1072 hectares (Rapti Pratappur irrigation system). 53 of
the 71 systems irrigate an area less than the mean service area. There are only 2 systems
(Pithuwa and Rapti Pratappur) that irrigate areas greater than 500 hectares. The service
areas of agency managed irrigation systems are, however, much larger than farmer
managed systems. For instance, Narayani Lift irrigation scheme and Khageri Irrigation
both in Chitwan have service areas of 8025 hectares and 5000 hectares, respectively.
The average number of households served by an irrigation system is 139.
Khairghari irrigation system has the lowest number of appropriators (8) and Pithuwa the
highest (1000). There are only six systems (Budhi Rapti, Kumroj, KumrojII, Pithuwa, Tin
Mauje, Janakalyan “Ka”) that serve 300 or more appropriators.
Access to Water: Not all of the irrigation systems have access to water throughout
the entire year. Information on the systems available in the NIIS database suggests that
there are 29 systems that have access to water throughout the year, 11 systems between 711 months, and 31 systems for less than 6 months in a year. Irrigation systems linked to a
perennial river source, obviously have access to water for more number of months than
systems dependent on seasonal rivers.
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WATER SHARING ARRANGEMENTS
There may be multiple irrigation systems drawing water from the same river
source. Unless there is some sort of an agreement between systems located at different
points of the river on how much water each can divert for itself there is bound to be
conflicts. Similarly, once its share of water is diverted into a system’s main canal
irrigators’ will have to decide how the water will be divided amongst them. In the
following sections I describe how intersystem and intrasystem water sharing takes place
in Chitwan.
Intersystem Water Allocation: The basis for inter system water allocation in most
cases is based on mutual consensus among the water users of the upstream and
downstream systems. Agreements are reached and honored particularly during water
deficit periods. Users from the downstream systems approach water users committee of
the upstream systems through their own representatives and make requests for sharing
water. In most instances an amicable agreement is usually reached. Stealing water by
breaching the diversion structures of systems during stressful times, however, always
remains a potential source of conflict.
The arrangements for sharing water agreed upon by Pithuwa and Chainpur
(drawing water from Kair River) is one of many ways systems resolve their inter system
needs. Since Chainpur uses the water for drinking purposes it gets to draw on all of the
water during the daytime. During nighttime, however, Pithuwa gets all of the water for its
irrigation needs. This is the informal agreement that governs water use between these two
systems. Similarly, the seven irrigation systems drawing water from the Budhi Khola
have their own informal arrangements. Water is allocated into shares and each system
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draws only the proportion that it gets allocated. Water in some instances is also shared
among the systems in turns known locally as the “khole palo”. This is the method of
inter-system rotation along a river. Most of these agreements, however, are informal and
have not been committed to writing.
Intrasystem Water Allocation & Distribution: Allocation of water in a system
reflects entitlements. Water is allocated only to those farmers or farmlands who have
water rights and not to others. Allocation also means the quantitative division of the
water in the system among the entitled farmers or fields. The principle on which water is
shared is decided by the irrigator community and can take a number of forms (Pradhan
1989).
The most common water allocation principle observed in Chitwan is the principle
of dividing water in proportion to the land owned by the farmer in the irrigated area.
Under this principle if a farmer owns one tenth of the land then he is apportioned one
tenth of the water of that system. A number of other principles also can be observed. For
instance, in some systems water is allocated on the basis of the paddy cultivation task.
The task of paddy cultivation can be divided into two periods a) transplantation period
and b) post transplantation period. During the first period, water is required for preparing
the seedbeds and preparing land for transplantation. During this period irrespective of
entitlements farmers agree to meet the water needs of all appropriators. Only after
transplantation is water then allocated on the basis of land owned in the command area.
Another allocation principle practiced in some systems involves making water available
based on water shares. The total water supply in the system is divided into a fixed
number of shares which is then apportioned to farmers based on their initial contributions
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towards system construction. In this principle allocation is not at all tied to a farmer’s
landholding. Water can also be allocated on the basis of a farmer’s purchased or inherited
shares.
Distribution of water among farmers that we observe is, therefore, the
implementation of the allocation principle. The process of distributing water involves
implementing a set of agreed upon rules with the help of some physical structures.
Depending upon the system characteristics different methods - free flow, timed rotation,
time-area relationship, time required to wet/saturate a given unit of land - can be
employed to distribute water.
The timed rotation of water supply is the most popular method of distributing
water in Chitwan during stressful periods. Fields adjacent to a branch canal use its water
in turns beginning from the head to the tail end. Depending on the flow and the field area
entitled to be irrigated water users associations decide the time and duration each farmer
is allowed to irrigate his/her field. During the allotted time all of the water in this branch
is used by the designated farmers. After the time is up another set of farmers begin
irrigating their fields and so on. In very water stressed systems rotations can take place
even at the branch levels. For instance, the four branch canals of Baireni/ Pakhdibas
rotate turns after 24, 36, 17, and 51 hours respectively. All of the water in the system is
supplied to the first branch for 24 hours before it is diverted to the second branch. The
fields in each of the branches then divide up the available water among themselves
according to a prior agreed upon allocation principle. There can be quite a variation in the
waiting times. In less water stressed systems a farmer gets to irrigate every 8 hours but in
more stressful system such as Baireni/Pakhdibas the cycle can be as high as 6 days.
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Irrigators are considerably sophisticated at allocating and scheduling times. To ensure
equitable water sharing between head and tail some systems are known to factor in
conveyance losses and allocate more time for an equivalent unit of land at the tail end.
In systems where water is to be distributed by share or by time rotation based on
the proportion of land in the irrigated area, wooden or concrete proportional weirs (also
called jhyal), piped outlets and gated outlets are fixed in the canals so that users can
monitor the flow of water. In the absence of permanent water distribution structures,
users utilize the locally available materials like wooden stakes, bushes and soil slices in
order to maintain almost constant depth of flow in the main canal at branch bifurcation
points for proportional release of water in different branches. In case of outlets directly
connected to the main canal, the width of outlet is inspected and adjusted by the water
user functionaries or water monitors as and when required allowing a defined volume of
water to be released.

MAINTENANCE
Since water requirements peak during the monsoon paddy season, pre-monsoon
as well as the monsoon periods are critical for undertaking system maintenance. Most
water user associations meet during May for deciding and organizing for the major
annual maintenance plan. Generally, in most systems users contribute labor in proportion
to the benefits derived. Alternate arrangements such as raising cash to pay directly for the
cleaning services are also reported. Cleaning contracts are generally awarded to interested
appropriators within the system. Apart from the pre-monsoon maintenance, a mechanism
is also in place in most systems for the early detection of problems during the monsoon
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(landslides, breaches in the canal, washed away intakes etc.). Arrangements for
continuous maintenance throughout the monsoon are ensured by either scheduling time
periods for association members to patrol the length of the canal or by hiring people on
contract to undertake this task. Persons patrolling the canals undertake minor repair
works and call for help if major repair work needs to be undertaken. In an emergency, all
members are mobilized regardless of benefit entitlements and work is undertaken
throughout the day and night until the water flows again.
Annual Repair and Maintenance: Annual maintenance activities include de-silting
of the major branch canals, repair of intake structures and strengthening of canal dikes.
For most perennial systems the de-silting activity takes place twice a year, once in FebMarch (spring rice season), and once in May-June (monsoon rice season). In the seasonal
systems de-silting takes place once prior to the monsoon (April-May).
Emergency Repair and Maintenance: Emergency repairs typically involve repair
of the diversion structure and main canal embankment. Since the diversion structures are
made of brushwood they tend to be swept away often during the floods and require
attention. The irrigation systems drawing water from the Rapti and the Lothar Rivers are
reported to require more number of emergency repairs. Although the Dhongre and the
Budhi Rapti are also perennial rivers incidences of flooding are lower here because of the
steady flows. In irrigation systems drawing water from the seasonal streams the incidence
of flash floods are higher and the maintenance frequencies are higher too.
Resource Mobilization for Repair and Maintenance: Cash as well as labor
resources are mobilized to carry out repair of intake structures and de-silting of canals.
Most systems generate these resources internally. The basis for cash or labor resource
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mobilization appears to differ for activities relating to the intake structure, main and
secondary canals and for emergency repair and maintenance. For the maintenance of
headwork, cash and labor resources is mobilized on the basis of households and
landholding. For the main canal it is based on the land holding. Similarly, for emergency
repairs the household again appears to be the basis for mobilization. The system of
“Jharahi” wherein all able-bodied men of a household contribute labor during repair and
maintenance is practiced in systems operated by the Tharus especially for maintenance
activities in the headwork and main canal.
The nature of resource mobilization in the irrigation systems is reported to be
changing over time. Wherein a decade back it was the norm for all water users to
contribute labor during the annual maintenance, the practice now is shifting towards the
water users sending a proxy laborer or paying cash for the labor charges. This form is
practiced more in the Pahadia managed systems than in the Tharu managed systems. In
some systems the annual repair and maintenance work is also contracted out to external
parties.

ORGANIZATION
Most of the systems have a Water Users’ Association (WUA). A WUA comprises
all the appropriators of an irrigation system. The primary basis for being a member of a
WUO is ownership of land in the service area. Other bases are a) cultivation of land as
owner cultivator, b) sharecropper, and c) leaseholder. All appropriators of a system make
compulsory contributions towards the upkeep of the system either through labor or cash
contributions.
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Nearly all of the irrigation associations have some officials who are selected from
among its members. The number of officials elected depends on the size of the system
and the amount of responsibilities accorded to each. The task of the officials typically
involves mobilizing resources for maintenance, organizing and supervising work on the
system, maintaining accounts, keeping a record of members’ attendance at work, and
maintaining a record of the minutes of meetings conducted. A general assembly is usually
held once a year prior to the beginning of regular system maintenance. Although WUA
officials’ are permitted to take routine decisions, the major ones can only be made in a
meeting where all members are present.
More than eighty percent of the WUA in Chitwan are reported to be single
function organizations i.e. irrigation system governance is its sole mission. A few WUA
are engaged in management of schools and social welfare too. Typically an irrigation
system has one user committee. In only one system (Pithuwa) are there multiple tiers of
WUA organized around the branch canals. A federation of the all the branch committees
then functions at the main system level.

RULES AND REGULATIONS
Rules and regulations in all systems are linked to the allocation and distribution of
water, resource mobilization for repair and maintenance, charging fines for being absent
during repair and maintenance, and penalties for the defaulters. While 60% of the
systems in Chitwan District have written rules and regulations, only 30% of the older
Tharu managed systems have formal written rules and regulations. Rule following
nevertheless is reported to be higher in the Tharu managed irrigation systems.
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Violations of rules attract a variety of sanctions. If someone violates the labor
obligation rule or becomes absent during annual repair and maintenance work, monetary
fines are imposed on the defaulters. In the majority of the cases, the amount fined
(kardari) is equivalent to the prevailing daily labor wage rate in the particular area. In
some systems, where the availability of the labor is scarce, defaulters are required to pay
an amount higher (Rs 5-10) than the daily labor wage. Sanctions can take any of the
following form i) no fine, ii) monetary fine, iii) cessation of water turn, iv) removal from
water users committee, and v) any combination of the above. Sanctions are imposed by
the water user functionaries, guards or by fellow appropriators depending on the nature of
the sanction imposed.

CONFLICT MANAGEMENT
Inter-system as well as intra-system conflicts occur from time to time. The intersystem conflicts relate to issues of water sharing violations between systems and intrasystem conflicts result from disagreements in water allocation and distribution methods
especially during the water deficit periods. Although there are a reasonable number of
conflicts that arise only two cases have been serious enough to warrant external
intervention from the district administration. Normally conflicts are resolved locally.
Quite often the conflict between upstream and downstream systems occurs in
water deficit periods when water sharing agreements are violated resulting in the
breakage of diversion structures. Representatives from both WUAs routinely resolve such
conflicts informally. Conflict among users within systems occurs mainly due to water
pilferage or violation of the water rotation rule during water deficit periods particularly

106

during paddy transplantation seasons. The number of conflicts in a system tends to
increase with number of appropriators. Conflicts are generally settled by imposing
sanctions on violators.

CONFIRMATORY FACTOR ANALYSIS (CFA)
A subset of the Nepal Irrigation and Institutions and Systems Database (NIIS)
encompassing all of the irrigation systems from Chitwan District is examined to explore
relationships between irrigation performance measures and heterogeneity variables.
Although the total number of cases included in the database was 74, effectively 65 and
less could only be used for statistical analysis due to data gaps.
The approach to data analyses involves a) identifying and developing composite
measures of irrigation performance b) using these measures to specify a regression model
to explore relationships between performance and heterogeneity and c) examining further
associations between irrigation performance and institutional variables. The first task is
accomplished utilizing the structural equation modeling approach where the specified
model is validated through a confirmatory factor analysis. The latent variables in the
model are then subsequently used to explore associations between irrigation performance
and various physical and institutional variables. The methodology employed is similar to
the one used by Lam (1998).
The basic idea of a Confirmatory Factor Analysis is to determine if the number of
factors and the loadings of indicator variables conform to what is expected on the basis of
pre-established theory. Formally this can be put in the following way. For a given set of
response variables x1,………………., xq one wants to find a set of underlying latent
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factors ξ1,……….., ξn, fewer in number than the observed variables and see if they load
as predicted on the expected number of factors.
The theoretical arguments for choosing a multi-dimensional measure for irrigation
performance have been well laid out by Lam (1998). His three measures of irrigation
performance - physical condition of the system, the ability of the system to deliver water,
and agricultural productivity - were initially chosen as latent variables. A CFA analysis
was then undertaken to see if the observed variables from my data set loaded as
predicted. Unable to validate the three dimensional model for the data set a two
dimensional performance model was used in this research instead. Results are reported
for this model in the subsequent sections.
The two LATENT FACTORS specified are PHYSICAL CONDITION and
AGRICULTURAL PRODUCTIVITY. The first variable attempts to capture how well an
irrigation system is maintained i.e. the canals and the head-works. The quality of the
infrastructure is a reflection of the collective maintenance efforts as well as the degree of
social organization of the group. The second variable agriculture productivity attempts to
broadly capture the productive potential of the group resulting from their collective
efforts. The INDICATOR variables that are thought to represent the latent variable
PHYSICAL CONDITION of the resource system are <CONDITION> and <ECONEFF>.
Similarly, the three indicator variables used to represent the latent variable
AGRICULTURE PRODUCTIVITY are <MTONHA>, <HEADINT> and <TAILINT>. A
brief description of the indicator variables is as follows:
<CONDITION> This variable attempts to measure overall how well maintained an
irrigation system is given the terrain and technology available to the farmers. Response to
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the statement, “the physical condition of the system is as well maintained as is
economically feasible given the terrain and technology available to farmers” generates
four categories of responses ranging from highly efficient to highly inefficient. Rather
than a purely technical measure this is a qualitative variable that captures much more
contextual information. The question takes into account the economic situation of the
community and the technology available to it when assessing the physical condition of
the irrigation systems.
<ECONEFF>: This is a categorical variable that attempts to measure the short-run
economic technical efficiency of the system in terms of the benefits and costs derived by
the appropriators. Four categories of responses ranging from highly efficient to highly
inefficient are generated from evaluating the statement, “the costs of operating and
maintaining this system (ignoring cost recovery related to the construction of the system)
are less than the benefits obtained from operation and maintenance”.
<MTONHA>: This is a continuous variable that measures the quantity of
agricultural yield in metric tons per hectare per year.
<HEADINT>: This is a continuous variable that provides a rough estimate of the
volume of crops a system can produce in the head reaches of the system in a year. One
crop per year on a plot of land equals a cropping intensity of 100%; two crops mean
200%; and three crops mean 300%. Cropping intensities can vary from 100% - 300%.
<TAILINT>: This is similar to the above variable except it measures intensities at
the tail reaches of a canal.
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Based on the above two latent variables and the five indicator variables a general
confirmatory factor model can be expressed as:
Xi = λi1 ξ1 + λi2 ξ1 + …………………… + λin ξn+ δi
Where,
Indicator variables are observed variables.
Latent variables are the unobserved variables or constructs or factors which are measured
by their respective indicators.
Xi is a vector of observed or indicator variables

ξj is a vector of underlying latent or unobservable variables
λin is a matrix of loadings that gives the magnitude of the effects of ξ on X
δi is the measurement error in Xi or the residuals and
Φ12 = Correlation between two factors
if Xi does not depend on ξj then λin = 0 in the above equation

The FACTOR MODEL is presented in Figure 5-1. The two dimensions of
irrigation

performance

PHYSICAL

CONDITION

( ξ1 )

and

AGRICULTURAL

PRODUCTIVITY (ξ2) are modeled as the latent variables. Indicator or response
variables for ξ1 are <CONDITION> and <ECONEFF> (X1, X2) and those for ξ2 are
<MTONHA>, <HEADINT> and <TAILINT> (X3, X4, X5).
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Figure 5 -1
Confirmatory Factor Model

δ1

δ2

δ3

δ4

δ5

λ11

CONDITION
X1

ECONEFF
X2

ξ1
PHYSICAL
CONDITION

λ21

Φ12

MTONHA
X3
λ32

HEADINT
X4

λ42

ξ2
PRODUCTIVITY

λ52

TAILINT
X5

The straight arrows connecting the latent variables to their indicator variables also
show the magnitude of the factor loadings (λin). The curved arrows between ξ1 , ξ2 reflect
the correlations between these two latent variables (Φ12). The assumptions underlying the
s

s

model are: a) the ξ’sand δ’ are random variables with zero means, b) the δ’ are
uncorrelated with the ξ’s and c) all observed variables are measured in deviations from
their means. The parameters in the above model are estimated using the LISREL 8.54
software employing the Maximum Likelihood Estimator.
Since some of the response variables are categorical and others continuous, the
input matrix used for parameter estimation is a polychoric correlation matrix generated
by the PRELIS program. Polychoric correlations and not Pearson correlations are
generally considered to be least biased and generally the best estimator for the given
nature of the data. Further, Weighted Least Squares (WLS) technique based on
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polychoric correlations is generally recommended for robust parameter estimation.
However, MLE was used instead because of the small sample size (N=65). WLS requires
large sample sizes for dependable results (often >2000) otherwise estimates tend to be
unreliable. Olsson et al (2000) show that WLS estimates are inferior to MLE estimates
when sample sizes are less than 1000. There are other empirical studies which also
suggest that WLS typically lead to similar fit statistics as MLE and to no difference in
interpretation. The model estimation results are presented in the subsequent section.

Results Estimation
Figure 5- 2
Estimated Model (M1)

CONDITION
X1

λ11 = 0.682

ξ1

ECONEFF
X2

λ21 = 0.480

PHYSICAL
CONDITION

Φ12 = .622

METRICTON
X3

λ32 = 0.803
ξ2

HEADINT
X4

λ42 = 0.858
TAILINT
X5

PRODUCTIVITY

λ52 = 0.912

χ2 = 6.15

Root Mean Square Residual (RMR) = 0.038

Degree of Freedom = 4

Goodness of Fit Index (GFI) = 0.963

p - value = 0.188

Adjusted Goodness of Fit Index (AGFI) = 0.861
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Table 5-2
Correlation Matrix
CONDI
ECONEFF
MTON
HEADINT
TAILINT

CONDI
1.000
0.327
0.343
0.435
0.344

ECONEFF

MTON

HEADINT

TAILINT

1.000
0.354
0.254
0.226

1.000
0.667
0.741

1.000
0.786

1.000

Table 5-3
Maximum Likelihood Estimates
Coefficients

Standardized Maximum
Likelihood Estimates

Standard Errors

T-Values

CANAL CONDITION
λ11
λ21

0.682
0.480

0.185
0.157

3.696
3.049

PRODUCTIVITY
λ32
λ42
λ52

0.803
0.858
0.912

0.107
0.104
0.101

7.497
8.238
9.031

CORRELATION AMONG
DIMENSIONS
Φ11
Φ22
Φ12

1.000
1.000
0.622

0.159

3.911

0.224
0.169
0.079
0.071
0.067

2.387
4.553
4.486
3.706
2.506

VARIANCE OF ERRORS
δ1
0.534a
δ2
0.770
δ3
0.355
δ4
0.264
δ5
0.168a
N= 65
χ2 = 6.15, df = 4, p = 0.188
a
Not Statistically significant at the 0.05 level

Table 5-4
R2 Values
2

R
0.466
0.230
0.645
0.736
0.832

CONDI
ECONEFF
MTON
HEADINT
TAILINT
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Table 5-5
Goodness of Fit Statistics for CFA Models
Model
M0
M1
M2

χ2
152.75
6.15
9.58

df
10
4
5

P
0.000
0.188
0.088

RMR

NFI

CFI

IFI

GFI

AGFI

0.038
0.062

0.958
0.936

0.983
0.966

0.984
0.967

0.963
0.943

0.861
0.830

Where,

df =
NFI =
GFI =
M0 =
M1 =
M2 =

degree of freedom, RMR = Root Mean Square Residual,
Normed Fit Index, CFI = Comparative Fit Index, IFI= Incremental Fit Index
Goodness of Fit Index, AGFI = Adjusted Goodness of Fit Index
A baseline model which assumes no relationship
proposed model
A uni-dimensional model where Performance is the latent variable and all other
are indicator variables

Table 5-6
Fitted Residual Covariance Matrix
CONDI
ECONEFF
MTON
HEADINT
TAILINT

CONDI
0.000
0.000
0.002
0.071
-0.043

ECONEFF

MTON

HEADINT

TAILINT

0.000
0.114
-0.002
-0.046

0.000
-0.022
0.009

0.000
0.003

0.000

ECONEFF

MTON

HEADINT

TAILINT

0.000
1.802
-0.038
-1.401

0.000
-1.794
1.226

0.000
0.803

0.000

Table 5-7
Standardized Residual Covariance Matrix
CONDI
ECONEFF
MTON
HEADINT
TAILINT

CONDI
0.000
0.000
0.038
1.510
-1.426

Table 5-8
Factor Scores Regressions
Physical Condition
Productivity

CONDI
0.471
0.043

ECONEFF
0.230
0.021
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MTON
0.029
0.080

HEADINT
0.003
0.008

TAILINT
0.004
0.010

Model Assessment
Although the evaluation of a model and its assessment is not entirely a statistical
matter and has to be judged on substantive grounds, yet the initial goal is to be confident
that the model fits the data well statistically. The solution to the model provides a lot of
information to asses the model which can be classified into three groups a) information to
examine the solution, b) measures of overall fit and c) detailed assessment of fit.
Typically parameter estimates are reviewed to ensure that there are not any unreasonable
values or anomalies and that the estimates have the right signs and size according to a
priori specifications. Also, the squared multiple correlations R2 values for each
relationships should suggest a moderate to strong linear relationships. A small R2
indicates a weak relationship and suggests that the model is not effective. The next
assessment is based on measures of overall fit particularly the χ2 or other fit indices
which are functions of χ2. If any of these figures indicate a poor fit then one needs to look
into the fit detail such as the residuals and standardized residuals. This information can
potentially be used to identify the source of misspecification.
Tables 5-2, 5-3, and 5-4 provide information on the polychoric correlation
coefficients, parameter estimates and squared multiple correlations, respectively. We can
see that there are no anomalies in the parameter estimate (e.g. correlations that exceed 1
or variances that are negative). All of the loading factors (λin) have a non zero value and
they are highly significant suggesting that there is a relationship between the observed
and latent variables. The t-values except for two elements in the residuals are all
statistically significant at the 0.05 level. The INDICATOR loadings (λij) are relatively
high ranging from 0.48 to 0.912 and the R2 values which measure the portion of
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variability in an indicator accounted for by the latent dimensions range from 0.23 to
0.832. Except for ECONEFF which has the R2 value of 0.23, values for the rest of the
variables appear reasonable and suggest a reasonably strong linear relationship.
The fit of the model is further assessed based on a number of statistics such as Chi
square (χ2), Root Mean Square Residual (RMR), and different Fit indices such as NFI,
CFI, IFI, GFI and AGFI. These indices measure how much better the model fits as
compared to a baseline model M0. Table 5-5 not only summarizes the information for the
structural model under consideration M1 but also provides information on an alternative
model M2 which is a reduced form of M1. The base model M0 in the table assumes no
relationship. M2 is specified as a one-dimensional model where Performance is the only
latent variable (see Figure 5- 3 ). Differences in the fit indices between models M1 and
M2 must be considerable for us to prefer M1 over M2.
The model χ2, also called discrepancy, is the most common fit test statistic. The χ2
value should not be significant if there is a good model fit, while a significant chi-square
indicates lack of satisfactory model fit. That is, χ2 is a “badness of fit” measure in that a
finding of significance means the given model’s covariance structure is significantly
different from the observed covariance matrix. If the χ2 is <.05 the model is rejected. The
χ2 statistic of the model has a value of 6.15 with 4 degrees of freedom. Its corresponding
P-value is 0.1888. What this means is that the sample covariance matrix and the
covariance matrix predicted by the model are not statistically different or significant.
Hence our test of the hypothesis that the sample covariance matrix and the covariance
matrix predicted by the model is the same cannot be rejected. Another statistic the RMR
for our model 0.038 is reasonably small. The closer the RMR to 0 for a model being
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tested, the better the model fit. RMS residuals are the coefficients which result from
taking the square root of the mean of the squared residuals, which are the amounts by
which the sample variances and covariances differ from the corresponding estimated
variances and covariances. The Normed Fit Index (NFI), Comparative Fit Index (CFI)
and Incremental Fit Index (IFI) values for the model are respectively 0.958, 0.983 and
0.984 (Table 5-5). By convention all of these statistics should be > 0.9 to accept the
model which is true in our case. The goodness of fit statistic (GFI) of 0.963 too exceeds
the conventional threshold of 0.9.
All of the fit statistics for model M1 are better than that of M2 (see Table 5-5) and
the differences are substantial suggesting that M1 fits the data better than M2. This allows
us to assert that a two dimensional conceptualization of Irrigation Performance is superior
to a one dimensional conceptualization.

Figure 5-3
Estimated Model (M2)

CONDITION
X1

λ11 = 0.435

ECONEFF
X2

ξ1

λ21 = 0.312
METRICTON
X3

PRODUCTIVITY

λ32 = 0.806
HEADINT
X4

TAILINT
X5

λ42 = 0.860

λ52 = 0.907
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Model M1 can be further evaluated by reviewing Tables 5-6 and 5-7. Table 5-6
gives us a picture of the magnitude and direction of the standard errors and the
standardized residuals in Table 5-7 allows us to interpret these residuals. A large positive
residual indicates that the model underestimates the covariance between the two
variables. On the other hand, a large negative residual indicates that the model
overestimates the covariance between the variables. Each of the standardized residual is
interpreted as a standard normal deviate and can be considered to be large if any of the
values exceed 2.58 (Joreskog and Sorbom, 1989). None of the elements in Table 5-7
exceeds this threshold and the model’s prediction errors can be considered to be low.
Table 5-8 is a summary of the factor scores regressions generated by solving model M1 in
Figure 5-2. Factor scores for the dependent variables are computed based on these
estimates.
It has to be emphasized that the parameter estimates are based on MLE and that
the results per se may not be as accurate as those estimated by the WLS method using
large samples. However, as already mentioned in the preceding sections for small sample
size MLE still gives consistent estimates and can be used as approximate indicators.
Hence on the basis of my results I conclude that the two-dimensional model best fits the
sample

data

and

that

the

latent

variables

PHYSICAL

CONDITION

and

AGRICULTURAL PRODUCTIVITY can be used as measures of irrigation performance
for further analyses.
The above two composite measures of performance are used as the dependent
variable for further analyses in Chapter 6.
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Chapter 6
STATISTICAL ANALYSES OF FARMER MANAGED
IRRIGATION SYSTEMS
OVERVIEW
Scholars recognize that heterogeneity variables do not have a uniform effect on
the capacity of participants to self-organize. Empirical studies have associated differential
endowments, socio-cultural differences and wealth inequalities with both extreme levels
of conflict and also successful self-organization. Ostrom (2001) argues that since the
impact of group heterogeneity is context dependent it might be helpful to understand how
these variables affect other variables (those conducive to self-organization) as they
influence the cost-benefit calculus of those involved in negotiating and sustaining
agreements. Researchers also agree that more large N studies in different common-pool
resource contexts may be helpful to understand the relative importance of heterogeneity
variables better.
There have been studies that have looked at the impact of moderate levels of
heterogeneity on a flowing resource (Tang 1992, Lam 1996, Fujita et al 2000). In this
study, I examine some of the more extreme forms of positional heterogeneity in irrigation
systems generated by the topography of the region. Chitwan has two distinct types of
river systems, those that flow north to south and those that flow east to west. Irrigation
systems that draw water from north-south rivers generally face more difficult
appropriation conditions – changing river course, flash floods, seasonal discharge - than
those rivers flowing east-west. In the context of these two different types of settings I
look at the relative importance of some of the group heterogeneity variables and examine
119

how they interact with other variables to influence the self-organization capabilities of the
farmers.
This chapter is divided into three sections. In the first section I develop a
regression model based on the results of the confirmatory factor analysis (CFA)
undertaken in Chapter 5 and examine relationships between the dependent variable
“performance” and independent physical and socio-economic variables. In the second
section I further explore the associations between performance measures and institutional
variables. Finally, in the third section I try to illustrate with specifics some of the findings
that come out in the general analysis by looking at individual case studies.

DATA DESCRIPTION
The data for regression analysis and the institutional analysis in this section, like
the CFA analysis in Chapter 5, is based on the NIIS database. The number of cases used
in the regression is 64 farmer managed irrigation systems from Chitwan. Although the
NIIS database is one of largest and most comprehensive database on irrigation systems in
Nepal the sample size is relatively small and is likely to suffer from low levels of
statistical power. The qualitative data collected on particular cases is primary information
that is based on the field-work and system-walk undertaken in 2003.

REGRESSION MODEL
The purpose of conducting a regression analyses is to examine the relationships
between the multivariate dimensions of irrigation performance and the physical, socioeconomic and institutional environments. Physical variables that are thought to influence
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performance are steepness of slope, velocity of water captured in this analysis by the
orientation of the system (north-south versus east-west) , average access to water, type of
headworks, type of canal lining, and the size of the irrigation system. Pertinent socioeconomic variables are believed to be ethnic composition, income variations among
groups of irrigators, group size and alternative choices groups have vis a vis access to
irrigation water. Associations between performance and institutional variables are
examined separately to enable comparisons between East-West and North-South systems.
Two latent factors - Physical Condition and Productivity - from the earlier
sections are the dependent variables. The equations used to compute the factor scores for
these variables are derived from the model estimates from the earlier section (Table 5-8) 8.
Factor scores have no magnitude and can be interpreted only relative to each other. The
independent variables are orientation, income variation, ethnic composition, alternatives,
lining, headwork, number of appropriators, and average access to water. They are
described briefly in the following section. Ordinary Least Squares (OLS) is used to
estimate the regression model. The regression model is as specified in the following
equation (1).

PERFORMANCE MEASURES (Physical Condition & Productivity) = a + β1 * Orientation
+ β2 * Income Variations + β3* Ethnic Composition + β4* Alternative water source + β5* Lining + β6 *
Headwork + β7* Number of Appropriators + β8* Average Access to Water ……………………(1)

8

Factor scores are computed from the following relationships generated by model M1:

Physical condition = 0.471* CONDI + 0.230* ECONEFF + 0.029*MTON + 0.003* HEADINT + 0.004* TAILINT
Agricultural Productivity = 0.043* CONDI + 0.021* ECONEFF + 0.080*MTON + 0.008* HEADINT + 0.010* TAILINT
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<Orientation> =

dichotomous variable, 0 if system is located on EastWest flowing river and 1 if located on North-South
flowing river.

<Income Variation> =

dichotomous variable, 0 if variance of average annual
income across families is low and 1 if moderate or high.

<Ethnic Composition> =

dichotomous variable, 0 if heterogeneous, and 1 if
homogenous

<Alternative water source> =

dichotomous variable, 0 if alternative water source is
not available 1 if available

<Lining> =

dichotomous variable, 0 if no lining, 1 if partial or
complete lining

<Headwork> =

dichotomous variable, 0 if permanent (gabion) and 1 if
temporary (brushwood)

<Number of Appropriators> =

continuous variable

<Average Access to Water> =

continuous variable (months)

There are eight independent variables in the specified model which can be
grouped under four separate categories. The number of appropriators in an irrigation
system is an indicator of size. The size variable reflects on the collective task at hand and
can have a bearing on the governance of the system. The headwork and lining are
indicators of the physical infrastructure of the system. The variables orientation, average
access to water, and alternative water source captures the physical attributes of the
resource and they have a bearing on irrigation activities. Orientation captures the
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topography of the area and determines to a great extent the ease with which appropriators
can access the resource. The variable average access to water captures both the physical
as well as the institutional arrangements. The number of months a system can access
water is as much a function of institutional variables as it is the physical variables. The
variable alternative water source is very much like an exit option. If farmers have an
alternative, whether this be a private pump set or supply source from another system, then
this could affect their perceptions of the costs and benefits of organizing and affect their
incentives to cooperate. The last group of variables, income variation and ethnic
composition, are the heterogeneity variables. Differences in caste or differences in the
size of land holding are socio economic variables that can shape the interests and the
incentives to self-organize. Scholars assert that these are important variables and a
regression analysis is one of the ways to examine the relative importance of the variables.
Appendix 6-1 provides a description of the variables used and the way they were
measured in this study.

DISCUSSION OF REGRESSION RESULTS
Regression results are presented in Table 6-1. Orientation is negatively associated
with both measures of performance, physical condition and productivity, and it is
statistically significant at the p<0.05 and p<0.01 levels. If an irrigation system draws
water from a river that is flowing in the N-S direction then one can expect its physical
condition to be poorer by 0.324 units and its productivity to be lower by 0.709 units when
compared to a system drawing water from a river flowing in the E-W direction. The
result is consistent with our observations of the nature of the rivers in that region. Rivers
flowing on a North-South direction in Chitwan valley tend to be seasonal rivers, have
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higher gradients, transport lots of sediments, traverse through significant landslide zones
and often change course. Also, irrigation systems drawing water from these rivers tend to
have narrower cross sections and longer idle lengths. Hence everything else remaining
equal irrigation systems located on N-S Rivers will have lower productivity and will
require more efforts to maintain its physical infrastructure compared to E-W systems.
The regression results support the idea that topography plays an important role in
determining the level of success at agricultural activities.
Table 6-1
OLS Regression Results
Independent Variables

Dependent Variables
Productivity
4.698, (12.06) ***

Constant

Physical Condition
3.68 , (16.42) ***

Orientation

-0.324, (-2.41) **

-0.709 , (-3.035) ***

Income Variation

-0.147, (-1.62)

-0.285, (-1.801) *

Ethnic Composition

0.121, (1.39)

0.137, (0.903)

Alternatives

-0.052, (-0.576)

-0.182, (-1.160)

Lining

0.077, (0.737)

0.190, (1.045)

Headwork

0.009, (0.095)

-0.148, (-0.917)

Number of Appropriators

.0001, (0.486)

0.0003, (0.484)

Average Access to Water

0.056 , (3.35) ***

0.075, (2.567) **

Adjusted R2

0.489

0.593

Number of Cases (N)
64
Note: T values are in parentheses; * p <0.1, ** p <0.05, ***p<0.01

64

Another variable that significantly (p<0.01 and p<0.05) influences the
performance measures is the number of months appropriators can access water from the
rivers. The sign of the coefficient in both instances is positive indicating a positive
relationship between performance measures and the independent variable. A unit increase
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in this variable will result in a corresponding increase of 0.056 units in the physical
condition and 0.075 units in productivity. Hence, everything else remaining equal
systems that can access water for more number of months tend to be more productive and
also have better maintained infrastructure. The relationship between productivity and
water availability is straight forward - if water is available for more number of months
then farmers can cultivate more crops in larger field areas. Also, the incentives to
maintain the infrastructure tend to be higher since expected benefits easily outweigh costs
with increased water availability.
Income variation appears to be negatively and significantly correlated with
productivity at the p<0.1 level. It is also negatively correlated with Physical Condition
but the relationship, however, is not significant. If the annual income variation among
groups is high then this appears to have a negative impact both on productivity as well as
the physical condition of the system. The results suggest that systems with significant
income disparities may indeed face considerable difficulties at engaging in collective
activities. Since rich farmers are in a stronger position to provide for and maintain
systems by themselves they may not be enthusiastic about cooperating with the poorer
farmers. Even where there is cooperation, the richer farmers, because of their stronger
bargaining positions, can lay claim to a disproportionately larger share of the collective
benefits. Such situations discourage poorer farmers from engaging wholeheartedly in
collective efforts. It appears that heterogeneity in income distributions within groups does
appear to be associated with lower levels of productivity and poorer physical condition of
the system. These results are similar to the findings of Lam (1998) and Bardhan &
Dayton–Johnson (2000). Lam reports that income inequality is significantly and

125

negatively related to productivity and Dayton-Johnson show that wealth inequality is
significantly and negatively associated with canal maintenance.
The regression estimates show that the size of an irrigation system as measured by
the number of appropriators is not correlated significantly with both performance
measures. These results are consistent with some of the earlier results on the effect of
group size on collective action reported by Tang (1992) and Lam (1998). Both did not
find any statistically significant relationship between size and their measures of
performance.
The relationship between performance and socio-cultural differences either
represented by class or ethnicity is not straight forward. Studies by Cernea (1988, 1981)
show that class differences can cripple efforts at organizing for collective action in the
villages due to mistrust and lack of mutual understanding. Wade (1994) on the contrary
in his study of irrigation systems in South India reports that groups can overcome sociocultural barriers and cooperate. The positive signs associated with the variable “ethnic
composition” indicate that a homogenous group does tend to perform better than a
heterogeneous group on both performance measures. However, the results are not
statistically significant. The socio-cultural differences in a group due to its ethnic
composition do not appear to have a major impact on irrigation performance in Chitwan.
This is similar to what Fujita et al (2000) report in their Filipino study of irrigation
systems.
The signs of the coefficients of the variable “alternative water source” are
negative. This would mean that if farmers have access to alternative water resources there
would be less collective action. The results, however, are not statistically significant.
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Headwork appears to have a negative relationship with productivity. Canal lining,
however, has a positive relationship with both measures of performance. This suggests
that whatever positive gains there may be on performance by lining a canal could be
offset by the negative effects resulting from constructing a permanent headwork. The
effects of the physical infrastructure on irrigation performance, however, are not
statistically significant.
Although the results that I report on the physical infrastructure differ from those
reported by Lam in terms of their statistical significance the directions of the relationship
are similar. A likely explanation why these results differ from those of Lam’s is because
of the composition of the samples analyzed. Lam’s sample included both farmer and a
substantial number of agency managed systems from across Nepal whereas my sample
includes only the farmer managed systems from Chitwan. All of the agency managed
systems have a truly permanent headwork structure unlike the farmer managed systems.
The only permanent element in the headwork of farmer managed systems is the gated
structure which controls the flood waters from entering the system. Otherwise, the
diversion structures are either made from temporary brushwood and stones or semipermanent gabion boxes. Despite the permanent nature of the gates farmers still do have
to contribute substantial efforts to rebuild the diversion structures every time it is washed
by floods. Hence, unlike in the agency managed system where a truly permanent
structure generates negative incentives among head-enders not to cooperate, there are still
very strong reasons to cooperate in farmer managed systems. This is probably the reason
why there is not significant variance in performance between farmer managed systems
that have either permanent or temporary head-works.
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Factor scores have been used as the dependent variables in the regression
analysis. This increases the confidence in the validity of measurement because factor
scores integrate information from various variables. A drawback of the factor scores,
however, is that it is difficult to interpret and assess the substantive differences involved.

PERFORMANCE MEASURES AND THEIR ASSOCIATION WITH
PHYSICAL VARIABLES
One of the important insights from the prior section of this chapter is that
geography plays a key role in influencing not only agricultural productivity but also the
physical condition of irrigation infrastructure. Since orientation of a river system is
associated with particular types of terrain as well as the volumes of water available to a
system it is expected that irrigation systems on East-West flowing rivers will be more
productive than those located on North-South flowing rivers. Examination of cropping
intensities at the head and tail ends of two differently oriented systems tends to lend
support to this view. Performance of irrigation systems, however, is not only dependent
on the physical variables alone. Whether users are able to cooperate in the operation and
maintenance of a system to improve performance is also linked to the institutional
variables. In the following sections I explore how some of the physical as well as
institutional variables impact performance in irrigation systems that are located on rivers
flowing East-West and North-South.

Orientation and Cropping Intensities
Cropping intensities are measures of agricultural productivity. One crop per year
on a unit of land means 100% cropping intensity, two crops means 200% and three means
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300%. If cropping intensity at the head end is 200% this means that the land area at the
head end in this irrigation system grows two crops in a year. Table 6-2 indicates that
cropping intensities at the head end on East-West systems average 297% and those in
North-South systems average only 245% (p=0.000). Similarly, cropping intensities at the
tail end of E-W systems average 275% and those in N-S 212% (p=0.000). This indicates
two things: 1) there is a difference in cropping intensities between head and tail ends in
both E-W and N-S systems and 2) differences in cropping intensities between the head
ends (297% E/W vs. 245% N/S) as well as the tail ends (275% vs. 212%) of E-W and NS systems are statistically significant.
Table 6-2
Orientation and Cropping Intensities

Cropping Intensities at Head End
Cropping Intensities at Tail End

East-West
Systems
297 % (22)
275 % (22)

North-South
Systems
245% (43)
212 (42)

F

p

39.9
33.2

0.000
0.000

The first observation implies that land area located at the head ends of irrigation
systems tend to be more productive than those at the tail ends irrespective of the
orientation of the system. Since water in irrigation systems flow from the head to the tail
end, head-enders have a natural advantage in water use over the tail-enders. This is
reflected in the differences in cropping intensities at the head and tail ends. The second
observation implies that E-W systems in general are more productive than N-S systems.
The difference in productivity is most likely again linked to the availability of water.
East-West systems on average have access to water for more number of months in a year
than N-S systems.
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The availability of water in a system is also influenced by the seasons.
Precipitation is heavy during the monsoon season and water is also generally abundant in
the systems. In the spring and winter seasons, however, water tends to be scarcer.
Table 6-3
Water Availability at Head and Tail ends during Different Seasons
Head

Abundant
Limited
Scarce

Tail
Spring
9 (18%)
5 (10%)
11 (22%)
13 (26%)
30 (60%)
32 (64%)

Head

Tail
Monsoon
42 (84%)
35 (70%)
6 (12%)
10 (20%)
2 (4%)
5 (10%)

Head

Tail
Winter
17 (34%)
13 (26%)
11 (22%)
12 (24%)
22 (44%)
25 (50%)

Table 6-3 supports the assertion that water is most abundant in irrigation systems
in the monsoon season. During this period more than 84% of the systems at the head and
70% at the tail end report receiving abundant water. Water is least abundant in the system
in Spring where 60% at the head and 64% at the tail end report water as being scarce.
When these figures are further disaggregated and examined in relation to system
orientations, as in Table 6-4, we can assess if the E-W systems do a better job at
delivering water to their tail ends than the N-S systems.
Table 6-4
Water Availability at the Head end and Tail end during Different Seasons

Abundant
Limited
Scarce

Spring
E-W
9 (50%)
8 (44%)
1 (6%)

N-S
0 (0%)
3 (9%)
29 (91%)

Abundant
Limited
Scarce

Spring
E-W
5 (28%)
11 (61%)
2 (11%)

N-S
0 (0%)
2 (6%)
30 (94%)

HEAD END
Monsoon
E-W
N-S
18 (100%)
24 (75%)
0 (0%)
6 (19%)
0 (0%)
2 (6%)
TAIL END
Monsoon
E-W
N-S
17 (94%)
18 (56%)
1 (6%)
9 (28%)
0 (0%)
5 (16%)
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Winter
E-W
14 (78%)
4 (22%)
0 (0%)

N-S
3 (9%)
7 (22%)
22 (69%)

Winter
E-W
11 (61%)
5 (28%)
1 (11%)

N-S
2 (6%)
7 (21%)
24 (73%)

Only looking at the aggregate figures (Table 6-3) one can be tempted to conclude
that water scarcity problems are similar for both head-enders as well as tail-enders across
the season. Disaggregating the figures (Table 6-4) one can, however, see that it is actually
the N-S systems that have most of the problems with water scarcity (at both ends) and not
the E-W systems. Both the head and tail ends of the E-W systems report having abundant
water in the monsoon season. In contrast, there are quite a number of N-S systems (2 at
the head end and 5 at the tail end) that report water scarcity during summer even when
water is most abundant in the rivers. Similarly, in the spring when the systems are most
water stressed only 2 E-W systems report scarcity at their tail ends. In the same season,
however, 91% and 94% of N-S systems at the head and tail ends report water scarcity. On
the whole, water is generally available to most of the E-W systems throughout the entire
year but is scarce for most of the N-S systems, except in summer.
Although more water is available to E-W than N-S systems, Table 6-5 suggests
that there may, however, not be substantial differences in the abilities of these two
differently oriented systems to equitably distribute water between their head and tail
ends. Neither conditions of abundance nor scarcity can be automatically associated with
equitable or inequitable distribution of water among asymmetrically located users. The
ability to minimize the differences in water availability between head and tail end is
rather associated with the efficacy of the institutions in place.
Table 6-5
Perceived Difference in Water Availability between Head and Tail end
SEASON
Spring
Monsoon
Winter

Total Number of Systems
6
7
4
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E-W systems
5
2
1

N-S systems
1
5
3

Perceived differences in water availability between head and tail end can be
considered to be an indicator of the inability of a system to distribute water equitably
between the two ends. In spring there are more E-W systems that tend to face such
difficulties than N-S systems (5 vs. 1) and in summer it is the other way around (5 vs. 2).
Since most of the E-W systems cultivate two paddy crops (one in monsoon and another
in spring) and water is not as abundant in spring as in monsoon there are more difficulties
in equitably distributing water during the spring. The N-S systems face similar
difficulties during summer because water is not abundant even during this season. Since
most N-S systems can cultivate only a single paddy crop the pressures to distribute water
equitably between the ends is high. Table 6-5 suggests that there are no differences in the
ease or the difficulty with which differently oriented systems manage their challenges
during stressful times. There are a relatively equal number of systems in both groups that
do equally well or worse in managing their systems during times of stress.

Physical Variables and Performance Measures
Unlike geography, many of the other physical variables such as; the types of
headwork, canal lining, and number of appropriators, do not significantly influence
system performance in the Chitwan area. In the following section, I examine further the
influence of orientation and water availability on the performance variables.
Table 6-6
Summary of Performance Measures
Mean
Physical Condition
Productivity

3.89
4.66

Standard
Deviation
0.488
2.57
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Minimum

Maximum

2.57
2.37

5.15
5.72

Number of
Cases
65
65

Table 6-7
Relationships between Orientation and Performance Measures
N

Physical Condition
Productivity

65
65

Systems on East West running
Rivers
(N=22)
4.33
5.38

Systems on NorthSouth Running
Rivers
(N=43)
3.67
4.29

F

P

43.43
44.57

0.00
0.00

The numbers presented in Table 6-6 and Table 6-7 are factor scores that have
been computed based on the performance model presented in the earlier chapter. The
factor scores are measures of the two dimensions of performance and have been
calculated for each of the 65 FMIS systems. Though these scores do not have a “unit” of
measure they can, however, be used relatively to make comparisons. The mean score for
the physical condition of systems is 3.89 and that for productivity is 4.66. Average factor
scores of performance measures for E-W systems are higher (4.33>3.89; 5.38>4.66) and
those for N-S systems lower (3.67<3.89; 4.29<4.66) than the system means. Table 6-7
further shows that there are 22 E-W systems and 43 N-S systems and that their
performance measures are significantly different from each other. Not only is agricultural
productivity significantly better in E-W systems than N-S systems (5.38 vs. 4.29; p=0.00)
but so is the physical condition of irrigation infrastructure (4.33 vs. 3.67; p=0.00). This
suggests that the average irrigation system located on E-W running rivers is more
productive and also better maintained than an average system on N-S running rivers.
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Table 6-8
Relationships between Average Access and Orientation

Access to water less than 9
months
Access to water greater than 9
months
TOTAL
Chi2 = 37.52, p = 0.000

Systems on East–West
running Rivers
0
(0%)
25
(100%)
25
100%

Systems on North–South
running Rivers
35
(76%)
11
(24%)
46
100%

Table 6-9
Relationships between Average Access and Performance

Physical Condition
Productivity

Access to water > = to 9 months
(N=32)

Access to water < 9
months (N=33)

F

p

4.23
5.20

3.57
4.14

55.28
48.89

0.000
0.000

Table 6-8 suggests that whereas 100% of the E-W systems have access to water
for at least 9 months in a year only 24% of the N-S systems enjoy the same privileges.
76% of N-S systems, therefore, have access to less than 9 months of water (range 2-8
months). Two thirds of the systems within this group actually have access to less than 6
months of water. The differences in water accessibility between E-W and N-S systems
are highly significant (Chi2=37.52, p=0.000) meaning that E-W systems have access to
more water. This availability of water appears to have a positive impact not only on the
productivity (5.20 vs. 4.14, p=0.000) but also on the physical condition of the
infrastructure (4.23 vs. 3.57) (see Table 6-9). The potential to realize a higher benefit to
cost ratio probably provides stronger incentives to organize and keep infrastructure better
maintained in E-W than N-S systems.
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INSTITUTIONAL VARIABLES AND PERFORMANCE MEASURES
Institutional variables in an irrigation system may be as important as the physical
variables. Unless farmers understand; agree upon; and are willing to follow, monitor and
enforce a set of working rules to structure irrigation activities performance is bound to be
affected. To perform well farmers have to be able to design rules to match their physical,
economic and cultural environments. Physical endowments alone may not be sufficient to
ensure superior performance. The presence of a well functioning institutional structure
may compensate for adverse physical conditions by coping better with situations of
scarcity. In the following sections I examine how some of the institutional variables
influence performance in E-W and N-S irrigation systems.

Rules and Performance
Each irrigation canal has a unique structure and those most knowledgeable about
it are the users themselves. If the users are allowed to participate or have participated in
making their own rules then the chances are high that the rules crafted are appropriately
matched to the specific local conditions. Moreover, since these rules are likely to be
based on ideas, norms and understandings commonly shared by the community they are
also more likely to be followed. Table 6-10 and Table 6-11 present information on the
degree of rule following that takes place in the irrigation systems and its relationship with
system performance. Table 6-10 contains information on whether members of a group
generally follow local operational rules or not. Responses are associated with the
frequency of rule following and not with the severity of rule infractions i.e. distinctions
are not made whether farmers are shirking maintenance duties or if water is being stolen.
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Table 6-10
Relationships between Rule Following Practices and Orientation

Low/Moderate level of rule
following
High level of rule following
TOTAL
Chi2 = 3.185, p = 0.074

Systems on East–West
running Rivers
8
(42%)
11
(58%)
19
100%

Systems on North–South
running Rivers
8
(20%)
32
(80%)
40
100%

Table 6-11
Relationships between Rule Following and Performance

Physical Condition
Productivity

Low/Moderate level of rule
following
(N=13)
3.99
4.97

High level of rule
following
(N=41)
3.91
4.61

F

P

0.32
2.04

0.574
0.159

Table 6-10 suggests that high levels of rule following is observed more frequently
in N-S systems than in E-W systems (80 % vs. 58%). The result is statistically significant
at the 0.1 level (p=0.074). Table 6-11, further, indicates that rule following is negatively
associated with both the physical condition as well as with productivity. Higher levels of
rule following appear to be associated with lower units of performance (3.91<3.99;
4.61<4.97). The differences between the two groups, however, are not significant
(p=0.574 and p=0.159). Though the associations are not significant the direction of
associations are interesting. A substantive interpretation of the results is as follows.
It has already been pointed out in earlier sections that the N-S systems in general
are poorly endowed relative to E-W systems (difficult terrain, flash floods, frequent river
course changes, low discharge volumes in rivers). Hence, if systems are to successfully
cope with such conditions one needs higher levels of cooperation than that observed in
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systems with more favorable physical conditions. Considering rule following to be an
indicator of cooperation we do see that a higher level of rule following does take place in
N-S systems than in E-W systems. And the differences are significant (Table 6-10).
Rule following, however, is negatively associated with both measures of
performance. Such a relationship appears counterintuitive because it would mean that
lower levels of rule-following can result in better maintained canals and higher
agricultural productivity. This association needs to be interpreted carefully. We know that
access to water is strongly associated with productivity and that differences in
productivity between E-W and N-S systems are very significant (Table 6-9). This implies
that E-W system with lax rule conformance can still be more productive than the best
governed N-S system. Also, greater collective activity in N-S systems may not translate
into better maintained infrastructure because its physical terrain may be much more
difficult than that in E-W systems.
The 13 systems identified as moderate/low rule followers happen to be those with
favorable access to water supply. Of the thirteen 6 have access to 12 months and two
have access to 9 months of water supply. Contrary to this most N-S systems average less
than 9 months of water supply but belong to the high rule following group. Since we
know that productivity in N-S systems is generally lower than E-W systems, the average
productivity of the high rule following group (many N-S systems) is bound to be lower
than the low/moderate rule following group (many E-W systems). The productivity
numbers in Table 6-11, 4.61 < 4.97, confirms this. What needs to be noted, however, is
that the differences in productivity is not significant (p=0.159). This would mean that a
high level of rule following has enabled many of the N-S systems to perform at their best
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levels. Average group productivity is thus not too different from that of another group
enjoying superior resource conditions. If most of the N-S systems were to be
low/moderate rule followers then the productivity of this group would be significantly
lower from the high rule following group. We would then see a positive association
between rule following and productivity.
Information on Table 6-12 are responses to the question, “Is the level of infraction
of those members of the group who are not rule followers usually: small, medium or
large?” High and moderate levels are categorized as major infractions and low as minor
infractions.
Table 6-12
Relationship between Level of Infractions and Orientation

Minor Infractions
Major infractions
TOTAL
Yate’s Chi2 = 1.57, p = 0.21

Systems on East–West
running Rivers
15
(83%)
3
(17%)
18
100%

Systems on North–South
running Rivers
34
(97%)
1
(3%)
35
100%

Table 6-13
Relationships between Level of infractions and Performance

Physical Condition
Productivity

Minor Infractions
(N=45)

Major Infractions
(N=3)

F

P

3.95
4.73

4.18
5.05

0.852
0.500

0.361
0.483

Table 6-12 indicates that serious offences do not take place in most irrigation
systems. Serious infractions are reported in only 4 of the 53 cases for which information
is available. The table also suggests that there is no significant difference in the incidence
of serious infractions in the two groups of differently oriented systems (p=0.21).
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Results in Table 6-13, again, need to be interpreted with caution. The three
systems with serious incidences of infractions are Badgaon (E-W), Kusana Gauthali (EW), and Baireni (N-S) irrigation systems. These are, again, relatively well endowed
systems which have access to water round the year. Hence, despite the severity of
infractions both its average productivity and physical condition are still higher than the
group with minor infractions (4.18>3.95; 5.05>4.73). These results do not mean that
seriousness of infractions is associated with better performance. Rather, it suggests that
high levels of rule following and less serious infractions help improve performances of
less endowed systems.

Monitoring, Sanctioning and Performance
The presence of rules alone does not guarantee that these rules will be followed.
For rules to be effective there has to be a monitoring and sanctioning mechanism in place
and resource users have to be confident that established rules will be enforced. If
effective monitoring and sanctioning mechanisms are in place it can ensure higher rule
compliance and better system performance. Its absence, on the contrary, can mean poor
performance. In the following sections I examine 1) whether the degree of monitoring
and sanctioning is any different in E-W and N-S systems and 2) whether it affects
performance.
Six different institutional variables are used to build a composite index of
monitoring and sanctioning activities. Three of the variables are related to monitoring and
three to sanctioning. The monitoring indicators used are a) records of water withdrawals,
b) records of individual contributions to maintenance and c) the ability to monitor rule
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compliance. These are dichotomous variables. If records are maintained and if
appropriators are readily observed by each other they are coded 1 otherwise 0. Similarly,
indicators of sanctioning activities used are a) the possibility of loosing appropriation
rights for breaking rules, b) enforcement of fines for violating rules and c) the use of
graduated sanctions linked to severity of rule violations. These are also dichotomous
variables and if systems are observed to practice such activities they are coded 1
otherwise 0. A monitoring and sanctioning index is then built by adding up the values of
all the six variables. The sum of different combinations can take values from 0 to 6. If all
of the six activities are present in an irrigation system it receives a score of 6, if it has
none then 0, and if it has some then a number between 1 and 5. If the composite index
has a value greater than 4 it is considered to have high monitoring and sanctioning
activities otherwise low or moderate (see Appendix 6-3 for variable details).

The

following tables (Table 6-14 and Table 6-15) array the level of monitoring and
sanctioning activities according to system orientation and system performance.
Table 6-14
Relationship between Monitoring/ Sanctioning and Orientation

Low/Moderate Monitoring and
Sanctioning Activities
High Monitoring and Sanctioning
Activities
TOTAL
Chi2 = 0.057, p= 0.811

Systems on East–West
running Rivers
5
(42%)
12
(58%)
17
100%
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Systems on North–South
running Rivers
13
(37%)
22
(63%)
35
100%

Table 6-15
Relationship between Monitoring/ Sanctioning and Performance

Physical Condition
Productivity

Low/Moderate Monitoring
and Sanctioning Activities
(N=18)

High Monitoring and
Sanctioning Activities
(N=32)

F

P

3.97
4.81

3.92
4.67

0.125
0.368

0.725
0.547

Table 6-14 indicates that 65% of all irrigation systems have high levels of
monitoring and sanctioning activities. Though N-S systems do slightly better than E-W
systems in terms of monitoring and sanctioning (63% vs. 58%) this is hardly a significant
difference (p=0.811). Overall, there is as much monitoring and sanctioning activities in
E-W systems as there is in N-S systems. Differences in performance resulting from
variations in monitoring and sanctioning activities are also not significant (p=0.725,
p=0.547; Table 6-15). The results indicate that irrigators do take the monitoring and
sanctioning activities seriously. The relatively small variations in these activities among
systems are not significant to affect system performances.

Mutual Trust and Performance
An irrigation system is a complex process subject to high levels of uncertainty.
During the monsoons the embankments could break requiring emergency action. The
discharge of water in the river could change calling for an adjustment in the operation
and management of a system. Without constant interactions and engagements among
users it can be difficult to cope with such uncertainties. Unless farmers are willing to
relate and work with each other and establish regular patterns of behavior potential
benefits from the irrigation resource can be severely curtailed. The ability to engage with
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each other to craft rules, however, depends on a great extent on the level of mutual trust
prevalent in a community. Users who trust one another are not only better at organizing
but can also keep agreements and face lower expected costs for monitoring and
sanctioning over time. In the following section I explore whether the levels of mutual
trusts are different in E-W and N-S systems and if they affect performance.
Response to the question “how would you assess the level of trust between
appropriators?” generates three responses: moderate to high levels of trust, modest levels
of trust and low levels of trust. The latter two responses are combined to make one
response so that the variable becomes dichotomous. The two levels of trust are then
arrayed against orientation as in Table 6-16. The relationships between performance and
mutual trust are presented in Table 6-17.
Table 6-16
Relationship between Mutual Trust and Orientation

Low to modest levels of mutual
trust
Moderate to High levels of
mutual trust
TOTAL
Chi2 = 0.154, p= 0.695

Systems on East–West
running Rivers
7
(37%)
12
(63%)
19
100%

Systems on North–South
running Rivers
13
(32%)
28
(68%)
41
100%

Table 6-17
Relationship between Mutual Trust and Performance

Physical Condition
Productivity

Low levels of mutual trust
(N=18)

High levels of mutual trust
(N=37)

F

P

3.85
4.66

3.92
4.66

0.236
0.000

0.629
0.997
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Table 6-16 indicates that about two thirds of all the irrigation systems enjoy
moderate to high levels of mutual trust and that there is no statistical differences in the
levels of trust between E-W and N-S systems (p=0.695). Table 6-17, further, suggests
that the association between mutual trust and performance is very weak (p=0.629,
p=0.997). These results, again, imply that the levels of trust in irrigation communities are
generally high and that this is not a factor that is responsible for performance variations
in Chitwan.

Leadership, Cooperation in Activities besides Irrigation, and Performance
Making, testing, fine tuning, interpreting, monitoring and enforcing a set of rules
to structure irrigation activities is a continuous process that requires substantial amounts
time and energy. Unless some of the farmers are willing to assume leadership roles and
invest substantial amounts of their time to coordinate activities of the many users it can
be difficult to create institutions. If a community has had prior experience with other
forms of organization then this task can be a little bit easier because there would be
familiarity with various rules and strategies used to achieve various forms of regulations.
Users would be more likely to agree upon rules whose operation they understand from
prior experience. The ability to put into place a fair institutional design based on a
common understanding is often the difference between a well performing and a non
performing irrigation system. In the following sections I explore whether leadership
activities or experiences of cooperation in other areas are any different in N-S and E-W
systems and if they affect performance.

143

The difference in the leadership roles in irrigation systems is assessed on the basis
of response to the question “has any member of the group assumed leadership or engaged
in entrepreneurial activities in trying to achieve coordinated strategies?” Similarly, the
history of cooperation in other areas is based on the question “Is there any evidence
presented in the documents that these appropriators have engaged in cooperation in other
activities besides the management of this resource”. These questions generate
dichotomous responses and are presented in Table 6-18 and Table 6-19.
Table 6-18
Relationships between Leadership Activities and Orientation

No leadership activities
Presence of some level of such
activities
TOTAL
Chi2 = 8.58, p = 0.003

Systems on East–West
running Rivers
3
(18%)
14
(72%)
17
100%

Systems on North–South
running Rivers
24
(60%)
16
(40%)
40
100%

Table 6-19
Relationships between Leadership Activities and Performance

Physical Condition
Productivity

No leadership activities
(N=26)

Presence of some level of
such activities (N=28)

F

p

3.74
4.37

4.13
5.06

14.13
14.85

0.00
0.00

There appears to be nearly an equal number of irrigation systems with some level
of leadership activities and no leadership activity (30 vs. 27). About 72% of the E-W
systems and 40% of the N-S systems exhibit leadership activities. On the contrary, 18%
of E-W and 60% of N-S systems do not exhibit leadership activities. These differences
are highly significant p=0.003 (Table 6-18) implying that a leader of an E-W system is
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more likely to spend his time and energy coordinating irrigation activities than a leader of
an N-S system. Table 6-19, further, suggests that the differences in the leadership
activities are positively associated with both measures of performance and that they are
highly significant. The results indicate that leadership is a very important institutional
variable influencing system performance.
Table 6-20
Relationships between Cooperation in Other Activities besides
Irrigation and Orientation

No cooperation
Some cooperation
TOTAL
Chi2 = 14.87, p = 0.000

Systems on East-West
running Rivers
3
(16%)
16
(84%)
19
100%

Systems on North–South
running Rivers
29
(69%)
13
(31%)
42
100%

Table 6-20a
Relationships between Cooperation in Other Activities besides Irrigation and
Performance

Physical Condition
Productivity

No cooperation
(N = 30)
3.76
4.45

Some cooperation
(N = 26)
4.05
4.91

F

P

5.72
5.01

0.02
0.03

Table 6-20 shows that the differences between systems which say they have
cooperated in other activities besides management of this resource and those that say they
have not is small (29 vs. 32). Whereas 84% of the E-W systems report some sort of
cooperation only 31% do so in N-S systems. Conversely, 16% of E-W and 69% of N-S
systems report no experience of cooperation in other arenas. These differences are highly
significant (p=0.000) and suggest that more users in E-W systems have had more
experience with prior organization than users in N-S systems. Further, cooperation
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appears to be positively associated with both physical condition and productivity of the
system (Table 6-20a). The differences in performance between those that have
cooperated in other activities and those that have not (4.05 vs. 3.76; 4.91 vs. 4.45) is also
significant (p=0.02 and p=0.03). These results suggest that, like the leadership variable,
cooperation in other activities is also an important institutional variable that influences
performance in irrigation systems. Prior organizational experience does indeed appear to
have a positive influence on system performance.
The first section of this chapter examined how different types of heterogeneities
affect irrigation performance. Location asymmetry was found to be, by far, the most
important variable affecting performance followed by income variations of resource
users. Differences introduced due to the physical characteristics of the irrigation system
(type of headwork, type of lining, and number of users) and the ethnic composition of
users, however, were not found to significantly affect performance. Following on, in the
second section, the role of institutions in coping with some of these heterogeneities was
examined. The results show that rules matter and that they are extensively used to
structure irrigation activities. How well these activities are coordinated, however, depend
on a variety of factors. Two attributes that stood out were prior organizational experience
and leadership abilities of system users. In the next section, I examine a few irrigation
systems observed during field work to see how well the analyses conform to the ground
realities.
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IRRIGATION CASE STUDIES
During the field-work I surveyed 3 irrigation systems on Kair River, 4 systems on
Pumpa River, 3 systems in Lothar River, and 7 systems on three separate rivers Rapti,
Boodi Rapti, and Kuchkuche. The three rivers Kair, Pumpa, and Lothar flow N-S, and the
others flow E-W. Irrigation systems on Kair and Pumpa are presented in Table 6-22, and
Table 6-23. I do not use the Lothar systems for this study as it is taken up in detail in
Chapter 8. Characteristics of the irrigation systems in Table 6-24 are associated with
Rivers that flow E-W. All of the references that I make to particular irrigation systems in
the subsequent sections are irrigation cases from one of these River systems. I also draw
upon particular cases at times to illustrate specific points.
Jyamire, Baheri Paschim and Belsi/Hajipur are irrigation systems located on the
Kair river (Table 6-22); and Pumpa, Kyampa, Baireni/Pakhdibas, and Surtani are systems
located on the Pumpa river (Table 6-23). Both the Kair and Pumpa rivers flow from north
to south. Janakalyan “Ka”, Janashakti, Janakalyan “Kha”, and Badgaon/Pipra are systems
located on rivers flowing from east to west. They draw their waters from Rapti, Boodi
Rapti and Dhungre rivers (Table 6-24).
Though both Kair and Pumpa share many of the characteristics of N-S flowing
rivers there are some differences. Whereas the entire Kair river flows in the N-S
direction, Pumpa first flows N-S and then bends and turns E-W. One characteristic of this
E-W bend is interesting. Even as the entire river dries up during the dry season there is
water in this small E-W stretch. Farmers report this is because it receives drainage water
from irrigation systems located on the Dhongre River. Unlike Pumpa, however, Kair is a
perennial river. Though water volumes diminish significantly during the dry season, there
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is water in the river round the year. Another difference between Kair and Pumpa
concerns their river courses. Whereas Kair’s river bed is known for its frequent course
changes Pumpa’s is relatively stable.
Rapti is the largest among the E-W flowing rivers. It is a powerful, snow fed,
perennial river with high discharge volumes. During the monsoon the river transports
plenty of large boulders and loose aggregates. The rising riverbed is reported to cause
high peak floods. Despite the presence of a dyke from Piple to Kumroj VDC inundation
of agriculture land remains a serious threat. Boodi Rapti and Dhongre are not as powerful
as Rapti but are perennial rivers. The source of Boodi Rapti is the Kuchkuche forest and
Dhongre is fed by the natural runoff from Lothar River and drainage from Rapti irrigation
systems. Unlike the Rapti, sediment load in these rivers are low, flow is gentle, and
chances of flooding are less.
A key difference between E-W and N-S flowing rivers is related to the discharge
volumes (Table 6-21). Typically, there is more water available in rivers flowing east to
west than in those flowing north to south.
Table 6-21
Discharges from Different Rivers
RIVER

MMD
Wet season August
(m3/s)

RAPTI (E-W)

Mean Monthly
Discharge
(MMD)
Dry season May (m3/s)
7-29

BOODI RAPTI (E-W)
DHUNGRE (E-W)
KAIR (N-S)

0.17-3
1.09
0.089 - 2.56

3-123
49.2
8-37

PUMPA (N-S)

0.2

35

90-500

MMD
average over
the years
(min and
max)
13–184
(April/Aug)
*
*
1.05-18.52
(April/Aug)
*
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Catchment
Area
(Sq Km)

River
Length
(Km)

Number
of
Irrigation
Systems

Estimate
of Water
use (m3/s)

1884

65

10

4.35

184
*
79.7

*
*
44

11
22
9

1.43
5.38
2.77

*

*

5

1.29

Table 6-21 suggests that the mean monthly discharges (MMD) of both E-W and
N-S rivers during the wet season (monsoon) exceed the estimated water requirements of
their respective irrigation systems. If there are problems of reaching water to its members
during this season then it is related more to the irrigation systems’ inabilities to cope with
flash floods and landslides rather than inadequate resource units. In the dry season,
however, the situation is different. Except for Rapti (E-W) river, whose dry season MMD
is greater than the water requirements of its 11 irrigation systems, the MMDs of all other
rivers are less than the water requirements of their respective systems. Conditions of
water stress are even more acute in N-S Rivers than in E-W Rivers. Most systems during
the dry season have to cope with reduced flows in addition to their regular problems.
Given the general characteristics of the river systems (discharge volumes, frequency of
river course changes, terrain, landslide potential, suitable intake locations, and flooding)
E-W irrigation systems have an advantage over the N-S systems in terms of their resource
conditions and endowments.

IRRIGATION SYSTEMS ON N-S FLOWING RIVERS
A brief profile of the irrigation systems examined on N-S flowing rivers is
presented in the following tables. Table 6-22 summarizes the characteristics of three
irrigation systems located on the Kair river. Belsi/Hajipur is the oldest among the three
systems. It was constructed in 1908 by the Tharu community and irrigates about the same
area as Jyamire and Baheri Paschim combined. The number of households served by
Jyamire and Baheri are about the same (100). Belsi/Hajipur is relatively larger and serves
500. The ethnic composition of water users in Baheri Paschim and Belsi/Hajipur, unlike
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in Jyamire, is mixed. Whereas the Brahmin/Chettri group has a slight majority in Baheri
the Tharus are in the majority in Belsi/Hajipur. Average landholding size for the majority
is less than 0.67 hectares (1 bigha or 1.65 acres). Although most of the landowners in this
area cultivate their own lands there are exceptions. Baheri Paschim has a significant
number of absentee landlords. Though the Tharus in this system own only 15% of the
land they cultivate 75% of the land as sharecroppers.

Table 6- 22
Irrigation Systems on Kair River (N-S)

Relative Location on River
Location
Service Area (Ha)
Number of Households
Year initially Constructed
Constructed by
Ethnic Composition

Land Holding (Ha)
East Rapti Irrigation Project
(ERIP) Intervention
Average Water access
(months)
Canal
Note

Jyamire Kulo

Baheri Paschim Kulo

Belsi/Hajipur Kulo

Head
Chainpur VDC 2, irrigates
land North of E-W
Highway
55
100
1964
Pahadia
Brahmin/Chettris

Mid
Chainpur VDC 1, irrigates land
North of E-W Highway

Majority ~0.23ha
No

70% own > 0.67 ha, (0.67 – 2.7)
Yes

Tail
Ratnanagar, Chainpur VDC 1,2,
irrigates land North as well as
South of Highway
100
500
1908
Tharu
Tharu – 50%
Brahmin – 30%
Newar/Magar/Gurungs - 16%
Kami – 4%
75% < 0.67 ha
No

0

8

7

Mud- lined

Mud lined + partial cement
lined, permanent intake gate
15% of the land is owned by
Tharus but they cultivate 75% of
the land. There are many
absentee landlords.

Mud-lined

Had to close due to floods.
Non-functional since last 3
years.

50
110
1954
Pahadia
Brahmin/Chettri – 55%
Tharu – 32%
Darai 13%

Although the system irrigates 4
villages, two - Bansi and
Bhokahana - do not cooperate in
the maintenance due to a unique
topography.

During the years 1993-1998 the East Rapti Irrigation Project (ERIP) helped
improve the physical infrastructure of many irrigation systems in this region. Baheri
Paschim is the only one among the three systems that participated in this program. This
explains why its canals are partially cement lined and it has a permanent intake gate and

150

not the others. The other two systems did not make efforts to meet the stipulated
conditions required by the project and hence did not receive support.
The topography in the Belsi/Hajipur command area is such that all of the drainage
water from the head end naturally reaches most of the land area at the tail end during the
wet season. In the dry season, when water is not adequate for all, those at the head end
insist on claiming all of the available water for themselves. This has resulted in a
situation where two of the four villages that are served by the system - Bansi and
Bokahana - have refused to cooperate in the maintenance of the irrigation system.
Belsi/Hajipur is also affected by a changing river course. During the survey period the
river had changed course rendering the existing intake useless. Farmers report that the
intake has had to be changed two times already in the past two years. Another problem in
the Kair River is flooding. Unable to manage floods Jyamire had to close down in 2001.
It is still out of commission.
Table 6-23 provides a summary of key characteristics of four irrigation systems –
Pumpa, Kyampa, Baireni/Pakhdibas, and Surtani – on the Pumpa River. Only one system
among the four - Baireni/Pakhdibas - was not functioning during the time of the survey.
A landslide had washed away more than 400 meters of its main canal. Also scouring of
the river bed had lowered the elevation of the intake affecting canal flow. The intake has
to be shifted to another appropriate location. On this river system Pumpa is located at the
head end, followed by Kyampa (30 m below pumpa), Baireni/Pakhdibas and then
Surtani. Although the relative location of Surtani among the four systems is at the tail end
yet it enjoys an advantage over the others. The drainage waters from the Lothar river
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systems drain into the Pumpa at about Surtani’s location giving it access to water round
the year. Systems both above and below Surtani, however, are water stressed.
Table 6-23
Irrigation Systems on Pumpa River (N-S)

Relative Location
on River
Location

Service Area (Ha)
Number of
Households
Year initially
Constructed
Constructed by
Ethnic Composition

Land Holding (Ha)
ERIP intervention
Average Water
access (months)
Canal
Note

Pumpa Kulo

Kyampa Kulo

Baireni/Pakhdibas
Kulo

Surtani Kulo

Head

300 m below Pumpa

Mid

Tail

Birendra Nagar Ward
numbers 1 & 5;
irrigates land north of
E-W Highway
70
140

Birendra Nagar Ward 1,
irrigates land north of E-W
Highway
100
120

Khairehani Ward 2,
Birendra nagar 6,
irrigates land north of
Highway
100
180

Khairahani Ward 2,
irrigates land both
North and South of
Highway
60
90

1968

1969

1932

Unknown

Pahadia
Brahmin/Chettris – 60%
Gurung – 22%
Magar – 11%
Tamang – 7%
75%< 0.67ha
Yes
9

Pahadia
Brahmin/Chettri – 70%
Gurung – 20%
Magar 10%

Tharu
Tamang – 51%
Tharu – 36%
Brahmin/Chettri- 13%

80% own < 0.67
Yes
8

84% < 0.67
No
2

Tharu
Tharu – 44%
Brahmin – 36%
Magar/Kami/Damai20%
70%<0.67 ha
Yes
12

Cement - lined

Mud lined + partial
cement lined
Has an agreement with
Pumpa to acquire
sufficient water for its
wheat crop

Mud-lined

Canal in top condition,
has had water right
conflicts with neighbors
Kyampa and Chipleti

Suffers from intergroup conflict.
Tamangs who came in
1958 usurped the
Tharu’s use rights.

Mud lined + partial
cement
Receives supplemental
water from Lothar.

Pumpa Kulo
This system which was initially constructed in 1968 irrigates 70 Ha of land
belonging to 140 households. The ethnic mix of this group is: Brahmin – 60%, Gurung –
22%, Magar – 11%, and Tamang – 7%. The total canal length including the two branches
is about 6 Km. Tremendous efforts have gone into constructing this irrigation system.
The boring of a 50 m tunnel through hard rock and the construction of the head canal
through a kilometer stretch of very difficult mountain terrain underscores the farmers’
determination and efforts. The physical infrastructure of the canal is in top condition. The
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water users association has a very elaborate and well understood set of rules for
maintaining the canals. Average water access from the canal is reported to be about 9
months and 75 % of the households own land less than 0.67 hectares.
Unlike other systems, however, part of the intake of this system includes
permanent concrete work. This has been a continuous source of irritation for the
irrigation systems downstream as they feel that this construction has reduced their share
of water. Pumpa has been involved in extensive legal battle over water rights with its
neighboring systems Chipleti and Kyampa.

Kyampa Kulo
This system constructed in 1960 has its intake just 30 meters down stream from
Pumpa’s intake. The canal passes through similar terrain as that of Pumpa and irrigates
100 Ha of land belonging to 120 households. Kyampa relies to a great extent on an
agreement that it has worked out with Pumpa - reached after substantial conflicts - for its
winter water needs. The agreement requires Pumpa to release sufficient water to irrigate
Kyampa’s wheat crops. The majority of the households own less than 0.5 hectares of land
and Brahmins are the dominant ethnic group.

Baireni/Pakhadibas Kulo
This is one of the oldest systems on Pumpa River constructed by the Tharus in
1932. At present its irrigation command area is 100 Ha belonging to 180 households.
Ethnic composition of this group constitutes 51% Tamang, 36% Tharu and 13%
Brahmins/Chettris. This system has an unusually long main canal. The total length of the
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main canal is over 11 Km where the first 2 Km stretch passes through difficult terrain.
Since it is located about 2 kilometers downstream from the intakes of Pumpa/Kyampa
and Chipleti there is very little water in the river as it reaches the intake of this system.
The problem is further compounded by conflicts between the Tharu and the Tamang
ethnic groups. Migrant Tamangs who settled in the area only after 1958 are reported to
have forcibly started using the system resulting in a deep mistrust between the groups.
The inter-group conflict was so severe that they could not work together to take
advantage of the ERIP infrastructure support when offered.
Construction of new irrigation systems upstream (Pumpa, Chipleti), difficult
terrain, and inter-group conflicts appears to have negatively affected system performance.
This system on average can access water only for two months in a year.

Surtani Kulo
This system irrigates 60 ha of land belonging to 90 households. The ethnic
composition of the group is 44% Tharu, 36% Brahmin, and 20% -Magar/Kami/Damai.
Most households (70%) on average own less than 0.67 ha of land where maximum
holding is 3.3 Ha. The system has a gabion diversion dam and a permanent check gate.
The intake has remained in the same place for quite a number of years. Although located
downstream it is at an advantageous position because its intake is at a location where it
can tap supplemental water from the Lothar River. The system has a continuous water
supply on all its branches round the year.
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Irrigation Systems on E-W Flowing Rivers
Table 6-24 is a summary of the profiles of some of the E-W irrigation systems.
They represent a diverse set of systems that draw water from multiple types of sources.
Janakalyan “Ka”, Janashakti, and Janakalyan “Kha” draw water from the powerful Rapti
river. Badgaon/Pipra Kulo taps into not one but two moderate rivers – Boodi Rapti and
Dhungre - for its water needs. And Amrit Kulo is fed by a stream that originates within
the Kuchkuche forest.

Table 6-24
Irrigation Systems on Rapti/Boodi Rapti/Dhongre (E-W)
RAPTI RIVER

BOODI RAPTI AND
DHONGRE

KUCHKUCHHE

Janakalyan “Ka” & Janashakti

Badgaon/Pipra Kulo
Kathar Ward 6

Amrit and Janakalyan “Kha”

182
200
1932
Tharu
Tharu – 50%
Bahun/Chettri – 50%

75
100
1961
Pahadia
Bahun/Chettri – 76%
Tamang – 14%
Damai – 10%
Majority <0.67 ha
Yes
12
Mud - lined, Partially cement,
Permanent Gate
The canals of Amrit convey
water to ward 5, another
system.

Location

Wards 1,9,8 Kathar VDC

Service Area (Ha)
Number of Households
Year initially Constructed
Constructed by
Ethnic Composition

423
500
1983
Pahadia
Bahun/Chettri – Majority
Darai
Tamang
Majority <0.67 ha
Yes
12
Mud - lined, Partially cement,
Permanent Gate
Water is shared between 1 and
9,8 in a ratio of 1:2, Janshakti
services 150 HH exclusively in
ward 8.

Land Holding (Ha)
ERIP intervention
Average Water access (mo)
Canal
Note

Majority <0.67 ha
Yes
12
Mud - lined, Partially cement,
Permanent Gate
Draw water from two sources,
two villages use a common
canal.

Janakalyan “Ka” and Janashakti Kulo
This is a relatively large irrigation system drawing water from the Rapti River.
After 200 meters from the intake, water is distributed between ward number 1 and ward
numbers 9 and 8. One part of the water is allocated for the settlements of Kushana and
Gadauli in Ward number 1 and two parts for settlements of Pidrahani, Kumrattha, Soondi
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and Gaida of Wards 9 and 8. The total distance of Janakalyan “Ka” from the head to the
tail is approximately 13 Kms. Janashakti is another canal system drawing water from the
Rapti River. Its waters mix into the Janakalyan Canal at Pidrehani of Ward 9. However,
the water of Janashakti is allotted entirely for Soondi and Gaida of Ward number 8. The
entire Janakalyan “ka” kulo irrigates approximately 423 hectares of land belonging to
over 500 households. Around 150 households share the waters of Janashakti. Janakalyan
“ka” was constructed in 1983 and Janshakti in 1993. For recording purposes with the
government, Janshakti is considered a branch canal of Janakalyan and both the systems
are referred to as Janakalyan “Ka”.

Badgaon Pipara Kulo
This irrigation system services two settlements (Badagaon and Pipara) of Ward
number 6. This system draws water from two sources - Boodi Rapti River and Dhongre
River. When it was initially constructed in 1932 the intake source was only Boodi Rapti,
Dhongre was added later on. The main canals transporting water from these two different
river systems mix at a point that is about a kilometer ahead from the distribution branch
canals. Average width of the irrigation canal after the merger is 5 meters. There are 9
major branch canals on this system servicing 182 hectares of land area. Distribution of
the water is based on the land area that is irrigated. The longest branch canal is about 2.5
Km and the shortest 0.2 km. There are 200 households using the system and the ethnic
composition is 50% Tharu and 50% Bahun /Chettri. Most of the land areas in this system
produce three major crops.
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Amrit Kulo and Janakalyan “Kha” Kulo
The source of Amrit Kulo is the stream that originates from the Kanteswori Forest
but its intake is located on the outskirts of Khuckuche forest. Although this system
services about 75 hectares of land it is not entirely through the waters from the
Kanteswori streams. Waters from Kanteswori is able to irrigate only about 25 hectares of
land, the remaining 50 hectares is irrigated through the waters of the Jana Kalyan “Kha”
kulo. The Jana Kalyan “kha” kulo’s source is the Rapti River. The households of ward
numbers 5 and 7 constructed this system jointly and water is shared between them on a
ratio of 3:2. The head canal of Janakalyan passes through the Kuchkucche forest. As it
comes out of the forest, it is roughly parallel to the Amrit Kulo where it releases Amrit’s
share of the water via a side canal. After releasing ward number 7’s share of the water the
Janakalyan traverses across ward number 7 transporting water further west to Ward
number 5. The joint waters of Amrit kulo service 100 households where its ethnic
composition is: 76% - Brahmin/Chettri, 14% - Tamang, and 10% - Damai. Amrit Kulo
has been in service since 1961 but Janakalyan was constructed only in 1983. Amrit Kulo
is about 3 Km in length and has 9 branches.

FACTORS THAT AFFECT PERFORMANCE
Topography can significantly influence the variations in the amounts of efforts
required to operate any two irrigation systems. Systems drawing water from rivers that
are more predictable (perennial flows, stable river courses, gentle terrain) face less
uncertainties than systems drawing water from rivers that aren’t (seasonal flows,
landslide prone zones, frequent river course changes). Also, the more uncertainty a
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system faces the more coordination efforts required to operate a system. For instance,
significant resources have to be mobilized to build a new intake every time the river
changes course or when floods wash it away. The amount of efforts required to keep
systems functioning, however, may not be proportional to the benefits that are realized.
Hence everything else remaining equal the chances that systems with favorable
topography are able to access water for more months than systems with difficult
topography are always greater. And, water availability is strongly associated with
performance.
The adverse impact of topography on system operation can be observed more
readily on N-S systems than E-W systems. Belsi/Hajipur, a system on Kair River was not
in operation during the peak paddy season in June, 2003 when the survey was
undertaken. The river had changed course leaving the existing intake on dry ground
almost 100 meters away from the river’s new course. To make the system operational a
new intake would have to be constructed which evidently the group had not undertaken
during that time. Another interesting feature of this system was the unique topography of
the fields at the tail end relative to the head end. Because of the way the fields are
situated the tail-enders receive all the drainage water naturally from the head end during
the wet season without any efforts. This is not the case in most systems where efforts are
required to get water to the tail ends even during the monsoons. Hence, unlike in other
systems the tail-enders here have fewer incentives to cooperate unless water sharing
agreements can be worked out for the dry season. Two settlements - Bansi and
Bhokahana – located at the tail end of this system refuse to cooperate in system operation
and maintenance because settlements at the head-end are not willing to share water with
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them during the dry season. Coping with the combined effects of a unique topography
and river course change is a serious challenge for Belsi/Hajipur. Two additional systems
that weren’t functioning are Jyamire and Baireni/Pakhadibas. Jyamire, a system located
upstream relative to Belsi/Hajipur on the Kair River had to close down because it was
unable to manage floods. Incessant flooding threatened not only its fields but those of
neighboring systems. Hence, there was tremendous pressure on Jyamire to close its intake
site. A permanent gabion wall over a hundred meters in length had to be constructed to
contain the floods. Since this was a relatively small system (55 ha, 100 households) it
was unable to generate sufficient resources to develop an alternative intake site. Farmers
on this system at present rely on drainage water from other systems and some on their
own pump sets. The difficulties of Baireni/Pakhdibas system on Pumpa khola are also
associated to a great extent with topography. Scouring of the river bed has lowered its
elevation at the intake site. Since the differences in the elevations between the intake and
canals are becoming even smaller this is reducing the natural flow of water in the canal.
During the dry season when the water volumes in the river are low flow in the canals are
reduced to a trickle. Relocating the intake at higher elevations is not also easy because
there aren’t too many suitable sites in the area. This problem is further compounded by
the fact that a significant length of the main canal passes through difficult mountain
terrain prone to landslides. A section of the main canal (400 m) that was washed away by
the last landslide had yet to be repaired. The adverse impact of topography on many N-S
systems does indeed constrain the volume of water it can access.
Compared to N-S systems E-W systems are more favorably endowed. Since E-W
Rivers have gentler gradients and do not frequently change course there is a larger
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number of points where intakes can be suitably located. Idle canal lengths are shorter,
larger command areas are irrigated, canals traverse through easy terrain, average access is
round the year, and canal maintenance efforts are significantly lower. These
characteristics can be observed in irrigation systems of Jankalyan “Ka “, Janashakti,
Badgaon/Pipra, and Amrit. The physical conditions of Amrit, a system drawing water
from the Kuchkucche forest springs is even more favorable. Though flooding is still a
major concern and intakes have to be rebuilt multiple times in a year the topography of
the area in general is largely favorable. Most of the E-W systems that I surveyed during
field work were fully functional and had well maintained canals.
Resource conditions appear to influence cooperative behavior. When water is
plentiful and there are many well spaced-out sites to locate intakes on a river there is
more inter-system cooperation. Two instances of inter system cooperation were observed
in E-W systems. Farmers from ward number 5 of Kathar VDC use the canals of the
Amrit Kulo to transport their share of the water from Janakalyan “Kha”. Similarly, the
villagers of Pipara use the canals of Badgaon to convey their share of the water from the
Badgaon/Pipara system to their fields. This system draws water from two separate rivers
(Boodi Rapti and Dhongre). On the contrary, if resource conditions are poor and there are
not too many suitable sites to locate intakes then intersystem cooperation can suffer. This
is underscored by the intersystem conflicts of Pumpa, Kyampa, and Chipleti located on
Pumpa river (see Shukla et al, 1996 for details). Pumpa has the lowest discharge among
the N-S rivers and tends to dry up at the lower stretches during the dry seasons of
April/May. Given the nature of the river irrigation systems are very sensitive about
asserting their water rights. The source of conflict amongst these systems has been the
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location of their intakes which are relatively close to each other (within a distance of 100
meters) and the construction of a semi-permanent intake by Pumpa allegedly increasing
its ability to divert more water for itself.

FACTORS THAT DO NOT AFFECT PERFORMANCE
The cases are in good agreement with an earlier analysis that the socio-cultural
composition of the appropriators does not affect performance. There are ethnically
homogenous groups in systems such as Jankalyan “ka”, Amrit, and Baheri Paschim and
there are also mixed groups in other systems such as Pumpa, Kyampa, Surtani,
Badgaon/Pipra and Baireni Pakhdibas. There are three or four and in some cases even
five different ethnic groups associated with a system. Except for one case
(Baireni/Pakhdibas) where socio-cultural differences have severely affected system
performance cooperation in most other systems appear to be enduring. Group
homogeneity appears not to affect performance. Water users associations are active,
farmers routinely cooperate in system maintenance, rules governing resource use are
followed and enforced, the physical infrastructure is in good condition and no serious
intra system conflicts are reported.
The choice of using private pump-sets and not relying on the community system
for their water needs constitutes an exit option for farmers. The impact of this exit option
on cooperation and performance in most systems, however, is negligible. In a few
systems (Baireni/ Pakhdibas and Belsi/Hajipur), though, the impact can be observed.
Pump sets are mostly used in the N-S systems by some of the wealthier farmers. The
majority, however, are small farmers who on average own less than 0.67 hectares of land
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and have to rely on the system. Also, since the fuel costs for these pump sets are reported
to be significant (Rs 100-120/hour) even the wealthier farmers tend to use these as a
supplement rather than a replacement. Farmers report the use of at least 6 pump sets in
the Baireni/Pakhdibas system and feel that this has also contributed towards the reason
why attention is not paid to operating the canals. This particular system, as we have seen
earlier, suffers from multiple problems (ethnic conflict, difficult terrain). With
resourceful farmers exiting this system problems have become more complex.

THE COORDINATION CHALLENGE
Irrigation systems in Chitwan, as we have seen, face a variety of challenges. The
terrain can be difficult; rivers can be unruly, group members may belong to diverse
cultural backgrounds, group sizes may vary, asset endowments of individuals may differ
and so may the interests of group members. Given these constraints any irrigation system
has to resolve its fundamental problems of provision and appropriation. Intakes and
canals have to be constructed and maintained on a periodic basis and appropriation rights
and responsibilities have to be agreed upon. These activities consume lots of energy and
require the mobilization of significant resources.
A survey of the systems studied in Chitwan show that all of the systems have
water users associations and there are rules governing the allocation and distribution of
water and resource mobilization for maintenance. All the systems also have a monitoring
and sanctioning system in place. Water in most systems is allocated in proportion to the
land area irrigated by the farmer and resources for repair and maintenance are also
mobilized on the same basis. All of the systems also maintain records of labor
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contributions and fines collected. Water distribution techniques may differ from system
to system and so may the amount of contribution and fines collected. All group members,
however, have a common understanding of the principles of water entitlements, resource
contributions, and fines for rule violations. Though the water stressed N-S systems tend
to be better rule followers than the E-W systems there is not much variation in the level
of rule following/ breaking within the N-S or E-W systems. The irrigators in Chitwan
have been able to constitute and enforce their own set of rules to cope with the
coordination challenge, successfully.
Topography to a very great extent determines the amount of efforts required to
manage irrigation systems in Chitwan. Systems located on N-S flowing rivers face more
uncertainties than systems located on E-W flowing rivers. Hence, more cooperative
efforts are required to cope with the challenges in N-S systems. Though most of the
systems are able to tackle their asymmetry problems by crafting appropriate sets of
governing rules there are failures as well. The reasons for these failures are associated
more with topography and lack of leadership abilities rather than ethnic differences,
availability of exit options or system characteristics. Most farmer managed irrigation
systems in Chitwan are functional and generally in good condition. Most have been able
to get out of the cooperation dilemma by providing themselves with self-governing
institutions.

163

Chapter 7
ANALYSIS OF FOREST RESOURCES
INTRODUCTION
One of the key goals of this dissertation has been to examine the role that
heterogeneity may play in influencing self-organization capabilities of resource users
who share a common resource. In chapters 5 and 6 I looked at this issue in the context of
irrigation systems. In this chapter I undertake a similar exercise but with forests as the
common pool resource. Examining relationships between heterogeneity variables and
collective activity in two different contexts with relatively large number of cases from a
single ecological zone of Nepal not only helps us understand heterogeneity variables
better but also allows us to examine the role that physical characteristics of a resource
may play in the ability of resource users to self-organize.
Though the physical characteristics of the two resources examined are quite
distinct there are similarities too. Mobile resource units in irrigation systems and
stationary units in forest resources may call for different appropriation and provisioning
strategies but for them to be successful users have to be able to design institutions that the
majority are willing to recognize, monitor and enforce. Whether or not users are actually
able to cooperate and craft successful institutions, however, depends on quite a number of
factors. Though there is considerable agreement on the attributes that are conducive to
self-organization there are also puzzling issues relating to the effects of size and
heterogeneity. Empirical studies indicate that group differences DO not have a uniform
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effect on the likelihood of sustaining collective action. It can either be positively,
negatively or even unrelated to self-organization efforts (see Chapter 2 for details). Since
many of the results are derived from individual case studies or small N studies scholars
argue that more large N studies may be required under diverse settings to understand the
relationships better. It is this concern that I attempt to address by examining associations
between forest resources and their user groups in Nepal.
This chapter consists of four sections. In the first section I lay out the goals and
the general methodology employed to undertake the analysis. In the second section I first
describe the source and characteristics of the data used for the analysis. Then, I describe
the dependent as well as the independent variables and explain why each of these
variables is important and how they are measured. In the third section I report the results
of both the statistical and the remotely sensed image analyses. And, finally, I present a
discussion of the results

GOAL
Nepal’s population is predominantly rural and livelihoods for the most part
depend on subsistence agriculture and forests. Forest resources, for most households, tend
to be vital and meet a variety of needs viz. fuel-wood for cooking and heating, fodder &
leaf litter for raising livestock or use as agricultural inputs, timber for construction and
herbs for medicines. The reasons why communities might want to organize and ensure
sustainable forest use, at face value, appear obvious. Not all are able to devise rules that
regulate harvesting patterns, however, so as to ensure the sustainability of forest
resources over time. Some tend to be more successful than others at organizing to
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overcome the temptations to overharvest. Such differences in the ability to self-organize
are believed to be driven by forces associated with the attributes of the resource,
attributes of resource users, institutional arrangements, and the external environment.
These factors are thought to influence the costs and benefits of organizing to protect or
enhance forest resources.
Among the four factors the one that is most puzzling relates to differences within
groups. Groups can differ along any of the dimensions that might be related to resource
endowments, socio-cultural backgrounds, interests or political standing (Baland &
Platteau, 1996). How such differences may affect the ability of a group to self-organize,
however, appears not to be uniform and is highly contested. My goal in this chapter is,
therefore, to examine how particular heterogeneities may affect a group’s ability to selforganize to govern its common pool forest resources. I undertake this task by first
identifying and selecting a few key variables that capture group differences among Nepali
forest user groups. Then, I examine how each of the variables is associated with selforganization capabilities. In addition to this I also examine how physical attributes of the
resource and the external environment may affect self-organization capabilities. The aim
of the chapter in general is to try and understand how differences in resource user
attributes, differences in resource attributes and differences in the external environment
affect the capabilities of common pool resource users to self-organize.
The settings in which forests are used and managed across Nepal vary along a
number of dimensions. Physical attributes of the forest vary with respect to size,
proximity to roads, linkage with markets, and topography. Similarly, resource user
attributes vary along the dimensions of group size, incomes, ethnic composition,
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dependence on resource and distance from settlements to forests. Further, forests can also
be divided into distinct groups based on separate types of governance regimes. Such
differences allow us to explore the influence of various variables on the ability of groups
to organize.

GENERAL METHODOLOGY
I use two different methods to approach the problem. The first technique involves
the use of statistical analyses to explore relationships between forest conditions,
collective action and selected explanatory variables. This is based on the data generated
by the International Forestry Resources and Institutions (IFRI) research program. The
second technique involves the use and analyses of remotely sensed images over time to
assess, in particular, relationships between topography, governance regimes, and forest
conditions. Although associations between governance types and forest conditions or
topography and forest conditions are also examined using the first technique it has been
supplemented by image analysis, nonetheless, to allow for a comparison of results
generated through two separate methods. Remote analysis is a powerful tool to visually
assess forest conditions with ease especially at broad regional scales.
For the statistical analyses I have chosen one dependent and nine explanatory
variables. My dependent variable is forest condition which is an evaluation of the user
groups’ assessment of their forests. The nine independent variables are: 1) collective
activity, 2) rule enforcement, 3) ethnic composition of the group, 4) wealth disparity
within a group, 5) the groups’ dependence on forest resources, 6) group and forest size, 7)
the distance from settlements to forest, 8) governance type and 9) topography.
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The first two independent variables (1&2), are collective action variables. They
are basically a measure of a group’s organized collective activities at the user level.
These two variables in essence try to capture the same idea but differ in the way it is
done. The first variable, “collective activity”, is a composite variable. It is constructed by
taking into account three separate types of activities user groups engage in when
managing their forests. These include forest preservation and maintenance activities (e.g.
clearing brush, planting seedlings, removing leaf litter); activities associated with making
rules and regulations that define harvesting rights and responsibilities; and monitoring
and sanctioning activities which ensure that rules are followed. In contrast to the
composite variable my second variable “rule enforcement”, which also serves as a proxy
for collective activity, is simpler in its construction. It is based on information relating to
how frequently user groups undertake monitoring and sanctioning activities and how
often rules are generally followed. The underlying concept here is that unless users are
willing to monitor each other’s activities and follow rules there may be no collective
activity (Gibson, Williams, Ostrom, 2005). Therefore, if monitoring and sanctioning
activities are critical components of successful collective action then it should also serve
as a good proxy for it. The “rule enforcement” variable is hence a subset of the composite
variable “collective activity”.
The next five (numbers 3 to 7) are heterogeneity variables. They represent some
of the important differences one may find within groups in Nepali villages. For instance,
a forest user group or for that matter an irrigation user group is often comprised of
multiple ethnic groups. One can quickly sense a group’s multi ethnic composition by
observing the language spoken, the clothes worn and the surnames carried by members of
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a group. Similarly, there can be significant wealth differences within groups. This can
also be observed fairly quickly by looking at the differences in the types of construction
materials used for housing and the number of livestock tethered in barnyards. Other
variables such as size of a user group, distance of forest from settlements, and household
dependence on forests - though not visually obvious – are nevertheless important
characteristics that define differences and determine self-interests among Nepali forest
user groups.
The remaining two variables “governance type” and “topography” represent the
external environment and attribute of the physical resource, respectively. The
independence with which forest user groups are allowed to manage their forests depends
significantly on an external actor, the government. And, the degree of rights accorded to
user groups varies according to the type of governance regime that is in place. This may
result in different levels of motivation to self-organize. Users of community forests, for
instance, enjoy greater freedoms and responsibilities in managing their forests than those
associated with national forests. Similarly, user groups may face different challenges at
self-organization depending on the nature of the forest which, to a large extent, is
associated with the topography of the region. There can be major differences between
forests in the plains and those in the Hills of Nepal with respect to forest history, ecology
and economy.
Among the nine independent variables five represent differences in group
characteristics, two represent institutional arrangements, and one each represents the
attribute of the resource and the external environment. To determine how these variables
may impact a group’s ability to self-organize I set up a three-way table and perform chi-
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square tests of independence on all sub-tables. A three way table allows one to evaluate
the strength of association between collective activity and forest conditions under a
variety of conditions. The user groups’ assessments of forest condition are tabulated by
each of the explanatory variables and the collective action variables. Since there are two
collective action variables - collective activity, and rule enforcement - this generates two
sets of seven tables. Rule enforcement is also included as a separate indicator for
collective action because it is reported to have a strong correlation with forest conditions
(see Gibson et al, 2005). If the two sets of results are similar then this would suggest that
the variable “rule enforcement” would be a much more efficient proxy for collective
action than the comprehensive variable “collective action index”. A comprehensive
explanation of all the variables used in the statistical analysis and the way they have been
measured are presented in a subsequent section titled “measurements and methods”.
The analyses of remotely sensed satellite images of Chitwan provide another
method to investigate the influence of topography and governance variables on forest
conditions. Temporal composite images can be visually assessed to broadly determine
whether changes in forest cover are or are not associated with the variables topography
and governance types. The topographic profile of Chitwan district is a mix of
mountainous and flat terrain which easily shows up in the images. Forests in the district
are also easily identified by governance types i.e. whether they are self-governed
community forests or centrally governed national forests. The images enable us, in light
of these distinctions, to see where forest cover changes have occurred over time. Not only
does this provide us with a general picture of land cover change occurring over time, but
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more specifically also allows us to corroborate results obtained from the statistical
analyses for these two variables.
I use the “multi date visual change detection using write-function memory
insertion” algorithm (Jensen, 1996) to develop color composite images. This technique
allows us to look at two or even three dates of remotely sensed imagery at one time and
to visually identify the changes. Though quantitative changes cannot be assessed through
this technique it is considered to be excellent for qualitatively assessing the amount of
change in a region (Jensen, 1996).
Three Landsat images of Chitwan from 1976, 1989, and 2000 are used to produce
three separate composite images. The first composite image reflects changes from 19761989 and the second from 1989 - 2000. The third composite image includes image layers
from all the dates and reflects changes over 24 years for all the time periods. There are
multiple image processing steps that need to be undertaken before the change detection
algorithm can be applied to develop composite images. These involve procedures such as
registering and resampling topographic maps, image to map rectification, image to image
rectification, geometric correction, radiometric correction, and atmospheric corrections.
The details of how and why these procedures are undertaken are presented in a
subsequent section named “measurements and methods”. The description of the satellite
images used in the analyses is presented in the next section on “data description”.

DATA DESCRIPTION
International Forestry Resources and Institutions (IFRI)
The statistical analyses undertaken in this study are based on the data generated
by the International Forestry Resources and Institutions (IFRI) research program. IFRI is
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a multilevel, multicountry overtime study of forests and the institutions that govern,
manage, and use them. A standard set of ten IFRI research protocols (Appendix 4-3) are
used by all research collaborators to collect information on biophysical measures of forest
condition, socioeconomic and demographic structure of forest users, and rules affecting
forest resources. It is one of the first research programs that combine systematic forest
mensuration techniques with social science data collection methods to generate
information about variations in forest conditions and incentives and behaviors of forest
users influencing them. IFRI studies are undertaken by a network of collaborating
research centers (CRCs) and are coordinated jointly by the Workshop in Political Theory
and Policy Analysis and the Center for the Study of Institutions, Population, and
Environment Change at Indiana University. There are currently more than 14 CRCs
located in 11 countries that have completed research at more than 244 sites.
The IFRI-Nepal CRC data, which covers the time period 1993-2003, is the basis
for this analysis. Though information is available on 51 sites covering 114 forests only 59
forests comprise the study sample size. All of the forest sites could not be included in the
analysis either because of inadequate information, the need to account for revisits, or
because the cases involved leasehold-forests 9. Of the 59 cases examined 32 are
community forests, 19 national forests, 4 wild life reserve parks and 4 national parks.
These forests are distributed across Nepal and cover 11 of the 14 Zones and 23 of the 75
districts of Nepal. The maximum numbers of cases are from the central development
zone (26), and the district with the highest number of cases is Chitwan (10). The

9

Leasehold forests are small sized degraded National forests leased to user groups. Since forest conditions
bear no relation to the amount of efforts put in by the user groups they have been omitted in the analysis.
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distribution of cases by Development Zones, Zones, and Districts are reflected in the
following table.
Table 7-1
Distribution of Cases by Geographical Categories
DEVELOPMENT
ZONES
EASTERN (13)

CENTRAL (26)

WESTERN (10)

MID-WESTERN (4)

WESTERN (2)

ZONES
Mechi

DISTRICT
CODE
1

Kosi

2

Sagarmatha

3

Janakpur
Bagamati

4
5

Narayani

6

Gandaki

7

Lumbini

8

Dhaulagiri
Karnali
Rapti
Bheri

9
10
11
12

Seti
Mahakali
TOTAL NUMBER OF CASES

13
14

DISTRICT
Ilam
Jhapa
Dhankutta
Sankhuwashava
Sunsari
Saptari
Siraha
Udayapur
Ramechap
Kathmandu
Kavrepalanchok
Nuwakot
Sindhupalchok
Chitwan
Makwanpur
Gorkha
Tanahu
Palpa
Rupandehi
Parwat

NUMBER
OF CASES
3
1
4
2
1
3
1
2
2
1
1
4
3
10
5
4
3
1
1
1

Banke
Bardia

1
3

Kanchanpur

2

TOTAL
CASES
4
7
6
2
9

15
7
2
1
0
0
4
0
2
59

Research on two of the forest sites at “Piple” and “Kathar” village development
committees were undertaken in 2003 as part of this dissertation. It was undertaken in
collaboration with the Nepal CRC team who then already had experience of conducting
49 such studies across various sites in Nepal. A five member team of biological and
social scientists spent two weeks per site collecting forest related information based on
the IFRI protocol. The team engaged in extensive group discussions with diverse local
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forest users and with officials at multiple levels. Forest plots were also sampled to obtain
detailed mensuration data on trees, shrubs, and groundcover present at the site. A
household survey of the user group was also undertaken to collect demographic and
socio-economic information. All of the information acquired from many individuals
during the day was discussed among the team during the evenings and answers to core
questions were properly coded on the basis of consensus. The core questions primarily
related to group economic and social structure and activities; rules and rule making,
enforcement; conflicts and conflict resolution methods; and historical information about
the forest and settlements in which the forest users live. All of this information was
subsequently entered into a structured database.
In the IFRI research protocol a forest is defined as an area that is at least 0.5
hectares containing woody vegetation which is used by at least three households and
governed by the same legal structure. A forest, therefore, just has to meet these criteria
and does not have to be official reserves, parks, or nationally designated forests to be
considered forests. Similarly, a user group is defined to be a group of people who harvest
from, use, or maintain a forest, and who share the same rights and duties to forest
products whether or not they are formally organized. Since the IFRI database has
information not only on physical forest conditions and rules governing forest use but also
substantial information on user groups regarding their ethnicity, caste, wealth,
occupation, location relative to forest, reliance on the forest, patterns of resource use, it
allows for the study of relationships between heterogeneity, collective action, and forest
conditions. The thrust of this analysis is in that direction.
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Remotely Sensed Images
Assessment of land cover change is based on the analyses of three satellite images
of Chitwan district over a 24 year period. Observation dates of the images are December
3, 1976; January 24, 1989 and March 27, 2000. The satellite images include a Landsat
Multi Spectral Scanner satellite image (MSS 1976), a Landsat Thematic Mapper satellite
image (TM 1989), and a Landsat Enhanced Thematic Mapper satellite image (ETM
2000). The different types of images for different dates reflect a progression in the
scanning technology from multi spectral scanning systems to more advanced systems. All
of these images were acquired and made available by the Center for the Study of
Institutions, Populations, and Environmental Change (CIPEC) at Indiana University. A
summary of the characteristics of the satellite images used is presented in the following
table.
Table 7-2
Characteristics of Satellite Images Used for Analysis
Satellite Type
Landsat 2
Landsat 4
Landsat 7

Sensor
MSS
TM
ETM

Number of bands
4
7
7

Spatial resolution (m)
79
30
30

Observation date
December 3, 1976
January 24, 1989
March 27, 2000

The time interval between the three images is more than 10 years and all of the
observation dates fall within the Nepali winter season (December through March).
Though it would be better to have all images around the same time of the year, the given
image still allows us to detect meaningful changes in forest cover for the purpose of this
study.
In addition to the satellite images 8 topographic maps of Chitwan (map numbers
2784 06B, 06D, 07A, 07C, 07B, 07D, 08A and 08C), representing my area of interest,
were also used to georeference the TM 1989 image. The 1:25,000 scale topographic maps
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have a contour interval of 20 meters and are published by the Survey Department,
Government of Nepal.

MEASUREMENTS & METHODS
In this section I first describe in detail the variables employed in the statistical
analysis and how they have been measured. I then present a description of the image
processing procedures employed in analyzing the remote images.
Ten variables have been used in the statistical analyses. Forest condition is the
dependent variable. Among the independent variables two are collective action variables,
five heterogeneity variables, and one variable each on governance and topography.

Forest Condition
The dependent variable in this study is the user groups’ assessment of their
“Forest Condition”. Assessments of forest conditions could be done on the basis of key
physical variables such as tree density, number of species and biomass. However, since
these variables can vary significantly across ecological zones I have employed the user
group’s assessment of their forests as an indicator of forest condition. User group
assessments of their resource conditions are known to be fairly accurate and they have
also been used in prior studies (Gibson et al 2005, Varughese and Ostrom 2001). User
groups are asked if they thought the forest was very abundant, somewhat abundant, about
normal for this area, somewhat sparse or very sparse. The responses are dichotomized at
mean of the five-point scale and recoded to reflect whether the forest condition is good or
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poor. Descriptive statistics for the entire dependent and independent variables are
presented in (Appendix 7-1).

Collective Activity
User groups can engage in a variety of collective activities such as making and
adapting rules relating to inclusion or exclusion of participants, appropriation strategies,
obligation of users, monitoring and sanctioning and conflict resolution. There can,
however, be considerable variation in the degree of collective activity that groups engage
in and this can be assessed in a number of ways. One such measure that I use in my
analysis is the “collective action index” which is similar to that employed by Varughese
(1999). It is a composite index that combines information on multiple dimensions of
collective action. The composite index is constructed using three groups of variables
associated with collective activity viz. i) organized group activity, ii) harvesting
constraints and iii) monitoring and sanctioning. Organized group activities are activities
such as developing nurseries, planting seedlings, clearing brush and undergrowth or any
other activities user groups undertake jointly to maintain forest health. The variety and
the frequency with which such activities are undertaken are used to measure the strength
of organized group activity. The second set of activities grouped under harvesting
constraints is, similarly, assessed by examining the number and types of rules governing
the harvesting, processing and sale of forest products and the levels of compliance
observed by user groups. Finally, the seriousness with which groups’ take their
monitoring and sanctioning activities is assessed by examining variables such as the ease
with which harvesters can be observed by each other, the level of compliance to
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sanctions, the seriousness with which rules are enforced, and maintenance of records
relating to sanctioning and its access to the public.
Elements in each of these three groups are combined to develop a composite
index of collective action. Initially, separate indices are constructed for each of the
groups. These are based on a three point scale where 1 reflects low, 2 moderate and 3
high measures of collective activity. A composite index of collective action is then
constructed by integrating the values of each of the three indices. The cumulative sum of
the indices, the collective action index, varies on a scale of 3 to 9 reflecting seven
different categories. A score of 9 indicates very strong and 3 extremely weak collective
action. These cumulative scores are then dichotomized at the mean of the 7 category
rankings and recoded as 0 to reflect weak collective activity and 1 to reflect strong
collective activity. My measure of collective activity is hence a dichotomous variable that
is generated from the collective action index (see Appendix 3 for details).
Formally, the Collective Action Index can be represented by the following
relationships:
Collective Action Index (CAI) =

f (Group Activity, Harvesting Constraints,
Monitoring and Sanctioning Activities) -------- (1)

Where,
Group Activity =

f (number and frequency of joint activities
undertaken by user groups to maintain forest
health)
Harvesting constraints =
f (rules restricting the volume of forest products
that can be harvested, processed and sold, and
their level of compliance)
Monitoring & sanctioning activities = f (seriousness with which rules are monitored and
enforced)
And,
Collective Activity = “weak” if CAIi < sample mean, and “strong” if CAI>= sample
mean.
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The collective action index is a measure of the extent to which local residents
have organized themselves to manage their forest resources. And, depending on whether
their collective action indices are higher or lower than the sample mean user groups are
placed into the two categories “strong or “weak”. These two categories, hence, reflect
relative differences in their abilities to develop well understood set of harvesting and
maintenance rules and their willingness to spend time and resources to enforce their own
rules. “Stronger” groups exhibit more such abilities than the “weaker” groups.

Rule Enforcement
There are quite a number of factors that determine whether a group succeeds or
fails in managing its natural resources. Having well-defined boundaries and rules
governing the appropriation of benefits and costs are considered to be important, but,
even more so is the willingness of the group to abide by its established rules. Unless users
are willing to follow rules and also spend time in watching others follow rules collective
activity can unravel fairly quickly. Gibson et al (2004) underscore the importance of rule
monitoring and enforcement by showing a strong correlation between rule enforcement
and forest conditions regardless of the level of social capital, forest dependence or formal
organization associated with groups. Given this strong correlation, I also use rule
enforcement as a proxy for collective activity and then compare this set of results with
those based on the collective action index.
The rule enforcement variable that I construct encompasses two components a)
enforcement and b) compliance. The enforcement part is reflected by the frequency with
which user groups undertake their monitoring and sanctioning activities and compliance
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by the extent to which rules are observed. Information on how frequently groups
undertake their monitoring and sanctioning activities is recorded in the IFRI protocol as
never, occasionally, seasonally and year round. And, information on the extent to which
user groups follow the rules for harvesting, processing or selling products is coded as
rarely or never, sometimes, about half the time, most of the time and almost always. I
combine these two sets of information and recode them into two categories “strong rule
enforcement” and “weak rule enforcement”. If user groups are engaged in monitoring and
sanctioning activities either year round or seasonally and if they comply with rules almost
always or most of the times then they are coded to reflect strong rule enforcement. Any
other combination is coded in the other category. The variable does not discriminate
between the kinds of rules that are enforced or the kinds that groups comply with. It just
reflects at a very general level a measure of the effort by groups to establish rules in their
forest and the level of compliance generated.

Differences in Ethnic Composition
An important source of heterogeneity is cultural differences. Differences in
ethnicity may leave room for different interpretations of rules and different perceptions of
social norms which may consequently result in problems of self-organization. Some
studies from Nepal do support the view that it is much more difficult to organize and
sustain cooperation when resource user groups are ethnically heterogeneous (e.g. Chettri
and Pandey, 1992). There are, however, other studies within Nepal which, on the
contrary, show that ethnic diversity does not really hinder collective activity (Lam,
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Varughese, Gautam). In this study, I too examine the relationship between socio-cultural
differences and collective activity by looking at 59 forest user groups across Nepal.
The ethnic composition of Nepali villages can vary quite a bit from village to
village. Some village communities may be composed of a single ethnic group whereas
others may have multiple ethnic groups in various proportions. For the analysis, I divide
forest user groups into two categories based on the ethnic composition of user groups. If
any one ethnic group comprises more than 60% of the user group population I consider it
to be a homogenous group otherwise heterogeneous. The cut off is based on the
following index of fractionalization:
A = 1 - ∑ (Pi)2,
where Pi is the proportion of the total group population in the ith ethnic group, and i = 1 to
n.
“A” is the probability that any two randomly selected individuals from a user
group do not belong to the same ethnic group. If A=1, then the chances that the two
individuals belonging to the same group is nil and if A=0 the chances are one hundred
percent. So, a 60% cut off ensures that a group is marked homogenous only when the
index of fractionalization is well below 0.5. These two user group categories are then
examined to see how they are associated with collective activity.

Wealth Differences
The differences in wealth among rural Nepali households are generally reflected
in their land and livestock holdings. Regular sources of incomes derived from salaries,
remittances from abroad, or pensions are also indicators of wealth. A difference in
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wealth, however, does not necessarily imply that interests of asymmetrically endowed
groups in regards to their forest usage ought to be different. Most village households, in
fact, rely on forests for fodder, firewood, and construction timber for their subsistence
needs. Since forests fulfill a common need for many households there are no conflicting
interests “per se” in regards to the goal of ensuring a regular supply of forest products
over time. What can generate divergent incentives, though, is the volume of forest
products required by various households. Some wealthier households, because they have
more livestock and farmland, may need more forest products for their livestock and
farmlands than others. Other wealthier households may rely less on forests because their
incomes or livelihoods are not entirely dependent on farming. Hence, incentives both
positive as well as negative exist to either induce cooperation or generate apathy in the
management of a community’s forest resources. On the one hand farmers with greater
assets may initiate action and even bear the costs of organizing to realize a greater share
of the benefits that would accrue from cooperation or on the other hand they may be
totally disinterested because they rely much less on the forests for their livelihoods than
poorer households.
The use of brick/concrete structures for housing construction, tin for roofing,
methane gas generating plants for cooking and lighting or the number of livestock
tethered in the backyards are some of the visual indicators of wealth in a village
community. These indicators can be apparent to even a rank outsider. Information on
wealth disparity, for this study, is based on overall self assessments made by members of
forest user groups. Local residents are very knowledgeable about the economic status of
households in their communities and are known to make pretty accurate assessments.
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Moreover, these assessments are based on a local definition of wealth. The wealth
disparity indicator used in this study is a dichotomous variable which is generated in
response to the question “Given the local definition of wealth, is there a great difference
among households (as locally defined) in the user group”? Based on the response, user
groups are divided into high and low wealth disparity categories. The relationships of
these two groups with collective activity and forest conditions are then examined.

Differences in Forest Dependence
Forests are vital to the subsistence economy of villages across Nepal. Not only do
forests provide direct inputs to agrarian livelihoods but they are also often a source of
cash revenues for supporting community schools as well as many other village level
activities. Although the forest is important to all households not all households, however,
depend on forests to the same degree for their food, biomass, timber or firewood needs.
Members of a user group can be very heterogeneous in respect to their reliance on forest
products. These differences can very much influence extant forest conditions. A higher
level of dependency, for instance, can mean higher consumption levels and therefore
more extraction pressures on forests. Or, on the other hand, resource salience could very
well also result in positive outcomes. For instance, individuals who are highly dependent
on a resource may place greater value on the sustainability of the resource than persons
who are less dependent on the resource. This can induce a longer term view in respect to
resource management resulting in better forest conditions.
I use a dichotomous measure, low or high, to assess the user groups’ dependence
levels on their forests. The IFRI questionnaire asks respondents to estimate the number of
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households (as locally defined) who depend significantly on the forest for their
subsistence needs. If this number is divided by the total number of households and then
dichotomized at the mean we are able to group the user groups into two categories low or
high. If the proportion of a user group dependent on its forest is greater than the sample
mean then this user group is considered to be high or else low on the forest dependence
measure. These two groups are then examined to see if there are significant differences
either in their forest conditions or collective activity.

Differences in Size
The influence of size on the ability of resource users to create and sustain selfgoverning organizations is known not to be straight forward. Though there may be
reasons to expect increasing group size to be negatively associated with successful
collective activity smaller group sizes also do not automatically translate into better forest
conditions. A smaller group size may provide more opportunities for establishing trust
amongst its members through frequent interactions and face to face communications.
However, smaller group sizes can also limit the ability of members to mobilize monetary,
time, or any other resources that may be required for self-governance.
The Nepali IFRI cases exhibit quite some variation in both forest and user group
sizes. Forest sizes range from 2 to 938 hectares and user groups from 9 to 1229
households. So, there are some cases where smaller user groups have access to bigger
forests and other cases where bigger user groups share smaller forests. To get a common
comparable measure I combine these two variables to generate a single measure of size
which reflects the amount of forest area available per unit household per user group. This
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ratio (forest area/number of households) is then dichotomized at the mean to classify
cases into two groups – large and small. If the user group ratio is greater than the sample
mean it is considered to be large otherwise small. It is the association between this
measure of size and collective activity that I then investigate.

Distance to Forest
The distance that user groups have to walk from their settlements to forests either
for harvesting or maintenance activities may influence the level of participation in
groups. Locational differences may become important especially when groups are
considering allocation of responsibilities and benefits. Those in close proximity to a
forest may have secure access to forest products irrespective of the allocation rules and
thus may be less motivated to contribute towards resource maintenance. Similarly, those
who live further away from forests may also show less support in contributing towards
forest maintenance (patrolling forests, planting trees, weeding etc.) unless allocation of
benefits and duties are perceived to be fair. There are studies that show that proximity to
a forest is an important factor influencing household participation i.e. the further the
households are located from forests the more organizing difficulties there are (Chettri and
Pandey, 1992; Chettri et al., 1998). Other studies, however, suggest that groups are able
to overcome difficulties arising from location by making innovative institutional
arrangements (Varughese, 1999). I examine what these relationships may be in the IFRI
cases from Nepal.
A forest user group generally comprises individuals living in different
settlements. Some of the settlements can be relatively close to the forests and others at
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quite a distance. Therefore, the distance that has to be covered by different households to
access the forest varies. The measure that I use to capture differences in location is an
estimate of a range of the average distance individuals live from their forests. Individuals
may live in or within 1 kilometer of the forest, within 1 and 5 kilometers of the forest,
between 5 and 10 kilometers of the forest, or more than 10 kilometers from the forest.
This information gathered from members of user groups is used to code user groups into
two categories. User groups are considered to be living “near” their forests if individuals
live in or within 1 kilometer of their forest and “far” otherwise. If differences in location
were to matter then user groups living “near” their forests should be better able to self
organize than those living “far” away.

Governance Type
There are two distinct ways forests are governed in Nepal either centrally or
through the local community. National forests, wild life reserves and national parks are
managed directly by government agencies and are classified as being centrally governed.
Harvest and use of forest products from such forests are defined by the national forestry
legislation and either the district forest office (DFO) or the national park office has legal
jurisdiction over these types of forests. The local communities have practically no say
over how resources from these forests are managed.
The DFO office, however, also has the authority (Forest Act of 1993) to hand
over the management of national forests to local user groups and operate it as a
community forest. Forest user groups from these community forests are legally
recognized as self-governing bodies and have partial autonomy in regards to the
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development, maintenance and use of forest resources. There is substantial lee-way for
groups to make rules regarding exclusion or inclusion of participants, appropriation
strategies, monitoring and sanctioning, and conflict resolution. Forests that are managed
as community forests are classified as being self-governed.
I examine the associations between these two categories of forests with collective
activity to explore the question, “would one be more likely to observe successful
collective action efforts in community forests (self-governed) than in non-community
forests (centrally governed)?”

Topography
To measure topography I use a dichotomous variable. If forests are located in the
plains it is classified a Terai forest and if it is located in the hills it is a Hill forest. There
are quite a number of differences between these two categories of forests. Not only do
they differ from each other in terms of their forest history, ecology, and economy but also
in terms of the farmland/forest composition, user groups, and commercial value. Terai
forests are generally located in single contiguous belts with settlements relatively far
away from forests. Hill forests, on the other hand, tend to be non-contiguous and
interspersed with settlements. Also, user groups in the Terai can belong to large
geographical areas and tend to be much more diverse than in the hills. Such
characteristics necessitate Terai user groups to spend more efforts at negotiations and
conflict resolutions than their counterparts in the hills. Further, Terai forests tend to have
high commercial value and given their proximity to markets and transport networks
incentive structures facing Terai and Hill user groups vary significantly. The topography
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variable, hence, captures much more than what is implied by its literal meaning. It is in
the context of such differences that I examine the associations between topography,
collective activity and forest conditions. These associations help throw light on the
question, “Is it significantly easier to self-organize in the hills than in the Terai?”

Remote Analysis Methods
The following section describes the procedures that were undertaken to prepare
the satellite images for change detection analyses. Two color composites and three
multitemporal image composites were developed.
Eight topographic paper maps of Chitwan (1:25,000 scale) were converted to
image format (Tif files) by scanning on a Spectra 300dpi scanner. The scanned images
were then georeferenced using the ERDAS Imagine software. This procedure involved
assigning exact Universal Transverse Mercator (UTM) coordinates to 9 equally spaced
control points marked in each of the scanned images. “ERDAS imagine” software used
these coordinates to rectify and register the scanned topographic images to UTM
coordinates.
The next step involved making geometric corrections to the satellite images. The
two procedures used to do this involved image-to-map rectification and image-to-image
registration. Image-to-map rectification is the process by which the geometry of an image
is made planimetric. It involves selecting ground control point (GCP) image pixel
coordinates with their map coordinate counterparts. And, image-to-image registration is
“the translation and rotation alignment process by which two images of like geometry
and of the same geographic area are positioned coincident with respect to each other so
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that corresponding elements of the same ground area appear in the same place on the
registered images (Chen and Lee, 1992)”.
The TM 1989 image was georeferenced to the topographic images in the UTM
coordinate system and it had a root mean square error (RMS) of less than 0.7 pixels. Then
the ETM 2000 and the MSS 1976 images were georeferenced to the TM 1989 image with
RMS errors of less than 0.5 and 0.6 pixels. Image registration involved selecting two
images of the same scene, choosing small ground features, called ground control points
(GCP’s), and warping one of them such that recognizable features from both
corresponded to the same pixel locations. Given the complex topography of this region
which varies from the flat plains to the Mahabharat mountain ranges, obtaining high
image to image georeferencing accuracies was not easy. Visual verification of
georeferencing accuracy undertaken by overlaying bands from the images on one another
indicated a good match.
After the geometric corrections web based protocols developed by Glenn Green at
CIPEC, Indiana University was used to make radiometric and atmospheric corrections to
the images. These are techniques to remove the noise from Landsat data. Landsat MSS,
TM, and ETM+ image data are transformed from digital number (DN) values to surface
reflectance values. The conversions correct for non-surface parameters related to
instrument and satellite differences, illumination effects caused by Earth-Sun distance,
solar incidence angle differences, and atmospheric optical property differences.
Once the images were processed appropriate band combinations were selected to
generate the greatest image contrast through false color composites. A color composite is
a three band color image with each band projected through one of the red green blue
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(RGB) color guns. Band combinations of (4, 2, 1), (4, 3, 2) and (4, 3, 2) were selected
respectively for MSS 1976, TM 1989 and ETM 2000 images. Band (4, 2, 1) means that
MSS 1976 spectral band 4 provides the red component of the composite image, band 2
the green component, and band 1 the blue component. For the MSS image band 4 is in
the near infrared (0.9 micrometers), band 2 in the red (0.6 to 0.7 micrometers) and band 1
in the green (0.5 micrometer) wavelengths. The wavelengths of bands (4, 3, 2) in the TM
and ETM images correspond to bands (4, 2, 1) in the MSS image. These band
combinations provide the highest contrast images. In all the three images vegetation
shows up in shades of red, vigorously growing vegetation in brighter reds, water bodies
in blue, a mixture of vegetation and soil in magenta, clouds in white and soils with no
vegetation vary from white to browns to greens depending on the moisture and organic
content. A visual comparison of the color composite images from the three time periods
allows for a first assessment of the land cover change in the region over time.
To detect systematic digital change, however, requires the use of a change
detection algorithm. Although there are a number of change detection algorithms that
have been developed, I use the “change detection using the write memory insertion
algorithm”. This method is considered to be very suitable for qualitatively assessing
nonspecific change in a region. The method involves the use of one band from each date
of imagery. Each band is put in an image plane to create a layer stack and the composite
is displayed. This way one can look at two or even three dates of remotely sensed
imagery at one time. Three separate multitemporal image composites are constructed
using this technique. Two of the multitemporal image composites are constructed using
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images from 1989 and 1976 and 2000 and 1989. The third image composite is
constructed by using all the three time periods e.g. 2000, 1989 and 1976.
Multitemporal image composite for 1989 and 1976 is generated by viewing
corresponding image layers from these two dates in three separate color planes. The
image brightness of the red wavelength band of TM 1989 (band 3) is set to the red color
plane, and the red wavelength band of MSS 1976 (band 2) is set to both the green color
and the blue color planes. Image composite for the dates 2000 and 1989 is constructed in
a similar manner. The red wavelength band for ETM 2000 (band 3) is set to the red color
plane, and the red wavelength band for TM 1989 (band 3) is set both to the green and
blue color panes. The multi temporal image composite for the three time periods is
constructed by using the red wavelength bands from each of the three images. The image
brightness from the latest date (ETM 2000, band 3) is set to red, image brightness from
the middle date (TM 1989, band 3) is set to green, and image brightness from the earliest
date (MSS 1976, band 2) is set to blue.
When multitemporal image composites are constructed in the above manner the
color of the composite can be used to detect change. Areas that experience land cover
changes between the two or the three dates exhibit differences in image brightness across
the dates. This change gets reflected in the color in the image composite. If forest land,
for example, was present in the earlier date but got cleared by the later date then this
shows up as red. If the direction of change is in the opposite direction (no forest to forest)
then this shows up as cyan in the image. In a three date composite if forest land was
stable say between 1976 and 1989 but was subsequently cleared by 2000 then it appears
as red in the multi temporal composite. If the forest was cleared in 1976 but has not
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regenerated by 2000 it appears as yellow. Similarly, if an area was forested at the earliest
date (1976), cleared before the middle date (1989), and regenerated prior to the latest date
(2000) then it appears green. If cleared areas regenerated before the middle date and is a
forest at the latest date then they appear blue. In contrast, if land cover does not change
appreciably between dates then they appear black, white or in shades of gray depending
on the inherent brightness at red wavelengths. Forests generally appear dark while
cleared land and river bank sands generally appear bright. Stable forests tend to be black
or dark grey and unchanging non-forested land tends to be bright gray or white.
Following these color rules change areas within a multitemporal image set can be quickly
identified.

RESULTS
Statistical Analyses Results
The tables presented below contain a tabulation of forest conditions by two
factors and provides their correlation. Each table contains two sets of data. The first
group, which is not shaded, presents users’ assessment of forest condition by “collective
activity”. And, the second group, which is shaded, presents forest assessment information
but this time by “rule enforcement”. Both sets of results involve chi-square tests of
significance and have been presented together in a single table for ease of comparison.
In Table 7-3 I provide a tabulation of cases of users’ assessment of forest
condition first by collective activity and then by rule enforcement. The results indicate
that collective activity and forest conditions are correlated and are highly significant (χ2 =
11.14, p<0.001). Strong collective activity is associated with good forest conditions and
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weak collective activity is associated with poor forest conditions. Similarly, correlations
between rule enforcement and forest conditions are also highly significant (χ2 = 11.23,
p<0.001). Strong rule enforcement is associated with better forest conditions and weak
rule enforcement with poor forest conditions. Both the proxies for collective action
appear to be strongly correlated to forest conditions.
Table 7-3
Collective Activity and Forest Condition

FOREST
CONDITIONS

COLLECTIVE ACTIVITY
Strong
Weak
Good
27
13
Poor
4
15

Total
40
19
N=59

Chi-Square Value = 11.14, Degree of freedom = 1,
Significance, p <0.001

RULE ENFORCEMENT
Weak
Total
8
38
11
16
N=54
Chi-Square Value = 11.23 Degree of freedom = 1,
Significance, p <0.001
Strong
30
5

Table 7-4 displays two sets of data. The first set of data reflects cases of users’
assessment of forest condition by collective activity and whether a group is relatively
homogenous or heterogeneous with respect to its ethnic mix. The second set is arranged
exactly in the same manner except that in this case the proxy for collective action is rule
enforcement. Data in all of the subsequent tables are presented likewise.
Table 7-4
Ethnic Composition, Collective Activity and Forest Condition

Homogenous
Group
ETHNIC
MIX
Heterogeneous
Group

ETHNIC MIX

FOREST
CONDITION
Good
Poor
TOTAL

COLLECTIVE
ACTIVITY
Strong
Weak
14
1
15

Good
Poor
TOTAL

13
3
16

7
7
14

Total

RULE
ENFORCEMENT
Strong
Weak

Total

21
8
29

16
1
17

4
4
8

30
5
25

4
7
11

18
11
29

DOF

Sig.

1
1

0.025
0.05

6
19
14
8
11
4
14
30
18
CHI- SQUARE TESTS
DOF
Sig.
χ2

χ2

Homogenous
N=29, N=25
6.81
1
Heterogeneous
N=30, N=29
4.74
1
Association between COLLECTIVE ACTIVITY and ETHNIC MIX: tau = - 0.016
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0.01
0.05

6.62
4.97

Results from the first data set indicate that collective activity and forest conditions
are correlated, regardless of the level of socio-cultural differences. The correlation
between collective activity and forest condition in the homogenous sub-group (χ2 = 6.81,
p<0.025) is as significant as it is in the heterogeneous sub-group (χ2 = 4.74, p<0.05).
Results in the second data set are similar to those in the first. Good forest conditions are
associated with strong rule enforcement and poor forest conditions are associated with
weak rule enforcement in both the homogenous and heterogeneous subgroups. And, the
correlations are statistically significant for both the groups, respectively (χ2 = 6.62,
p<0.025; & χ2 = 4.97, p<0.05). Also, the number of cases that exhibit either strong
collective activity or weak collective activity in the homogenous (15 strong, 14 weak)
and heterogeneous (16 strong, 14 weak) groups are nearly identical. The measure of
association between collective activity and ethnic mix is negligible (tau=-0.016).
The results suggest that it is highly unlikely for forest conditions to remain good
when collective activity or rule enforcement is weak, irrespective of whether the group is
homogenous or not. The negligible association between collective activity and ethnic
composition also suggests that heterogeneous as well as homogenous forest user groups
are equally likely to succeed or fail in their efforts at self organization.
A similarity in the results observed in the two sets of data suggests that groups
that are serious about enforcing their rules also tend to be serious about their participation
in other organized activities. This means that if a user group is strong at rule enforcement
then it would also most likely be skillful at making rules governing harvesting rights and
responsibilities and strong at undertaking joint activities to maintain forest health. If these
relationships hold consistently in the subsequent analyses then “rule enforcement” would
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have to be considered as the better proxy for collective action than the “collective
activity” index.
Variables in Table 7-5 are arranged exactly in the same way as in the previous
table. The heterogeneity variable in this case, however, is wealth disparity. Results
indicate that there is a positive association between collective activity and wealth
disparity (tau = 0.242). This would suggest that forest conditions are better when wealth
differences in a group are higher. The correlation between collective activity and forest
condition in the high wealth disparity sub group appears to be highly significant (χ2 =
10.97, p<0.001). This relationship, however, is not true for the low wealth disparity sub
group. In fact, when wealth differences are low the relationship is not significant (χ2 =
1.55, p<0.21).
Table 7-5
Wealth Disparity, Collective Activity and Forest Condition

High
WEALTH
DISPARITY
Low

WEALTH DISPARITY
High
Low

FOREST
CONDITION
Good
Poor
TOTAL

COLLECTIVE
ACTIVITY
Strong
Weak
24
4
28

Good
Poor
TOTAL

3
0
3

N=48, N=43
N=11, N=11

Chi Sq.
Value
10.97
1.55

8
12
20

Total

RULE
ENFORCEMENT
Strong
Weak

Total

32
16
48

24
5
29

6
8
14

30
13
43

2
3
5

8
3
11

DOF

Sig.

1
1

0.01
0.05

6
5
8
3
3
0
8
11
6
CHI- SQUARE TESTS
DOF
Sig.
Chi Sq.
Value
1
0.001
7.13
1
0.21
4.95

However, when rule enforcement is used as the proxy for collective action, the
results are slightly different. Rule enforcement appears to be significantly associated with
forest condition whether or not wealth disparity within a group is high or low. The
relationships in both sub groups are statistically significant at the 0.05 level (χ2 = 7.13,
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p<0.01; χ2 = 4.95, p<0.05). This would suggest that rule enforcement and not wealth
disparity is a more important consideration in respect to forest conditions.
The differences in the two sets of results show up in relation to the low wealth
disparity sub group. Whereas the association between collective activity and forest
condition is not statistically significant in one case the relationship between rule
enforcement and forest condition is significant in the other. This suggests, for one, that
though there may not be any difference between the two groups at the monitoring and
sanctioning levels there certainly are differences in their efforts at undertaking other joint
activities. The results indicate that more collective action efforts tend to be exerted in
groups where wealth differences are greater than in those where these differences are
smaller.
The next Table 7-6 arrays cases of users’ assessment of forest condition first by
collective activity and then by rule enforcement in relation to the heterogeneity variable
“dependence on forests”. The results show that the correlation between forest condition
and collective activity (χ2 = 8.51, p<0.004) or between forest condition and rule
enforcement (χ2 = 8.4, p<0.01) are statistically significant for the sub group who depend
more on their forests for their subsistence needs. In contrast, the relationship is not
significant at the p<0.05 level for the sub group who do not depend on their forests as
much for their needs. The results are similar irrespective of whether collective activity or
rule enforcement is used as the proxy variable for collective action. This suggests that the
dependence on forests does appear to influence the incentives for a group to selforganize. The results tend to support the assertion that groups who depend more on their
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forests for their subsistence needs have a stronger incentive to engage in collective action
than those who do not.
Table 7-6
Subsistence, Collective Activity and Forest Condition

High
DEPENDENCE
ON FOREST
Low

SUBSISTENCE
High
Low

FOREST
CONDITION
Good
Poor
TOTAL

COLLECTIVE
ACTIVITY
Strong
Weak
21
3
24

Good
Poor
TOTAL

6
1
7

N=47, N=42
N=12, N=12

Chi Sq.
Value
8.51
2.74

11
12
23

Total

RULE
ENFORCEMENT
Strong
Weak

Total

32
15
47

24
4
28

6
8
14

30
12
42

2
3
5

8
4
12

DOF

Sig.

1
1

0.01
0.097

2
8
6
3
4
1
5
12
7
CHI- SQUARE TESTS
DOF
Sig.
Chi Sq.
Value
1
0.004
8.4
1
0.097
2.74

Size is the heterogeneity variable in Table 7-7. It is constructed as a ratio between
the forest area in hectares and the number of households in a user group. The ratio is then
dichotomized at the mean to reflect either a large or a small size. The number of cases is
arrayed by collective activity and forest condition given the size factor.
The results indicate that the correlation between forest condition and collective
activity (χ2 = 11.49, p<0.001) or that between forest condition and rule enforcement (χ2 =
14.28, p<0.001) are highly significant when size i.e. the forest area available per unit
household is small. When this size is large then the relationships are not statistically
significant (χ2 = 0.669, p<0.41); χ2 = 2.79, p<0.1). The results are similar in both the
instances either when collective activity or rule enforcement is used as the indicator for
collective action.
The results suggest that size is a variable that appears to have some effect on a
group’s self organization capabilities. When there is less forest area available per
household correlations are significant but they are not when more is available. This could
197

suggest that if every other factor were to remain the same a smaller sized user group
would be better positioned to manage a smaller sized forest than a larger sized forest.
Prior study (Agrawal 1998) has also shown that smaller forest groups may be less able to
undertake the level of monitoring needed to protect their resources than moderately sized
groups given their manpower constraints. The correlation results between collective
activity and forest conditions in this analysis points in that direction too.
Table 7-7
Size, Collective Activity and Forest Condition

Large
SIZE
(HECTARE/HH)
Small

SIZE
Large
Small

FOREST
CONDITION
Good
Poor
TOTAL

COLLECTIVE
ACTIVITY
Strong
Weak
10
1
11

Good
Poor
TOTAL

17
3
20

N=20, N=19
N=39, N=35

Chi Sq.
Value
0.669
11.49

7
2
9

Total

RULE
ENFORCEMENT
Strong
Weak

Total

17
3
20

11
1
12

6
1
7

17
2
19

2
10
12

21
14
35

DOF

Sig.

1
1

0.1
0.001

6
23
19
13
16
4
19
39
23
CHI- SQUARE TESTS
DOF
Sig.
Chi Sq.
Value
1
0.41
2.79
1
0.001
14.28

Table 7-8 suggests that regardless of a settlement’s distance to its forests the
correlations between collective activity and forest condition are statistically significant.
The correlations between collective activity and forest condition (χ2 = 7.03, p<0.01) and
that between rule enforcement and forest condition (χ2 = 4.82, p<0.05) are both
significant when the distance to forest is far. The correlations are also statistically
significant when the distance is near (χ2 = 3.977, p<0.045; χ2 = 7.36, p<0.01). There also
appears to be no association between collective activity and distance (tau=0.074). This
implies that the differences in the forest conditions are not related to the proximity factor.
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Collective activity or rule enforcement is more important in relation to forest condition
than distance.
Table 7-8
Locational Difference, Collective Activity and Forest Condition

FOREST
CONDITION
Good
Poor
TOTAL

COLLECTIVE
ACTIVITY
Strong
Weak
17
3
20

Good
Poor
TOTAL

10
1
11

DISTANCE
Far

N=40, N=35

Chi Sq.
Value
7.03

Near

N=19, N=19

3.977

Far
DISTANCE TO
FOREST
Near

9
11
20

Total

RULE
ENFORCEMENT
Strong
Weak

Total

26
14
40

18
4
22

6
7
13

24
11
35

2
4
6

14
5
19

DOF

Sig.

1

0.05

1

0.01

4
14
12
4
5
1
8
19
13
CHI- SQUARE TESTS
DOF
Sig.
Chi Sq.
Value
1
0.01
4.82
1

0.045

7.36

Like the previous tables data is arrayed in Table 7-9 in a three-way format. Cases
are grouped by forest condition and by collective action depending on the way a forest is
governed. The differences examined in this instance are those that arise from having
separate types of governance regimes. Governance type is constructed as a dichotomous
variable representing either community or non-community types of forests.
The results indicate that the correlations between forest conditions and collective
activity or those between forest conditions and rule enforcement are statistically
significant irrespective of whether it is a community forest (χ2 = 4.03, p<0.05; χ2 = 4.26,
p<0.05) or a non-community forest (χ2 = 6.48, p<0.025; χ2 = 7.17, p<0.01). A further
examination of the relationship between governance type and collective action also
indicates that there is a positive and moderately strong association between governance
type and collective activity (Tau = 0.45). These results suggests that better collective
activity or rule enforcement results in better forest conditions in both types of forests but
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one is more likely to see stronger collective activity in community forests than in non
community forests. Strong collective activity is recorded in 71% of the 34 community
forests while only 28% of the 25 non community forests record strong collective activity.

Table 7-9
Governance, Collective Activity and Forest Condition

GOV.
TYPE

Community
Forest
Non Community
Forest

GOVERNANCE TYPE
Community Forest
Non Community Forest

FOREST
CONDITION
Good
Poor
TOTAL

COLLECTIVE
ACTIVITY
Strong
Weak
20
4
24

Good
Poor
TOTAL

7
0
7

N=34, N=34
N=25, N=20

Chi Sq.
Value
4.03
6.48

5
5
10

Total

RULE
ENFORCEMENT
Strong
Weak

Total

25
9
34

22
5
27

3
4
7

25
9
34

5
7
12

13
7
20

DOF

Sig.

1
1

0.05
0.01

8
15
8
10
10
0
18
25
8
CHI- SQUARE TESTS
DOF
Sig.
Chi Sq.
Value
1
0.05
4.26
1
0.025
7.17

Table 7-10 displays the cases by collective activity and forest condition when
forests are located in the hills and when they are located in the plains. It is the differences
introduced by topography that is being examined here.

Table 7-10
Topography, Collective Activity and Forest Condition

Hills
TOPOGRAPHY
Terai

TOPOGRAPHY
Hills
Terai

FOREST
CONDITION
Good
Poor
TOTAL

COLLECTIVE
ACTIVITY
Strong
Weak
18
0
18

Good
Poor
TOTAL

9
4
13

N=39, N=35
N=20, N=19

Chi Sq.
Value
11.52
3.83

11
10
21
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Total

RULE
ENFORCEMENT
Strong
Weak

Total

29
10
39

22
0
22

6
7
13

28
7
35

3
5
8

12
7
19

DOF

Sig.

1
1

0.001
0.05

2
11
9
5
9
2
7
20
11
CHI- SQUARE TESTS
DOF
Sig.
Chi Sq.
Value
1
0.001
14.81
1
0.05
3.91

The results indicate that the correlations between collective activity and forest
condition or those between rule enforcement and forest condition are significant both in
the hills (χ2 = 11.52, p<0.001; χ2 = 14.81, p<0.001) as well as in the Terai (χ2 = 3.83,
p<0.05; χ2 = 3.91, p<0.001) at the 0.05 level. This suggests that forest conditions are very
unlikely to be good when collective activity or rule enforcement is weak, irrespective of
whether a forest is located in the hills or in the plains. The differences in forest conditions
result not so much due to the topography but rather due to the differences in the collective
action efforts.

Remote Analysis Results
Figure 7-1 is a collation of three processed satellite images of Eastern Chitwan
over a 24 year period. The earliest is a MSS image from 12/3/1976, the middle a TM
image from 12/4/1989 and the latest an ETM image from 3/27/2000. All the images are
constructed as false color composites where the near infrared wavelength bands have
been set to the colors red, the red wavelength bands to green and the green wavelength
bands to blue. These wavelengths correspond to band combinations (4,2,1), (4,3,2), and
(4,3,2) for the MSS, TM, and ETM images respectively. Since color schemes are
associated with differences in the spectral reflectance characteristics for different
materials (e.g. healthy vegetation, senescent vegetation, and dry bare soil) images show
up in different colors. For instance, in the above band combinations healthy vegetation
shows up in different shades of red color, mixture of dry soil and vegetation in shades of
green, water bodies in blue and mixtures of wet soil and vegetation in cyan.
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Figure 7-2 is a larger version of the ETM 2000 color composite image of the
study area. Two distinct physical regions are delineated by the broken lines AA that runs
across the image. North of line AA lies mountainous terrain (foothills of Mahabharat
mountain range) and south of it the flat lands of the inner Terai. The flat lands are again
divided into two sections by River Rapti. Rapti, which flows in the east to west direction,
can be seen as a blue line running across the southernmost portion of the image. The
entire area south of the river is the northern section of the Royal Chitwan National Park
(RCNP). And, the mid-section i.e. area north of the Rapti and south of the line AA is
where most of the settlements and agricultural lands of Chitwan are located.
Mountain terrain is distinguishable by the multiple folds and creases seen in
Figure 7-2. The dominant color in the area north of section AA is red. The different hues
of red suggest a presence of vegetation and forest cover across the region in different
densities. Lines in blue color reflect river systems and shades of cyan in the northern
periphery of the region marked community forests indicate mixtures of bare soil and
vegetation suggesting settlements and agriculture. The areas marked as community
forests and national forests represent two distinct types of governance regimes in the
mountainous regions. The polygon on the extreme right hand side of the image represents
community forests (CF). There are nine CFs within this area. The region bounded by the
ellipse, similarly, represents national forests. Forests which are not community forests are
by definition national forests. Hence, national forests occupy a region far greater than that
represented by the elliptical boundary in the image. Also, there are many more
community forests interspersed with national forests across the region than those
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represented in the polygon. The markings merely distinguish regions with two relatively
pure types of forest governance regimes in this topography.
The distinctive features of the mid section or the flat lands in Fig 7-2 are region 1
in cyan, Barnadabar forest corridor in shades of dark gray, region 3 in cyan, community
forests in the buffer zone in red, and region 2 bounded by the ellipse in red. Bharatpur
Municpality, the major town area in Chitwan is part of region 1. However, since most of
the area surrounding the town is agricultural the dominant color is cyan. Region 3 another
large block of area also shows up in cyan. Again, this area is predominantly an
agricultural area too. In between blocks 1 and 3 there is a large tract of forest area that
provides an unbroken corridor connecting the Chure mountain range in the south with the
northern Mahabharat mountain range. This is a protected national forest and the dark gray
shades suggest a mature stable forest area. The bright red patches along the Rapti River
are community forests located in the buffer zone between RCNP and village settlements.
The bright red hue suggests healthy vegetation growth. One can see similar growth in the
area bounded by ellipse 2 which is reported to be a government plantation. Region 4
which is the RCNP area shows a mix of colors too. The dominant color which is gray
suggests a stable forest area and the green patches indicate a mix of herbaceous and dry
bare soils. RCNP forests are dense in some areas and partly open in other areas. They
contain a mix of woody and herbaceous vegetation. The white patches seen in the RCNP
image are settlements that are located within the park area.
A visual comparison of the three images over time (Figure 7-1) indicates a
number of interesting features. The Barandabar forest corridor appears to have been fairly
stable from 1976 to 1989. However, from 1989 to 2000, noticeable degradations begin to
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show up. Degradation can be seen at the bottom left hand side boundary of the forest and
also at the northern neck next to the area marked number 2 in Fig 7-2. The forests in the
buffer zone along the northern banks of the Rapti River also appear to have undergone
serious degradation from 1976 to 1989. The appearance of bright red patches in these
very areas in the 2000 image, however, indicate that these forests were able to regenerate
significantly after 1989. Another interesting site is the government plantation area
marked 2 in Fig 7-2. Its inverted L geometry is conspicuous in all of the three images.
The bright red colors in the 2000 image and its absence in the earlier images suggest that
a clear cutting of forests in this area must have begun before 1976. The greenish hue in
the 1989 image further suggests that a plantation must have followed the clear cutting
later at some point in time. By 2000 the trees have begun to show healthy growth again.
Degradation in forest cover can also be observed in the RCNP area. The 1976 image
indicates a very healthy forest cover which by 1989 has started showing signs of
degradation in certain areas. This rate of degradation appears to be on the rise from 1989
to 2000. In general, most of the forest areas in Chitwan appear to have lost forest cover
over the years progressively from 1976 to 1989 to 2000.
Figures 7-3, 7-4 and 7-5 depict the results of performing multi-date visual change
detection using write function memory insertion algorithm. The interpretation of colors in
these multidate composites is unlike that for color composites from a single date. Here,
areas that resulted in vegetation cover losses compared to an earlier date are depicted in
shades of red, change in the other direction (no vegetation to vegetation) in shades of
cyan and forest areas that did not change between the two dates in dark gray shades.
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Fig 7-3 is a temporal composite constructed by placing band 3 of the TM 1989 image in
the red image plane and band 2 of MSS 1976 in both the green and blue image planes.
Some of the areas where forest cover changes have occurred in the mountain regions of
Chitwan are marked 1, 2 and 3. Regions west of the Narayani River, east of area 5, and
north of the broken lines are not discussed because they fall outside Chitwan district.
Area number 1 includes villages such as Nayabasti, Sugatol and Gaduwa whose northern
boundaries adjoin the Jutpani forest. A systematic clear cutting was undertaken by the
Forest Department in this area prior to 1976 and it appears that more forest area was still
being cleared through 1989. Loss in forest cover also occurred along the boundaries of
the Kayar River (area 2) from 1976-1989. New settlements along the river such as
Niureni and Kalikasthan are encroaching into the dense mixed sal forest which is getting
converted into agricultural lands. The most serious degradation in forest cover during
these two time periods appears to have taken place around the boundaries of Pumpa
Khola (area 3). Again, it is the establishment of new settlements, mostly illegal, that is
exerting pressure on the surrounding forest areas. As in the hills loss of forest cover can
be seen in the plains too (areas 4, 5, 6, 7, 8 & 9). Mhaltadi and Shikhardada (Area 4) and
Mahadevtar (area 5) are examples where change is occurring at the agricultural
boundaries. Forest areas are being encroached for cultivation. Loss of vegetation can also
be seen at the boundaries of Kuchkuche (area 8) and Kumroj (area 9) forests which are
completely surrounded by settlements and agricultural lands. The density of vegetation
cover also appears to have decreased in certain areas within the RCNP. This is reflected
in the patches that can be seen in lighter shades of gray at the bottom of the image (areas
6

&

7).

Change
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of the Barandabar forest. The color cyan, however, indicates that change has occurred in
the other direction i.e. there is more agricultural vegetation in 1989 than there was in
1976. Barandabar forest, RCNP forests, and many of the forest areas in the mountains
appear in dark gray shades suggesting no change between the time periods. The forests in
these areas, to a great extent, have remained stable. It is to be noted that a large swath of
red at the bottom left corner of the image is a result of the cloud cover in one of the
scenes and has nothing to do with land cover change.
Fig 7-4 is a multi date composite of the ETM 2000 and the TM 1989 scenes. The
major changes between the years 1989 – 2000 have occurred in areas marked 6, 8, 9 &10
in the plains and 1,2,3,4, 5 & 7 in the mountains. The forests of Icharni and Kumroj (area
9), Kuckuchhe (area 8), and Brahmhasthani (area 6) in cyan indicate that significant
regeneration has occurred in these forests from 1989 to 2000. All of these forests are
community forests located within the RCNP’s buffer zone development program. There
is also significant regeneration in area 10 which is a national forest that is under the
jurisdiction of the forest department. Loss of forest cover in area 1, which was also
detected earlier in Fig 7-3, is ongoing. This area in 2000 is bigger and the red hue has a
greater intensity. This suggests that the clear cutting which began before 1976 continued
through 1989 to 2000.
A clearly defined boundary and geometry of area 1, however, indicates that this
must have been a systematic harvest by the forest department similar to area 10. There
has also been more forest degradation in the Kayar River region (area 2). In the earlier
date (1976-1989) land was encroached along the river boundaries. From 1989 onwards
encroachment appears to have taken place nearly perpendicular to the direction of river
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flow. A sliver of red area sloping away east from the river suggests settlements like
Devitar and Ajingare are growing at the expense of forest areas in that region. The region
around Pumpa River, area 3, has degraded even more since 1989. The red patches have
spread out significantly from 1989-2000 and the degraded forest area occupies a region
larger than it occupied between the years 1976-1989 (Fig 7-3). The forests in this area are
under government control. Since terrain is rugged and there are insufficient numbers of
forest guards available to monitor the region these forests tend to be de facto open-access
forests. This is possibly why degradation is occurring at such a fast pace in area 3.
Degradation of forest areas has also taken place along the mountain ridges in area
4 from 1989-2000. The new settlements in area 4 (post 1989) appear to be an extension
of similar settlements that can be seen on top of mountain ridges in white hues (pre 1989)
which extend all the way to the edge of the image on the right hand side. Areas 5 & 7
which are the interface between agriculture and forest boundaries at the foothills are also
seen to have also undergone degradation from 1989 to 2000.
Fig 7-5 is a multidate composite image of ETM 2000, TM 1989, and MSS 1976 scenes. It
presents all the information together that are separately contained in images Fig 7-3 and
7-4. The composite is constructed by placing bands 3, 3, and 2 from the ETM, TM and
MSS images respectively in the RGB planes. Although the color representations are
slightly different for this image than for the earlier images the image interpretation
remains the same. Shades of red hues in the image indicate areas of deforestation that
occurred between 1989 and 2000 (areas 1, 2, 3, &5) and green indicates areas of
vegetation growth that took place between 1989 and 2000 (areas 8, 11, 12, 13, 14, 15).
White indicates bare soils or river beds and black shades indicate forests that have not
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changed over the three time periods. And, yellow indicates a history of forest cover in
1976 that was subsequently deforested by 1989 and remained degraded in 2000 i.e. no
change after deforestation from 1989 to 2000 (some parts of area 3). Although
degradation can be seen in some areas of RCNP (areas 9, 10) for the most part it is stable.
The Barandabar forest corridor as well as most of the foothills of Chitwan has also
remained stable over time.
From a governance perspective the forests of Chitwan can be categorized into
“Community forests” and “National forests”. Community forests such as Brahmasthani,
Kuchkuche, Kumroj, Icharni and Baghmara (Fig 7-5 areas 8,11,12,13 & 14) which were
loosing forest cover from 1976-1989 show unmistakable signs of regeneration in the
period 1989-2000. These forests prior to 1989 were, however, managed as “National”
and not “Community” forests. Only after 1990, with the initiation and encouragement of
King Mahendra Trust for Nature Conservation (KMNTC), did the local communities
organize to form forest user committees. By 1995/1996 all these forests were formally
registered and operating as community managed forests. Though there has been
considerable external assistance to support these community forests, especially through
the People and Parks program implemented by the Department of National Parks and
Wildlife Conservation, the efforts of user-groups nevertheless have resulted in improved
forest conditions.
Unlike these cases, there are also community managed forests in the region that
have not been successful at preserving their forest resources. Area number 5 in Fig 7-5 is
such an example. There are nine community forests (Sri Sikar, Sikar, Shivashakti,
Bandevi, Shivapuri, Parewaswori, Shurdevi, Sri Pashupati, and Jayashree) in this area.
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Most of these forests were also registered formally as community forests near about the
same time period that the earlier group was registered (1995/96). Apparently, this group
has not been successful at arresting forest cover losses. More forest cover was lost in this
area from 1989-2000 than from 1976-1989. The patterns of forest cover change observed
in the community forests of Chitwan can also be observed in its National forests. There
are some regions where National forests have remained stable and other regions where
they have undergone degradation (Fig 7-5). Well monitored National forests such as the
Barandabar Forest corridor and the Royal Chitwan National Park are fairly stable.
Monitored sites such as Area 15 (Fig 7-5), which is a government reforestation site, also
exhibits signs of healthy vegetation growth (1989-2000). Unmonitored and difficult to
access sites in remote regions, however, show signs of serious degradation (Fig 7-5 area
3). Schweik’s (2000) study of some of the National forests in area 3 (Sugabhanjyang and
Latauli) presents examples of how lack of monitoring by guards from the Forest
Department has affected patterns of degradation in these virtual open-access forests.
Comparing patterns of change in these two forest types suggest that the extent of
deforestation is more a function of the efforts that go into monitoring and rule
enforcement than on the form of ownership (whether a forest is a community or a
national forest). This observation tends to support the results of the statistical analysis in
Table 7-9 which suggests that rule enforcement and not governance type is more
important in relation to forest condition.
Looking at Figure 7-5 from the perspective of topography we see that more forest
degradation has taken place in the mountains (areas 2, 3, 4) than in the plains (areas 4 &
6) from 1976-2000. Examples of change in the other direction (reversal from degradation
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to regeneration) can also be seen in the plains (areas 8, 11, 12, 13, 14, & 15) but not in
the hills. If these observations are to be extrapolated to the forests of Nepal one might
erroneously conclude that mountain forests are more vulnerable to degradation than
forests in the plains. Clearly, this is not the case. In fact, community forests located in the
mid-hills across Nepal are known to have contributed significantly to forest preservation
(Gautam et al 2002; Agrawal and Ostrom 2001; Varughese 1999, Messerschmidt 1986).
The statistical results in Table 7-10 also suggests that it is not so much the topography
rather the differences in rule enforcement which are linked more closely to forest
conditions. Stable forest conditions in the plains of Chitwan are obviously linked to
stronger rule enforcement. The Royal Chitwan National Park guarded by a contingent of
the Royal Nepal Army, Barandabar forest corridor monitored closely by the Forest
department, and the Community forests in the RCNP buffer zone supported considerably
through external assistance are all located in the plains of Chitwan.

DISCUSSION
In this chapter, I have attempted to explore associations between certain
heterogeneity variables and collective activity to see if they significantly influence the
outcomes of resource management efforts at the local level. Employing simple statistical
tests I find that ethnic composition, the distance to forests from settlements, and
topography are not critical barriers to self organization. Whether groups are ethnically
homogenous or heterogeneous; whether forests are located close or far away from
settlements and whether forests are located in the hills or in the plains; there appears to be
no significant differences between the groups’ abilities to organize. There are, however,
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other variables such as wealth disparity, dependence on forests for subsistence, size, and
governance type, which I find are associated with collective activity. They appear to have
some influence on a group’s resource management efforts. I present a comparative
tabulation of these results for two resource systems (irrigation & forests) in Appendix 2.
Finding no association between a forest user group’s ethnic composition and its
ability to engage in successful collective action is hardly surprising. Many settlements
and villages across Nepal are multi-ethnic in composition, and heterogeneous groups
cooperate routinely to manage their natural resources, especially irrigation systems. This
appears to be true in the case of forest user groups as well. Varughese (1999) and Gautam
(2002) also report negligible associations between sociocultural differences and
collective activity in their study of forest user groups in Nepal. My analysis of farmer
managed irrigation systems in Chapter 6 too indicates that ethnic composition is not
correlated to productivity. Consensus on this variable suggests that sociocultural
differences may not pose a critical problem for the successful self-organization of natural
resources at the local level.
The location variable, too, bears no association with collective activity. The
distance of forests from settlements appears not to affect the symmetry of relationships
among forest users and their relationship with the resource. Improved or degraded forest
conditions are linked more with the ability to enforce rules than with the differences in
distances. Varughese (1999) also finds negligible association between these two variables
in his study of forest user groups.
Topography is a variable that appears to influence forest resources and irrigation
systems in different ways. In the case of forests I find no association between topography
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and collective activity i.e. regardless of topography there is significant correlation
between rule enforcement and forest conditions. This suggests that the level of collective
activity in the hills is not significantly different from that in the plains. This is in contrast
to the results I find in irrigation where topography is significantly associated with
performance. Performance of irrigation systems in the Terai plains is significantly better
than in the hills. Obviously, the influence of geography across natural resource systems is
different.
While most studies report a negative association between economic inequality and
collective action (Dayton-Johnson 2000, Varughese, 1999, Lam 1998, Tang 1992), this
study shows a positive association. The result appears counterintuitive because it suggests
that groups with greater economic disparity among its members are more likely to self
organize than groups with more equitable wealth distribution. A likely explanation may
be that the interests of the rich and the poor are no different when it comes to the need for
forest resources. And, the rich may be actually assuming leadership positions willing to
bear the costs of initial organization. The result indicates that economic inequality does
not prevent a group from having a common interest and reaching a collective agreement,
in fact, it may be a favorable factor.
There is some association between size and collective activity but I find the
strength of this association to be generally weak. The correlation between forest
conditions and collective activity is significant when unit forest area per household is
small and not significant when it is large. This does suggest that groups with small
memberships may find it more difficult to protect larger forest areas than groups with
larger memberships. There can be difficulties in preventing residents from other villages
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illegally using forest resources or generating adequate resources to hire guards for
monitoring. The correlation between size and performance, however, is not significant in
irrigation systems (chapter 6). Lam and Tang too do not find any associations between
size and performance in their irrigation studies. Size appears to be a variable that is more
important when organizing for forest resource governance than irrigation governance.
I find the correlation between collective activity and forest conditions to be
significant when user-group dependence on forests is high and not significant when
dependence is low. This supports the idea that when appropriators are dependent on
forests for a major portion of their livelihoods then their incentives to self organize are
stronger than those who are less dependent on the resource.
A positive and moderately strong association between governance type and
collective activity suggests that one is more likely to find stronger collective activity
associated with community forests than with non community forests. Lam’s irrigation
results are even stronger. He finds that farmer managed irrigation systems (self
organized) in Nepal routinely out perform agency managed irrigation systems (centrally
managed). Similar results in both types of resources suggest that self organized groups
are capable of crafting their own institutions for sustainable resource use.
The presence or the absence of heterogeneities alone may not be sufficient to
predict outcomes in field settings because many of these variables are in turn affected by
the type of larger regime in which users are embedded. Inquiry into individual
heterogeneity variables helps in making the first assessment. However, to understand
why some groups are able to cope with heterogeneities and others not it is important to
understand how attributes of the users and the resource interact in specific settings to
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affect the fundamental cost-benefit calculation of groups using a resource. In the next
chapter I look at multiple resource user groups from two resource settings – irrigation and
forests – to understand how these groups have coped with their challenges.
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Chapter 8
EXPLORING THE INTERTIE BETWEEN FOREST AND
IRRIGATION: TWO CASE STUDIES
INTRODUCTION
The two broad goals of this dissertation are to examine the role that heterogeneity
plays in influencing collective action outcomes in governing common-pool resources,
and explore interties between two resource systems in a setting where resource users are
common to both. Chapters 5, 6, and 7 tried to address the first goal and in this chapter I
attempt to address the second goal. Unlike in the earlier chapters, where a general
analysis was undertaken based on a relatively large number of cases (large N study),
analysis in this chapter is based on a smaller number of in-depth case studies. Not only do
these case studies allow us to gain deeper insights into how two different types of
common-pool resources are governed, but more importantly they allow us to explore
conditions that may be necessary for successful self-organization to emerge. A setting
wherein the same group of villagers appropriate two different resources also allows us to
examine the influence that physical attributes of a resource may have on the way groups
organize to govern different resource systems or the ease with which they are able to do
so.
Two sets of case studies are undertaken to explore the interties between irrigation
and forest resource systems. Each set comprises a community forest and a number of
farmer-managed irrigation systems that are shared by a common group of users.
Members of the same community, hence, appropriate resource units from both resources.
The forest and irrigation groups are determined by first selecting a community forest,
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identifying the forest user group, and then choosing the set of irrigation systems that
serve the farmlands of members of this forest user group. Members of all the individual
water users’ associations are hence also members of the forest user group. In the two sets
of cases selected for this study, settlements are also in proximity to both the forest as well
as the river.
Forests and irrigation in the two study areas are initially analyzed separately to
understand the complex interactions that occur within particular settings and to assess the
performance of these self-governed common-pool resource systems. The analyses are
then synthesized to explore the differences and the commonalities between the two
different resource systems. Resource systems are examined in light of the design
principles.

STUDY SITE AND DATA COLLECTION METHODS
The study was undertaken at two different sites in Chitwan District at Piple VDC
and Kathar VDC from April 16-May 13, 2003. Parewaswori Community Forest (PCF)
and three irrigations systems - Mahadevtar ko Kulo, Sisneri Bagar ko Kulo, and
Dubichaur ko Kulo - were studied by the research team at Piple VDC (see Map 8-1).
Similarly, at Kathar VDC, the team studied the Kuchkuche Community Forest (KCF) and
seven irrigation systems - Janakalyan “Ka” kulo (1), Janashakti Kulo (2), Koilidhara
Kulo (3), Amrit Kulo (4), Janakalyan “Kha” Kulo (5), Kharkhutte Tallo Kulo (6), and
Badgaon ko Kulo (7) (see Map 8-2). The research team was comprised of five members:
a forester, botanist, sociologist, economist, and the author. The team spent two weeks at
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each site and gathered information regarding resource governance, condition, and use
along with socioeconomic attributes of the village that utilize these resources.
Information regarding forest resource governance was collected using the
International Forestry Resources and Institutions (IFRI) methodology (see Ch-4,
Appendix 4-3). The research Protocol consists of 10 sets of forms that attempt to collect
information about forests and communities that use forests. Data was gathered through
field observations, personal interviews, and focus group discussions with forest users and
other stakeholders. Forest conditions were assessed based on forest mensuration data
collected from 60 and 32 forest plots at Parewaswori and Kuchkuche Forests,
respectively. Plot locations were randomly selected and information on tree species and
vegetation were collected based on nested circular plots. The diameter at breast height
(DBH), height, and species were recorded for all trees with dbh greater than 10 cm from a
10m radius circular plot. Sapling and ground cover information was based on 3m radius
and 1m radius, respectively.
Information regarding the irrigation systems was based on the Nepal Irrigation
Institutions and Systems (NIIS) protocol (see Ch-4, Appendix-2). It consists of seven
coding forms that seek information on resource attributes, resource user attributes,
institutions, and the larger political regime. Data was gathered through interviews with
informed participants such as chairmen of water users’ associations, personal interviews
with farmers, and through group discussions. A system walk was undertaken in all of the
irrigation systems to assess the condition of the physical infrastructure.
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CASE STUDY – STUDY AREA 1
This study area is located in Piple Village Development Committee (VDC),
Chitwan. Piple VDC is one of 36 VDCs of Chitwan and is located at a distance of about
36 km east from Bharatpur, the district headquarters. There are a number of community
forests and irrigation systems located in this VDC. However, the forest and the irrigation
systems examined at this site are the Parewaswori Community Forest (PCF), Mahadevtar
ko kulo (MK), Sisneri Bagar ko kulo (SK), and Dubichaur ko kulo (DK) (Map 8-1). PCF
is located entirely in Ward (10) number 6 of Piple, but the irrigation systems are in wards 6
and 4. All households from wards 6 and some from 4 and 5 constitute a common set of
users appropriating two different types of resources.

Parewaswori Community Forest
The Parewaswori community forest (PCF) is one of the larger community forests
in the Chitwan district and is spread over an area of 938 hectares. It is bounded by the
settlements of Makarani, Mainatar, and Lothar VDC in the north; the Bharatpur-Hetauda
highway in the south; Lothar River in the east; and Soordevi Community forest in the
west (Map 8-1). The river and the road form clear boundaries on two sides and there is
also a natural boundary on the north as well. Forest boundaries on the west with
Soordevi, however, are demarcated by tree tags. The highway divides the forest area from
the flat agricultural farmlands of Mahadevtar and Dubichaur (mean elevation 300m). The
forest terrain, unlike the flatlands, is mountainous and elevations climb rapidly from 320
to 950 meters. Parewaswori Forest is part of the foothills of the “Mahabharat” mountain

10

A village development committee is divided into smaller subunits called wards. There are 8 wards in Piple VDC.
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range that ends close to the highway at Piple. For management purposes, the forest is
divided into five blocks (see Map 8-1).
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Forest and Settlement History
According to Mr. Megh Nath Upreti, Chariman of the forest users committee,
Parewaswori Forest was a relatively dense forest until 1974. The forests started to
degrade as a result of encroachments and illegal harvesting, especially during the political
turbulences 11 of 1979 and 1989. Interviews with residents of settlements located within
the forest area confirm that most settlers moved in after the 1970s. There are 11
settlements within the forest area. Apart from Parewakot (est. 1921) and Makarani (est.
1963) (see areas 7 and 2, Fig 8-1), the rest were established after the 1970s, four from
1970-1975, and five from 1980-1989. Remotely sensed images of the area (area 5, Fig 75, chapter 7) also indicate that far more forest cover was lost from1989-2000 than from
1976-1989. This suggests that 1989 may have been a more critical year than 1979 in
terms of forest cover loss for Parewaswori Forest. Respondents from the settlements of
Khapteni and Tarebang (Map 8-1, areas 6 and 4) acknowledge clearing forests and
establishing settlements in 1989.

Resource Users and Resource User Characteristics
There are two categories of eligible forest resource users at Parewaswori.
Category “A” constitutes all households from Ward 6 and category “B” constitutes half
of the households from Ward 4 and a few households from Ward 5. The major difference
between these two categories of users is that members of “B” do not have voting rights.
They have equal harvesting rights and responsibilities as “A”, but they can neither seek

11

The mass demonstrations against the then Panchayati regime, which resulted in a referendum in 1979, and the
popular street movement of 1989, which culminated in a change of regime were very turbulent times in Nepali politics.
During these times of political uncertainty and chaos, extensive forest areas across Nepal were denuded and
encroached. The forests of Chitwan were no exception.
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executive office of the user group committee nor vote for those contesting such positions.
This is because households of ward numbers 4 and 5 are the primary resource users of
another forest, the Brhamhasthani buffer zone community forest.12 This forest is located
in their southern boundaries (see Map 8-1). Since regulations of a buffer zone forest
prohibit harvesting of trees for their timber needs, they have had to make alternative
arrangements with their neighbors. Membership has been negotiated at the cost of voting
rights. This is why one-half of Ward 4 households are category “B” members of
Parewaswori and the other half, under similar arrangements, are members of Soordevi
community forest. Most households of Ward 5 are members of Soordevi and only a few
households in proximity to the settlements of Ward 6 are members of Parewaswori.
The Parewaswori Forest user group consists of 483 households with an estimated
population of 3,000. Seventy-four percent of the households are located in the four
settlements of Mahadevtar, Bagartole, Dipat, Lothar Bazaar, and Dubichaur south of the
highway and 26% in the 11 settlements up north in the mountains (Map 8-1).
Representing nine ethnicities, the user group is ethnically heterogeneous. Brahmin and
Chettri together constitute 42%, Tamang 24%, Chepang 19%, Darai 5%, and others 6%
of the total user group households. The dominant ethnic groups in the mountains are
Tamang and Chepang, and in the plains it is the Brahmin and Chettris.
The average landholding per household for the Parewaswori user group is 0.5
bigha. 13 Among mountain settlements Landrang and Hanebang have the highest average
landholding (1.5 bigha) and Khapteni the lowest (0.21 bigha). In the plains Mahadevtar
has the highest (0.85 bigha) and Lothar Bazaar the lowest (0.24 bigha). The distribution
12

A buffer zone has been designated around the Royal Chitwan National Park (RCNP) area. Forests that fall within this
zone are known as buffer zone forests.
13
One bigha of land equals 0.65 hectares or 1.61 acres. I use the local unit to express land area.
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of landholdings among households within a settlement is, however, more homogeneous
in the mountains than in the plains. Average landholdings range from 1-2.75 bighas in
Landrang and Hanebang, 0.1-0.5 bigha in Khapteni, but 0-6.5 bigha in Mahadevtar. In
Mahadevtar, a quarter of the households own more than 60% of the land. Landholdings
of the rest are less than the settlement average. After land, livestock 14 is the most
important asset for many households. An estimated 4,000 livestock are owned by the user
group, which is distributed equally between the mountain and plain settlements.
However, on a household basis the average livestock ownership in the mountain
settlements is nearly three times that in the plains (17 vs. 6 livestock/household). The
higher livestock numbers are most likely associated with the ease with which settlements
within the forest are able to access fodder and forest litter.
Though farming is still the major means of livelihood for all, households in the
plains tend to be generally better-off than those in the mountains. Unlike in the
mountains, farmlands in the plains have access to year-round irrigation and are more
productive. Cropping intensities are two-and-a-half times more than that in the
mountains. Settlements are also connected to city centers, such as Bharatpur and Hetauda
with a road link and there are more business and job opportunities. Seventy-eight
households from the plains have at least one family member engaged in a full-time job
other than farming, whereas there are none from the mountain settlements. Despite the
wealth differences among households, the common thread that binds all households is
their agrarian lifestyle. Nearly all of the households rely on the forest in varying degrees
for their grass, fodder, fuel-wood, and timber needs.

14

Livestock can be any of the following: cattle, buffalo, goats, sheep, pigs, poultry.
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Organization and Governance
The first effort by forest users to protect their forest began in 1991 with the
formation of a VDC level protection committee. This committee had the responsibility to
oversee the entire forest area of Piple VDC. Unable to mobilize the necessary
participation to manage such a large forest area, the committee quickly became defunct.
A second effort was initiated again in 1993 by residents of Ward 6, on a smaller scale, to
protect and manage only that portion of the forest that was located within their Ward
boundaries. This committee, the Parwaswori Forest Users Committee, subsequently
became a community forest after approval by the District forest office in 1996. 15
At Parewaswori, there are two executive committees – a 19-member main
committee and a 12-member subcommittee. Whereas the main committee represents all
of the 483 user group households, the subcommittee represents only households from the
mountain settlements. The subcommittee works within the framework of rules and
regulations crafted by the main-committee and is responsible for managing the forest
needs of its constituents. Needs of households in the plain are managed by the main
committee. Permission to gather firewood or harvest timber for households in the plains,
therefore, has to be sought from the main committee and for mountain residents from the
subcommittee. Rules and regulations relating to forest governance are endorsed by the
general assembly that is held each year. PCF has a written constitution and operates
according to the guidelines of a forest management plan that is approved by the
department of forests every five years. The executive committee meetings take place
every month.

15

The community forestry act of 1993 allows the District Forest Offices to hand over National forests to be managed
by local user groups.
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PCF has written rules that determine the amount and types of forest products that
can be harvested (Table 8-1). And, there are also rules specifying penalties for infractions
(Table 8-2). Though monitoring is a task informally undertaken by every member of the
executive committee, two full-time forest guards have been hired for patrolling. One of
the guards is from the mountain settlements and the other from the plains. There is also
sporadic monitoring undertaken by the ranger from a nearby government range post.

Table 8-1
Harvesting Rules for Selected Forest Products
Forest Product

Amount

Frequency

Type

Cost

Fuel Wood

No restrictions

7 days per month decided
by the users committee

From dry and
dead branches

Free for mountain &
Rs 2 per 30 Kg lot for plains

Grass, Tree
Fodder

No restrictions

No restrictions

N/A

Free

Timber

80 cubic feet per
household

Per year

Fallen, dead,
dried trees

Rs 20 per cubic feet

Table 8-2
Penalties for Breaking Rules for Selected Activities
Activity

Fine

Illegally Clearing Forest Area for Construction

Rs 1000 per Kattha

Making forest fires

Rs 1000 – 2000

Illegal Grazing by Cattle in Forest Area

Rs 15 – Buffalo, Rs 10 – Cow, Rs 5 – Sheep

Illegal Tree Harvesting

Rs 50–150 depending on trees size; Rs 200 per cft – timber

Interviews with respondents indicate that user groups generally follow harvesting
rules. Most rule infractions in current times are associated with illegal grazing rather than
illegal harvesting of trees. Many also agree that there have been no major encroachment
into the forest area - attempting to convert forest area into homesteads and agricultural
lands - since the user group committee became active. This, and illegal tree, felling used
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to be the major reasons contributing to deforestation prior to the formation of the user
group committee. Forest areas have been demarcated from settlements, and the user
committee maintains records. This has helped check the boundaries of settlements
spreading further into the forest area.
Apart from membership fees, each household is also expected to contribute five
days of labor annually to help maintain and preserve the forest. This labor force in the
past has been used to undertake activities such as thinning, pruning, bush clearing,
construction of fire lines, and planting of saplings. However, in emergencies such as
putting out forest fires every available able-bodied individual is expected to participate.

Sources and Uses of Funds
Timber sales account for the major source of funds for the group. Trees are
selectively harvested based on an operation plan approved by the forest department.
Sometimes tree stock also becomes available because of landslides. Other sources of
funds are membership fees and bank interest. In the year 2001/02, Parewaswori had funds
amounting to Rs. 1,810,996 ($ 25,000). This is a sum that is more than three times the
annual budget allocated by the Government to Piple VDC.
About 15% of the revenue is spent on forest conservation activities and 45% on
social development activities. The Parewaswori user group supports the salary of two
local school teachers and two forest guards. It also extends credit to members for farming
and other income-generating activities. The forest users group has also invested in
building drinking water tanks, forest fences, and forest trails. The forest user group is
evolving into a local government.
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Forest Conditions
Parewaswori is a mixed, natural, uneven aged forest with a moderate stock of
trees. The overall condition of the forest is about normal for this ecological zone
(IFRI/Nepal forester appraisal). There are 39 tree species and density is 291 stems per
hectare. The dominant tree species is Shorea robusta (local name “Sal”). Other important
species are Terminalia alata (Saj), Rhus wallichi (Tiwari bhalayo), Largestromia
parviflora (Bot dhanyero), Adnina cordifolia (Karma), Schima wallichii (Chilaune), and
Semecarpus anacardium (Bhalayo). Villagers mention that these species are the most
important ones that supply their timber, fodder, and firewood needs. Schweik (1998) also
lists these very species as being important for a community appropriating resources from
another mountainous forest area in Chitwan, the Latauli National forest at Shaktikhor.
The Latauli Forest, located about 25 Km west from Piple, is a known open-access forest
and lies in the same ecological zone as the Parewaswori Forest. By comparing the tree
species composition at Latauli Forest with Parewaswori Forest, we can assess if the
Parewaswori users group have actually been able to regulate their forest usage. If there
were no restrictions of any kind on harvesting at Parewaswori, then the composition of its
tree species ought to be no different from those at Latauli – the open access forest. If,
however, significant differences are observed, then at least some of the differences can be
attributed to the governance efforts of the Parewaswori Forest user group. To evaluate the
differences, I compare the forest conditions of Parewaswori in 2003 with that of Latuali
in 1994.
Of the seven species that I take up for comparison, five are common to both
forests. Nyctanthes arbor-tristis (Parijat), however, is found only in Latuali; Schima
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wallichii (Chilaune) only in Parewaswori. A graphical comparison of the mean diameter
at breast height (DBH) and the mean height of each of these species for both forests is
presented in Figures 8-1 and 8-2. Except for Adnina cordifolia (Karma), there is nothing
strikingly different between the species in terms of DBH and height in the two forests.
The mean girth and height of Adnina cordifolia (Karma) is significantly greater at
Parewaswori than in Latauli.

Figure 8-1: Mean DBH for Selected Tree Species
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Figure 8-2: Mean Height for Selected Tree Species
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Figures 8-3, 8-4, 8-5, and 8-6 provide a comparison of absolute density, absolute
frequency, dominance, and importance values for species in the two forests. Absolute
density (Fig 8-3) is a measure of the individual number of trees of a species present in a
stand and is expressed in stems per hectare. Frequency (Fig 8-4) is an indicator used to
express how widely each species is distributed within a forest area. Dominance (Fig 8-5)
is a measure of standing crop biomass a species contributes to a forest. And, importance
values (Fig 8-6) are composite indices used to rank leading dominants. The index is
constructed by taking into account the density, frequency, and dominance of a species
(Randolph J.C. 2001).
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Figure 8-3: Absolute Density of Selected Tree Species
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Figure 8-4: Absolute Frequency of Selected Tree Species
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Figure 8-6: Importance Values for Selected Tree Species
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Rhus w allichi (Thulo bhayalo)

15

Largestromia parvif lora
(Botdhainyero)

10

Adina cordifolia (Karma)
5

Nyctanthes arbor-tristis
(Parijat)

0

Schima w allichii (Chilaune)
Parew asw ori

Importance Value

Dominance (Total ba/ha)

Shorea robusta (Sal)

100

0

Latauli

Schima w allichii (Chilaune)
Parew asw ori

Latauli

Figures 8-3 to 8-6 suggest that the compositions of the two forests are strikingly
different. Parewaswori is predominantly a Shorea robusta (Sal) forest. It is distributed
homogeneously across the entire forest area, its stem count is 8 times greater than the
next ranking species, and it alone contributes overwhelmingly to the standing crop
biomass. The characteristics of the Parewaswori Forest are in fact closer to a climax
Shorea robusta forest such as Kaswang (see Schweik 1998). Kaswang, an undisturbed
forest, is predominantly Shorea robusta (Sal) and, like Parewaswori, Nyctanthes arbortristis (Parijat) is nearly absent in its species composition. Latuali, in contrast, has a
greater number of Nyctanthes arbor-tristis (Parijat) trees than Shorea robusta (Sal) trees
and the species distribution is heterogeneous. Shorea robusta (Sal) nevertheless is still the
major contributor to standing crop biomass and has the highest importance value among
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the species. This suggests that the more valuable species Shorea robusta (Sal), is getting
cleared overtime and is being succeeded by Nyctanthes arbor-tristis (Parijat).
Comparison of Parewaswori and Latauli definitely suggests different levels of
vegetation in the two forests. Parewaswori has, by far, more number of valuable species
of trees and more standing crop biomass in its forest than Latauli. If forest conditions of
Parewaswori in 2003 are better than that of Latauli in 1994, then this lends support to the
user group committee chairman’s claim that they have been able to arrest deforestation
rates since they began managing it in 1993.

Overall Assessment
The Parewaswori user group is successfully managing its forest resources. It has
been able to strike a balance between protecting the forest on the one hand and meeting
the needs of its members for forest products on the other. There is considerable evidence
suggesting that encroachment of forest area, especially in the mountains to establish
settlements, a serious problem until the early 1990s, has been halted. And, so has the
illegal felling of trees. The user groups’ own assessment, assessment by a forester, and a
comparative analysis of species composition with the Latauli Forest suggest that forest
conditions of Parewaswori are no worse than what it was prior to the handover. In fact,
members of other community forests in the region think that the forest conditions of
Parewaswori have actually improved.
Good forest conditions are associated with good governance practices. And,
unmistakable indicators of such practices were observed at Parewaswori. Rules
governing appropriation rights and responsibilities are well understood and accepted by
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all; two full time guards are assigned to monitor the forest, and rule infractions attract
graduated sanctions. The maintenance of infraction and fine records at the user group
office also suggests that the committee is serious about enforcing rules. Other indicators
of good governance are the high levels of attendance at executive and general assembly
meetings, and healthy participation in forest maintenance activities.
The success of Parewaswori is related to the efforts made by the group to change
certain variables that affect their perceived costs or benefits of organizing. For, not all
variables in the Parewaswori setting are favorable for self-organization. Forest area per
unit household is large, user group population is heterogeneous, wealth differences
among user groups are significant, many households do not depend on the forest for a
major portion of their livelihoods, and some settlements are at considerable distances
from the forest. Obviously, despite the adverse setting, the group has been able to
overcome these liabilities and still develop effective agreements.
The leadership roles in the Parewaswori user committee is assumed by the
wealthier and elite members of the group. Though they neither live in the mountains nor
rely on the forest for their livelihoods, they still are interested in regulating the resources
because (a) forests are a source of substantial monetary funds that can be used to support
social development activities in the community to enhance their political standing, and
(b) it ensures a cheap, regular supply of forest products for many households including
their own. Now, successful coordination requires the cooperation between households in
the plains and those in the mountains. Unless the mountain households cooperate,
monitoring large swathes of forest area located on average at walking distances of 4-5
hours from the plains becomes impractical. And, unless the interests of the Chepangs and
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Tamangs are protected, they have no reason to cooperate. This cooperation problem has
been resolved by designing an organization structure with two executive committees - a
relatively autonomous subcommittee responsible for managing the interests of the
mountain settlements and a main committee representing the interests of the entire group.
Further, the rules governing forest use have also been designed to be more lenient and
accommodating to the needs of the mountain people. With their inclusion in the decisionmaking process, the group has not only been able to gain the cooperation of the mountain
residents to self-regulate their resource use but also to mitigate the effects associated with
size, ethnicity and wealth disparity. By providing leadership, the social elite, no doubt,
also serve their own interests by being in control. But, in the process, they are also able to
provide an authority structure to initiate changes, enforce rules, and regulate resource use.

Irrigation Systems at Piple VDC
There are three irrigation systems that service the fields of Ward numbers 6 and 4,
at Piple VDC. They are Madhevtar ko Kulo (MK), Sisneri Bagar Basi ko Kulo (BK), and
Dubichaur ko Kulo (DK). The first two irrigation systems serve the settlements of
Mahadevtar and Bagartole (Ward 6), and the third serves Dubichaur (Ward 4) (see Map
8-1). Households that own irrigable land in these two Wards are members of one or more
of the irrigation user groups. They are also members of the Parewaswori community
forest user group. Obviously, membership of the forest user group is greater than the
irrigation group because not all households in Wards 6 and 4 own irrigable land. There
are 357 households that are irrigation users and 483 that are forest users. Members of
individual irrigation user groups are even smaller. MK, BK, and DK have 135, 25, and
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150 user households, respectively. Each of the irrigation systems is managed
independently with its own water users association (WUA). The water users group and
the forest user group also function independently of each other.
All of the three irrigation systems draw water from the Lothar River, which flows
on the Eastern boundary of Piple VDC (see Map 8-1). Though it is a perennial river, the
discharge fluctuates drastically during the dry season (April-May) and water is not
adequate for all of the systems. Each of the systems has their own set of rules governing
the use of water given the conditions that they face. In the following sections I first
provide brief descriptions of each of the irrigation systems and then make a general
assessment of their performance.

Mahadevtar ko Kulo (MK)
This is the oldest irrigation system in the Piple area, reportedly constructed in the
early 1900s. The first external assistance – construction of a permanent gate - was made
by the District Irrigation Office in 1988. The intake gate was further strengthened through
the support of the East Rapti Irrigation Project 16 during 1994/95.
MK services about 130 hectares of land belonging to 135 households in the
settlement of Mahadevtar (ward number 6). There are three major branches in this
system: mau kulo, uttar kulo, and depart kulo (see Map 8-1). On average, the length of
each branch is reported to be about 1.5 Km and the average width of the canal is 2.5
meters. Sixty-five percent of the households own land less than 0.5 hectares. The major
ethnic group in this system is Brahmin/Chettri.

16

The East Rapti Irrigation Project (ERIP) was a major Asian Development Bank funded project undertaken from
1993-1998 in Eastern Chitwan to strengthen the infrastructure of Farmer Managed Irrigation Systems.
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Madhevtar Kulo is the first irrigation system in a series of 11 systems drawing
water from the Lothar River. Since it is at the head-end, it enjoys first use rights and there
is lots of water available to it even during the dry season. Multiple fishponds in the area
also reflect the abundance of water in this system. The majority of the land serviced by
this irrigation system yields three crops annually (two paddy crops and one
lentil/mustard/wheat).
Water is, however, not adequate for all of the three irrigation systems.
Considerable pressure is exerted, especially, by Dubichaur ko Kulo to share water. MK
is, however, not willing to concede their first use rights and continue to draw unlimited
amounts of water to meet their own needs first. Mahadevtar has, in the past, however,
also supplied additional volumes of water to Dubicahur during stressful times. But this is
more a gesture of goodwill rather than an act of conceding water use rights. The general
understanding is that water will be available to others only after the needs of MK are met
first. This principle has been defended vigorously.

Sisneri Bagar ko Kulo (SK)
This is a relatively new irrigation system constructed by the landowners of “Bagar
tole” in 1994. It draws water from the Lothar River and its gate is located between the
gates of Mahadevtar and Dubicahur. The farmers were able to construct this canal only
after a protracted struggle with farmers from Mahadevtar and Dubichaur. The land at
“Bagar tole” used to be wasteland and, naturally, neither the irrigation system of MK nor
that of DK serviced it. After it was reclaimed by settlers, there was an obvious need for
irrigation water. “Bagar toles’s” demand for water was, however, vehemently resisted for
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a very long time by farmers from both DK as well as MK.17 After many years of struggle,
an agreement was reached whereby SK was allowed to open an intake upstream from
DK, but it could use the water only between the months of June to mid-February when
water was plentiful. This arrangement guarantees them water for at least one crop - the
monsoon paddy. For the rest of the year, the SK intake is closed and they rely on rain-fed
agriculture. A legal contract to this effect is in place and farmers abide by these
conditions.
The land area at “Bagar Tole” is approximately 10 hectares and there are 25
households. A majority of the households are small landowners who own about 0.375
hectares of land. The irrigation canal has no major branches and is about 1 Km in length.
Brahmin and Chettris constitute the major ethnic group.

Dubichaur ko Kulo (DK)
This system irrigates approximately 100 hectares of land belonging to 150
households in ward number 4 of Piple VDC. It was initially constructed by six
households to irrigate 50 hectares of land in 1958. The system draws water from the
Lothar River. Its diversion structure is constructed of brushwood and the length of the
main canal is 1.5 km. It has two secondary canals called the Uttar kulo (1.5 km) and
Dakhhin kulo (0.5 Km). Proportional weirs are used to allocate water. Tamangs
constitute 45%, Brahmin/Chettris 27%, Praja 18%, and Damai/Kami 10% of the water
user group population. There are approximately 10 households that own more than 3
hectares of land and 25 households that own between 1.5-3 hectares. A majority of the
households own between 0.375 –0.75 hectares of land.
17

There was opposition from BK farmers as well because some of them own lands at Dubichaur.
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During the spring season, water is in short supply and not all of the service area
can grow paddy. During this period, stringent water allocation rules are enforced. Water
is allocated as follows: (a) 0.75 ha of land per household is supplied with sufficient water
to cultivate paddy and (b) any portion of land above this ceiling receives only half the
amount of water required to cultivate paddy. A mixture of paddy and maize crops in this
area suggests that these rules are being enforced. The DK users committee is very active
and appears to be functioning strongly.

Overall Assessment
Irrigation systems located close to each other tend to have informal
understandings in regards to water sharing. The existing arrangements in this case clearly
favor Mahadevtar ko kulo, the upstream system, over Dubichaur ko kulo. Sisneri bagar
ko kulo, as explained earlier, does not even have the right to access water in seasons other
than in the monsoon. Since water is generally plentiful year round for Mahadevtar ko
kulo it is distributed in its canals on a free-flow basis from the head to tail reach.
Allocation of water at Dubichaur ko kulo during inadequate periods, however, is more
stringent. It is based on an assessment of time required to wet a given unit of land.
Dividing water in proportion to the land owned is the common allocation principle across
the three systems. During the monsoons, it really does not matter how water is distributed
for it is plentiful.
The rules governing system maintenance is common across all of the three
systems. Canals are desilted and repaired at least once a year before monsoon paddy is
planted. Considerable labor and monetary resources get mobilized for system repair and
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maintenance. The principle of “banwari” 18 is typically invoked to mobilize labor
resources for emergency as well as annual repairs relating to the intake structure,
headwork, and main canal. If cash is also required, then it is raised on the basis of
landholding. Shirking of “banwari” duty attracts a cash fine equivalent to a day’s wage
(Rs 100). Ironically, it is Mahadevtar ko kulo with its wealthier households and abundant
water that is facing the most difficulties managing their system. Though Mahadevtar ko
kulo was fully operational when this survey was undertaken, many users expressed
dissatisfaction with the way their system was being managed. Wealthier households
flouted “banwari” duty, fines were difficult to collect, and record of labor contributions
was not maintained. In contrast, Dubichaur ko kulo had no such difficulties. They
maintained their system twice a year, kept records of labor and cash contributions, and
enforced rules. That year, Rs 1,500 had been collected in fines. The user group at Sisneri
bagar is also very active and cohesive and their canals are well maintained.
All of the irrigation systems have similar infrastructure. There is an intake, a
control gate, main and distribution canals, and water distribution structures. The intakes
are of a temporary nature built with boulder and brushwood; control gates are sturdier
and made of concrete and iron; and canals are mud-lined. Water is proportioned at
Mahadevtar ko kulo and Sisneri Bagar using wooden stakes, stones, and earthen
materials, but wooden gated outlets known locally as “jhyals” are used at Dubichaur. No
striking differences were observed in the quality of the infrastructure in the three systems.
All the structures were in working condition and water was flowing in the canals during
the time of survey.

18

Banwari – The practice where each household has to contribute one able bodied person for the collective effort.
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Each of the systems is a single function 19 water users association with eleven
members. None of the associations have written constitutions. Operating rules are based
on a common understanding that is endorsed by members annually in a general assembly.
The most important functionary in the users committee is the chairman who bears the
responsibility of mobilizing resources, supervising repair and maintenance, maintaining
relationships with external organizations, and functioning as a mediator to resolve intersystem and intra-system conflicts. The personal effort of the chairman is very critical in
ensuring successful coordination. Executive members in two of the three systems are
selected through consensus, but at Sisneri Bagar they are elected. None of the water users
committees is, however, formally registered with the District irrigation office (DIO).
Failure to register with the DIO has precluded these systems in the past from benefiting
from an infrastructure rehabilitation project undertaken in the area through the East Rapti
Irrigation Project (ERIP) from 1993-1995. Unfounded fears that water-use fees would be
charged in lieu of the assistance was the reason why the users committees decided not to
register and forgo assistance. The WUAs at Dubichaur and Sisneri are fairly active. They
are able to quickly generate internal resources for emergency repairs and maintenance,
they maintain updated records of labor contributions, water guards are assigned to
monitor rules during critical periods, and rules are effectively enforced. The WUA at
Mahadevtar is reported to have been relatively inactive for a number of years.
The volume of water available to the individual systems, i.e., the initial resource
conditions, appears to influence the way farmers manage their irrigation systems.
Mahadevtar ko kulo claims the largest share of the water on the basis of prior-rights. It is
19
Single function – A few water users association (WUA) and forest users association also get involved in managing
schools and other social welfare activities. The WUAs in this case are dedicated entirely to managing their irrigation
systems.
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not only the oldest among the three systems but is also located upstream. The amount of
water available to this system even in the driest part of the season is more than sufficient
to service the needs of all its members. Since supply is abundant relative to demand and
the possibility of water shortages is negligible, the farmers’ incentives to strengthen
collective action so as to augment the supply of water or to save its consumption are low.
Since water is flowing plentifully even in the tail end of canals at Mahadevtar, some level
of coordination is definitely present. However, there are indications of problems as well.
The wealthier farmers are not contributing labor, records of labor contributions are not
maintained, fines are getting increasingly difficult to enforce, and the executive
committee is inactive. Though the amount of free-riding is not critical to unravel
cooperation, a disproportionate amount of the labor burden for maintenance is being
borne by farmers with small landholdings who are in the majority. Since the resource is
far more salient to them than the wealthier households and since the benefits in
continuing cooperation far outweigh the incremental efforts required to maintain the
system, Mahadevtar is able to absorb some degree of free-riding that is taking place.
Ironically, an abundant supply of water is creating problems in a system that also happens
to be ethnically homogeneous.
An uncertain supply of water during the dry season at Dubichaur, on the other
hand, has elicited an entirely different response. The farmers have created rules to cope
with the uncertainty and have been able to ensure an equitable distribution of water
among all the members between the head and tail ends despite being an ethnically
heterogeneous group. All farmers in this system are able to grow one paddy crop in the
monsoon, a mix of paddy and maize in the spring, and one winter crop. And, the
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differences in the yield between head and tail end are negligible. This group enjoys high
levels of cooperation and has no problems mobilizing resources in operating the system.
Sisneri kulo’s situation is slightly different. Since it is allowed water only during
monsoon, distributing the abundant water between the head and tail end is hardly a
concern. Rather, the challenge for this small system is to maintain the intake that gets
washed away by floods at multiple times during the monsoon. Labor contributions from
each of the 25 households are sometimes insufficient to work on emergency repairs at the
intake and all able-bodied persons from each household is required to participate.
Tremendous efforts are exerted to grow one crop of monsoon paddy, and cooperation
levels in this group are very high.
Abundant resource conditions and considerable wealth differences within the
group appear to be negatively associated with cooperation at Mahadevtar. At Dubichaur,
relative resource scarcity appears to be positively associated with self-organization even
when the group is ethnically heterogeneous. And, successful organization at Sisneri
appears to be linked to conditions stipulating use of irrigation water only during the
monsoon. These cases suggest that (1) relative scarcity of resource conditions may be a
stronger motivator for cooperation than resource abundance; (2) ethnic heterogeneity may
not be a barrier to self-organization; and (3) resource salience is positively linked to
cooperation.

CASE STUDY – STUDY AREA 2
This study site is located in Kathar Village Development Committee (VDC).
Kathar is another VDC of Chitwan situated about 5 km South of Khurkhurre, a small city
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center on the Bharatpur-Hetauda highway. Khurkhure is 20 km east from Bharatpur and
16 km west from Piple, the previous study area. The forest area in Kathar is actually
divided into four separate community forests. The forest that was studied is the
Kuchkuche Community forest (see Map 8-2).
Households from Wards 6, 7, 8, and 9 constitute the user group for this forest.
User group members from these wards also manage seven separate irrigation systems.
The names of these irrigation systems that were studied together with the forest are
Janakalyan “Ka” Kulo (1), Janashakti Kulo (2), Koilidhara Kulo (3), Amrit Kulo (4),
Janakalyan “Kha” Kulo (5), Kharkhutte Tallo Kulo (6), and Badgaon ko Kulo (7) (see
Map 8-2).

Kuchkuche Community Forest (KCF)
Kuchkuche community forest (KCF) occupies an area of 118 hectares. It is
bounded by Kanteswori community forest in the North, a section of Ward number 9 and
Rapti River in the south, Ward 9 again in the West and the community forests of
Bhandara and Kanteswori in the east (see Map 8-2). The Royal Chitwan National Park
(RCNP) is situated south of Kuchkuche across River Rapti.
Physically, Kuchkuche, Devithan, Kanteswori, and Bhandara are one contiguous
forest area simply known as the Kuchkuche Forest (see Map 8-2). It has been divided into
four community forests only for management purposes. Devithan and Kanteswori’s users
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belong to Wards 1 and 4; and Wards 2, 3, 5, respectively. The users of the Bhandara
forest belong to Bhandara VDC and not Kathar.
Unlike Parewaswori, where the forest is situated in mountainous terrain, KCF is a
Terai forest located entirely in the plains. It is encircled completely by settlements and
farmlands and has a mean elevation of 250 meters. Kuchkuche is also different from
Parewaswori in that it lies in the RCNP buffer zone. Though it is also a communitymanaged forest, it is subject to greater oversight since it is governed by the regulations of
the buffer zone authorities at Kasara and not the district forest office in Bharatpur.
Khuckuche forest is also the habitat of the endangered rhinoceros.

Forest History and Settlement
Senior residents of Kathar describe Kuchkuche as being a forest densely covered
with Acacia Catechu (Khayar), Bombax Ceiba (Simal), and Trewia Nudiflora (Veller)
tree species even as late as 1970. By 1989, however, due to severe encroachments and
illegal logging, forest conditions deteriorated substantially. An estimated 6,626 hectares
of forest area were lost due to illegal encroachment in Chitwan district from 1964-1973.
Deforestation at Kuchkuche also coincides with the later stages of this time period but,
evidently, continues beyond into 1989. Multi-temporal satellite images confirm a net loss
in forest cover from 1976-1989 (Figure 7-3, area 8, Chapter 7) at Kuchkuche. A key
event that is thought to have triggered faster degradation rates after the mid- 1970s was
the formal establishment of RCNP in 1973. With its establishment, resource use from the
park area was restricted and available forest area for the use of rapidly expanding
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communities decreased. This led to overgrazing and overharvesting, which quickly
resulted in inferior forest conditions.
The six settlements of Badgaon, Sundi, Kharkhutte, Gaida, Pidrahani, and
Kumrattha that rely on Kuchkuche for their forest needs are not new settlements. Except
for Kumrattha, which was established in 1951, all others go back before 1900. The oldest
settlement is that of Badgaon, which was established in 1827. Though there is a fair mix
of different ethnic groups today, the indigenous inhabitants of these settlements are the
Tharus and the Darais. It is only after the mass migrations of people from the mid-hills
beginning from the early 1960s that these settlements began to expand. And, the new
settlers’ demand for fertile farmlands resulted in waves of deforestation.

Resource Use and Resource User Characteristics
There are 732 households with an estimated population of 4,700 that are members
of the Kuchkuche users group. Households typically rely on Kuchkuche Forest mostly for
their grass, fodder and fuelwood needs. Although households from six settlements
officially are members of the group, only three actually rely on this forest for their needs.
Since Badgaon, Gaida, and Soondi (which constitute nearly 50% of total number of
households) are located much further away from Kuchkuche Forest than Kharkhutte,
Kumrotha, and Pidrahani, they make little use of the community forest. Most households
from these settlements instead risk collecting grass and firewood illegally from the
proximate RCNP forest (see Map 8-2). Resource extraction from RCNP boundaries is
illegal except for 7-10 days during the year when neighboring communities are allowed
to collect grass and firewood. Reliance on the illegal use of RCNP forests by three
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settlements, no doubt, deflects significant pressure away from Kuchkuche, but this also
generates perverse incentives for members to shirk their group responsibilities.
The user group is ethnically heterogeneous. Nearly fourteen different ethnicities
are represented in the user group. Brahmin/Chettri (37%) constitutes the largest ethnic
group followed by Darai (22%), Tharu (14%), Tamang (11%), and others (16%). Though
Brahmin/Chettri is the single largest ethnic group, they are in majority in only two of the
six settlements at Gaida and Kharkhutte. The indigenous group, Darai, is in majority at
Soondi, Kumrotha, and Pidrahini; and another indigenous group, Tharu, is the major
group at Bagdaon.
The average landholding per household for the Kuchkuche users group is 0.75
bigha (approx 1.2 acres). This is greater than Parewaswori’s average of 0.5 bihga.
Among the settlements Badgaon has the highest landholding (0.95 bigha) and Gaida the
lowest (0.58 bigha). The majority of householders across all settlements are small
landholders who own less land than the group average. Nearly 72% of households own
less than 0.75 bigha and 56% less than 0.5 bigha of land. There are also households that
own relatively larger parcels of land. About 11% of the households own nearly 40% of
the land. Landholdings vary from 0-7 bighas. Nearly 6% of the households are landless.
The landless make a living either through share-cropping or by working as agricultural
laborers.
An estimated 4,230 livestock is owned by the user group. Poultry constitutes
nearly 41% of the livestock followed by goats (25%), buffalo (16%), cattle (13%), and
pigs (5%). The settlements of Kharkhutte and Pridrahani account for the highest number
of livestock - 25% and 21%, respectively - and Badgaon the lowest, 13%. If poultry is
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excluded, there is, however, not much of a difference in the average number of animals
owned per household between settlements. Except for Badgaon (less than two per
household), households in all other settlements own between three and four animals on
average and their requirement for grass and fodder is essentially the same.
The Kuchkuche Forest users group is predominantly a farming community. Its
agricultural land area is fertile, well irrigated and very productive. Cropping intensities
are typically 300% and even half a bigha of land provides food sufficiency for a
household year round. Wealth is derived mostly from land and households do differ in
their landholdings (11% own 40% of the land area). These differences, however, are not
so severe as to generate incompatible interests with respect to land, forest, or irrigation
resource use. Lifestyles are typically agrarian. Employment in cities also supplements
incomes in some households. About a quarter of the households have at least one member
of the family engaged in off-farm employment. Compared to other forest user groups
across the country, this group is relatively well-off and does not rely on their forest
resources for a major portion of their livelihoods.

Organization and Governance
Although the first efforts by the community to protect the forest from further
degradation began in 1990, a formal forest protection committee was established only in
1992. This committee was later registered with the Royal Chitwan National Park office as
the Kuchkuche community forest users group in 1995. Even after its establishment in
1992, the committee was unable to successfully cope with the problems of deforestation.
Certain sections of the forest area continued to rapidly degrade into shrubs. After the
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devastating floods of 1993, however, there was greater awareness as well as a sense of
urgency among the community members to protect the forest area. They were assisted by
the office of the East Rapti Irrigation Project (ERIP) in their efforts. Not only did ERIP
construct an embankment on the Rapti River, but they also supported a forest plantation
program to check flooding. With the initiation of the users committee and active
participation of the community, thousands of tree saplings (Dalbergia sissoo, Acacia
catechu, Eucalyptus, etc.) were planted in barren forest lands from 1995-1997. Also, the
extraction of grass, fuelwood, and timber was regulated and a forest guard appointed to
monitor the forest. These efforts translated into net growth in vegetation at Kuchkuche
and can be seen visually in the multi-temporal (1989-200) satellite image in Figure 7-4
(Chapter 7).
The user group has a written constitution and a functioning 11-member executive
committee headed by Mr. Suka Bahadur Tamang, the chairperson. The executive
committee makes rules and regulations and implements an operational plan that is
endorsed by a general assembly that meets annually. These plans, however, have to be
approved by the RCNP office. RCNP is the oversight agency responsible for regulating
buffer zone forests according to the buffer zone management act, 1993. Executives of
Kuchkuche are elected for a fixed 5-year term and receive no remuneration. The
composition of the present executive committee reflects the ethnic composition of the
larger group and is relatively well balanced. Members of the Tharu, Tamang, Brahmin,
Chettri, and Bhujel ethnic groups are represented in the committee and so are two female
members. The committee assumed office in 2002.
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Forest products are harvested according to the rules and regulations endorsed by
the general assembly in the operational plan. All of the rules are recorded in writing.
Rules relating to harvesting and sanctions are explicit, easily understood, and perceived
to be fair (see Tables 8-3, and 8-4). Grass, fuelwood, and timber are allowed to be
harvested but grazing livestock in the forests and lopping branches are prohibited.
Table 8-3
Harvesting Rules for Selected Forest Products at Kuchkuche Forest
Forest
Product

Amount

Frequency

Type

Cost

Fuel-wood

Max of 3 bundles per person

7-9 times a yr determined
by the committee

Wood from thinning,
pruning, dead branches etc

Rs 2 per bundle

Grass

Max of 2 bundles per day

4-6 months per/year

N/A

Rs 20/month

Timber

Maximum 20 cubic feet/HH

Per Year

Trees harvested as per
operational plan

Rs 170/cubic foot for
Sissoo, Rs 80/cft for Padke
species

Table 8-4
Penalties for Breaking Rules for Selected Activities at Kuchkuche Forest
Activity

Fine

Illegal grass collection
Illegal fuel-wood collection
Timber theft
Lighting forest fires
No-show in group activities

Rs 5/bundle + confiscation
Rs 50/bundle + confiscation
Rs 200 per cubic foot
Rs 1000/kattha (10 katthas is about 1.25 acres)
Rs 50, Rs 100, Rs 250, and expulsion from membership for the 4th violation

Interviews with respondents suggest that harvesting rules are followed most of the
time. There are generally no violations in regards to grazing and collecting grass.
Violations, however, do occur in regards to lopping off branches and sometimes even
cutting trees. During the research period, one case of illegal logging was observed. Since
it was not a valuable tree species, the guard let it pass with a warning. Households near
the forests were also found to be more aware of the rules and regulations guiding the
forest association than those living further away. Since about half the settlements do not
even use this forest, it is not surprising to note that mobilizing participation for forest
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maintenance activities is difficult. Many members from these settlements do not even
participate in the annual general assembly meetings.
Despite the difficulties, the efforts of the user group committee at regulating
forest use show positive results. Encroachment of forest area has been arrested, the
practice of grazing cattle within the forest has halted, forest product use has been
systematized, and the forest shows signs of regeneration. The user group has been
reasonably successful at crafting and enforcing its harvesting rules to ensure the right
level of conservation.

Sources and Uses of Funds
Timber sale, 20 membership fees, and entry tickets levied on tourists visiting the
forest area are the three major sources that account for nearly 90% of the annual income
of the user group. The sale of rights to collect grass and firewood to members contributes
less than 10% towards the total revenue. Timber sale, by far, is the single largest revenue
source and it contributed nearly 70% towards the total revenue of Rs. 74,000 (approx
$1,000) in the fiscal year 2002/2003.
Total expense in that year was Rs. 64,500 ($870). The two major expense items
were salaries of a forest guard and a primary school teacher, which accounted for over
50% of the total cost. The remaining funds were used to maintain sections of the village
road, rebuild parts of the forest fence damaged by rhinos, and pay for office expenses.
In addition to their own funds, the users committee also attempt to seek funding
from government as well as non-government agencies. In the past, they have been funded
by RCNP for a fencing project, afforestation program, and even salary for a forest guard.
20

This refers to selling timber from dead trees. Living trees cannot be harvested.
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Kuchkuche’s budget is relatively small – about 25 times less than that of
Parewaswori. This might be one of the reasons why the local elite of Kuchkuche are not
interested in playing an active role in the committee. Unlike at Parewaswori, where they
have an overwhelming presence in the executive committee, at Kuchkuche they are
virtually absent.

Forest Conditions
Kuchkuche is a natural forest with about 16 species of trees and a density count of
379 stems per hectare. The dominant tree species is Trewia nudiflora (Veller). Other
important tree species are Bombax ceiba (Simal), Dalbergia sisoo (Sisoo), Albizia
odoratissima (Padke), Albizia chinensis (Siris), and Myrsine sp. (Kali kath). The present
species composition is a result of 30-35 years of illegal logging and encroachment of the
forest area. Otherwise, the two most dominant species of trees used to be Bombax ceiba
(Simal) and Acacia catechu (Khayar). Even as late as 1993, the forest area was listed as a
Bombax ceiba (Simal) forest in the topographic map of the region. By 2003, Bombax
ceiba (Simal), at least in the Kuchkuche community forest area, was superseded by
Trewia nudiflora (Veller), and even by the new plantation of Dalbergia sisoo (Sisoo)
trees. At least eight different species of trees were planted after 1993, but only Dalbergia
sisoo (Sisoo) has survived. The forest area has lost considerable woody vegetation and
certain sections are getting converted to bushy and shrub vegetation.
Though both Kuchkuche and RCNP forests are in close proximity (less than 1
mile), there is a striking difference in their tree species composition. The RCNP forest is
predominantly a Shorea robusta (Sal) forest. There were, however, no Shorea robusta
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(sal) trees present in the 32 plots we sampled at Kuchkuche community forest. Other
important species found in RCNP forests are Syzygium sp. (Kyamun), Dillenia pentagyna
(Tatari), and Holarrhena pubescens (Dudh koria). Comparing the top five tree species in
both forests, we find that there is not even a single tree species that is common between
them. This difference in species composition is more likely a result of natural variability
more than anything else. The other major difference between the two forests is the level
of protection accorded to them. Unlike the buffer zone forest which is monitored by the
community, RCNP is monitored by contingents of the Royal Nepal Army. It is no
surprise that forests within RCNP are in noticeably better condition than the forests in the
buffer zone (see Nagendra, 2002). Given these obvious differences I do not make
comparisons between Kuchkuche and RCNP forest though they are in close proximity.
Instead, I compare Kuchkuche to Ghailghari forest, another community forest located
further west from Kuchkuche along the banks of Rapti in the buffer zone. Ghailghari is
similar to Kuchkuche in many respects. It is a community forest located in the buffer
zone in the same ecological region; has a tree species composition similar to Kuchkuche;
its southern boundary is in proximity to RCNP; was subject to flood conditions in the
same year as Kuchkuche; and its forest size and user group size are similar, 203 hectares
and 665 households, respectively. Though we may not be able to directly associate forest
conditions with group efforts, it can be a first approximation.
There are only four trees species at Ghailghari. These four species, however, are
also present in Kuchkuche and constitute four of its six important species. Figures 8-7
and 8-8 are a comparison of the mean diameter at breast height (DBH) and the mean
height of each of the species taken up for comparison.
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Figure 8-8: Mean Height for Selected Tree Species
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Figure 8-7: Mean DBH for Selected Tree Species
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The mean DBH as well as mean height of Bombax Ceiba (Simal) is significantly
greater at Kuchkuche than at Ghailghari (97 cm vs. 76 cm and 30m vs. 22m). DBH of
Albizia sp. (Seto siris) at Kuchkuche is two times that in Ghailghari (69 cm vs. 31 cm)
but differences in the mean height are not significant. Trewia nudiflora (Veller) at
Ghailaghari, on the average, is almost two times taller than they are at Ghailghari but
girth differences are not significant. Since comparisons are between measurements taken
at Kuchkuche in 2003 and Ghailghari in 1998, interpretation of differences needs to
account for growth that has taken place in the five years between measurements. Two
inferences that can be made from the statistics are (a) the Dalbergia sisoo (Sisoo) trees are
likely to have been planted earlier at Ghailghari than in Kuchkuche and must have grown
taller and fatter in the five years since 1998 (no differences in mean height and DBH) and
b) there are probably no striking differences between the Bombax ceiba (Simal) trees at
Kuchkuche and at Ghailghari (growth has to be factored into the differences in both
height and DBH).
Figures 8-9, 8-10, 8-11, and 8-12 suggest that the most important and the most
abundant species at Kuchkuche is Trewia nudiflora (Veller). It is distributed over nearly
80% of the forest area, it outnumbers the second most abundant species by a factor
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greater than three, and it has the greatest importance value. Dalbergia sisoo (Sisoo) and
Bombax ceiba (Simal) tie in at second place in terms of importance value. Although there
are eight times more Dalbergia sisoo trees than Bombax ceiba (Simal) trees, and they are
distributed over a wider area, they have the same importance value because the latter
species contributes far more standing crop biomass than the former. In the other forest at
Ghailghari, Dalbergia sisoo is the most important species followed by Bombax ceiba
(Simal). Dalbergia sisoo outnumbers Bombax ceiba ten to one and is also spread over a
greater forest area (two to one). Essentially, Kuchkuche is predominantly a Trewia
nudiflora (Veller) forest and Ghailghari is a Dalbergia sisoo forest.

Figure 8-9: Absolute Density of Selected Tree Species

Figure 8-10: Absolute Frequency of Selected Tree Species
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Figure 8-12: Importance Value for Selected Tree Species

7

70

6

60
Trew ia Nudiflora (Veller)

5

Im portance Value

Dom inance (Total ba/ha)

Trew ia Nudiflora (Veller)

60

Dlagergia Sissoo (Sissoo)

4

Bombax Ceiba (Simal)

3

Albizia (Seto siris)

2

Albizia Odoratissima (Padke)

1
Kuchkuche Community
Forest

Dlagergia Sissoo (Sissoo)

40

Bombax Ceiba (Simal)

30

Albizia (Seto siris)

20

Albizia Odoratissima (Padke)

10

Myrsine sp. (Kali kath)

0

Trew ia Nudiflora (Veller)

50

Myrsine sp. (Kali kath)

0

Ghailghari Community
Forest

Kuchkuche Community
Forest

257

Ghailghari Community
Forest

The forest at Kuchkuche appears to have undergone relatively less degradation
than Ghailgahri. In 2003, Kuchkuche had more than twice the number of trees per hectare
and four times more the number of tree species than what Ghailgahri had in 1998.
Ghailaghari is mostly a plantation forest, but most parts of Kuchkuche are still a natural
forest. Given the same types of pressures facing the two forests, Ghailaghari has
undergone higher levels of non-timber forest extraction, grazing, and other disturbances
leading to higher loses in biodiversity. The plantation of Dalbergia sisoo has, however,
resulted in a net positive growth in vegetation in both forests. Growth in the buffer zones
can be seen in the multitemporal satellite images comparing the years 1989 to 2000
(Chapter 7, Fig 7-5).

Overall Assessment
The Kuchkuche community forest users group has been moderately successful in
managing its forest. There are rules governing forest use, rules for the most part are
accepted and followed, there is some monitoring of the forest, and sanctions are generally
enforced. The group, with inputs from external agencies, has indeed been able to halt the
pace of deforestation witnessed in the late 1980s. Grazing of animals in the forest has
come to a stop, grass and fuelwood collection is regulated, and the forest area despite
gradually losing tree density of valuable species has remained intact in the last five years.
Problems relating to illegal tree felling and lopping branches still persist. Satellite images
provide physical evidence that the forest has gained in vegetation in the 11 years from
1989 to 2000. The local users concur that there has been growth in vegetation but say
most of it, apart from the plantations, has been due to bushes and shrubs. The IFRI/Nepal
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forester also thought that though the vegetation is about right for the ecological zone, it
has fewer tree species and the density of the valuable trees is on the decline. Comparing
Kuchkuche with Ghailghari, a forest with similar resource and resource user
characteristics, we see that Kuchkuche is in better shape. Had it not been for the
community’s efforts, Kuchkuche’s deforestation rates might have been similar to that of
Ghailgahri’s.
The proximity of RCNP forests to Kuchkuche appears to have both a positive as
well as a negative influence on the user group. Since half of the settlements are located
much closer to RCNP forests than Kuchkuche most households from these settlements
choose to rely illegally on RCNP forests for their grass and fuelwood needs. This,
ironically, relieves pressure on Kuchkuche’s own forest resources. In 2003, only two
households from these settlements are reported to have purchased permits to harvest
grass, that too only once. Also, during the site visit, I saw large groups of women
crossing the Rapti and entering the RCNP forests to collect grass. The incentives to risk
breaking the rules appear to be considerable. A bundle of grass can be collected from the
RCNP forest in less than an hour, but to do so from the Kuchkuche Forest takes more
than three hours. Such an alternative, however, generates disincentives to participate in
user group activities to manage their own forests. Members from Wards 6 and 8 do not
participate in forest activities. Nonparticipation has led to disinterest and members often
complain, “We are having problems preventing outsiders from illegally harvesting our
forests”. On the one hand, there is less pressure on the forest but, on the other hand, a
lack of unity has opened up the forest to outsiders.
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Considerable funding and support has been extended by the park authorities to
protect the forests in the buffer zones. Not only have they supported the activities of the
forest user groups but also activities of multiple other groups such as women’s groups,
milk cooperatives, agriculture cooperatives, and others within the buffer zone
community. Annually, nearly 50% of the revenues generated by RCNP through ticket
sales are transferred back to an organization called the “Buffer Zone Committee,” which
is an elected committee that represents a federation of many local buffer zone
organizations. This committee then disburses funds proportionally to local buffer zone
organizations.

The funds are typically used to support various activities in the

community through different user groups, one of which is the forest users group. The
King Mahendra Trust for Nature Conservation (KMTNC) also pays partially for the
damages caused by wild animals to crops and livestock. All of these efforts are directed
towards gaining the cooperation of the community to preserve and protect the buffer zone
forests, which are the habitats of a number of animals including the endangered
rhinoceros. The regeneration of vegetation in the buffer zone community forests, hence,
involves not only the efforts of the forest users group but also efforts by government at a
larger scale.

Irrigation Systems at Kathar VDC
The names of the seven irrigation systems that service the farmlands of the four
Wards (6,7,8 and 9) at Kathar VDC are Janakalyan “Ka” Kulo (1) 21, Janashakti Kulo (2),
Koilidhara Kulo (3), Amrit Kulo (4), Janakalyan “Kha” Kulo (5), Kharkhutte Tallo Kulo

21

The numbers in parantheses correspond to the respective irrigation system shown in Map 8-2.
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(6), and Badgaon ko Kulo (7) (see Map 8-2, and Table 8-13). Each of the systems is selfgoverned and has its own water users association. These systems together irrigate
approximately 617 hectares of land. This is more than twice the area irrigated by the three
systems at the earlier site in Piple. The average land area irrigated per household at both
sites, however, is nearly the same (0.79 at Kathar vs. 0.84 at Piple). Janakalyan “Ka” kulo
(1) and Janashakti kulo (2) are operated together as a single system and is the largest (255
ha) among the systems at Kathar VDC. Badgaon ko kulo (7) is also relatively big with a
command area of 182 hectares. It is the oldest among the systems, constructed in 1932.
The other irrigation systems are small with command areas between 45-75 hectares.
Descriptive profiles of these irrigation systems have already been presented in Chapter 6
(pages 155-158) in another context. Here, for quick reference, I present only an
information summary in Table 8-13.
Kathar VDC has one of the most fertile lands in the region that are serviced by
irrigation systems that tap into perennial rivers and springs. Three of the systems draw
water from River Rapti, two from Boodi Rapti River, and another two from springs
originating in the Kuchkuche Forest. Boodi Rapti River is also fed by the springs of
Kuchkuche Forest. Whereas systems tapping directly into the powerful Rapti River have
to cope with incessant damages to the intakes during floods, the ones that draw water
from the springs are fairly stable. The headworks and canals of four of the seven systems
are located either within the forest or traverse the forest. The physical proximity between
forest and the irrigation systems at Kathar are, therefore, more intimate and visible unlike
the relationship at Piple VDC. Another common element among the systems is the
assistance they have received through the East Rapti Irrigation Project (ERIP) for
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Table 8-13
Summary Information for Irrigation Systems at Kathar
Name Of Irrigation
System

Janakalyan
“Ka” Kulo

Janashakti
Kulo

Koilidhara
Kulo

Amrit Kulo

Janakalyan
“Kha” Kulo

Kharkhutte
Tallo Kulo

Badgaon ko Kulo

Numbers that represent
the irrigation systems in
Map 8-2
Draws water from this
River /Source

1

2

3

4

5

6

7

Rapti River

Rapti River

Springs originating
in Kuchkuche
Forest

Boodi Rapti River

Boodi Rapti River,
and Dhongre River

Year Constructed
Services Fields in these
Wards
Service Area (hectares)
Number of Households
Ethnic Composition

1983
Ward 9, Ward 8

1993
Ward 8

1942
Ward 9

Springs
Rapti River
originating in
Kuchkuche
Forest
1961
1983
Ward 7

1958
Ward 7

1932
Ward 6

60
70
Tharu 29%
Darai 17%
Brahmin/Chettri
54%

182
200
Tharu 50%
Brahmin//Chettri50%

Mix of mud
lined and
cement lined
canals,
permanent gate

Mix of mud lined
and cement lined
cnals, permanent
gate

Mix of mud lined and
cement lined canals,
permanent gate

Majority<0.67
ha
Yes
12

Majority<0.67 ha

Majority<0.67 ha

Yes
12

Yes
12

Infrasturcture

Average Land holding
(ha)
ERIP Assistance
Average Water Access
(months)

255
300
Darai 35%
Brahmin/Chettri 26%
Tamang 16%
Gurung 9%
Others 14%
Mix of mud lined
Mix of mud
and cement lined
lined and
canals, permanent
cement lined
gate
canals,
permanent
gate
Majority<0.67 ha
Majority<0.6
7 ha
Yes
Yes
12
12

45
110
Darai 70%
Gurung 15%
Brahmin 9%
Others 7%
Mix of mud lined
and cement lined
canals, permanent
gate
Majority<0.67 ha
Yes
12
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75
100
Brahmin/Chettri 76%
Tamang 14%
Damai – 10%
Mix of mud
lined and
cement lined
canals,
permanent
gate
Majority<0.6
7 ha
Yes
12

infrastructure rehabilitation. Considerable sections of the canals are cement-lined, and
generous use has been made of permanent water division structures, culverts, and
concrete pipes. The physical infrastructure of the irrigation systems at Kathar VDC is
sturdier than those at Piple VDC.

Overall Assessment
Water sharing and cooperation between systems
Except for Badgaon ko kulo, the other irrigation systems do not need watersharing agreements at the river source. The abundant volume of water in the Rapti River
even during the dry season makes it unnecessary to have one. Systems that rely on the
perennial springs also do not require agreements because they tap into separate springs at
different locations. Badgaon ko kulo, which draws water from two separate sources,
however, does have water sharing agreements with its neighbors. The agreement with
Jeevanpur kulo is informal and they share water on a 1:1 basis at a common point on the
Boodi Rapti River. A similar 1:1 water-sharing agreement on the Dhungre River with
Surtani kulo is, however, legally binding. Conflicts over water sharing on Dhungre, a
river with inadequate discharge, had to be resolved by the courts. Water-sharing
arrangements are based on prior use rights and also the proportion of area to be irrigated.
The relative abundance of water not only minimizes potential for conflict between
systems but also opens up opportunities for cooperation. Farmers of Wards 7 and 5
negotiated a deal that permitted the latter to construct a new irrigation canal, Janakalyan
“kha,” to convey water from the Rapti River to the fields of Ward 5 via Ward 7’s
farmlands. The irrigation canals at Kathar flow from east to west and Ward 5 is located
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further west from Ward 7 (see Map 8-2). In lieu of the land-use rights, Ward 5 provides
Ward 7 a volume of water that is sufficient to irrigate 50 hectares of land. Water is
transferred from Janakalyan “kha” to Amrit kulo at a suitable point. This arrangement has
increased the command area of Amrit kulo from 25 to 75 hectares. Badgaon ko kulo also
allows the use of its infrastructure to transport Pipara kulo’s water to their fields. After a
flood washed away most of Pipara’s own canal infrastructure, they found it more
economical to share some of their waters with Badgaon and use their canals rather than
construct a new one. Bargaining and cooperation between the parties have benefited both
sides.

Water allocation and distribution
There are no striking differences in the methods used to allocate and distribute
water across the systems. Water entitlements across all of the systems are primarily based
on the principle of dividing water in proportion to the land irrigated by the farmer in the
command area. During periods of water abundance, water is available on demand. During
water-deficit periods, timed rotation is the most popular system in use. Water is
distributed from head end to tail end with increased delivery times added to balance for
conveyance losses as supply progresses from head to tail. Each of the systems has a water
guard assigned to monitor water use and also report on the state of the infrastructure.
Minor differences in production yields suggest that farmers have been able to craft,
monitor, and enforce a set of appropriate rules that has ensured an equitable distribution
of water between the head and tail reaches of the system.
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Resource Mobilization
Considerable resources have to be mobilized regularly for the successful
operation of irrigation systems. Canals have to be desilted, emergency repairs have to be
undertaken to rebuild washed-out intakes, and canal infrastructure has to be maintained.
The rules governing system maintenance is common across all the systems, and WUAs
are pretty successful at mobilizing resources (cash, labor, material) internally in a timely
manner. Generally, the labor component of the maintenance cost is met through
manpower contributions on a household basis. And, the materials component of the cost
is raised in cash on a landholding basis. Most systems do not have problems with regards
to raising cash, but face problems in mobilizing labor. Wealthier households like to send
in proxy labors or contribute cash. Though this arrangement does not pose problems for
regular maintenance, critical shortages in manpower occur during emergencies. 22 The
changing trend in the way manpower is mobilized is exemplified by Kharkhutte tallo
kulo. It contracts out even its annual desilting activity. Mobilizing labor for emergencies
is a continuous challenge for all of the WUAs.
All of the systems maintain records of labor contributions, and fines are imposed
for shirking labor duties. The amount fined is equivalent to the prevailing daily wage
rates. Individual systems cope with varying degrees of shirking. Rules are generally
followed and infractions are not critical to unravel cooperation.

22

Water has to be available during critical time periods in the cropping cycle. Any event that cuts out water
flow in the canal constitutes an emergency, e.g. washed-out intakes or collapsed main canals.
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Organization
All of the WUAs have written constitutions and are registered with the district
irrigation office at Bharatpur. ERIP played a key role in formalizing the water users
associations by tying up assistance with registration at the irrigation office. The 93
project-assisted WUAs are also federated through a seven-member organization called
the East Rapti Irrigation Coordination Committee. Members of this committee are elected
by representatives from the WUAs. The government apportions an annual budget for
repair and maintenance that is channeled through the coordination committee. The budget
fluctuates from year to year, but the highest amount apportioned so far has been Rs.
1,400,000 ($20,000). The committee is responsible for apportioning appropriate amounts
of money to individual systems for their maintenance needs. Each system, on average,
receives Rs 15,000 ($200). Any amount of money required above this sum, which is
usually the case, is mobilized internally by individual systems.
Though provisions in the constitution call for an elected executive committee all
of the seven systems without exception have executives nominated through consensus.
Most have eleven-member committees led by a chairman. The leadership role in each of
the associations is assumed by a respected and active member of the community. The
associations are fairly active and effective.

Heterogeneity and Collective Action
All systems cope with some degree of shirking. The two groups that are more
likely to miss “banwari” duty during emergencies are the wealthier households and
households located at the head end of the canals. Since wealth is primarily derived from
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agriculture, the wealthy though they may shirk at times do have a strong interest in
ensuring the smooth functioning of the system. Most contribute their share of labor
requirements through proxies or by paying cash during normal times. It is only during
emergencies, when labor contributions are more important than cash, that they tend to
default. Wealth disparity problems are, however, attenuated by the fact that nearly 7085% of the households in all of the systems are small landholders. They own less than
0.75 bighas (0.5 hectares) of land and are mostly dependent on it for their livelihoods.
The interests of the majority of the small farmers to keep the system functional are
inherently strong. And, if the small farmers are located at the tail ends, their interests are
even stronger. The willingness of the small farmers in general, and those located at the
tail end, in particular, to bear a disproportionate share of the labor burden lends a certain
degree of robustness to the institutions governing irrigation resource use in Kathar.
Differences in ethnicity and system size also appear not to significantly affect
system performance. The joint systems of Janakalyan “ka” and Janashakti have a
command area of 255 hectares that serves 300 households over three settlements. The
ethnic mix of the population is Darai 35%, Brahmin/Chettri 26%, Tamang 16%, Gurung
9%, and others 14%. The systems draw water from River Rapti, and its main canal spans
nearly 13 kilometers (approx. 1 mile) in length from head to tail. This is the largest
system that serves the need of a very heterogeneous group in Kathar VDC. Coordinating
the efforts of multiple ethnic groups from three settlements to tap into a very powerful
river from a significant distance is no mean task. Further, the ability to equitably
distribute water between its head and the tail reaches ensuring nearly 300% cropping
intensities at both ends is incredible. The differences in the water delivery to both ends in
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this system are not much different from that in Koilidhara, which serves a small area (45
ha) and has a homogeneous population (70% Darai).

Performance
Irrigation performance is generally evaluated on the basis of (a) condition of the
physical infrastructure, (b) the difference in water allocated at the head and the tail end
and (c) cropping intensities. No striking differences were observed in the condition of
canals and irrigation infrastructure in the seven systems. They were generally in good
condition and were fully functional. In all of the systems, more water was available at the
head end than the tail end; therefore, the yields were higher at the head than in the tail
end. However, the cropping intensities at both ends were the same (300%). Most of the
areas cultivate three crops annually.
Availability of water and salience of the resource provide strong incentives for
farmers to organize. The farmers in these systems have been able to develop their own
agreements, establish monitoring mechanisms, and are willing to sanction those who do
not conform to their own rules. Well-crafted institutions and strong leadership have
enabled all these systems to overcome challenges associated with asymmetries in location
and differences in wealth. They are able to distribute water more equitably and also keep
their systems in good condition.

DIFFERENCES BETWEEN RESOURCE TYPES
The physical characteristics of a resource considerably influence the kinds of
appropriation and provision problems faced by resource users and their responses to it.
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Forest resource units and irrigation resource units are, for example, quite distinct.
Whereas resource units in the former are stationary and relatively predictable, resource
units in the latter are mobile and uncertain (Bloomquist et al., 1997). For example, the
amount of grass, fodder, or firewood that may be available in a given forest from year to
year is much more predictable than discharge in a river. The need to adapt to fluctuating
supplies in irrigation systems makes appropriation of resource units based on a quota
system impractical and is, therefore, almost always based on some type of a time-area
allocation rule that varies according to water availability. This is observed in all of the
irrigation systems at both research sites. Appropriation rules defining forest product use,
on the other hand, are usually based on some sort of a quota system. For example, the
Kuchkuche Forest user group has a rule that allows for the consumption of 20 cubic feet
of timber per household per year.
Resource user relationships with their resources are also dependent on the nature
of the resource. In irrigation systems, there is an asymmetry present between those who
are physically near the source of the water and those who are physically distant from the
source. Resource units flow from head end to tail end and, therefore, it is first available to
the head-enders and only then to the tail-enders. Such asymmetries are not present in the
case of forest resources. Households may be physically located at varying distances from
a forest, but all households without exception can access forest products together at any
given point in time. Such relationships inherently make the monitoring task far easier in
irrigation than in forests. Since water follows a predetermined path and rules can be used
to determine who gets how much and when, the system can be self-monitoring.
Individuals waiting their turn monitor the water use of those who appropriate before
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them. Forest resources, on the other hand, can be appropriated by anyone, in any amount,
at any time, and from anywhere. Monitoring forest resources is structurally much more
difficult than irrigation. The nature of the resource to a great extent determines the ease
with which users are able to organize around it and the way they design their
appropriation strategies.
Irrigation and forest resources differ along a number of other dimensions as well.
Irrigation user groups are smaller than forest user groups. At Piple, the irrigation system
with the largest membership is less than one-third the size of the forest group.
Considerable investments are required to build and maintain irrigation infrastructure
before any benefits can be derived. No such investments in physical infrastructure are
necessary to appropriate forest resources as they are ready to use. Water resource units
are naturally unavailable to those whose fields lie outside the irrigation boundaries.
Forest products, however, are potentially available to everyone. Most forest products
have a market and can be sold by anyone for cash, but irrigation units do not have ready
markets and cannot be converted into cash. Water resources, nevertheless, are valued
more over forest products by the farming community as it is a key agricultural input
linked directly to food sufficiency and livelihoods.
The two resources also differ with respect to product use. Irrigation water is
essentially a single-use product whereas multiple products are harvested from a forest.
Appropriators, therefore, have to cope with considerably different settings that are
primarily a consequence of the nature of the resource.
The group efforts required to self-organize for irrigation are not trivial. The
command area has to be defined; canal alignments have to be negotiated; and then water
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diversion structures, check-gates, and canals have to be constructed. This requires
substantial amounts of investments in labor and capital upfront before benefits can be
realized. More efforts are further required in maintaining the infrastructure because a
washed-away intake or a broken check-gate renders the system virtually unusable. In
addition to this, still more efforts are required to coordinate efforts of all users to design
institutions that all agree to abide by. Despite the costs, there are also benefits to be
realized from cooperation. Year-round irrigation not only ensures higher crop yields but
also cropping intensities that are more than two times what it would have been without
irrigation. The ability to produce two rice crops annually instead of one is a strong
motivation for farmers to cooperate. Moreover, water is relatively abundant, resource
flow is predictable, appropriators are autonomous to make their own rules, group sizes
are small, and systems have the potential to be self-monitoring. Such a setting does not
automatically guarantee that farmers will cooperate, but the incentives to organize are
strong.
The forest setting is quite different from an irrigation setting. The forest is spread
out over a large area; group sizes are typically larger than irrigation; forest products
because they can be sold, generate incentives to harvest illegally; forest boundaries are
potentially open to anyone; and neither the user nor the amount harvested can be
observed or discerned. Except for major infractions, such as cutting down trees or
clearing forests for settlements, minor infractions like lopping of branches will not be
noticed immediately. Also, forest resources neither require investments in physical
infrastructure nor does a lack in maintenance efforts result in immediate cessation in

271

resource flow. All of these characteristics imply that regulating forest resource use may
be more difficult than irrigation flows.
All of the water users associations and forest user groups from both study sites
have been fairly successful at managing their resources. Without exception, all of the
irrigation systems at both study sites were fully operational. Each of the user groups in its
unique setting is able to create and sustain agreements to avoid serious problems of
appropriation and provision. Though there is variation in the individual abilities of
systems to distribute water between their head end and tail end and there is some level of
shirking in all of the systems, their institutions are fairly robust to overcome the basic
cooperation dilemma.
The Parewaswori Forest user group at Piple is also fairly successful at governing
its forest resources. This forest group encompasses all of the three irrigation groups in the
region. Through an innovative organizational design, emphasis on monitoring, and a
strong leadership role played by the chairman of the group, Parewaswori has been able
change the relative size of the expected benefits and costs as perceived by participants
and thus able to ensure cooperation among themselves. The forest at Kuchkuche is also
able to sustain cooperation among the users but at a lower level.
There is, in general, stronger cooperation among users to govern their irrigation
systems more than their forest resources. This is probably because the benefits of
organizing are commonly understood by participants to be very high.
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COMMON ELEMENTS ACROSS RESOURCE TYPES
Different resource types have different characteristics and are embedded in unique
settings. Each successful, self-governed common-pool resource system copes with its
own settings by designing institutions that are most relevant to its own conditions. The
particular rules that successful self-governing systems use may vary substantially from
one another, but there are underlying principles common to them - referred to by Ostrom
(1990) as the design principles. The common-pool irrigation and forest resource systems
examined in this study are relatively successful systems that are characterized by some of
these design principles. Though groups are separately organized around the two resource
types the following principles, nevertheless, serve as a common link between them.

Clearly Defined Boundaries
The boundaries of the irrigation systems are clearly defined. Each irrigation
system maintains a written record of the names of the head of households who are
members of the water users association against the land area irrigated by the system. The
boundaries of Parewaswori community forest are also clearly defined. It is demarcated by
natural boundaries in three directions and by number markings on trees in the remaining
side. The user group maintains a record of their members (household heads) and also has
a map of the forest boundaries. The Kuchkuche Forest at Kathar also maintains such
records, but they do not have a map demarcating their forest area. Although there is no
map, the chairman of this group was able to clearly point out the boundaries demarcating
this forest from another adjoining forest during a system walk that we took around this
forest.
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The users in both resource systems know exactly where the boundaries of the
resource are and who has the rights to withdraw units from the common pool. Since most
of the irrigation systems and both the forest groups are formally registered with the
district irrigation and forest authorities, they have the legal right to exclude others.

Congruence
Though water is apportioned based on the land owned in the irrigation service
area, labor resources for maintenance are generally mobilized on the basis of households.
This is often a source of disgruntlement, but most comply with this rule. If material or
money inputs are required for maintenance, then it is raised based on landholding. This is
an equitable basis because those who receive the highest amount of benefits are required
to pay the highest proportion of costs. In the case of forests, monetary resources are
generated from the sale of forest products. There are, however, restrictions on the type
and amount of forest products that can be harvested (see Tables 8-1 and 8-3).
Clearly, there are rules defining how much resource units can be appropriated and
when in both types of resource systems. Both of the forest groups have written rules that
are clear and commonly understood. All users that we talked to were familiar with the
appropriation rules and were aware of what constituted an infraction. The irrigation rules
appear to be common knowledge and are not even put down in writing.

Monitoring and Sanctions
Not all of the irrigation systems have a water guard. Some of the larger ones have
them but not the others. The duties of the guard include reporting on the physical
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condition of the infrastructure, ensuring that water is proportionally divided between
canals, and reporting on infractions. Both of the forest user groups also have guards
dedicated to monitoring the forest area. Parewaswori has two full-time guards and
Kuchkuche has one.
In the irrigation systems, the cost of monitoring is relatively low. The irrigator
who is about to complete his turn would like to extend his time, but the next irrigator in
line is waiting for him to finish his job and would like to start early. The presence of one
deters the other, and additional resources do not have to be invested to monitor, one is
simply waiting his turn. Most of the infractions in the irrigation system are associated
with not contributing labor during maintenance and emergencies. Generally, a fine
equivalent to the daily wage is charged for not showing up. Water theft and stealing turns
are uncommon.
Monitoring large swathes of forest areas in a difficult terrain, even with full-time
guards, is generally problematic. Since forest products can be harvested by anyone,
anytime, and at any place, and one user may not be observed by the others, incentives for
breaking rules are relatively high. By mobilizing manpower for regular patrolling,
Parewaswori has been able to arrest some of the serious problems such as forest clearing
and felling of trees. However, minor infractions such as lopping off branches and grazing
cattle take place regularly. The monitoring problem is even more pronounced at
Kuchkuche. Given its setting, half the user group households do not participate in
collective activities as they do not appropriate resources from this forest. Sanctions for
various rules infractions are written down on paper (see Tables 8-2 and 8-4) and are
enforced from time to time.
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The Right to Modify Rules over Time
A general assembly, that is held once a year, endorses operating rules and elects
the executive committee in both types of resource systems. The user group members,
through these assemblies, have the power to change operational rules.
Minimal Recognition of Rights to Organize
The irrigation systems at Kathar are registered with the District Irrigation Office,
but those at Piple are not registered with any agency. One of the forests, Parewaswori
Community Forest, is registered with the District Forest Office and the other, Kuchkuche,
with the Buffer Zone Office. The registered irrigation systems are officially recognized
and they have the right to make their own rules and to enforce them. Even the ones that
are not registered practice the same rights.

There is virtually no oversight by the

irrigation agency and the systems function autonomously. In the case of forests, the ones
registered with the District office enjoy more autonomy in rule making than the
community forests in the buffer zone. There is less oversight by the District office than
by the Buffer Zone office. Both organizations have legal standing, but Parewaswori has
far more freedom to make its own appropriation rules than Kuchkuche, though both must
have their operational plans approved by the respective offices.
Conflict Resolution
Conflict-resolution mechanisms in both cases are informal. Those who are
selected as executive committee chairpersons undertake the responsibility to resolve
conflicts. Usually, the chairmen of these committees are individuals with standing in the
community and are able to resolve most problems amicably.
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ORGANIZATIONAL LINKAGES ACROSS RESOURCE TYPES
All of the forest users’ groups and water users’ associations function
independently of each other. They have their own charters and executive committees. At
both the research sites, I find that executive members of forest organizations do not hold
any executive positions in irrigation organizations and vice versa. Forests and irrigation
resources are independently managed and there appears to be no organizational linkages
between them, both at Piple as well as at Kathar VDC. It is probably the nature of the
resource that has a bearing on the way users choose to organize.
Irrigation systems are naturally linked to each other. Since they share water from
a common river inter-system understandings are often necessary to avoid system
conflicts. Inter-system coordination in the case of forests is, however, not as pressing
because forest boundaries tend to be distinct. Cross linkages across rivers and forests in
many instances are also not so obvious. As long as the appropriation of one resource does
not have any visible impact on the availability of another resource there is no pressing
need to coordinate between the organizations. Perhaps, this is why the forest user groups
and irrigation user groups are organized independently of each other. Not only do we see
this in Piple where the forest and river boundaries are distinct and far apart from each
other but also at Kathar where the forest and river share boundaries. Some irrigation
systems at Kathar do draw water from streams that originate within the Kuchkuche
Forest. Although villagers recognize that a decline in the forest cover can directly impact
water-flows, nevertheless, they are managed independently. Irrigation and forest
resources are not governed as a unit.
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Chapter 9
CONCLUSIONS AND POLICY LESSONS
OVERVIEW
Many farmer managed irrigation systems and community forest user groups in
Nepal are self-organized resource governance systems. In these systems the user groups,
who are themselves the major appropriators of the resource, are involved over time in
making many of the rules that affect the sustainability of the resource and its use. They
engage in making their own rules relating to the inclusion and exclusion of participants,
appropriation strategies, obligations of resource users, monitoring and sanctioning, and
conflict resolution. Not all of the groups, however, are successful at supplying their own
institutions to govern their resources in a sustainable and equitable manner. Whether a
group is successful at self-organization or not depends on many factors.
Many valuable lessons have been learnt about desirable attributes that enhance the
likelihood of self-governance (see Ostrom 1999). There is, in fact, considerable
agreement among scholars regarding the resource attributes and resource user attributes
that are conducive to self-organization. However, there are puzzles too. One such puzzle
relates to group heterogeneity and its influence on the ability of resource users to
organize.
Prior empirical studies (Cernea 1988, Wade 1994, Vedeld 1997, Fujita et al 2000,
Dayton-Johnson 2000, Varughese and Ostrom 2001) indicate that user group differences
may not have a uniform effect on the likelihood of sustaining collective action. It can
either be positively, negatively or even unrelated to self-organization efforts. Since many
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of the results are derived from individual case studies or only a small number of cases, I
adopt a more rigorous strategy in this dissertation to address the effect of these variables
on self-governance and outcomes. I draw on a relatively large number of cases from two
different types of common-pool resources in Nepal – irrigation and forests – to explore
associations between group heterogeneity (measured in diverse ways) and collective
action. I also undertake in-depth case studies of a few of these resource systems in
settings where members from the same community use both resources. This allows me
not only to assess whether local resource management efforts may be affected but also
offers me insights into how resource users organize around two different types of
resource systems.
This concluding chapter is organized into three sections. In the first section, I
review and highlight the findings of this dissertation. Second, I discuss policy lessons that
may be useful in designing institutions to govern common-pool resources such as forests
and irrigation systems. And, in the last section, I end the chapter with a discussion on
some possibilities for future research.

REVIEW OF FINDINGS
Irrigation
The most important factor affecting both agricultural productivity as well as the
physical condition of the infrastructure was found to be the orientation of the river system
from which the irrigation systems access their waters. Rivers that flow from North to
South have bigger gradients, tend to be seasonal, traverse through hilly terrains that are
prone to landslides, and frequently change course compared to rivers that flow in the
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East-West direction. Such characteristics have a direct bearing on the amounts of efforts
required to operate and maintain a system and the volume of resource units that are
available. This is consistently reflected in the ability of E-W irrigation systems to access
water for more number of months in a year, maintain their infrastructure better and enjoy
higher cropping intensities. Cropping intensities at both the head as well as the tail ends
in E-W systems are significantly greater than those in the N-S systems.
Two additional factors that significantly influence irrigation performance are the
willingness of individuals in groups to assume leadership or entrepreneurial activities to
ensure coordinated strategies, and the group’s history of prior organizational experiences.
Unless individuals are willing to invest substantial amounts of their personal time and
energy to coordinate activities of the many users it may not be possible to craft workable
institutions. Making, testing, fine tuning, interpreting, and monitoring and enforcing rules
to structure irrigation activities is a continuous process and it requires substantial amounts
time and energy. My results confirm that leadership abilities do matter and that they
significantly influence irrigation performance. Ternstorm (2003) also finds a significant
relationship between leadership abilities and performance in her study of irrigation
systems. The results, as expected, also suggest that groups with a prior history of working
together in other activities tend to do well in governing their irrigation resources. A
possible explanation why this might be so is that familiarity with various rules and
strategies used to achieve various forms of regulations might make the task of
organization a bit easier as users are more likely to agree upon rules whose operation they
understand from prior experience. Prior organizational history does appear to matter and
it positively influences irrigation performance.
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The effects of engineering infrastructure - type of headwork and canal lining - on
irrigation performance appears not to be uniform. The presence of a sturdier and more
permanent type of headwork on a system appears to be negatively correlated with
performance. A sturdier cement lined canal, on the other hand, is positively correlated to
system performance. Though the results are not statistically significant their implications
very much are. A truly permanent headwork, ironically, generates negative incentives for
head-enders not to want to cooperate with tail-enders in system maintenance. Partial or
complete cement lining on the other hand appears to improve performance by minimizing
system water losses thereby enabling water to reach the tail ends. The policy implication
of such results is that an improvement in engineering infrastructure alone may not
necessarily translate into improved system performance. Unless users are able to craft
and enforce rules to cope with the asymmetries generated by improvements in irrigation
infrastructure the positive effects may well be cancelled out by the negative effects.
Another important finding is that the socio-cultural differences as reflected by a
group’s ethnic composition do not negatively affect irrigation performance. Performance,
rather, is correlated negatively with income variation. The results suggest that variations
in incomes within groups may be a greater impediment to collective action than the
number of ethnicities that comprise a group. The result of this study in regards to the
socio-cultural variable is in line with the studies of Fujita et al (2000), Gautam (2002) and
Somanathan (2002). They too do not find any association between their measures of
socio-cultural heterogeneity and collective action. Similarly, in regards to heterogeneity
of assets the results corroborate the results of prior studies undertaken by Tang (1991),
Lam (1998), and Ternstorm (2003). All these studies of irrigation systems find a negative
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correlation between income inequality and collective action. The size of the irrigation
system as measured by its command area is also not correlated to performance. One
might expect better coordination and collective action when system size is small but this
is not the case. Again, this result is similar to the results that Tang (1991) and Lam (1998)
report in their studies.
Rules are used extensively to structure irrigation activities. All of the surveyed
systems have water users associations and rules govern the allocation and distribution of
water, resource mobilization, and monitoring and sanctioning. There is also a common
understanding among users regarding principles of water entitlements, resource
contributions, and fines for rule violations. The rules in use, however, vary from system
to system as they are designed to cope with their own situations. The study finds that
irrigation systems located on N-S flowing rivers exhibit higher levels of rule following
behavior compared to their counterparts in the E-W Rivers. However, there are no
significant differences in the monitoring and sanctioning activities and in the levels of
rule infractions between the groups. The results indicate that less endowed resource
systems (N-S) tend to be more conscious about following operational rules than the better
endowed systems. But, in terms of monitoring and enforcing rules they tend to be more
or less similar. The nature of rule infractions in both cases also tends to be mostly of a
minor nature such as shirking “banwari” duties or not showing up on time. It would be
unusual to find irrigators stealing water or irrigating out of turn.
Topography not only determines the initial resource conditions but to a great
extent it also determines the efforts that may be required to manage each of the individual
irrigation systems. Though greater cooperative efforts may be required to cope with the
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challenges in less endowed systems; the fundamental cooperation dilemma in solving the
problems of provisioning and appropriation; are, however, essentially the same for all
systems. Intakes and canals have to be constructed and maintained on a periodic basis;
rights and responsibilities have to be agreed upon; and appropriate rules have to be
crafted to govern the irrigation resource. This study finds that most of the farmer
managed irrigation systems in Chitwan are indeed able to craft institutions to suit their
conditions and extricate themselves from the cooperation dilemma. Functional systems in
good working condition are a testament to the farmers’ abilities to provide themselves
with self-governing institutions.

Forest
Results from the analysis of forest resources suggest that the attributes ethnic
composition, the distance of forests from settlements, and topography are not associated
with collective activity. Whether groups are ethnically homogenous or heterogeneous;
whether forests are located close or far away from settlements; and whether forests are
situated in the hills or in the plains has no bearing on the ability of groups to self
organize. Groups are equally likely to succeed or fail in their efforts in respect to these
attributes. However, forest conditions are found to have a very strong correlation with
collective activity, especially with rule enforcement. If rule enforcement is weak then it is
very unlikely that forest conditions will remain good. That socio-cultural differences and
distance to settlements do not adversely influence resource management efforts at the
local level is also borne out by the studies of Varughese (1999) and Gautam (2002).
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The manner in which topography influences different resource types is found not
to be uniform. Whereas collective action is influenced significantly by topography in
irrigation systems no such connection is observed in the case of forests. The impact of
geography on different natural resource systems in the Chitwan valley is obviously
different.
Most studies (Dayton-Johnson 2000, Varughese 1999, Lam 1998, Tang 1992)
report a negative association between income variation and collective action. I too find a
negative association between collective activity and economic inequality in my study of
Chitwan irrigation systems. However, in regards to forests I find the relationship to have
a positive association. The result appears counterintuitive as it suggests that groups with
wider income variations are more likely to self organize than groups with homogenous
wealth distribution. The reason why the rich may be willing to assume leadership
positions and bear the initial cost of organization is that their interests may be no different
than the poor in consuming forest resources. And, they stand to benefit more from
organization in the longer run. The result suggests that moderate economic inequality
may actually favor a group in articulating a common interest and engaging in collective
action.
Two of the research results in this study also relate to subsistence and governance.
The study finds that appropriators who are dependent on forest resources for a major
portion of their livelihoods are more likely to self organize than those who are less
dependent on the resource. Correlations between collective activity and forest conditions
are significant when user group dependence on forest is high and not significant when it
is low. In regards to governance the study suggests that one can expect to observe
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stronger collective activity in community forests than in non-community forests. The
results show a moderately strong and positive association between collective activity and
governance types. This implies that self-organized forest user groups are very much
capable of crafting their own institutions for sustainable resource use.
In most of the irrigation studies size as measured by the system command area or
the number of appropriators is reported not to be associated significantly with the ability
of groups to coordinate collective activity. My irrigation results are also no different.
However, in regards to forest resources the relationship appears to be slightly different. I
find the correlation between forest conditions and collective activity to be significant
when unit forest area per household is small and not significant when it is large. This
does suggest that groups with small memberships may find it more difficult to protect
larger forest areas than groups with larger memberships. Though the strength of the
association between resource size and collective activity is not that strong, size appears to
be a variable that may be more important when organizing for forest resource governance
than irrigation governance.

Inter-Ties
Case studies of two groups of community forests and irrigation systems were
undertaken at two sites in Piple and Kathar VDCs. The forest-irrigation study set was
selected purposefully to ensure that members of the same community appropriate both
types of resources. Residents of Piple use Parewaswori Community Forest and three
irrigation systems to serve their forest product and water needs. Similarly, Kathar
residents use the Kuchkucche Community Forest and seven irrigation systems to meet
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their needs. Analysis of the resource systems indicate that forests and irrigation systems
are managed independently of each other in both the communities. Executive members of
forest organizations do not hold any executive positions in irrigation organizations and
vice versa. Smaller groups of farmers are organized around an irrigation system and they
have their own water users associations, separate charters and executive committees.
Forest groups too have their charters and executive committees but group size compared
to irrigation is larger. A forest user group encompasses all the members of water users
associations and many more in any given area. Special single function organizations have
emerged to govern the resources independently and they most certainly are not managed
together. The nature of the resource, probably, has a bearing on the way users have
chosen to organize around it.
Irrigation resource units are mobile and uncertain. They fluctuate from year to
year and systems have to adapt fairly quickly to fluctuating supplies and emergencies.
Also, water flows from head to tail end and is, therefore, available first to the head-enders
and only then to those at the tail. Moreover, the volume of water available in a system
naturally limits the command area that can be irrigated. These characteristics have most
certainly influenced the way farmers have organized around this resource and it explains
why irrigation groups tend to be small and independent.
Unlike irrigation, forest resource units are stationary and quite predictable. They
are spread over larger areas and can potentially be harvested by anyone, in any amount, at
any time, and from anywhere. Also, forest resources do not require prior investments in
physical infrastructure before resource units can be appropriated. Since all households in
an area can lay claim to the forest resources the user groups out of necessity tend to be
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larger. It is also in the interests of the group to be broadly inclusive to ensure selfcompliance to rule constrained behavior. Without the cooperation of a large section of the
population, monitoring large swathes of forest area and enforcing rules becomes virtually
impossible. The ability to define appropriation rules on the basis of some sort of a quota
also makes it easier for resource users to work together in larger groups. Moreover, forest
and irrigation boundaries are in many instances distinct and far apart. Resource users,
therefore, do not see the appropriation of one resource as having a visible impact on the
availability of another resource. This may be part of the reason why forests and irrigation
resources are managed separately.
All of the water user associations as well as the forest user groups from both sites
were found to be fairly successful at managing their resources. Each of the user groups in
their unique settings is able to create and sustain agreements to avoid serious problems of
appropriation and provision. Though organized differently they are able to cope with
their settings by designing institutions that are relevant to their own conditions. The
common features that the resource systems share are very much in tune with the design
principles articulated by Ostrom (1990). Users in both types of resource systems know
exactly where the system boundaries are and who the eligible appropriators are. User
groups are formally registered with the authorities and enjoy certain legal rights - i.e. the
right to exclude non group members, and rights to make and modify rules. Rules defining
user rights and responsibilities are spelled out clearly and are commonly understood.
More importantly there are monitoring and sanctioning mechanisms in place and rules are
duly enforced. Though the resources may be different and governance efforts may vary
from group to group the principles around which they are organized, nonetheless, are
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similar. It is these underlying principles of organization that serves as a common link
across the two different types of resource systems.

POLICY LESSONS
Understanding Institutions
In this study, all of the irrigation systems and the community forests examined
had, without exception, clear rules defining access, rights, and responsibilities. Many
opportunities existed for group members to communicate openly, and users were willing
to sanction non-cooperators and enforce rules. There was evidence of members having
spent considerable amounts of time and effort devising rules that specified who was
allowed to appropriate, how much, and when. And, monitoring arrangements and
sanctions were in place to check for non-compliance. The norms of behavior in the study
area were generally conducive to engendering trust and reciprocity, but resource
governance was not based on norms alone. Deliberately devised and commonly
understood rules were in place to govern resource use.
Cooperation among villagers cannot be explained by the “benefits of engaging in
cooperation” argument alone. Even in instances where cooperation could have benefited
all parties, there are examples from Chitwan of sophisticated agency-managed irrigation
infrastructure falling in disrepair due to collective inaction in assuming responsibilities
for system operation and maintenance. There are many dimensions to the basis for
cooperation among individuals. Individual common-pool resource users are likely to
contribute and cooperate only if they perceive that they will be able to reap the long-term
benefits of engaging in collective action. They are also more likely to cooperate if they
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are aware of their interdependence and see mutual benefits resulting from working
together. The presence of a set of credible, commonly understood, well-enforced and
agreed-upon rules further helps in generating a positive incentive system for villagers to
engage in collective action. Without creating the right environment, bureaucracies cannot
assume that cooperation among resource users will develop naturally once an irrigation
system or a forest area has been handed over to the users.
The relationships between Nepali government officials, who are charged with
oversight of natural resource systems, and resource users are generally based on the
dominance-dependence relationship. Villagers are discouraged or disallowed from taking
initiatives. The villager, therefore, sees no incentive in taking responsibility and assumes
that it is the government’s role to take responsibility for the operation and maintenance of
the resource system. Given the non-incentives for villagers to participate, system
performance hinges on the capabilities of the government officials. With inadequate
resources, weak incentives to perform, and inadequate understanding of resource
systems, these officials very often fail to perform. It, therefore, comes as no surprise to
see national forests degenerating into open-access forests and agency-managed irrigation
systems turning dysfunctional. Common-pool resource systems are co-production
processes that perform best when both the oversight agencies and resource users
cooperate in making the system work. Non-cooperation by either party results in poor
performance.
Developing sustainable common-pool resource systems involves not only the
application of technical skills, such as forestry or engineering, but institutional design
skills as well. Failures in most instances occur not because of deficiencies in technical
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skills but due to lack of knowledge in designing institutions. Since the most important
consideration in institutional design is the process of developing a set of rules that
participants in a process understand, agree upon, and are willing to follow, valuable
insights can be gained by understanding them and their interrelationships. Agencies
charged with oversight responsibilities need to recognize this.

Recognizing Local Institutions
Policy actions that aim at facilitating the development of local institutions might
have greater chances of success if existing local institutions are recognized and
encouraged. Institutions are built on common understandings that take years to build. If
such an understanding already exists in a local community, this is a source of great
strength. Institutional development is a slow process based on the principles of trial and
error. One cannot expect new institutions to take root merely by introducing them, that
too, without the support of the community who are affected by them.
The Department of Irrigation has frequently imposed their institutional designs
and organization structures on irrigation communities. Imposing these structures
adversely affect the functioning of local organizations if they exist. When legitimacy of
local institutions is challenged, farmers’ faiths in local institutions vanish quickly. When
agencies intervene to develop irrigation infrastructure in potential areas, they need to
recognize the presence of existing systems. In some cases, there exist elaborate diversion
systems and sophisticated organizations. A survey undertaken during a season when the
system is not in operation could entirely miss out on a functioning system. A system in
apparent disrepair can, with the concerted efforts of the villagers, be put to use in a very
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short period of time. The experience and participation of villagers are immensely
valuable not only in designing the physical infrastructure but also in designing
institutions.
The organizational behavior of the District Forest Office (DFO) is not much
different from that of the irrigation office. Though the forest bureaucracy’s goal is to
create conducive environments to support self-organization, very little efforts are exerted
in this direction. Most community forest operation plans are prepared in haste and very
little inputs are sought from user groups (Kanel, 2004). The procedure for handing over
management authority to local users by the DFO requires the preparation of a constitution
and an operational plan for each forest user group. The DFO, in theory, is responsible for
supporting and assisting local groups in preparing these documents. Since lots of time
and effort are required during the initial stages to help build capacity and encourage
groups to prepare their constitutions and operation plans, the DFO office, given its
resource constraints, is unable to provide the required level of attention. What happens in
practice is that an operating plan developed for one forest user group becomes the
standard model that is pushed for all user groups across the country without considering
local conditions. The forest officials fail to acknowledge existing patterns of relationships
between members and prevalent practices of forest usage. Not much respect is shown for
the ability of locals to govern their own resources.
Officials from both the Irrigation and Forest Departments often see local
organizations merely as arrangements through which to obtain a community’s
contributions and cooperation. Very little attention is paid either to encourage or develop
the governing function of these organizations. Participation is thus frequently equated to
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getting the villagers to fit their efforts in the operation and management plan suggested
by the officials. Policy actions related to irrigation and forest governance, therefore, need
to be strongly linked with an institutional environment where villagers are provided
positive incentives to participate in crafting rules and engage in productive working
relationships. Farmers have to be recognized as being intelligent with capabilities to
make informed decisions and engage in collective action.

Engaging Local Resource Users
Farmers are very knowledgeable about stream flows, crop preferences, stability of
land, and a host of other time and space information. Such types of information are
extremely valuable in operating irrigation systems under considerable amounts of
uncertainty. The weather, topography, and changing needs of appropriators introduce
uncertainties in assessing the volume of resource units that will be available to an
irrigation system. During monsoons, the intakes and embankments are regularly breached
requiring emergency action. Discharge from the rivers during winters also decreases
drastically, requiring major adjustments in the appropriation rules. Unless users are able
to quickly adapt to changing conditions, system operation can drastically suffer. A quick
response is not possible, however, without user participation and cooperation. If local
knowledge and participation can be incorporated into designing rules governing resource
use, then it is more likely the systems will function successfully. Governing forest
resources effectively poses similar challenges. Unless forest users are themselves
involved with decisions relating to inclusion or exclusion of participants, appropriation
strategies, obligations of participants, monitoring and sanctioning, and conflict resolution,
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they may not have strong commitments to abide by rules established by forest officials.
Without a clear understanding of the local time and space information that users possess,
designing rules to regulate forest resource use may not, again, be effective.
Efforts at helping communities to develop institutions, therefore, have to be
directed towards enhancing their capabilities and willingness to relate to and work with
one another rather than handing down rules or organizations to govern resources.
Institutions, no matter how well designed they are in the beginning, will subsequently
require adjustments to changing conditions. Unless these changes can be incorporated,
institutions quickly become ineffective. It is, therefore, important that resource users who
are affected by the operational rules are permitted to participate in modifying the
operational rules. Since the lifestyles of resource users are closely linked to their resource
systems, they are the ones who are most knowledgeable about the resource conditions.
So, unless resource users participate in the governance of their common-pool resources,
resource use will be both ineffective and inefficient.

Securing Legal Standing
Both the irrigation and forestry agencies in Nepal have in recent times recognized,
in principle, the importance of community participation in the development and
management of common-pool resources. The enactment of key legislations with respect
to both resources has accorded legitimacy to user groups and protected their rights to
access, exclude, and manage resources. One of the key conditions associated with
successful self-organization – the minimal recognition of rights to organize – is in place
allowing users to devise their own institutions that are not challenged by external
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government authorities. Regardless of these legal provisions, however, the national
government and its agencies routinely fail to effectively translate policies into action. The
inability, or rather the unwillingness, of the agencies to recognize diverse local rules
governing rights and responsibilities is often a major impediment to successful selforganization. No doubt, there is still a wide gap between the spirit of the policies and
practice, yet the legislation to promote self-governance is a step forward in the right
direction undertaken by the respective agencies.
Historically, farmer-managed irrigation systems (FMIS) were never recognized as
a legal entity. Not only did they not have legal standing but even their contribution
towards irrigated agriculture was not recognized by the Irrigation Department despite
their significant contributions (even today, nearly 70% of irrigated agriculture in Nepal is
a result of FMIS). Developing irrigation infrastructure for the Department meant the
construction of medium and large-scale systems, 23 especially in the Terai. Planning,
construction, implementation, operation and management, and maintenance were all
considered to be responsibilities of the Irrigation Department. The beneficiaries (resource
users) did not have a role to play in any of these processes. In more recent times,
however, with the adoption of the irrigation policy of 1992, provisions have been made
for users’ participation in the agency-led irrigation development programs. The Water
Resources Act of 1992 also, for the first time, acknowledged the legal rights of duly
registered water users associations with their own bidhans (charters). This is a significant
step forward in ensuring secure property rights, which needs more encouragement.
Recognition as a legal body not only secures it the right to sue and be sued but also
23

A command area of approximately 500-2,000 hectares is defined as a medium-scale irrigation system.
Anything above 2,000 hectares is considered large scale.
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allows it to act and seek services as an organizational entity. More important is the fact
that legal rights protect groups from government interference in their attempts to
organize.
Only after the adoption of the Forestry Act of 1993 and the Forest Bylaws of 1995
were forest user groups recognized as “autonomous and self-governing institutions.” The
community forestry program recognized that forest resources could be managed better
with the active participation of local communities; hence, it was designed to “hand over”
or legally transfer all accessible hill forests to local communities. Once a community user
group is registered with the District Forest Office (DFO) it then has the legal authority to
manage community forests under a forest management plan approved by the DFO. The
transfer of forests to the user group therefore grants them use rights and also the rights to
exclude others. Many community forests functioning under this regime are reported to be
performing well, but there are problems as well. Gilmour and Fischer (1992) point out
that, “…it is recognized that they (communities) are necessary to implement forestry
activities but they are not placed at the center. Community forestry projects remain
primarily foresters’ projects, rather than community projects.” They also assert that the
Forest Department is reluctant to devolve control to the local community because they
are the ones to gain the most by maintaining control over the forests, especially forests in
good condition. Enacting legislations alone does not instantly alter the power
relationships between the bureaucracy and the users nor does it ensure ready cooperation
by the users. Yet, it is a starting point to initiate and sustain self-organization. For,
without a legal base, community-based rights can be challenged in terms of national law,
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and local groups can encounter difficulty in using the law to assert their rights (Seymour
and Rutherford, 1990).

Nuanced Interventions
It sounds counterintuitive to assert that irrigation system efficiencies may actually
decline if temporary irrigation structures are replaced by permanent ones. However,
Lam’s (1998) results from the study of Nepali irrigation systems point in that direction.
He finds that provision of permanent headworks is not a sufficient condition to improve
irrigation performance, implying that technological fixes alone may not be the solution to
improve system efficiencies. Permanent headworks appear to have generated negative
incentives. The amount of labor required for operation and management activities are
significantly reduced by permanent structures, therefore, labor contribution by tail-end
farmers becomes unimportant to farmers at the head end. Incentives are thus created for
headenders to ignore the demands of the tailenders, resulting in low levels of cooperation
resulting in lower levels of productivity. I also find the relationship between headwork
and performance in this dissertation (chapter 6) to be negatively associated, but not
significant. Though the results are not significant, the substantive interpretation is still the
same as the headworks in FMIS are not truly permanent as in agency-managed systems,
and substantial efforts are still required to maintain them. A very important policy
implication of these results is that when undertaking projects to assist irrigation systems,
there must be as much emphasis on developing social capital as there is on developing
physical capital. Care needs to be taken to ensure that assistance does not negatively
affect cooperation.
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OPPORTUNITIES FOR FUTURE RESEARCH
In this dissertation, I have attempted to explore associations between key
heterogeneity variables and collective activity to see how they affect the outcomes of
resource management efforts at the local level. I have used 65 irrigation cases and 59
forest cases from Nepal to examine the role that heterogeneity variables may play in
affecting the cost-benefit calculations of a set of users appropriating two types of
resources. Multiple techniques such as statistical analysis, remote analysis, and case
studies were used to examine the relationships. Though the case studies tend to support
most of the quantitative results, the analysis is nevertheless based on a relatively small
sample size. To ensure that results are generalizable and robust, a future research
program would certainly have to consider augmenting the number of cases in both the
irrigation (NIIS) as well as the forest (IFRI) databases. The number of cases can be
increased either by adding new cases or by plugging data gaps present in existing cases.
There is considerable information loss in both resource types due to missing data on one
or more variables.
The broad data collection strategy that I plan to pursue in the future is to focus on
Chitwan District. Of the estimated 125 farmer-managed irrigation systems (FMIS) in
Chitwan, substantial information is already available for 65 of them. If this can be
supplemented by the 60 new cases and if critical data gaps in the existing cases can be
filled then we will have a complete census of FMIS for the entire district. Since most of
the irrigation data on Chitwan was collected prior to 1993; i.e. before intervention by the
East Rapti Irrigation Project (ERIP); a revisit to the ERIP-supported systems present in
our database will also allow interesting comparisons to be made on the effects and
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implications of external assistance on self-organized resource systems nearly 15 years
after intervention. The NIIS protocol will continue to be used to collect information on
the same set of variables across different locations. It will, however, be supplemented by
in-depth case studies for each of the systems and information will also be collected on the
discharge statistics of rivers as well as the main canals in individual irrigation systems.
Such information, which is not collected in the NIIS database, will allow estimates of
water supply available in a river system and the demand for water in the irrigation
systems. This information should be potentially useful to all irrigation systems to
coordinate their activities at the entire river-basin level rather than individual systems in
the future.
The strategy for collecting information on forests will be slightly different from
irrigation. The study of forests will be undertaken in collaboration with the Nepal-IFRI
CRC and will not be limited to the Chitwan district alone. Site selection will include a
fair mix of both new sites as well as revisits. Average time duration between revisits will
be maintained at 8-10 years. A sufficient number of revisit cases should allow us to use
data in an across-time structural model. Information from two time periods will provide a
better assessment of the relationships between forest conditions and the efficacy of
institutions. One of the reasons why simple chi-square tests of independence was
preferred over trying to estimate a structural regression model in this study was the
problems associated with the nature of the data and the small number of cases available
to deal with the problem. With sufficient number of cases, it would be possible to
develop regression-based models to provide structural interpretations of the relations
between collective action, other variables considered important in the commons

298

literature, and forest condition. The remote-sensing techniques used to analyze forest
cover changes over a broad scale in Chitwan can also be used to study forest cover
changes under different governance regimes over time in other districts or regions of the
country. IFRI forest plot studies at the local scale would not only complement the remote
analysis but would also be a very good source of information for community forest user
groups to assess their stocks of different tree species and ground vegetation to develop
their five yearly forest operation plans. A larger sample size would thus provide better
opportunities to examine the importance of the attributes of the forests and the forest
users as we attempt to offer better explanations for the emergence and performance of
forest institutions at the local level.
There are quite a number of variables that can independently and interactively
affect the incentives and actions of local users. Hence, the goal of a future research
agenda is to get a better empirical foundation for which variables consistently are
associated with a higher level of success in natural resource systems across a large
number of locations. These studies can provide a foundation to construct future policies
based on the strengths and limitations of self-governance of irrigation and forestry
resources. In addition to testing theoretical propositions regarding successful enduring
self-governed organizations, my future research agenda will also include studying the
actors involved in shaping and supporting farmer-managed irrigation systems and
community forest user groups. This understanding should enable me to design and
propose innovative partnerships to help self-governed organizations cope with new
problem contexts and new structures of government.
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APPENDIX 4-1
INSTITUTIONAL ANALYSIS AND DEVELOPMENT FRAMEWORK

Attributes of
Physical World

Action Arena
Action Situations

Attributes of
Community

Patterns of
Interaction
Evaluative Criteria

Actors

Outcomes

Institutional
Arrangements

IAD Framework: Adapted from E. Ostrom, Gardner, and Walker [1994]
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APPENDIX 4- 2

THE NIIS PROTOCOL
The NIIS instrument consists of seven separate coding forms to study irrigation institutions. They
are Location Form, Appropriation Resource Form, Subgroup Form, Operational Level Form, Operational
Rules Form, Organizational Inventory Form and an Organizational Structure and Process Form.
The Location Form is designed to capture the general physical and institutional characteristics of
the area in which the irrigation system is located. The location not only encompasses the appropriation
resource but also other features of the resource system. For example, the location includes the irrigation
system, the irrigated fields, and also the villages of appropriators.
The purpose of the appropriation resource form is to collect information on the major physical
characteristics of the appropriation resource, delineate the boundary of the appropriation resource, and
describe how the appropriation resource is related to the relevant resources for producing, distributing and
using the resource unit.
The operational level form is designed to collect information on how individuals respond to an
action situation i.e. how individuals take direct actions or adopt strategies for future actions, depending on
expected contingencies. Typical information generated by this form include the number of households
using the system, the level of information available to farmers about various aspects of the system, the
patterns of reciprocity and trust that may or may not have been developed, and the type of monitoring and
sanctioning that occurs during that period in time.
The subgroup form codes information on specific attributes of the farmers who use a particular
irrigation system. Information on number of households, their landholding patterns, their ethnic and caste
identifications, their regular pattern of information exchange, and the information that farmers possess
about their system is coded in this form.
The operational rules form is designed to collect information about the operational level rules
particular to a single subgroup which appropriates water from this resource. Information is sought on “what
are the rules” rather than “what is the behavior”. Operational-level rules are prescriptions and proscriptions
that specify what actions are forbidden, required, or permitted. These rules comprise boundary rules, which
define the requirements that must be fulfilled before individuals are eligible to withdraw units from the
appropriation resource; authority and scope rules, which defines what farmers must, must not, or may do at
a particular stage of the appropriation process; and information rules which define what types of
information must be communicated and recorded. Payoff rules are also coded. They specify the external
rewards or sanctions that must, must not, or may be assigned to specific actions or outcomes.
The organizational inventory form is a matrix, the columns of which represent provision,
production, distribution, appropriation, and use activities related to a particular appropriation resource. The
rows of the matrix represent the decision-making level at which the activities are organized, including:
operational, collective choice, and constitutional-choice levels.
The organizational structure and process form codes information about the attributes of the
irrigator organization or the government agency that directly governs and manages the irrigation system.
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APPENDIX 4-3
THE IFRI PROTOCOL
International Forestry Resources and Institutions (IFRI) methods are techniques developed at
Indiana University to provide a way for people to collect, store, and analyze data over time about forests
and the communities that use forests. It can be used to conduct baseline studies, to measure change over
time in forest conditions and in local governance structures; and to share information with colleagues. The
research instrument consists of 10 set of forms and the information that each form attempts to collect are as
follows:
The Site Overview Form is used to collect general information about the characteristics of the
study area. It includes questions about the research team, geographic features, and general policy and
legislative information.
The Forest Form is used to collect information about the vegetation in an area used by a local
community. It also includes questions on rules of entry, monitoring, and appraisal of forest condition.
Examples of specific questions on the form relate to forest size, products harvested, products used, and
changes in forest area.
The Forest Plot Form is used to record the presence and size of plant species within a 1, 3, and 10
meter radius plots for a random sample of plots in each forest. This information is useful in describing the
physical characteristics of the forest as a whole.
The purpose of the Settlement Form is to collect information about the historical, demographic,
socioeconomic and geographical information about the community.
The User Group Form includes questions about the history of a user group, the relationship of the
user group to the settlement and forest, socioeconomic status of users in the user group and specific
attributes of forest user groups. This form is used to collect information on the consumptive use patterns of
a group in relation to forest conditions.
The purpose of the Forest association Form is to collect information on the rules-in-use regarding
harvesting and monitoring a forest. It also allows for recording how user groups are formed, staffed and
monitored.
The purpose of the Forest-User Group Relationship Form is record how users rank the importance
of products and product use.
The Forest Products Form is used to record information about the attributes and availability of the
most important products used by each user group in a specific forest as well as the rules used by that group
to regulate access, harvest, and use of this forest.
The Non-Harvesting Organization Form is used to collect information about organizations that
make rules regarding a forest but do not use the forest themselves.
The Organizational Inventory and Interorganizational Arrangements Form is used to record the
relationships between all organizations (harvesting or not) that engage in governance activities related to a
forest.
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APPENDIX 5-1
IRRIGATION VARIABLES USED IN CONFIRMATORY FACTOR
ANALYSIS
PHYSICAL CONDITION
The indicator variables used to represent the latent variable PHYSICAL CONDITION of the resource
system are <CONDITION> and <ECONEFF>
<CONDITION>
Is the physical condition of the system as well maintained as is economically feasible given the terrain and
technology available to the farmers? <CONDITION>
Coded on a four point scale where (4) signifies excellent and (1) signifies very bad condition.
(4) System is in excellent condition
(3) System is in moderately good condition
(2) System is in moderately poor condition
(1) System is in very bad condition
< ECONEFF>
How would you rate the short run economic technical efficiency? i.e. the costs of operating and
maintaining this system (ignoring cost recovery related to the construction of the system) are less than the
benefits obtained from this operation and maintenance. <ECONEFF>
Coded on a four point scale where (4) is highly efficient and (1) is highly inefficient.
(4) Highly efficient
(3) Moderately efficient
(2) Moderately inefficient
(1) Highly inefficient

AGRICULTURAL PRODUCTIVITY
The indicator variables used to represent the latent variable AGRICULTURAL PRODUCTIVITY are
<MTONHA>, <HEADINT> and <TAILINT>
<MTONHA>
How many metric tons of agricultural product are produced per year per hectare? Production per hectare
per year = total production divided by the service (command) area. This is the number of metric tons of
agricultural products produced per hectare per year.
<HEADINT>
This is the cropping intensity at the head end. One crop per year on a plot of land equals 100%; two crops
mean 200%; three crops mean 300%. The cropping intensity varies from 100 – 300%.
<TAILINT>
This is the cropping intensity at the head end. One crop per year on a plot of land equals 100%; two crops
mean 200%; three crops mean 300%. The cropping intensity varies from 100 – 300%.
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APPENDIX 5-2
FREQUENCY COUNT AND DESCRIPTIVE STATISTICS OF
IRRIGATION VARIABLES USED FOR FACTOR ANALYSIS

CONDITION

For Chitwan Irrigation systems on
which information is available in NIIS
database
Number of
systems
excellent
3
moderately good
61
moderately poor
6
very bad
0
70
Total

For Chitwan FMIS systems used in
Confirmatory Factor Analysis

excellent
moderately good
moderately poor
very bad
Total

Number of
systems
2
57
6
0
65

Highly efficient
Moderately efficient
Moderately inefficient
Highly inefficient
Total

Highly efficient
Moderately efficient
Moderately inefficient
Highly inefficient
Total

6
34
24
1
65

ECONEFF
7
38
24
1
70

DESCRIPTIVE STATISTICS
Mean

Std Dev

Min

Max

(N)

A
B

5.90
5.86

2.62
2.61

2.38
2.38

11.72
11.72

66
65

HEADINT
(Cropping Intensity)
A
B

264.6
263

38.98
39.32

150
150

300
300

71
65

235.92
233.1

51.13
51.5

150
150

300
300

71
65

MTONHA

TAILINT
(Cropping Intensity)
A
B

Where “A” is irrigation systems on NIIS database
Where “B” is FMIS systems used for confirmatory factor analysis
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APPENDIX 6-1
IRRIGATION VARIABLES USED FOR REGRESSION ANALYSIS
<ORIENTATION>
This is a dichotomous variable which is coded 0 if the irrigation system is located on an East-West flowing
river and 1 if located on North-South flowing river.
<INCOME VARIATION>
The variance of the average annual family income across families in this subgroup is:
(1) - Low, (2) - Moderate, (3) - High
The variable is recoded as a dichotomous variable and assigned a number “0” if variance of average annual
income across families is low and “1” if it is moderate or high.
<ETHNIC COMPOSITION>
What ethnic groups live in the service area?
The response to the question is in terms of the number of ethnic groups and their percentages. This is
recoded to make a dichotomous variable. If any ethnic group is clearly a majority then it is coded as
homogenous otherwise heterogeneous.
(0) - if heterogeneous, and
(1) - if homogenous
<NUMBER OF APPROPRIATORS>
This is the actual number of individuals or households who are appropriators of this resource.
<ALTERNATIVES>
Do members of the group have alternative access to alternative source of water supply?
(1)- Yes
(0) - No
<HEADWORK>
What kind of headwork does this system have?
(1) - if headwork is made of concrete/gabion box
(0) - if headwork is made of brushwood
<LINING>
Are the canals in the irrigation system lined or have their banks protected?
(0) – No lining, (1) – Some lining
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<AVERAGE ACCESS TO WATER>
What is the number of months during the year when the resource is accessed?
The response is an absolute number between 0 – 12. This is, also, recoded to make a dichotomous variable
– “0” if access is greater than 9 months and “1” if less than 9 months.
Access is greater or equal to nine months
Access is less than nine months

37
35
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APPENDIX 6-2
SUMMARY STATISTICS OF IRRIGATION VARIABLES USED IN
REGRESSION ANALYSIS

ORIENTATION
INCOME
VARIATION
ETHNIC
COMPOSITION
ALTERNATIVES
HEADWORK
LINING

For Chitwan Irrigation systems on
which information is available in NIIS
database
# of systems
East-West
25
North – South
46
Low variance
33
Moderate/High
35
Variance

For Chitwan FMIS systems used in
Regression Analysis

Homogenous
Heterogeneous
Yes
No
Concrete/Gabion
Brushwood
Yes lining
No lining

Homogenous
Heterogeneous
Yes
No
Concrete/Gabion
Brushwood
Yes lining
No lining

32
32
26
38
28
36
13
51

32
39
29
39
33
38
14
54

East-West
North – South
Low variance
Moderate/High
Variance

# of systems
22
42
31
33

Mean

Std Dev

Min

Max

(N)

A
B
AVERAGE ACCESS TO WATER
(number of months)

139
126

157
140

8
8

1000
1000

71
64

A
B

7.79
7.76

3.98
3.9

2
2

12
12

71
64

NUMBER OF APPROPRIATORS

Where “A” is irrigation systems on NIIS database
Where “B” is FMIS systems used for regression analysis
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APPENDIX 6-3
IRRIGATION VARIABLES ANALYZED TO CHECK
ASSOCIATION BETWEEN INSTITUTIONS AND PERFORMANCE
LEADERSHIP ROLE <ENTACT>
Has any member of this group assumed leadership or entrepreneurial activity in trying to achieve
coordinated strategies <ENTACT>, subgroup form, F5
Coded as a dichotomous variable where 0 signifies Yes and 1 signifies No.
No leadership activities Yes, some level of leadership activities -

27 cases
30 cases

COOPERATION<OTHRCOOP>
Is there any evidence presented in the documents that these appropriators have engaged in cooperation in
other activities besides management of this resource?
Coded as a dichotomous variable where “0” signifies cooperation and “1” signifies no cooperation.
No history of cooperation Yes, some cooperation -

32
29

FOLLOWING RULES <RULEFOLL>
Characterize the usual behavior of the members of this subgroup with respect to local operational level
rules-in-use related to the appropriation process from this resource in years other than extreme shortage:
Coded as a dichotomous variable where “0” signifies rule following and “1” signifies that not all follow
rules.
Low/Moderate level of rule following High level of rule following -

16
43

BREAKING RULES <RULEBRAK>
Is the level of infraction of those members of the group who are not rule followers usually: Small, Medium,
Large? Small is coded as “1” and signifies low level of rule breaking and medium & large is coded as “0”
signifying high/moderate level of rule breaking.
Low level of rule breaking
High/moderate level of rule breaking

49
4

MONITORING AND SANCTIONING <MOSANCT>
This is a composite variable made up of six dichotomous variables. MONSANCT can take a value
anywhere between 0 and 6. If the composite score is greater than “4” then the monitoring and sanctioning
activity is considered to be at a higher level otherwise low/moderate.
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CONSTRUCTING THE COMPOSITE VARIABLE MONSANCT
MONSANCT
Cumulative
Value
0
1
2
3
4
5
6

RECORDWI

RECORDMA

PENALTY

LOSENTR

USERSEEN

VARSANCT

0
1
1
1
1
1
1

0
0
1
1
1
1
1

0
0
0
1
1
1
1

0
0
0
0
1
1
1

0
0
0
0
0
1
1

0
0
0
0
0
1
1

The monitoring and sanctioning activities are:
Low/moderate
High

18
34

The individual variables that make up the composite are:
1. RECORD OF WITHDRAWL <RECORDWI>
Are records of the withdrawals or rights to specified quantities of water from this resource kept in any
systematic way?
No
Yes

19
41

2. RECORD OF MAINTAINANCE <RECORDMA>
Are records of the appropriators’ contributions to the maintenance of the resource kept in any systematic
way?
No
Yes

9
51

3. FINES <PENALTY>
Are fines levied for failing to attend “labor” days?
No/Sometimes but not well enforced
Yes and well enforced

06
53

4. LOSS OF APPROPRIATION RIGHTS <LOSENTR>
Is it possible for appropriators to lose their entry or appropriation rights for breaking rules related to the
appropriation and/or maintenance of this resource?
No
Yes

14
43
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5. OBSERVED <USERSEEN>
Are appropriators of this resource readily observed by each other?
Rarely seen/Maybe Seen 6
Easily Observed
54
6. SANCTIONS VARSANCT
Is there a gradation of social, physical, and official sanctions that varies with the severity of rule violations?
No
Yes

16
45

MUTUAL TRUST <ENDTRUST>
How would you characterize the levels of mutual trust among appropriators?
This is a dichotomous variable which is coded “0” if trust levels are moderate to high and “1” if trust levels
are modest to low.
Moderate to high levels of trust
Modest to low levels of trust

40
20
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APPENDIX 7-1
DESCRIPTIVE STATISTICS OF FOREST VARIABLES USED IN
TESTS
VARIABLES
Dependent Variable

DESCRIPTION
User group ranking of forest
condition, dichotomized at mean
of five-point ranking.

MIN
0

MAX
1

MEAN
0.68

StDEV
0.47

Collective Activity

Sum of frequencies of forest user
group’s group activity,
harvesting constraints, and
monitoring and sanctioning
activities dichotomized at mean

0

1

0.52

0.50

Ethnic Composition

Dichotomized user group’s
ethnic composition percentage.
60% or greater reflecting
homogenous group or else
heterogeneous.

0

1

0.49

0.50

Wealth Disparity

Dummy variable of whether or
not there is a great difference in
wealth disparity within user
groups.

0

1

0.81

0.39

Subsistence

Summed percentage of user
group needs met by forest
dichotomized at mean.

0

1

0.80

0.41

Size

Unit forest area per household
dichotomized at mean

0

1

0.34

0.48

Locational Difference

Dichotomized distances between
forest and user group residence.
Distances “Less than 1 km”
recoded as “Near” and all other
distances recoded as “Far

0

1

0.68

0.47

Governance Type

Dummy variable of whether or
not a forest is a community
forest.

0

1

0.58

0.49

Topography

Dummy variable of whether or
not the forest is located in the
hills.

0

1

0.66

0.48

Forest Condition – user group
Independent Variables
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APPENDIX 7-2
FORESTS AND IRRIGATION - COMPARATIVE TABULATION OF
RESULTS
VARIABLES
Size

Income Variation/
Wealth disparity

IRRIGATION RESOURCE
Regmi – size measured
either in terms of system
area, canal length, or
number of appropriators has
no statistically significant
effect on performance.
Lam, Tang : similar results
Regmi: negative association
and significant. If income
variation is high then
performance is low

Regmi - positive association
but statistically insignificant.
(Homogenous groups appear
to perform better.)

Topography/Geography

Regmi – Performance
whether measured in terms
of the physical condition of
the canals or productivity,
are lower in the hills than in
the Terai.

Governance

Regmi - Only FMIS were
examined.

LAM – FMIS outperform
AMIS
Location

Not investigated

Dependence on Forest

Not investigated

COMMENT
No association in
irrigation but some
association in forests

Regmi – higher income variation
associated with stronger collective
activity N=59

Differences in results
are observed in the two
resources. Point in
opposite directions.

Varughese: lower income variation
associated with higher collective
activity N=18

Lam, Dayton-Johnson
similar results
Socio-cultural
differences / ethnic
composition

FOREST RESOURCE
Regmi – stronger collective activity
appears to be associated with smaller
size (smaller unit per households)

Regmi – No association between
collective activity and ethnic
composition.
Varughese: negligible but + ve
association between collective
activity and ethnic composition
Regmi – Regardless of topography
the association between collective
activity and forest conditions are
statistically significant in both the
hills and Terai. Geography is not
critical.

Regmi and Varughese
results point in opposite
directions.
Results are similar in
both resources. Point in
same direction.
Regmi & Varughese
similar results.

Regmi - The association between
collective activity and forest
condition is significant. One is, more
likely to find stronger collective
activity in community forests than in
non-community forests.

Results point in
opposite direction –
dependent on the nature
of the resource.
Topography matters
significantly in
irrigation, does not in
Forests
Similar results for both
resources. Self
organized resource
systems tend to perform
better than centrally
organized resources.

Regmi - No association between
location and collective activity.

My results and
Varughese’s are similar

Varughese – negligible association
Some association between collective
activity and forest condition.
significant when reliance on forests
is high.
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APPENDIX 7-3
DESCRIPTION OF FOREST VARIABLES USED IN THE
ANALYSIS
Forest Condition
How do most individuals in the user group rank the condition of the forest?
1)
2)
3)
4)
5)

Very Sparse
Somewhat sparse
About normal for this ecological zone
Somewhat abundant
Very abundant

The user group response is dichotomized at mean of five-point ranking and recoded as follows:
0 = Poor
1 = Good

Collective Activity
Collective Action Index = f (Group Activity, Harvesting Constraints, Monitoring and Sanctioning
Activities)-- (1)
Collective action index is dichotomized at mean and recoded as
0 = Weak Collective Activity
1 = Strong Collective Activity
Group Activity
Forest user groups are ranked on a three point scale (1= low, 2 = medium, 3 = high). The rankings are
based on the number of activities and the frequency with which it is undertaken by user groups.
Have individuals in this user group undertaken any of the following management or regeneration activities,
and if so, how frequently?
Activity
Frequency

Planted
Seedlings?
<UPlantSeed>

Planted Trees?
<UPlantTree>

Once a year (1)
Every Several Years (2)
Every Five Years (3)
Every Ten years (4)
Rarely done (5)
Never Done (6)
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Planted bushes?
<UPlantBush>

Built fences or other
barriers to protect
parts of the forest
<Ufence>

Cleared
undergrowth?
<UClear>

During the past year, have individuals in this user group undertaken any of the
following activities?
Activity

Yes (1) or No (2)

Attempted to remove encroachments (vines, twigs, branches) from the forest?

<URmENcroa>
<Unursurey>
<URmleaf>
<UGethelp>
<UREdHarvst>

Created a nursery to distribute seedlings?
Removed leaf or needle litter from the forest floor?
Sought help from external authorities to improve vegetation growth?
Reduced harvesting levels for medicinal plants?

Harvesting Constraint
The index for harvesting constraint is based on the variables listed below. It is ranked on a three point scale
where 1 = low/negligible constraints, 2 = medium, and 3 = high/considerable constraints. If there are no
rules restricting the volume of forest products that can be harvested, processed and sold; or if these rules are
not enforced then harvesting constraints are considered to be low. If rules exist and there is compliance to
the rules then the constraints are considered to be high.
A) Do harvesting, processing, or selling rules exist that affect the harvesting level or use of product?
1) No

2)Yes

B) Are there restrictions on harvesting forest products in regard to the quantity of forest products that can
be harvested?
1) No

2)Yes

C) Are there restrictions on any of the following?
i) The location within the forest where the forest product can be harvested?
1)

No

2) Yes

ii) The use of various types of technology.
1)

No

2) Yes

iii) The time period during which the forest can be harvested.
1)
a.

No

2) Yes

The characteristics of the product itself (examples could include not cutting trees or bushes until
they are a particular size, not cutting grasses until seeds have matured and dropped, etc)
1)
No
2)Yes

v) The rights of individuals to harvest alone (does the individual always have to harvest with others
in a group).
1)

No

2)Yes

vi) The processing of the harvested product.
1)

No

2)Yes
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vii) The sale of the harvested product.
1)

No

2)Yes

viii) The sale of harvesting rights to the product.
1)

No

2)Yes

D) In your estimation do individuals in the user group follow the rules for harvesting, processing, or
selling products from the forest?
1)
2)
3)
4)
5)

rarely or never
Sometimes
About half the time
Most of the time
Yes, almost always

Monitoring and Sanctioning
The index of monitoring and sanctioning activities is constructed using the variables listed below. It is
ranked on a three point scale (1= low, 2=medium, 3=high). If user groups are assessed to be serious about
monitoring their rules and enforcing sanctions then they are ranked high otherwise they receive medium or
low ranks. Assessments are based on the following information.
1) Are harvesters of forest products from different user groups readily observed by each other while
harvesting?
1) No
2) Yes
2) If penalties are imposed, what is the level of compliance by the users?
1)
2)
3)
4)
5)

No one complies with the penalties imposed on them
Few users comply with the penalties imposed on them
About half the users comply with penalties imposed on them
Most users comply with penalties imposed on them
Almost all users fully comply with penalties imposed on them

3) What types of records are kept concerning penalties imposed and compliance with them?
1)
2)
3)
4)
5)

No records or only scanty records kept
Forest guards keep a notebook
User group keeps a notebook
Local forestry association keeps record books
Government officials keep record books

4) If records are kept, are these records easily accessible to the general public?
1) No
2) Yes
5) How often do individuals in the user group interact with respect to Monitoring and sanctioning?
1) Year around
2) Seasonally
3) Occasionally
4) Never
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6) What types of penalties are imposed on users if they break maintenance or monitoring rule related to this
forest the first time? How about the second time? How about many times?
1) Low - if discretionary decision taken by government office
2) Medium - a combination of verbal chastisement and cash/other fines
3) High - if one can observe distinct graduated sanctions in the fine regime imposed

Rule Enforcement
1) How often do individuals in the user group interact with respect to Monitoring and sanctioning?
1)
2)
3)
4)

Year around
Seasonally
Occasionally
Never

2) In your estimation do individuals in the user group follow the rules for harvesting, processing, or selling
products from the forest?
1)
2)
3)
4)
5)

rarely or never
Sometimes
About half the time
Most of the time
Yes, almost always

Ethnic Composition
1) Name the ethnic groups in the user group and the number of individuals within each ethnic group.
If 60% of the population or more in a forest user group belong to any one ethnic group then this group is
assumed to be homogenous or else heterogeneous.
0 = heterogeneous group
1 = homogenous group

Wealth Disparity
1) Given the local definition of wealth, is there a great difference among households (as locally defined) in
the user group?
0 = No (low wealth disparity)
1 = Yes (high wealth disparity)

Subsistence
1) How many households (as locally defined) in this user group depend significantly on the forest for their
own subsistence? <UHHSubsis>
2) What is the number of households (as locally defined) in this group? <UHHNum>
If UHHSubsis/ UHHNum >= mean then high subsistence,
If UHHSubsis/ UHHNum < mean then low subsistence
0 = low subsistence, 1 = high subsistence
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Size (Hectare/Household)
1) What is the size of the forest? <FSize>?
2) What is the number of households (as locally defined) in this group? <UHHNum>
If FSize/UHHNum is greater than the sample mean it is coded as 1 or else 0.
0 = Small unit area per household
1 = Large unit area per household

Locational Difference
1) On average, how far do the individuals in the user group live from this forest?
1)
2)
3)
4)

Individuals live in, or within 1 kilometer of, this forest
Individuals live in, or within 1 and 5 kilometer from this forest
Individuals live between 5 and 10 kilometers from this forest
Individuals live more than 10 kilometers from this forest.

Since most of the cases fall either in category 1 or category 2, the above question is recoded to reflect
the following dichotomous category.
0 = Near i.e. individuals live in, or within 1 kilometer of, this forest
1 = Far, i.e. individuals live more than 1 kilometers away from this forest.

Governance Type
1) What is the official legal designation of this forest?
There are different types of forests such as community forests, national parks, government forests and
wild life reserve forests. These are recoded to reflect the following two categories.
0 = Non-community forests
1 = Community Forests

Topography
1) Where is the forest located?
0 = Hills
1 = Terai (Plains)
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