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Abstract 
 

Watershed governance typically relies on more or less formal inter-organizational networks 
whose structure is likely to influence the success of cooperation.  An emerging body of literature 
seeks to analyze the role of networks in natural resource management. This paper aims at 
contributing to these developments by developing a research frame to assess the effects of the 
structure of inter-organizational networks on the outcomes of watershed governance.  We focus 
on a specific type of watershed partnership developed in France in the frame of European agri-
environmental policy with the aim of limiting nonpoint source pollution from agricultural 
sources: the Local Agri-Environmental Schemes. The paper reviews how the different network 
structural properties may affect the success of collective action for natural resource management, 
on the basis of the literature using the tools of social network analysis. The case of the Local 
Agri-Environmental Schemes in the French context is presented as well as some first empirical 
evidence about the role of networks in the success of these schemes. Finally, the conceptual 
insights provided by the social network literature are used to formulate some assumptions to be 
tested in future work.  
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Introduction 

The EU Water Framework Directive, adopted in 2000, sets the objective of achieving good water 
status for all bodies of surface waters and groundwater in 2015 the latest. This Directive 
promotes a more integrated approach by defining the river basin as the basis for water 
management. Also emphasized is that participation among all concerned parties should be 
encouraged in river basin management (European Union, 2000). Consequently, processes of 
institutional change have been occurring in the EU Member States towards the development of 
new institutional arrangements at the river basin level. 

Watershed governance typically relies on more or less formal inter-organizational networks 
whose structure is likely to influence the success of cooperation.  An emerging body of literature 
seeks to analyze the role of networks in natural resource management (Carlsson and Sandström, 
2008; Bodin and Crona, 2009). This paper aims at contributing to these developments by 
developing a research frame to assess the effects of the structure of inter-organizational networks 
on the outcomes of watershed governance.  

The transaction costs associated with co-operative arrangements at the watershed level, involving 
multiple stakeholders with divergent interests, are likely to be high. To what extent the 
development of trust and shared norms of cooperation may reduce decision-making and 
enforcement costs could depend on the relational configurations underlying the watershed 
partnerships. The characteristics of networks are also likely to affect the mobilization of the 
resources needed to sustain cooperation. 

We focus on a specific type of watershed partnership developed in France in the frame of 
European agri-environmental policy with the aim of limiting nonpoint source pollution from 
agricultural sources: the Local Agri-Environmental Schemes (LAES). These new schemes, 
implemented since 2007, differ from the previous agri-environmental programs targeting water 
pollution. First, implementation areas are chosen to match the environmentally relevant scale, 
such as watersheds or drinking water catchments. Second, while agri-environmental schemes 
were previously managed jointly by state agencies and agricultural organizations, the formal 
coordination of LAES projects is open to other local stakeholders such as environmental 
associations, local governments or drinking water suppliers. Some first empirical evidence shows 
that the partnerships established by coordinators matter for the success of the LAES projects, 
suggesting a crucial role of the underlying networks.    

In a first section, the paper reviews how the different network structural properties may affect the 
success of collective action for natural resource management, on the basis of the literature using 
the tools of social network analysis. In a second section, the case of the Local Agri-
Environmental Schemes in the French context is presented as well as some first empirical 
evidence about the role of networks in the success of these schemes. Finally, the conceptual 
insights provided by the social network literature are used to formulate some assumptions to be 
tested in future work. A strategy for data collection is also presented.  
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1. Networks and natural resource governance  

The literature adopting a network perspective on natural resource management deals more 
particularly with collaborative management or co-management situations where the governance 
of the resource relies on a decentralized cooperation between diverse private and public actors. 
Co-management can be defined as the "process by which private and public actors cooperate and 
share power, in order to solve problems related to natural resource management" (Carlsson and 
Sandström, 2008). This type of governance is seen as an alternative to the hierarchical 
coordination mechanisms characterizing centralized and command-and-control management. 
The physical boundaries of natural resource systems typically cross political and administrative 
territories. Moreover, natural systems are characterized by complex dynamics and multiple use 
patterns. Thus, collaborative arrangements have the potential to increase the effectiveness of 
natural resource management across existing administrative and sectoral boundaries (Carlsson 
and Sandström, 2008; Schneider et al., 2003).  

In the field of water management, collaborative arrangements take the form of formal or 
informal partnerships at the water basin level. In the US context, collaboration among a variety 
of governmental and nongovernmental actors at the watershed level has developed as the main 
approach to water management in the past twenty years (Sabatier et al., 2005). In the EU context, 
the requirement of the Water Framework Directive to define management plans at the level of 
water basins led to new relationships among existing organizational structures (Liefferink et al., 
2011). Sabatier et al. (2005) distinguish between two variants of long-term collaborative 
watershed management: collaborative partnerships with little formal legal authority for 
implementation and collaborative superagencies that negotiate management plans and implement 
actions.     

Collaborative or co-management arrangements (e.g. watershed partnerships) rely on personal or 
inter-organizational networks. These networks are believed to be better suited for addressing the 
collective action dilemmas involved in natural resource governance (Carlsson and Sandström, 
2008; Schneider et al., 2003). However, scholars using social networks approaches stress that, 
not only the existence of collaborative networks, but also the structure of these networks matters 
for natural resource management outcomes (Bodin et al., 2006).   

Two lines can be distinguished within the emerging body of research focusing on the influence 
of the structure of networks on natural resource management. One set of works deals with the 
governance of common-pool resources and the effects of social networks structure in 
communities on resource management, with a specific attention to the adaptability and resilience 
of the system (Carlsson and Sandström, 2008; Bodin and Crona, 2009; Sandström and Rova, 
2010). Other studies address the question of the development of policy networks and their impact 
on collaboration in the context of watersheds and estuaries management (Schneider et al., 2003; 
Scholz et al., 2008; Mandarano, 2009; Berardo and Scholz, 2010).  

Both lines draws on the literature developed around the concept of social capital and most 
studies mobilize Social Network Analysis (SNA) methods to analyze how the structure of 
networks affects the outcomes of collaborative governance arrangements.  

Social Network Analysis has developed as a framework shared by scholars in diverse fields of 
social sciences. The research conducted in this trend departs from the approaches based solely on 
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individual attributes by focusing on the patterns of interaction between individuals for explaining 
behavior (Knoke and Yang, 2008; Knox et al., 2006). The main assumption of Social Network 
Analysis is that "The structure of relations among actors and the location of individual actors in 
the network have important behavioral, perceptual and attitudinal consequences both for the 
individual units and for the system as a whole." (Knoke and Yang, 2008, p. 9).  

Social capital has been defined in various ways. Burt (2000) considers social capital as a 
metaphor “in which social structure is a kind of capital that can create for certain individuals or 
groups a competitive advantage in pursuing their ends”. He is more particularly interested in 
identifying the network mechanisms through which social capital affects the performance of 
individuals or groups.  

Two arguments are highlighted by Burt (2000) with regard to the relation between network 
structure and social capital. The "network closure" argument relies on the assumption that 
networks with many and strong connections will favour the development of trust and norms of 
reciprocity and thus performance. The "structural hole" argument is based on the advantage for 
individuals or groups to access new information or resources by being connected to other actors 
not previously linked within the network. Burt (2000) provides empirical evidence supporting 
the role of the mechanism of brokerage across structural holes in comparison with the 
mechanism of closure. However, he suggests that these two mechanisms constitute rather 
complementary than competing arguments. When brokerage opportunities are high for all 
groups, group performance will be mainly affected by in-group closure while the performance of 
groups characterized by a high degree of closure will vary with brokerage across structural holes 
by group members.  

Providing for a conceptual framework to assess the incidence of network structure on the 
outcomes of co-management systems, Carlsson and Sandström (2008) argue that well-
performing systems combine the two properties of closure and bridging across structural holes. 
On the one hand, network closure is assumed to reduce the transaction costs of collective action, 
i.e. decision-making costs and monitoring and enforcement costs of agreements. On the other 
hand, the existence of cross-scale linkages allows for the access and exchange of resources to 
support collective action.  

A common social network measure used to assess the level of network closure is network 
density, i.e. the ratio of the number of connections present within a network divided by the 
number of connections possible (Knoke and Yang, 2008). Bodin and Cröna (2009) report the 
support from empirical studies support of a positive effect of network density on the success of 
collective action for the management of natural resources. However, this positive effect may not 
hold for higher levels, as a homogenization of information and knowledge occurs, reducing the 
capacity for joint action.  

Several studies also support the positive impact of bridging relational ties among various 
stakeholders on resource governance outcomes. These bridging links are shown to favor the 
transfer of knowledge about ecological processes as well as the development of trust among 
previously unconnected groups of actors (Bodin and Cröna, 2009). Network heterogeneity may 
serve as a proxy for the existence of cross-scale linkages. This indicator measures the diversity of 
actors within the network, in terms of relevant individual attributes such as resources or values 
(Carlsson and Sandström, 2008).  
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The position hold by individual actors in the networks can also affect the governance outcomes. 
The actors in a central position, as defined by their number of ties (centrality) or by the degree to 
which they are connected to other actors themselves unconnected (betweenness centrality) 
potentially have the capacity to influence the transfer of information and resources within the 
network. For analyzing whether the presence of these central actors affects positively or not 
collective action, a complementary assessment of their role in the resource governance situation 
is needed (Bodin and Cröna, 2009).  

In an empirical study conducted in 22 estuaries in the US context, Scholz et al. (2008) assessed 
the impact of network positions (density and betweeness centrality) of organizations on their 
level of collaboration. Two indicators of participation to collective action are used: collaboration 
and agreement. Collaboration is measured as the level of activity in joint projects of the 
respondent’ organization and agreement reflects the respondent’s perception of the degree of 
agreement among all stakeholders in the estuary. The empirical analysis also includes 
simultaneity and endogeneity tests in order to account for a possible reverse effect of cooperation 
outcomes on network positions and for potential correlations of collaboration and networks 
related to other variables. The estimation results show that stakeholders with higher degrees of 
betweenness centrality engage in more collaborative activities, supporting the “structural hole” 
hypothesis. While perceived agreement is greater in small dense networks, it does not appear 
related to collaboration. The authors suggest that the critical role played by bridging relationships 
may be explained by the characteristics of estuary contexts. In these relatively new and 
unstructured policymaking arenas, the ability to access information from a number and variety of 
partners is a crucial asset for collaboration.  

At the level of the whole network, the degree of centralization indicates to what extent the 
network structure is hierarchical. Network centralization may be used as an indicator of network 
closure, where actors are connected indirectly via central nodes (Burt, 2000; Carlsson and 
Sandström, 2008; Sandström and Rova, 2010). A high degree of centralization may have a 
favorable impact on collective action, e.g. by facilitating coordination in the initiation phase of 
collective action. However, it may also indicate an unbalanced repartition of power and influence 
within the network which raises the issue of representation of peripheral actors (Bodin and 
Cröna, 2009).  

Finally, two studies highlight the role of the broader institutional environment in fostering the 
development of networks favouring cooperation. Schneider et al. (2003) analyze the 
development of networks for the management of estuaries in the US context as a second-level 
collective action problem. The individual benefits drawn by the different stakeholders from 
collaboration may be less that the costs of establishing and maintaining network links, especially 
in contexts where institutional fragmentation is high and the interests of the stakeholders strongly 
opposed. Their study highlights the role of the NEP (National Estuary Program) in reducing the 
costs of network development by providing resources and support to collaborative structures and 
activities. They show that, compared to the networks present in non-NEP estuaries, the networks 
developed in the estuaries part of the NEP are larger and in greater number. Within the networks, 
the "clans", constituted of closely linked stakeholders, are more likely in NEP estuaries to span 
levels of government and ideological interests and to integrate members of the expert 
community.  
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Mandarano (2009) evaluates the extent to which a collaborative process builds social capital, in 
the form of new or improved inter-organizational relationships. Her study, based on the case of 
one of the working group of the New York-New Jersey harbour Estuary Program, shows that 
participation to this working group led to new and improved information, resource and fund 
exchanges between the organizations involved.   

As a conclusion, while the various structural properties of networks seem to matter for natural 
resource governance outcomes, they do not have a linear effect on co-management 
performances. Further, trade-offs exist between the different structural characteristics. Their 
relative impact on nature resource management may depend on the phase of interest in the 
governance process (Bodin and Cröna, 2009; Carlsson and Sandström, 2008). For example, the 
access to diverse sources of knowledge through bridging ties may be crucial in the problem-
definition phase, while the existence of trust and norms of reciprocity supported by a dense 
network may be of primary importance for the enforcement of agreements. The relative 
advantage of dense versus extensive networks may also reflect the characteristics of the 
collective action situation under study, more specifically whether the main constraint on 
collaboration is the credibility of commitments or a lack of information (Scholz et al., 2008;  
Berardo and Scholz, 2010).  

2. A case of agricultural watershed management: The Local Agri-Environmental 
Schemes in France  

2.1 The context of water management in France 

French water policy has evolved from a centralized and technical governance to a more local, 
integrative and participative management for several decades. In the mid-sixties, river basin 
management was introduced through the creation of Water Agencies (Agences de l’Eau) and 
Basin Committees (Comités de Bassin) in charge of water governance in six major watersheds. 
The Basin Committees gather representatives of local governments, state agencies, water users 
and environmental associations (Allain, 2010).  

Further, two water management planning instruments have been developed at the sub-basin 
level: river contracts (introduced in 1981) and SAGE (introduced in 1992 by the Water Law) 
(Richard, A., 2003). The SAGE (Schémas d’Aménagement et de Gestion des Eaux) are 
management plans listing general objectives for the use and quantitative and qualitative 
protection of water. Their content is to be defined, in a collaborative way, by all concerned 
stakeholders in the watershed and articulated with the content of the SDAGE (Schémas Directeur 
d’Aménagement et de Gestion des Eaux), the master management plan defined at the basin level. 
Local Water Commissions (Commissions Locales de l’Eau (CLE)) are in charge of the definition 
of the management plan. Like the Basin Committee, these commissions comprise of 
representatives from local governments, state agencies, water users and environmental 
associations. River contracts are programs aiming at mobilizing public funding for actions in 
favor of the protection of a specific water body (river, lake…). They are also defined by a 
multipartite local commission but unlike the SAGE plans, they do not have a legal value (Allain, 
2010).   
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At the river basin level, the SDAGE plans serve as the management plans required by the EU 
Water Framework Directive. At the sub-basin level, 148 water management plans (SAGE) have 
been initiated since the 1992 Water Law, representing 40% of the country surface area. 
However, only 45 have been approved and few have been implemented (Allain, 2010).  

All SDAGE plans include objectives and prescriptions in terms of control of agricultural non-
point source pollution. The two main policy instruments implemented to achieve these objectives 
include a regulatory policy (the EU Nitrate Directive) and voluntary individual incentive 
schemes (the agri-environmental schemes) (Frey and Brun, 2009).   

2.2 The policies targeting non-point source pollution 

The EU Nitrate Directive has been adopted by the European Communities Council in 1991. The 
application of this policy includes the designation of vulnerable zones, where nitrate 
concentrations in surface and ground waters are above 50 mg/l, or above 40 mg/l with an upward 
trend. Every farmer in a vulnerable zone has to comply with the measures included in specific 
action programs (e.g. reduced fertilization application levels; establishment of buffer strips near 
water courses). Additionally, a national code of good agricultural practices is to be voluntarily 
applied outside the vulnerable zones. Since 2005, the payment of the Common Agricultural 
Policy (CAP) subsidies has become subject to the farmers' compliance with all environmental 
regulations, including the Nitrate Directive.  

Since 1992, agri-environmental schemes constitute a compulsory component of rural 
development plans in EU Member States. Under these schemes, farmers voluntary commit to 
adopting practices with positive effects on the environment. In exchange, they receive a financial 
compensation for the associated costs and income losses. Agri-environmental schemes are co-
financed by the EU and Member-States. They may be defined at the national, regional or local 
level and adapted to different specific agricultural and environmental conditions. They cover a 
large range of environmental issues, including biodiversity and landscape conservation, wildlife 
management and water quality management. The extensification of agricultural systems or 
conversion to organic farming can also be funded through agri-environmental schemes.  

In France, the implementation of agri-environmental measures aiming at limiting non-point 
source pollution was evaluated as having very limited effects on farmers' practices and water 
quality. First, farmers mostly chose to contract the less constraining measures, also those having 
less environmental impact. Second, the participation rate of farmers to agri-environmental 
schemes in a given area was often too low to induce a significant effect on water quality (AND 
International, 2008).  

The reduction of nonpoint source pollution was identified as one priority in the French rural 
development plan implemented in the period 2007-2013. In order to support the achievement of 
the objectives set by the Water Framework Directive, a new type of agri-environmental scheme 
was initiated: the Local Agri-Environmental Schemes (LAES). 

2.3 The Local Agri-Environmental Schemes (LAES) 

This scheme differs from the previous agri-environmental programs on two main dimensions.  
First, the agri-environmental measures are to be implemented in specific areas chosen to match 
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the environmentally relevant scale, such as watersheds or drinking water catchments. More 
particularly, areas where water quality is particularly degraded or threatened by agricultural 
runoffs are to be targeted. Only the farmers whose farmland is located within the boundaries of 
these areas are eligible to enter the agri-environmental contracts (Gassiat et al., 2010).  

Second, a local project coordinator is responsible for defining and implementing the agri-
environmental program. This project leader may be any private or public organization having an 
interest in water quality management locally. While the definition and implementation of agri-
environmental schemes were previously managed jointly by state agencies and Agricultural 
Chambers1, the formal coordination of LAES projects is open to other local stakeholders such as 
environmental associations, local governments or drinking water suppliers (Gassiat et al., 2010). 
Applications by organizations for project coordination have to be validated by the State 
representative at the "département"2 level.   

Project coordinators are in charge of the definition of the perimeter of the area targeted by the 
agri-environmental project as well as the content of the agri-environmental program. While the 
definition of agri-environmental measures has to rely on a diagnostic of the local environmental 
and agricultural context, it is framed by a menu of unitary commitments set at the national level 
by the Ministry of Agriculture. Project leaders are also in charge of the promotion of agri-
environmental schemes to the eligible farmers in the area. Formal partnerships with another local 
organization may be established for the definition and/or the promotion phases of the project.  

The selection of agri-environmental projects is then realized at the regional level by the Regional 
Agri-Environmental Committee (Commission Régionale Agro-Environnementale (CRAE)). This 
committee is composed of regional state agencies, agricultural interest groups and environmental 
associations. The criteria used for the selection vary from a region to another, some regions 
organizing a call for projects with specific requirements in terms of the areas targeted or the 
content of the project, while in other regions, the selection procedure follows the national 
prescriptions. The two main criteria of selection of projects established at the national level are 
the relevance of the proposed measures in terms of their impact on water quality in the targeted 
area and the forecasted rate of participation of farmers to the project.  

A study realized on the Local Agri-Environmental Schemes selected in 2007-2008 in three 
regions in the south-west of France gives some first insight about the actual implementation of 
this new scheme (Harreau, 2009).  

The project coordinators present a high diversity. They may be farmers’ associations, agricultural 
cooperatives, drinking water supply associations or local governments. Agricultural Chambers, 
which were strongly associated to the implementation of agri-environmental measures in the 
previous periods, were leading only one-third of the projects in the three regions under study. 
However, more than half of the project leaders establish formal partnerships with another 
structure, in most cases Agricultural Chambers. In all cases, except for three projects, the 

                                                           
1 Agricultural Chambers in France are public organizations led by representatives of agricultural and other rural 
stakeholders. Agricultural Chambers are active at the regional and the département level. At the national level, the 
APCA (Assemblée Permanente des Chambres d'Agriculture) is in charge of the coordination of the network of 
Agricultural Chambers. 
 
2 The "départements" are administrative divisions of the French territory, below the regional level. 
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coordinating structures developed informal partnerships for the definition and promotion of 
projects.  

In half of the projects, farmers are involved in the definition of the agri-environmental measures, 
more often via farmers’ associations or cooperatives. In most projects, more than 60% of the 
farmers having farmland in the project area were directly contacted by the project coordinator 
through group or individual meetings in the promotion phase.  

Harreau (2009) identified a number of constraints faced by project coordinators and notes that 
the partnerships they established were often crucial for overcoming these barriers. Few financial 
resources being available for coordination from the agri-environmental projects budget at the 
national and regional levels, projects coordinators have to get access to funding from alternative 
sources such as the Water Agencies at the river basin level or local governments. Depending on 
its area of expertise, the coordinating structure may need to access and process a variety of 
technical information and data for the realization of the local diagnostic and the definition of the 
agri-environmental program, such as information about farm systems in the area, the impact of 
farm practices on water quality, the hydrological characteristics of the watershed, etc. This type 
of information is generally held by the local state agricultural and environmental agencies. To 
promote the scheme to farmers, information about their identities and the best way to enter in 
contact with them, information about the local farming communities is also needed. Finally, 
crucial for the success of the project is an access to the information about the formal and 
informal procedures and criteria used for the selection of agri-environmental projects at the 
regional level.  

Another study focusing on the determinants of farmers’ participation to agri-environmental 
contracts in the context of a Local Agri-Environmental Scheme in the Poitou-Charentes region 
highlights further the importance of the role played by the local coordinator in the success of the 
projects (Louis and Rousset, 2010). Their results show that, besides the incidence of the financial 
compensation provided for the implementation of the measures and the farm characteristics, the 
diffusion of information by the project leader to farmers has a significant impact on their choice 
to enter an agri-environmental contract. When farmers were informed directly by the coordinator 
about the agri-environmental scheme, they were more likely to participate. This result confirms 
the findings of several other empirical studies conducted on the factors driving farmers’ 
participation to agri-environmental schemes in Europe, which stress the importance of 
transaction costs, and more particularly, information costs, as constraints to participation 
(Falconer, 2000; Ducos et al., 2009; Mettepenningen, 2009).  

Louis and Rousset (2010) also test for an effect of farmers’ trust in local organizations involved 
in the implementation of the agri-environmental project but do not find a significant difference 
between participant and non-participant farmers in the study area. However, the role of farmers’ 
trust in implementing agencies has been shown to be significant for the participation of farmers 
to agri-environmental schemes in other contexts (Polman and Slangen, 2008; Ducos et al., 2009). 
Lubell (2004) shows that the existence of trusting relationships between government officials 
and farmers has a positive effect on the level of participation of farmers to water quality 
conservation programs in the context of a watershed partnership in Florida. He concludes that the 
interaction between farmers and local agencies is one important nexus for securing their 
cooperation.  
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As a conclusion, defining and implementing an agri-environmental project implies for the local 
leader to access information and resources from a variety of organizations, locally and at the 
higher river basin and regional levels. Further, the adoption by farmers of agri-environmental 
measures may depend on the information diffused by the local coordinator and by the channels 
used. The quality of the relationship and the trust developed between the local coordinator and 
farmers are also important factors likely to affect the participation rate in the area targeted.   

Thus, the structure of the formal or informal networks of collaboration established for the 
coordination of Local Agri-Environmental Schemes (LAES) is likely to affect their success. The 
next section presents a possible empirical research design to investigate this question.  

3. Research design  

In order to assess the incidence of network structure on the success of LAES projects, one 
approach could be to compare, in a given French region, one case of project selected at the 
regional level and one unsuccessful project. In order to isolate as much as possible the effects of 
network structure on the outcomes of the collaboration for the preparation of agri-environmental 
projects, the two cases should be chosen in areas similar in terms of farming systems, non-point 
source pollution issues and watershed hydrological features.   

In the two cases, the networks compared would be the networks of communication about the 
definition and promotion of the agri-environmental projects. Interviews with the official project 
coordinator could be used as a basis to identify the actors involved in the two networks. Then, 
interviews with the actors identified would allow for completing the collection of data regarding 
the structure of the networks.  

Drawing on the insights provided by the literature dealing with the incidence of network 
structure on natural resource collaborative management, two main assumptions can be made with 
regards to the relation between the structure of the LAES networks and the success of 
collaboration.  

First, it is assumed that the level of network closure has a positive effect on the success of the 
agri-environmental project. A high level of network closure, as measured by network density and 
centralization is likely to foster the development of trust and norms of reciprocity among actors 
likely to have divergent interests (e.g. environmental and agricultural organizations) and thus to 
favor collective action.   

Second, the existence of bridging links among a variety of stakeholders and across different 
levels (local, water basin, regional) is assumed to affect positively the success of agri-
environmental projects, by favoring access to the information and resources needed for the 
definition and promotion of agri-environmental projects. This structural characteristic could be 
captured by the network heterogeneity, i.e., the diversity of actors involved in the networks.    
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