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Background and problem statement

Natural resources are very important sources of livelihood for many people in developing countries. The sustainable management of these resources is therefore crucial for socio-economic well-being and environmental quality. State involvement in the management of natural resources has been justified because of market failure (especially negative and positive externalities), and the strategic importance of the resources. 
However, recognition of the inadequacy of public institutions in promoting sustainable resource management practices, particularly at the local level, coupled with ambiguous and sometimes negative sustainability and equity impacts of privatisation provide an argument in favour of greater participation of local communities in the management of common-pool resources (Balland and Platteau, 1996; Meizen-Dick et al., 1996; Rasmussen and Meizen-Dick, 1995; Lawry 1992). 

Indeed, in many countries, institutional weaknesses and performance inefficiencies of public irrigation agencies have led to high cost of development and operation of irrigation schemes. In addition, poor maintenance culture and lack of effective control over irrigation practices have often resulted in the collapse of irrigation systems. Moreover, irrigation agencies have largely been unable to raise sufficient revenues from collection of water charges to meet operational expenses. Consequently, deteriorating government fiscal position in the face of mounting operation and maintenance costs of the irrigation agencies have provided the stimulus for many governments to adopt programs to devolve responsibility of irrigation management to users groups (Johnson et al., 1995). Indeed, these efforts towards the improvement of irrigation management performance are consistent with current tendencies, mainly driven by structural adjustment policies, to reduce the size and cost of government by devolving responsibilities and activities to the local level (Shah et al., 2001; Meinzen-Dick and Knox, 1999; Kiss, 1990). They are also motivated by growing optimism that communities or user groups may be able to effectively manage the resources to ensure efficiency, equity and sustainability (Meinzen-Dick, op cit). 

The concept of devolution in irrigation management ranges from participation of farmers in irrigation management to irrigation management transfer. The former refers to increasing farmer responsibility and authority at some or all levels and aspects of irrigation management whilst the latter involves a complete shift of management from a government irrigation agency to an autonomous local level organization  controlled by water users or which the water users have a substantial voice (Svendsen et al., 1997, Meinzen-Dick et al., 1997). 

In general devolution in irrigation management aims at promoting active involvement of local people  (Rasmussen and Meinzen-Dick, 1995; Ostrom, 1990; Wade, 1988).  
It often involves the formation of organizations of formal user groups known as water users association (WUA). This derives from the need for formal rules and procedures when it comes to assigning allocations and paying fees (Knox and Meinzen-Dick, 2001). In a number of countries WUAs are primarily concerned with the management of either entire small-scale irrigation projects, or local sub-systems within large-scale irrigation schemes. Considerable insights, which have helped in the design of WUAs, have been obtained from research into traditional small-scale farmer-managed irrigation schemes through the 1980s (Ostrom, 1990; Wade, 1988). 

Indeed, the performance of community-based institutions in the management of traditional irrigation schemes has motivated a lot of donor support for small-scale irrigation schemes under community management as a means of empowering the local people. In Northern Ghana, for example, the International Fund for Agricultural Development (IFAD), through its assisted regional agricultural development projects, has funded the construction and rehabilitation of communal managed dams in the Upper Regions of Ghana. At the same time, the existing large-scale irrigation schemes have evolved increasing management roles for water users of the schemes.

Experiences with the widespread promotion of community-based irrigation management suggests that these institutions may be successful not only in promoting conservation but also contributing to equitable distribution of benefits (Arnold, 1998).  Theoretical advantages of user management have been shown (Bardhan, 2001; Ostrom, 1992).  However, WUAs do not operate in a vacuum and are themselves affected by several factors (technological, socio-economic, policy, etc.). A major premise of the devolution theory is the argument that local water users have the strongest incentive to manage that resource more efficiently and sustainably than the centrally financed government agency because of better local supervision (Meizen-Dick and Knox, 1999).  Successful devolution however requires that effective local institutions be in place and that public policy be supportive of local management. Abeit, devolution programs are sometimes promoted in environments where the prerequisites do not exist. Vermillion (1999) notes that because the irrigation management reform is inspired by financial pressures and often driven by donor deadlines, devolution policies tend to be adopted before strategies for implementation are identified.

Moreover, the actual outcomes of devolution programs in various countries have been mixed, and the stated objectives of achieving positive impact on resource productivity, equity, poverty alleviation and environmental sustainability are often not met (Knox and Meinzen-Dick, 2001). Indeed, evidence of success of local management of irrigation schemes especially in the smallholder context remain limited (Shah et al, 2001; Richards, 1997; Vermillion, 1996; Wade, 1994).  Furthermore, most of the new initiatives for forming WUAs and management strategies do not evolve from the traditional system. Instead, the structures of WUAs are largely imposed by government agencies and the donor community. The long-run sustainability of these institutions often remains questionable.

The above issues raise the following questions: To what extent does community management of irrigation systems improve outcomes (economic efficiency, equity, etc)? Under what conditions are farmers most likely to participate in collective management of irrigation systems? Which factors explain the observed differences in success of community-based management of irrigation systems and which policies improve these?   And what are the desirable conditions for long-term sustainability of successful community-based irrigation management strategies? These are some of the issues this study seeks to address.

Objectives of the proposed study

The general objective of this study is to identify the factors that determine success in community-based management of irrigation systems in Northern Ghana.

The specific objectives are:

1. to assess the outcomes of community-based management strategies

2. to assess household incentive to participate in the collective management of irrigation schemes,

3. to examine interactions among alternative collective activities at the irrigation sites and how they impact on the efficiency of the systems,

4. to analyse the conditions for successful community-based irrigation management, and

5. to analyse the conditions for long-term sustainability of successful community-based irrigation management strategies

Relevance of the proposed study

Irrigated agriculture continues to face increasing challenge to produce more food to feed the growing world population in the face of dwindling water resources - erratic rainfall regimes, increasing competition for water (due to urbanization and industrialization), etc. The need therefore to use water much more efficiently and productively is more pressing.  The recognition of limited efficiency of the state in managing this common-pool resource has justified the need for appropriate roles for farmers in the management process.

Consequently, governments are giving increased responsibility to community-based organizations to manage irrigation schemes. But the policy efforts will result in the expected effect only when farmers respond by increasing their participation in the management of the system. Yet, much of the devolution process is taking place without much understanding of the factors that motivate successful resource management at the community level. Information on the conditions under which farmers will be willing to participate is essential for improving the likelihood of success of these policies. 

The mode of organization and the pattern of interaction within the organization can affect the resource management outcome (Rasmussen and Meizen-Dick, 2001). Therefore, understanding the factors that affect community-based organizations, and of the types of organizations which facilitate sustainable natural resource management, is essential for making improvements in the outcomes of irrigation management at the community level.

A lot of hypotheses have been put forward in the theoretical literature to explain the conditions for successful community management of CPRs, which require empirical justification such as this study seeks to do. Besides, very few rigorous analyses testing the hypotheses put forward in the literature exist (e.g., Dayton-Johnson, 2000; Heltberg, 2001). Incidentally, much of the existing studies in this category have been carried out in Asia, while very little information on the African situation exists. Indeed, past analysis of irrigation management in Africa has focused mainly on assessing the efficiency or profitability of different schemes without much emphasis on the factors that condition households’ cooperation in collective management of irrigation schemes (see, e.g., Makombe et al, 2001; Kamara et al, 2001).

Studies, like this one, which systematically test the relative significance of factors that are important for the sustainability of common pool resources are needed to contribute to the bridging of the knowledge gap that exists on the actual results of irrigation management transfer, and to highlight successful strategies and essential pre-requisites for scaling-up the devolution process.

It is hoped that the results of this study will enhance the understanding of the most critical issues in the management of irrigation systems.
Scope of the proposed study

This study intends to achieve the above objectives by drawing on case studies from irrigation systems in Ghana and South Africa.  In Ghana, the study will be limited to northern Ghana, more importantly Upper East Region, where small-scale irrigation is prevalent.

Evolution of participatory irrigation management practices in northern Ghana 

The economy of northern Ghana is mainly agrarian with rainfed farming being the predominant form of agriculture. Rainfall is however uni-modal in the zone, with a long dry season and excessive evapotranspiration making the cultivation of longer duration crops under rainfed conditions risky.  The need for irrigation schemes in Northern Ghana therefore becomes apparent for which a number of small and medium scale irrigation schemes have been built. The largest irrigation schemes in northern Ghana are Tono and Vea in the Upper East region, and Botanga and Golinga in the Northern region.  While the Tono and Vea schemes irrigate close to 1.1% of cultivated land in the UER (MoFA, 1998; Sipkins and Nabila, 1989), the schemes in Northern region irrigate just about 0.48% of cultivated land (Sipkins and Nabila, 1989).  

  - Large-scale dams

The Tono and Vea schemes are managed by the Irrigation Company of Upper Region (ICOUR), a semi-autonomous government agency which is expected to increasingly commercialise to become self-financing (Dittoh, 1998).  The Irrigation Development Authority (IDA) of the Ministry of Food and Agriculture (MoFA) manages the Botanga and the Golinga irrigation schemes. 

The top-down approach in irrigation management initially adopted by these organizations resulted in management problems, institutional weaknesses, and lack of cooperation from farmers. In particular, IDA managed schemes suffered the most leading to the collapse of many of the dams. 

ICOUR has adopted a participatory irrigation management strategy, which aims at increasing the role of participating farmers in the operation and management of the schemes.  Village Committees (VCs) – composed by small-scale farmers have been formed in all villages belonging to the two schemes under ICOUR’s control.  The roles of the VCs include land allocation, irrigation water control and management, as well as cleaning of sub-laterals, field drains and field bunds.  They are also actively involved in the protection of the catchment area. ICOUR provides guidance to encourage equity and fairness, allocates excess land to contract farmers and collects water charges.

Similarly, the IDA has been encouraging greater farmer participation in the management of its schemes at Botanga and Golinga.  Irrigators (farmers) associations have been formed with roles and responsibilities similar to those of the VCs. 

 - Small-scale dams

Many small-scale irrigation schemes based on earth dams and dugouts also exist in northern Ghana. Many were funded under World Bank projects (including the Upper Region Agricultural Development Project - URADEP) in the 1970s. The majority of small scale structures have broken down over time due to poor maintenance and resulting siltation problems. Several donor agencies, government organizations and NGOs are involved in the rehabilitation of these schemes and the construction of new ones, which are to be managed by farmers. Indeed, close to 90 percent of rehabilitated small schemes are controlled by farmers (Dittoh, 1998). The major rehabilitation schemes in the northern Ghana are the IFAD-funded Land Conservation and Smallholder Rehabilitation Project (LACOSREP) and Upper West Agricultural Development programme (UWADEP). In its first phase, LACOSREP rehabilitated a total of 44 dams and dugouts (IFAD, 1999), whilst 12 dams were rehabilitated under the UWADEP. 

Typically, the local unit of organization under the participatory schemes in many of the schemes is the water users association (WUA). WUAs are responsible for the operation and maintenance of the dams, the allocation of land to WUA members, the collection of water fees and agricultural activities on the sites. The IDA often provides supervision and takes care of the maintenance of head works, primary canals and other major structures. With assistance from the extension service and IDA, farmers have also been involved in planting of grasses on the embankments and protected belts. The executive body of the WUA, the Damsite Management Committee (DMC), ensures that these functions are carried out. The DMC is also responsible for conflict resolution and ensuring protection of the catchment area of the dams. Figure 1 shows the structure and responsibilities of a typical water user association under the LACOSREP program.
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Source: Extracted from Engel (Kirchhoff), 2001

Methodology 

Conceptual framework

Considerable number of literature define attributes associated with success of community-based management of resources (e.g., Bardhan, 2001; Balland and Platteau, 1996; Bromley, 1995; Ostrom, 1990, Wade, 1988), which could be used both for developing a conceptual framework and presenting empirical studies.

The analytical framework of this study considers five groups of variables that have been hypothesized to condition success of community-based resource management.  These are the physical attributes of the resource system, characteristics of the user group, household incentives, external factors, collective decision-making and outcomes.  External factors such as public policy, population pressures, etc, affect decision-making at all levels - the resource system, community level characteristics and household incentives.  The attributes of the resource itself together with community level factors shape the opportunity costs and constraints that irrigators face. Together with household incentives these influence collective decision which in-turn determine outcomes.  On the other hand, collective decisions and outcomes in turn are determining factors in explaining community and household incentives. Figure 2 below presents the hypothesized relationship between the set of variables and how we intend to conceptualise our empirical analysis.

Theoretical background

Many aspects of community management of common pool resources (e.g., irrigation systems) require collective action on the part of user groups in the provision and maintenance of public goods such as water control infrastructure, catchments area protection, etc.  

Variants of the public good model have been used in the analysis of cooperation on common property resources, including irrigation schemes.  In many of these analyses general utility functions, in which agents/groups choose levels of private goods and contributions to public goods that maximize their utility, have been used. Baland and Platteau (2002) however argue that the use of utility functions in the modelling of collective action may not be suitable in the context where the product of the resource can be sold in the market.   Instead, they advocate for the use of profit functions in such a circumstance.  It is postulated that the success of managing the resource will be a function of benefits and cost of providing the management. Thus, community members will pool their efforts together to follow corporate management whenever the net benefit to be provided to all or most members of the group are high (Wade, 1988; cited in Baland and Platteau, 2002).

The basic frameworks for analysing collective action problems have been set up by Olson (1965) and Sandler (1992). Our analysis follows that of Meier-Rigaud (2000) and Baland and Platteau (2002) to assume a community whose members cooperate to manage a common pool resource (CPR) in the form of an irrigation system. Assume further that the system consists of n farming households (agents) i = 1, 2, …n.   The Nash equilibrium in such a collective action requires that farmer i chooses his/her contribution (effort) gi to the provision of the common good, G, to maximize profits. Let si represent agent i’s share of group revenue Rg generated from the irrigation system.  Thus, 
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.  Rg is assumed to be a continuous function concave in G, and 
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where Ci is costs of efforts (time, labour, cash contribution, etc. - assets). Ci is assumed to be an increasing linear function in gi.  
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.  G-i  is the sum of all contributions made by all the farm households other than i.  The cost function for the group and that for the agent are assumed to be identical, with constant marginal cost, i.e., 
[image: image5.wmf]k

g

C

G

C

i

i

=

¶

¶

=

¶

¶

/

/

 for all G and gi. k is constant.   Consider that agents choose the levels of their individual contributions to maximize profits.  In a Nash equilibrium, the first order condition (foc) for an interior solution is
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The simultaneous determination of foc yields optimal levels of gis.  In general, when the user groups choose collective action to maximize their profits, the profit maximization problem corresponds to 
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The equilibrium levels of G and C, for the group, are obtained by fulfilling the following foc:
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where, at equilibrium, the marginal revenue (MRg) equals marginal cost (MC)

Solving the equilibrium problem will yield optimal collective outcome Y, which will be a function of gains and costs associated with collective management of the irrigation system and some exogenous factors that influence outcomes. This relationship can be expressed as;

   
Y =   f(gains, cost; exogenous)





5

Following the reasoning adduced by Baland and Platteau (2002), the expected benefits (gains) of collective action is dependent on the attributes of the resource system (size of the resource, boundedness, abundance, etc,) and other gains associated with resource appropriation (e.g., social capital, benefits from catchent area protection, etc). Letting the attributes of the resource be represented by resource and other associated gains be Z, benefits from the resource can be expressed as  
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The cost elements capture the group’s ability to efficiently manage the system by defining rules, monitoring behaviour of members and enforcing rules, maintenance costs, etc (McCarthy, Sadoulet and de Janvry, 2001).  Consequently, they are a function of the characteristics of the resource users (group size, homogeneity, social capital, mobility, etc.), the attributes of the resource, as well as public policy relating to the devolution process. Again letting user to represent the characteristics of resource users, and policy be policy relevant variables, the cost function can be presented as
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where resources is as defined above. Substituting (6) and (7) into (5) yields
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However, most of the independent factors are not exogenously given, they are related and can be used to determine the levels of each other (see fig. 1).  Indeed, the endogeneity in the variables associated with the outcomes of community cooperation has been highlighted by many scholars (see for instance, Baland and Plateau, 2002; Heltberg, 2001). Baland and Platteau have shown that the user group can control their size, reduce heterogeneity or change some attributes of their resource system to improve expected gains. This implies that Y, gains, and user characteristics are endogenous to each other and for that matter can be simultaneously determined.  Therefore the problem of the user group (equation 3) can be presented as that of maximizing the expected benefit by choosing appropriate organizational form and user characteristics. Let x be particular organizational form, a subset of X which in turn is a subset of the outcome of collective action. The group objective will be to;


[image: image13.wmf][

]

)

,

,

,

(

)

,

,

(

max

policy

resource

user

x

C

Z

resource

x

R

User

u

X

x

-

Î

Î




9

 Solving the focs from this maximization problem yields the following optimal values; 
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The basic static framework can thus be represented in the following three systems of equations
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 are stochastic disturbance terms.   

The above model will be further developed to consider the interactions between the various choices of water user associations - e.g., land distribution and catchment area protection. Moreover, a methodology shall be developed that allows for the explicit consideration of a heterogenous distribution of costs and benefits among different users. This should be done by combining household-level data to estimate the profitability of irrigation as a function of household characteristics (similar to the approach followed by Kamara et al, 2001) with community-level data to examine the collective action issues described above.

Hypothesized factors and variable measurement (Tables 1&2)
Data sources

Data for the study will be collected through household-level and community-level  surveys (including group discussions and workshops) of about 50 communities in northern Ghana. The community survey will also include group interviews to elicit information on the physical characteristics of the irrigation systems. Between 450-500 farmers will be randomly selected for the household survey, using semi-structured questionnaire.  Data from secondary sources will be solicited to complement the survey data.  Secondary data sources will include Ministries, Departments and Public Agencies of Ghana, Ghana Statistical service, FAO Accra office, IFAD country office, as well as project reports and documents of relevant institutions and organizations in Ghana. Also initial workshop will be organized and possibly PRA will be conducted in a few communities.
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Fig. 2. Conceptual framework
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- size


- water availability


- physical condition of the irrigation system, etc








H’sehold incentives


Resource constraints


Exit opportunities


Attitude to risks


Reliance on irrigation, etc





External Factors: Public policy, markets, weather conditions, infrastructure, population pressure, NGO  programmes, etc.








Community characteristics


No. of households,  homogeneity, 


Prior user experience, social capital,


Migration, trust, allocative mechanisms


Appropriate leadership, etc





Outcomes


Increased productivity, equity in resource and cash allocation, Sustainability of resource use
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Fishermen‘s Association

Cattle Owners‘ Association



Damsite Management Committee

		Catchment area protection



		Resettlement of previous farmers of the area

		Mobilisation of labor for tree planting, guarding, etc.

		Passing and enforcement of bye-laws

		Distribution of returns from the catchment area



		Determination of water usage fees and administration of funds

		Conflict resolution on land and water rights 





Role of Public Agencies

		Training on technical and management skills 

		Sometimes: credit programs

		“Facilitator”/”Enabler”/

”Motivator” role

		Legal backing



Irrigators‘ Association

		Distribution of irrigated land among irrigators

		Water distribution in irrigated area

		System maintenance











WATER USERS ASSOCIATION 
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