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Abstract

Most if not all environmental problems entail conflicts of interest.Yet, differ-
ent actors and opposing coalitions often but certainly not always cooperate
in solving these problems. Hence, processes of conflict and cooperation of-
ten work in tandem, albeit much of the scholarly literature tends to focus on
either of these phenomena in isolation. Social network analysis (SNA) pro-
vides opportunities to study cooperation and conflict together. In this review,
we demonstrate how SNA has increased our understanding of the promises
and pitfalls of collaborative approaches in addressing environmental prob-
lems. The potential of SNA to investigate conflicts in environmental gover-
nance, however, remains largely underutilized. Furthermore, a network per-
spective is not restricted to the social domain. A multilevel social-ecological
network perspective facilitates integration of social and environmental sci-
ences in understanding how different patterns of resource access can trigger
both cooperation and conflict.
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Cooperation: when
two or more actors
work together with the
intent to solve certain
issues or problems for
mutual benefit

Environmental
governance: describes
a setting where actors
interact with each
other to manage
environmental
resources and/or to
address environmental
problems

Collaborative
environmental
governance:
environmental
governance that is
devised (or has
emerged) building on
principles of
collaboration among
participants

Conflict: when two or
more actors have
opposing interests, or
other differences, that
can lead them to
confrontation

Network: a set of
entities (nodes) and
the relationships
among them (ties)
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1. INTRODUCTION

Governing the environment in ways that ensure ecological and socioeconomic sustainability is
a challenging task. Current research acknowledges the inherent complexity of ecosystems, mak-
ing it difficult or virtually impossible to foresee all the consequences any intervention can bring
across different spatial, temporal, and administrative scales (1, 2). Being adaptive and embracing a
learning-as-we-go perspective in managing the environment are commonly advocated as the best
way to address the complexities and unpredictability of ecosystems (3–5). Such an approach em-
phasizes the importance of cooperation in achieving effective environmental governance. Indeed,
because ecosystems adhere to neither human-made jurisdictional borders nor compartmental-
ized administrative responsibilities (6–8), no single actor can be in charge of entire ecosystems
effectively (see, e.g., 9). Thus, the need to bring diverse sets of actors and stakeholders together
in collaborative environmental governance is strongly emphasized in research and practice (10–
12). Opposing interests and beliefs among actors and coalitions often, nonetheless, cause tensions.
Thus, collaborative environmental governance typically entails both conflict and cooperation, al-
though scholarly literature rarely studies these processes together (13). In this review, we argue
that social network analysis (SNA) provides opportunities to reconcile these different perspectives.

We use the term collaborative environmental governance in a general and inclusive sense.We
emphasize that studying a multitude of heterogeneous actors that collectively govern, manage, or
utilize the environment is a common denominator across different literatures, e.g., collaborative
or participatory governance (11, 14, 15), adaptive co-management (3, 16), or adaptive governance
(4, 5, 17). Empirical evidence supporting the utility of collaborative environmental governance is
building (e.g., 18–20). Collaboration as a means to build knowledge, develop trust, solve conflicts,
connect across different societal and political sectors, and reach agreements is commonly empha-
sized in the literature (3, 4, 12, 21). Less studied, but nonetheless important, is collaboration as a
means to enhance implementation of policies and agreements, i.e., to move from policy to practice
(22) and as a means to ensure efficiency.

Although we use the term collaborative, this does not mean that the interactions among the
actors are always cooperative—they could just as well be conflictual. Rather, the term collabora-
tive captures the intent of a governance arrangement, i.e., that it is meant to, or has emerged to,
stimulate cooperation among a multitude of actors. However, even if a governing arrangement is
labeled or conceived as collaborative, not all participating actors necessarily share a cooperative
intent (perhaps not even the conveners), and even with the best of intentions, fruitful cooperation
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might still not emerge. Furthermore, collaborative approaches to governance are often initiated
as a response to numerous potential and actual conflicts, which implies that conflicts among actors
may be expected to occur (23).

Collaborative approaches to governance often rest on an overarching aim to build consensus
(24).The existence of opposite and contradictory interests in how environmental resources should
be managed, or who should access them, is, however, often a very difficult situation to remedy (23).
We find conflictive cases in themanagement of virtually all kinds of environmental resources, from
wetlands (25) to forests (26), including watersheds and land.Classic types of conflicts over land use
include, for instance, conflicts between mining companies exploiting underground resources and
peasant communities defending their interests to continue their agricultural and pastoral activities
(27, 28). Other highly studied types of conflicts are those around water governance, such as con-
flicts over the control of watersheds (29), over modes and costs of drinking water provision (30) or
upstream-downstream conflicts over water quality and quantity (31). Furthermore, what appear as
conflicts over environmental resources are sometimes deeply engrained and have percolated into
other areas beyond the specific resource being managed, creating a long-standing mistrust among
the actors involved such as between the state and peasant communities (32, 33), and/or touching
upon issues of identity and world visions (34).

In contexts characterized by hard-to-reconcile conflicts of interest, it is naturally very chal-
lenging for collaborative approaches to succeed in establishing consensus or, at a bare minimum,
arriving at mutually agreeable compromises (35). The collaborative turn has consequently been
criticized for not clearly articulating the existence of deep-rooted conflicts of interest among ac-
tors and stakeholders. Furthermore, it has been criticized as neglecting issues of power imbal-
ances that create difficulties in achieving fruitful, deliberate, and constructive cooperation to fa-
cilitate effective changes from the status quo (36). Instead, collaborative arrangements have been
scrutinized as perpetuating power dynamics and smoothing conflicts in a way that simply fosters
oppression, legitimizing the powerful to establish their domination through imposition of their
discursive position (37). Political ecologists have long investigated the different layers in conflicts
around environmental resources (38). They have also called attention to two fundamental—and
often linked—dynamics: the strength of economic interests in shaping natural resource gover-
nance (39) and the importance of discursive practices in consolidating specific power distributions
(40, 41).

Thus, in spite of the observed and theorized benefits of cooperation in environmental gover-
nance, simply advocating collaborative environmental governance as an all-encompassing solution
to all kinds of environmental problems without acknowledging the difficulties that exist in achiev-
ing fruitful cooperation is clearly not warranted (10). Moreover, even if a collaborative initiative
is able to overcome some of these critical barriers so as to enhance deliberative and collective
learning and understanding, this does not necessarily lead to any substantial behavioral changes
or environmental improvements (42–44). Collaborative outcomes could be merely symbolic poli-
cies and/or actors agreeing on lowest common denominators (45, 46). Furthermore, engaging in
collaboration is typically a time-consuming process (46, 47). Thus, there is a need to weigh such
costs when comparing collaborative with, for example, more traditional bureaucratic command-
and-control approaches to environmental governance.

1.1. Reconciling Cooperation and Conflict Perspectives

All this leaves us in a state of ambiguity. Is collaborative environmental governance an idealized
but in practice unattainable approach to environmental management due to the existence of in-
herent issues of conflict and power?We argue against this interpretation. Rather, we see a need to
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Tie: a relationship
between two entities;
in a social network
context, could be
friendship or be based
on mistrust

accommodate perspectives of conflict and cooperation simultaneously. Processes of conflict and
cooperation often work in tandem, as different types of responses to underlying conflicts of inter-
est among actors and stakeholders. For instance, a study of land use and transportation planning
in California showed that actors’ choices of collaborating partners were more strongly influenced
by ongoing conflicts than by their partners having similar beliefs (48). Here, the foundational el-
ement of collaboration, i.e., with whom you choose to cooperate, was closely tied to whom you
perceived as your enemy, demonstrating that both conflict and cooperation occurred in parallel
and could not be isolated in understanding the planning processes.

Conflict has also been studied as a positive element in an otherwise blocked relationship, chal-
lenging the view that conflict is simply a threat or an obstacle to cooperation (49, 50). Such con-
structive conflicts allow actors to redefine and change positions and to move forward toward dif-
ferent and unplanned scenarios. Drawing from a game theoretical perspective, it has also been
suggested that long-standing conflicts between groups could actually promote cooperative be-
haviors since both groups have a lot to lose if the conflict erupts into violence (51). Scholars in
conflict management have argued for a conflict transformation perspective (52–54) in which the
purpose is to identify key elements that promote constructive conflict (55, 56). This also resonates
with recent research that has sought to highlight the enabling aspects of power dynamics instead
of solely emphasizing oppressive issues deriving from power imbalances, or simply ignoring issues
of power altogether (36).

One way to reconcile perspectives of cooperation and conflict in collaborative environmental
governance is to focus attention on what the actors are doing and why. An actor perspective can
enhance our understanding about the realities that face actors in their struggle to meet and protect
their specific needs and goals while also collectively contributing to address environmental and
governance issues that they cannot address by themselves (compare with 57). Hence, an actor
perspective does not preclude studying higher-level social and institutional structures.

An actor-oriented perspective is not bound to any specific theories or methods. However, here
we argue for the utility of applying a social network perspective when studying how actors engage
in cooperation and conflict in collaborative environmental governance (Figures 1 and 2; also see
the sidebar titled Social Network Research). Thus, attention is directed toward who the actors are,
if and in what ways they interact with other actors, and if and how this could affect their individual
and collective abilities to address different kinds of environmental problems (10).

Although focusing on social networks could be seen as taking a structural perspective map-
ping out the actors and their relationships, we nonetheless argue it should be seen more as a
process-oriented approach. Social network research implicitly carries the assumption that social
processes cannot be fully understood by simply aggregating the behaviors of atomistic individu-
als or as solely deriving from certain macrolevel social-ecological structures. This resonates with
Giddens’ structuration theory, in which both structure and agency constitute social processes, or
said otherwise, structure is dual: It is at the same time what sets the conditions for agency and the
outcome of agents’ behavior (71). A social network theorizationmay then be seen as a form of weak
structuralism in that social networks condition actors’ choices and activities, which in turn man-
ifest in the creation and dissolution of various types of social ties (72). Hence, an empirically ob-
served social network of actors—trying to navigate a governance context where their interests and
stakes in environmental resources are contested and/or threatened by overuse or degradation—
could be interpreted, understood, and subsequently analyzed as the empirical fingerprint left by
different social processes (73). In this way, social network research permits inferences about so-
cial processes that jointly implicate cooperation and conflict, where these processes can be un-
derstood in terms of if and how actors choose to cooperate (or engage in conflict) with certain
others.
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Figure 1

Information-sharing social network in Hawaii’s longline fishery. Each node is an individual fisher, or an actor
important for information sharing. Node colors blue, red, and yellow correspond to dominant ethnicity, and
gray corresponds to being an industry leader, or a government or management official. Adapted from
Reference 58.

e   Ties between actors with 
different attributes

a   Centralized b   Dense, not centralized c   Fragmented

d   Closure f   Two types of ties

Friendship

Dislike

Figure 2

Network characteristics. Panel a represents a centralized network, panel b represents a network that is denser
(and less centralized) than a, and panel c represents a network that is fragmented into two isolated subgroups.
The building block in panel d captures network closure, i.e., when two actors, tied to a common third actor,
tend to also form a direct tie between them. Panel e represents two actors with different attributes (e.g.,
organizational affiliation, beliefs, gender, education) who tend to form ties (this is referred to as heterophily).
Panel f consists of two types of ties: friendship (solid line) and dislike (dashed line). In this case, two actors
being friends both dislike a common third (or, similarly, two actors that dislike a common third tend to be
friends).
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SOCIAL NETWORK RESEARCH

A network consists of at least two types of entities: nodes and ties between pairs of nodes (often called vertices and
edges). In a social network, nodes could represent actors of various kinds, such as government agencies, individual
resource extractors, nongovernmental organizations, or states. They could also represent social entities other than
actors, such as a venue (forum) for collaboration (45), or legally or nonlegally binding institutional arrangements
(59). Ties could represent different types of relationships among these nodes, such as fishermen exchanging fishery-
related information (58), trading relationships of fish buyers (60), disagreement or dislike (61), or joint participation
in a venue (62). Typically, one specific type of relationship is the focus, but simultaneously studying multiple types
of relationships is also common (see, e.g., 63).

The social network researcher needs to make informed decisions on what are the most relevant social entities
(e.g., actors or venues) along with their most important relationships in a given empirical context, given the study
objectives (64). However, empirically mapping out these entities in the form of a network visualization is merely
the starting point for further analyses (Figure 1). No two social networks are the same. They differ in types and
patterns of social ties, they differ in composition of actors and/or other social entities, and last but not least they
most likely differ in terms of the social and ecological context wherein they reside.We want to emphasize the crucial
importance of context in both explaining the emergence of networks and also its constraining and enabling function
regarding what the existence of a specific network can imply in terms of, for example, what those actors choose to
act upon (65).

The specific patterns and compositions of social networks can be indicators of social processes driving indi-
vidual and collective behaviors. Different structural characteristics are often associated with different functions,
so a network structure conducive to one governance aspect might not necessarily be conducive to another (66).
SNA encompasses numerous techniques to analyze the pattern of relationships in the networks, seeking to as-
sess different kinds of structural characteristics of presuming importance for, for example, sustainable development
(67).

Network structural characteristics are numerous, and in subsequent sections we elaborate some of the most in-
teresting ones in a governance context. One can broadly distinguish between two types of structural characteristics,
macro- and microlevel characteristics. The former refers to characteristics of the whole network, such as central-
ization, density or fragmentation (Figure 2a–c). The latter refers to patterns of ties involving only very few nodes
and can be thought of as building blocks or motifs that might be more or less prevalent in the network, or even
missing altogether (Figure 2d–f ). These two types of characteristics are not independent; for example, a centralized
network would consist of many instances of building blocks with two nodes connected to a common third, but not
to each other. The macrostructure of a social network may possibly be constrained by certain system-wide factors
(e.g., geography, varied climatic conditions, cultural norms). But within these constraints, the actual macrostructure
emerges from the microstructural processes of individual actors making decisions about, for example, cooperative
and conflictual relationships. The microlevel characteristics indicate social processes at play in the network, so these
building blocks are the direct consequence of actors’ actions and intentions, constrained by rules and norms of social
behaviors, as well as by pre-existing relationships.

The macrolevel characteristics can also be seen as the social infrastructure constraining and enabling individual
behaviors, so there is an interplay betweenmacro- andmicroprocesses embodied in the network structure.Different
analyses aremore or less suited for analyzingmacro- versusmicrolevel structures.Exponential randomgraphmodels
(68) and stochastic actor-oriented models (69) focus specifically on the microlevel (the latter model is also suitable
for statistically analyzing longitudinal network data). Analyses for whole-network characteristics include purely
descriptive metrics capturing certain statistical properties of the network such as its degree distributions (see, e.g.,
70).
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2. WHEN CONFLICT, WHEN COOPERATION, AND WHEN BOTH?

Studying social networks in environmental management and governance is a rather new but
rapidly growing field of scientific inquiry. A recent review showed that most published papers
in network studies of environmental governance were published after 2010 (74). Plenty of these
have investigated the formation of different types of collaborative networks in response to envi-
ronmental problems (10). To a lesser extent, some of these studies have also investigated if and
how collaborative networks can lead to desirable environmental (and social) outcomes. Due to
the breadth of this emerging field, and a recently published series of reviews (10, 67, 74–76), in
what follows we have not attempted to exhaustively review all published studies. Rather, we focus
on themes in major network studies on environmental governance where cooperative (positive)
social relationships (ties) are central. We then consider work on negative social ties, where the
studies examine relationships such as competition, distrust, open conflict, and the like. Finally, in
our review of recent work, consistent with our overarching aim to reconcile perspectives of co-
operation and conflict in environmental governance research, we discuss studies where positive
and negative ties have been examined in parallel. We conclude with a section discussing how this
research agenda can move forward.

2.1. Collaboration from a Network Perspective

The possible benefits deriving from collaborative environmental governance are, as stated above,
plentiful and empirically well supported. Because collaboration implies the existence of social net-
works, the benefits of creating and maintaining networks of cooperative relationships among a
multitude of actors follow naturally (see, e.g., 77). The word positive implies that the dyadic re-
lationship is (at least potentially) beneficial for the social entities making up the network. Clearly,
a positive tie can be based on many different types of relationships, such as information exchange
or resource exchange, working together, being friends, etc.

At the macro level, social networks that have been found to enhance collective (social) learning
(and/or innovation) can take different forms. This is an area of inquiry that is drawing a lot of
attention. Some key findings about the most favorable network structure depend on the context
of the required learning. On the one hand, if the learning is about complicated phenomena, i.e.,
predicting the social and ecological responses to interventions in complex and boundary-spanning
ecosystems, networks encompassing a broad and diverse set of tightly interconnected actors with
different competencies and backgrounds are favorable (78). On the other hand, if the learning is
about something less complicated, or not at all about developing new knowledge but rather to
diffuse existing knowledge, actor heterogeneity and dense connectivity might be less important
(compare with 79).

Furthermore, domain-specific knowledge tends to develop within subgroups—often as a re-
sult of these subgroup members doing similar things (like groups of fishermen using the same
gear types targeting the same fish species; see 80). To avoid the development of isolated pockets of
knowledge, it is desirable to link these subgroups together. For that purpose, network brokerage—
whereby intermediate actors operate as brokers to link otherwise disconnected actors—is impor-
tant (81). Studying brokerage in social networks has a long history (82), including in environmental
studies (83, 84). Subgroups of fishermen connected across group boundaries through brokerage
have been found to produce less undesired bycatches, likely as a result of better knowledge of
fishery practices (58). Similar to complicated versus simple learning, it is important to distinguish
between wide and narrow brokerage.Wide brokerage implies there are many, instead of just very
few, relationships that cross subgroup boundaries. For complicated learning to occur across sub-
groups, wide brokerage is typically required (85).
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System-level outcomes also relate to the nature of the collective action problem that an en-
vironmental governance system is set to address. By different natures we differentiate at least
two broad classes of environmental problems: one class that does not relate to conflicts of interest
among stakeholders and another class that involves trade-offs and substantial costs and risks facing
the actors. The former typically revolves around making sure different measures to deal with the
given environmental problems are executed in the right order, in the right places, and in appropri-
ate ways. The latter is typically about negotiating trade-offs, and/or taking measures to distribute
costs and benefits in ways actors find acceptable, just, and legitimate. These different kinds of
environmental problems are often denoted coordination and cooperation problems, respectively
(86). Early empirical studies suggest that more centralized network structures (Figure 2a) seem
more conducive to solving coordination problems, whereas denser networks with a high level of
network closure (Figure 2b,d) seem better for cooperation problems (86, 87).

Studies emphasizing actor- and process-oriented approaches to network studies tend to focus
more onmicrolevel social network characteristics (see the sidebar titled Social Network Research).
Key defining questions are why the studied network has developed certain structural characteris-
tics, and if and how actors can be stimulated to adjust their actions and social behaviors leading to
the development of desirable network characteristics for desirable system-level outcomes (what is
desirable is, however, not set in stone and depends on what to accomplish and for whom). A funda-
mental question is why and how actors engage in and commit to cooperate with others in the first
place. Across contexts, it has been demonstrated that the pre-existence of social relationships in
previous settings often instigates social relationships in new settings. Hence, social relationships
that might appear as new are often better described as old ties being re-established or reactivated.
Studies of a series of collaborative planning initiatives for integrated coastal zone management re-
vealed that new initiatives were often relying on previous or other ongoing initiatives when being
staffed, thereby implying that many existing relationships were reactivated (47). A recent study fo-
cused on two crisis responder networks, established tomanage escalating wildfires (one in Sweden,
one inCanada), found that 50–80%of all social ties in use during the crisis events were pre-existing
ties (88). Specifically, for the Canadian case, establishing many social relationships among those
individuals likely to be engaged in the event of a crisis was an outspoken strategy within the crisis
response system, as a preparatory measure to enhance cooperation during a forthcoming crisis.
The study indicates that this strategy has borne fruit since the Canadian respondents overall re-
ported higher satisfaction in regard to how easy it was to establish and execute cooperation with
others.

Another factor making actors more prone to establish cooperative ties is the perception of
threats. A study of water governance found that the stronger an actor perceived a threat to water
quality, the more social ties they were engaged in (89). This finding was, however, not consistent
across all types of threats, and the authors suggest that actors perceiving threats that could not be
dealt with effectively by traditional water protection policies (in this case, so-called cocktail effects
where different pollutants interact) were more willing to engage in cooperation than others.

Another fundamental question is whom an actor chooses to engage with, given that the actor
is willing to engage in cooperative relationships in the first place. The propensity of individuals
to preferably connect with similar others, known as homophily, is well documented across cases
and contexts and often relates to attributes such as gender, age, socioeconomic background, etc.
(90). Homophily has been demonstrated to exist in many studies of environmental governance,
but the specific attributes of similarity that enable homophily vary. Several studies of small-scale
fisheries have shown that similarity in gear type coincides with social relationships such as infor-
mation exchange (80, 91). Generally, in situations where actors have different interests and stakes
in a common resource, they preferentially connect with others they perceive as having overlapping
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interests and beliefs (e.g., 92, 93). A key reason behind this behavior is that actors often form coali-
tions of interest that they then use to pursue their goals in policy processes (94). Coalitions formed
by actors having different interests then end up competing with each other,which can lead to a pol-
icy change process stalemate. Recent studies have, however, nuanced long-standing assumptions
about belief similarity being the driver of social tie formation in these contexts. A study of marine
aquaculture partnerships in the United States showed that trust and access to resources such as
professional competence were more important than belief similarity in regard to marine aqua-
culture policies (95). A study of hydraulic fracturing regulation in the United Kingdom revealed
that relationships exchanging technical information tend to be driven by expertise, whereas rela-
tionships exchanging political information are more driven by ideology (96). This study illustrates
that different social relationships, within and across coalitions, are created for different purposes
with different others. A study of Swiss nuclear energy politics before and after the Fukushima nu-
clear disaster demonstrated that the factors that drive social tie formation also depend on the level
of uncertainty, both in terms of others’ behaviors and in terms of possible consequences of cer-
tain policies (97). When uncertainty is high, actors prefer to cooperate with others they perceive
as knowledgeable and trustworthy, whereas when uncertainty is low, policy preferences become
more important. Finally, physical proximity often affects the likelihood of social tie formation.
Studies of collaboration among volunteer organizations striving for, among other things, the con-
servation of green areas in urban regions have shown that two organizations being located close
to each other also have a stronger than average tendency to form social ties (98, 99). Similarly,
Jamaican small-scale fishermen operating from the same landing sites are more likely to have
social ties (91).

Social relationships are dynamic by nature (100). Social networks change and develop over
time; some ties emerge when two actors establish some form of relationship, and some dissolve
when actors no longer interact. Furthermore, the nature and content of the ties can change over
time. For example, in a study of climate adaptation policy networks in Switzerland, it was shown
that ties that, at first, were used only to transfer information in either direction later tended to
accommodate stronger mutual cooperation (101). Actors’ perceptions of their network partners
might also change over time. In a study of water-related policy development in Colorado, actors
of opposing coalitions developed, as a result of being involved in a cross-coalition collaborative
process, a more comprehensive understanding of each other’s interests and goals, thereby also
realizing they had overlapping interests (102). In that way, they became more motivated to further
engage in cross-coalition collaboration.

This body of work suggests many different factors that stimulate any two actors to engage in
and maybe strengthen cooperation over time. Yet, collaborating with other actors inevitably takes
its toll on limited time and resources. Although the benefits derived from engaging in cooperation
with others were associated with enhanced goal attainment in crisis management work in Swedish
municipalities, beyond a certain threshold number of cooperative ties the relationship between
having many cooperative ties and goal attainment essentially disappeared (103). Similar patterns
of diminishing returns of additional social ties have been observed in diverse contexts ranging
from artistic performance of musical writers (104) to group effectiveness in business organiza-
tions (105). In a similar vein, the cost of establishing a cooperative tie with another actor might
draw from the same set of limited resources as the cost of attending yet another collaborative
venue (see the sidebar titled Social Network Research). In comparing two collaborative networks,
one being concerned with integrated coastal zonemanagement planning and one being concerned
with wildfire mitigation, the results indicate there is a “cost–benefit trade-off affecting the capac-
ity of actors to participate in multiple venues and collaborate with multiple other actors” (106,
p. 152).
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Beyond the cost in terms of drawing from limited resources, establishing social ties is not nec-
essarily a risk-free enterprise. First, uncertainty about others, for example, about how they tend
to operate, their mandates, and the resources at their disposal, can make actors less willing to
risk investing time and energy in establishing cooperative ties. In other words, even though the
costs associated with networking might be generally well defined and understood, the potential
benefits could be perceived as uncertain. This can make actors less prone to engage with actors
located outside their professional comfort zone, although cooperating with these actors could, in
theory, significantly contribute toward achieving desired outcomes (107). Second, in cases where
the cost of investing time and energy in contributing to a common good is significant, actors may
be cautious in establishing cooperative ties, especially if there is a high risk that others will benefit
from these investments without contributing themselves (86, 108). There are even cases where
the benefits derived from a social tie could be directly negative. If, for example, an actor engages
in cooperation with others from an opposing coalition, there is a risk that the other actors co-opt
these ties to their own benefit, potentially leaving the first actor in a less favorable situation than
if it had not engaged in the so-called cooperation at all (compare with 109).

Work on desirable network structure has spurred interest in network structural interventions,
seeking to determine if and how the establishment of collaborative networks with desired char-
acteristics can be formed and shaped (network weaving; see, e.g., 110). For environmental gov-
ernance, different forms of network interventions have been discussed and studied. For example,
it has been suggested that by specifically targeting influential actors in communities engaged in
resource extraction and management, desired behavioral changes among members of the entire
communities favoring the conservation of natural resources could be achieved more effectively
(76). Furthermore, in a controlled experiment where randomly selected individuals were trained
in new agricultural practices in Sumatra, it was empirically demonstrated that these individuals,
18 months after the intervention, had approximately twice as many social ties as others not being
targeted for training (111). This study shows that instead of trying to identify influential actors
that could be targeted for certain types of interventions, a network intervener could instead stim-
ulate the emergence of influential actors directly. Furthermore, a common approach to stimulate
more cooperative behaviors among actors with different stakes in an environmental issue is to
establish collaborative venues that are facilitated to a varying extent by, for example, funding and
coordinating staff (45). In these venues, the objective is often to encourage cooperative behavior
along with the formation of cooperative ties connecting the participants.

Intervening in networks is, however, an activity that is often encumbered with managing
trade-offs putting collaborative effectiveness and democratic principles such as the inclusion
of marginalized and not-so-powerful actors against each other. The research fields of network
management (112, 113) and meta-governance (114) have emerged as a response to the rise of
collaborative governance approaches to deal with various public policy and public administration
problems, and are deeply concerned with how collaborative networks are, or can be, effectively
led and at least partly controlled. Network management is more concerned with a managerial
perspective investigating how leaders can manage networks and intervene in order, for example,
to facilitate mutual learning and trust building through various strategies and techniques. This
notion of leadership does not only include appointed leaders; any actor can, and often will, engage
in activities intended to form and shape the network. Leadership in collaborative networks is
therefore often an emergent property (compare with 115). Meta-governance instead adopts a
macrolevel perspective investigating how to effectively regulate collaborative networks through
more or less subtle and indirect interventions, seeking to influence the actors in accordance
with overarching goals and objectives while not interfering with their abilities to self-organize.
Both these fields, however, emphasize the inbuilt tension between the democratic need for
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accountability, predictability, and transparency in public policy and administration, and the
more flexible and less formal approach to management of environmental resources signifying
collaborative environmental governance. In any given case, there can be inherent trade-offs
between addressing environmental problems more effectively through collaboration and network
interventions and preserving desirable democratic principles.

2.2. Conflictual and Troubled Relationships from a Network Perspective

Unlike research on positive (cooperative) ties, there is much less research of negative ties in envi-
ronmental governance, despite the fact that the field of negative ties is somewhat of a hot topic in
social network research more generally (116). A negative tie is different from a positive tie in the
sense that, from the parties’ perspective, the tie itself “represent[s] an enduring, recurring set of
negative judgments, feelings, and behavioral intentions toward another person” (117, p. 597). As
for positive ties, negative ties can derive from many different types of relationships: for example,
difficult or troubled interpersonal relationships in an organizational context, dislike or distrust,
conflict, or being a political adversary.

In the environmental governance literature, studies of negative ties are rare. There is an abun-
dance of published papers studying conflict in environmental governance, but very few adopt a
network approach. It is fair to say that across all of social network research, positive tie studies
are more common (118), even though there is recognition that negative ties are to be expected
in all or most settings and can often be very influential in affecting attitudes and behaviors (117).
Several reasons seem to explain why positive tie research tends to prevail. First, negative tie data
are notoriously more difficult to collect than positive tie data, as, for instance, respondents may
underreport conflict (117, 119). Second, some researchers new to social networks hold the wrong
perception that being in conflict equates to no tie at all. Rather, any given dyadic relationship may
be built up of many different types of social ties, and conflict and competition are possible states
within a relationship. It is even possible that a given relationship may comprise both positive and
negative ties: When have we never dealt with (cooperated with—positive) someone we do not
really like (conflicted with—negative), or been friendly with someone we do not fully trust? It is
for this theoretical reason that network researchers distinguish between a relationship and a social
tie, with the social relationship seen as possibly comprising several different types of ties, some of
which may be positive and others negative.

For the purpose of building up negative tie research in environmental governance, it is worth-
while to visit the lessons learned from the negative tie social network research more generally. On
the basis of a review of network organizational literature, Yang et al. (118) recently proposed a
tripartite categorization of negative ties. A negative tie could derive from an actor’s negative affect
(e.g., envy or personal dislike) toward a network partner, from an actor’s negative behaviors di-
rected to a partner (e.g., open conflict or competition), or from an actor’s cognitive assessment of
the partner (e.g., perceiving a partner as incompetent or untrustworthy). There are counterparts
in environmental governance networks: An actor may envy another who has more environmental
resources, actors may behave competitively or even conflictually toward each other in accessing
(shared) environmental resources, and actors may judge each other as incompetent in managing
environmental resources. Of course, any individual relationship may have several of these three
components simultaneously, and negative affect or cognitive assessment, even if not immediately
associated with a direct and open conflict, can obviously lead to conflicts later on (117).

The reasons behind the existence of negative ties are plentiful. In contexts that are reason-
ably harmonious, where polarization is not strongly present and the overall level of conflictual
and/or hostile sentiment is low, the existence of negative ties could be mostly related to individual
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personal characteristics (such as lower tendencies for dislike among individuals of the same gen-
der) (120). Furthermore, if someone dislikes another, that individual might just avoid the other,
thereby preventing any structuring tendencies such as reciprocity to emerge at the network level
(reciprocity would imply that if A dislikes B, there is a higher likelihood that B would also dislike
A). In more conflictual social contexts, higher levels of structuring for negative ties are to be ex-
pected (compare with bullying among elementary school children; see 121). Hence, the possible
effects of negative ties, and the underlying causes for the very existence and the structuring of
negative ties, would then be systemic rather than operating only at the dyadic level.

Constraints in the context may engender more negative ties and more open conflict. Avoid-
ance of another disliked individual is a social strategy that in effect transmutes what would be a
negative tie into the absence of a relationship. It is useful to minimize the frustration and aver-
sive consequences of negative ties—and hence we see in organizations that individuals will work
around other organizational members who are seen as incompetent (120). But constraints in the
social context may prevent this strategy from being adopted: For the most part, we do have to
work with our bosses, whether they be competent or not. In environmental governance settings,
the structure and functioning of the governed ecosystem itself may provide the context that con-
strains avoidance and thereby facilitates the emergence of negative ties and open conflict. The
presence of environmental resources engenders competition by actors who wish to harvest the
resource, and withdrawal from the competition is not the preferred or even possible option. This
is why we consider negative tie research an important element in understanding environmental
governance systems (this line of argumentation is developed further below).

When the sheer amount of negative ties is high, the group level effects can be significant.
A study of group performance in different organizations showed that the higher the density of
negative ties (defined as someone withholding valuable information, resources, and opportunities
from another actor), the lower the group performance (122). Importantly, the undesired effects
of negative ties on individual- and group-level outcomes depend on where they are located in
the network. A study of research teams at US universities showed that the higher number of
negative ties that were between groups of individuals with similar attitudes, the lower was the
performance within the team level (123). Hence, even with a low density of negative ties, if the
ties are at crucial points of the network structure (e.g., between groups with similar attitudes),
their potential implications can be significant.

Thus, in settings that are very harmonious, the relative utility of studying negative over positive
ties is perhaps relatively low. But since even a low number of negative ties can have significant
implications, disregarding negative ties warrants some caution. In more troubled cases that are
likely to engender polarization, competition, and conflict, studying only positive types of ties may
miss the point (compare with 124). This may be particularly so in environmental governance
studies where the environmental resources are likely to induce competition and conflict.

2.3. Interacting Cooperative and Conflictual Social Ties

Our fundamental argument is that for many environmental governance settings, positive and neg-
ative ties need to be studied together. Although several network-based studies measure either or
both positive and negative ties, it is still relatively rare that they are analyzed simultaneously (118).
Empirical studies have nonetheless demonstrated that positive and negative ties not only can co-
occur in a social network, but also one type of tie can in some cases instigate the formation (or
dissolution) of another type of tie. A classic example of this is Fritz Heider’s (125) work on cog-
nitive consistency and social balance. As demonstrated by Cartwright & Harary (126), theories of
social balance can be specified using a network formalism where individuals have either positive
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or negative ties toward each other in a signed graph (a network graph with positive or negative
signs on the ties, often thought of as friends and enemies). Following Heider, the desire to limit
cognitive dissonance implies that, for example, an actor will find aversive a situation where he or
she has two friends who are themselves enemies. Simulations show that if such rules about social
balance are followed, the network results in cliques of friends separated by negative ties. This re-
sult nicely illustrates how local social rules can play out into global network structure. Yet, balance
theory in this classical raw form has limited empirical support, and more recent studies have added
important nuances. Social balance theory should be accompanied by other theories in explaining
the formation of a signed graph: a desire to direct positive ties toward others with higher status
(and negative ties to those of lower status) and tendencies to like similar others (and thus dislike
dissimilar others) (127).

Social balance theory applied on a signed graph postulates that positive and negative ties should
be kept apart; i.e., a tie should be either positive or negative. As we noted above, for us negative
ties are not merely the opposite or inverse of positive ties (see, e.g., 128). Cooperation and conflict
are two types of social ties that may occur together (compare with 37). In other words, actors
might choose to respond to an underlying conflict of interest by trying to cooperate with their
opponents, or fight them, or something involving both modes of operation. This duality contrasts
with a unidimensional conception of negative and positive ties as polar opposites, where one type
of relationship excludes the other. Recent research has even argued that relations can dynamically
move from one type to another, producing a combination of conflict and cooperation that can,
depending on the timing and duration, impede or facilitate the implementation of reforms (129).

An ongoing conflict does, however, not prevent simultaneous ongoing cooperation through
compromises. In the case of red drum management in North Carolina, user groups found com-
promises even though the conflicts were not resolved, given that “the process through which
[compromises] are reached creates frustration rather than understanding” (130, p. 426). Basurto
et al. (131) present another example of co-occurring conflict and cooperation in their study of
small-scale fishers in Baja California, Mexico. They demonstrate how heightened rivalry among
the fishers, through the implementation ofmarine protected areas, also gave rise to increased levels
of cooperation. Hood et al. (132) show how co-occurrence of positive and negative ties can en-
hance performance for a team of undergraduate students engaged in a semester-long competition
reflecting real-world operational contingencies in business strategy developments.

When positive and negative ties co-occur in one relationship, it is often thought of as a multi-
plexed or ambivalent relationship (128). A study of the social network encompassing organizations
involved in governing the Swan River in Western Australia showed that positive ties (defined as
crucial collaborative relationships) co-occurred with negative ties (defined as difficult collabora-
tive relationships) more often than could be explained by chance (133). This was attributed to the
governance context where different goals and objectives exist in parallel, and where disputation is
common.

The implications of interacting positive and negative ties go further than co-occurrence. A
study of bullying among elementary school children showed that social ties defined as liking, dis-
liking, or being victimized interacted in several different ways (121). For example, two bullying
victims of a common third had a stronger than average tendency to like each other. In politically
charged environments, actors may seek allies in response to a threat that other actors could try
to control them (134). In such settings, made up of allies and adversaries, any given actor’s abil-
ity to exert influence over others (and to maintain control over its own whereabouts) is largely a
function of how it is situated in the entire network consisting of both positive and negative ties.
Figure 3 provides an example of how a fairly complicated web of allies and adversaries puts a
focal actor in a vulnerable position. This notion of positional power can be divided into two parts,
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Figure 3

A is an adversary of B and C (dotted lines). B and C are allies and thus united against A (solid line). A’s only ally
is D, but D has three other alternative allies. Thus, A is put in a vulnerable position since its only ally D has
alternatives and thus can require a lot in exchange for support. Adapted with permission from Reference 134.

power-as-access and power-as-control. The former focuses on an actor’s ability to access others’
resources, whereas the latter focuses on dependency, implying that if a focal actor is dependent
on another actor for access to resources, that other actor can use that relationship to exert control
(this is the basis for exchange network theory; see, e.g., 135).

Following a similar line of reasoning, a recent study challenges the long-standing principal
finding in peace studies that democratic states rarely or never engage in violent conflict with each
other (136).By analyzing networks of interstatemilitary conflicts over nearly 200 years, the authors
found that a state’s decision to engage in violent conflict depends on the other states the target
state is in conflict with (a conclusion that is consistent with balance theory). They did, however,
not find support for any two states to avoid engaging in conflict with each other just because they
both were democratic. This notable finding clearly demonstrates the utility of studying conflict
and cooperation in concert from a whole-network perspective.

3. RECENT ADVANCES AND WAYS FORWARD

In summary, we see the study of cooperation and conflict in parallel as important to advance
environmental governance research, and we encourage researchers to consider adopting a social
network perspective in doing so. In this section, we point to some critical issues and advances in
pushing this area of research forward.

3.1. Advancing a Process-Oriented Perspective

As highlighted earlier, a network can be conceived as the outcome (empirical fingerprint) of ac-
tors’ involvement in various social processes that result in patterns of social relationships. Thus,
studying network structure provides a means to apply reverse engineering to infer the major so-
cial processes that underpin the community of actors. Ultimately, we seek an explicit causal un-
derstanding of the factors that give rise to the observed phenomena (in this case, the empirical
network). Such causal understanding enhances theory development, which is necessary to explain
why we observe a particular governance setting and set of practices, and what could be done to
steer environmental governance toward sustainability. An increased focus on the actors and the
processes in which they engage would be particularly useful for policy change research given that it
could “. . .help scholars explore alternate explanations for policy-making phenomena and provide
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new insight into how collaborative processes are influenced by broader policy process dynamics”
(46, p. 40).

Changes in policy and practice are often contested; thus, both changes and instances of inertia
are expected to emerge from processes involving both cooperation and conflict (23). As Buhaug
(137, p. 270) puts it when debating current climate-conflict research, “Indeed, further scientific
progress [in this field] depends critically on our ability to specify plausible causal mechanisms, the
conditions under which these are likely to play out, the actors at play, and the range of possible
outcomes in terms of conflictive (or cooperative) behavior.” A causal understanding enables as-
sessment of when and how collaborative approaches to environmental governance might provide
desirable solutions to environmental problems, and when other means are better suited.

Causal thinking in network studies is, however, often underdeveloped and/or unexplicated (64,
138). This does not mean that causal reasoning is incompatible with a network perspective, al-
though it is more difficult when dealing with complex social-ecological systems that implicate
many different social and environmental processes. Longitudinal network studies in particular
provide a means to empirically investigate how different actor attributes (and indirectly contex-
tual factors) influence (or are influenced by) tie formation and tie dissolution processes (100).They
also provide a means to investigate how existing ties are influencing these formation and disso-
lution processes. Thus, these studies take on a process perspective in empirically addressing the
question of why networks are formed and shaped as they are.

Gathering longitudinal network data is, however, often associated with many practical difficul-
ties and requires substantial investments in data acquisition (138). Cross-sectional studies are thus
oftentimes the only feasible option in network research.With the process-oriented view of the net-
work we outlined above, cross-sectional data can still provide empirical support when inferring the
causal social processes at play in a given case.We, however, acknowledge that such support hinges
upon solid theoretical reasoning, careful study design, and thought-through data collection meth-
ods.Consequently, we call for stronger links between relevant theories across scientific disciplines.
To that end, explicit and transparent expressions of relevant theories in ways that are compatible
with a network perspective are needed. For example, a recent study uses a microlevel building-
block approach (Figure 2d–f ; also see the sidebar titled Social Network Research) to translate
several contemporary theories, insights, and debates about adaptive and transformative capacity
in environmental governance into a series of propositions on how certain social (and ecological)
network structures might be more or less conducive for instigating adaptive versus transformative
responses in overcoming pressing environmental challenges (139). Furthermore, complementary
(including qualitative) datasets, as well as carefully designed simulation studies, can be utilized to
triangulate on plausible causal hypotheses (138, 140).Therefore, applying (where possible) mixed-
method approaches could further strengthen attempts to unravel causality.

3.2. Social and Other Networks: A Multi-Network Perspective

Sustainability science is a transdisciplinary science and as such calls for looking beyond the borders
of traditional scientific disciplines when asking and answering questions related to environmental
problems (141). This approach is also central to social-ecological systems research (142). A foun-
dational argument behind these calls is that the social world is not independent from the natural
environment (and vice versa); thus, a more integrated perspective is needed to better understand
and improve the ways in which societies govern the environment (an integrated perspective does
not preclude pluralism). However, turning this compelling argument to actionable and integrated
research approaches has proven challenging, and, in particular, studies using empirical and quan-
titative approaches often struggle to break through disciplinary boundaries (143). The network
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Increasing levels of resolution (left to right) in examining governance arrangements where both actors and ecological components are
explicated in a series of multilevel network models. On the left, all details about the actors and ecological components are absent,
whereas on the right both individual actors and specific ecological components, along with their interdependencies, are fully described
as a multilevel network of nodes and ties, respectively. The ties represent actor-to-actor relationships such as cooperation or conflict
(within the social system; red nodes), ecological component-to-component interdependencies such as nutrient flows (within the
ecological system; green nodes), and actor-to-ecological component relations such as ownership, extraction, and other types of uses
of ecological components (across the social and ecological systems; gray dashed lines). The curved arrows illustrate that the social and
ecological systems are interdependent. To the right, these system-level interdependencies are refined by explicating how certain actors
relate to certain components. Figure adapted from Reference 73, licensed under CC BY-NC.

perspective, which is widely used in many social science disciplines as well as in the environmental
sciences, provides an opportunity to close this gap. Integrating the social and the ecological worlds
by describing and analyzing them as integrated social-ecological networks (Figure 4; also see the
sidebar titled Social-Ecological Systems as Social-Ecological Networks) has gained traction in re-
cent years, and this approach has been used to conduct interdisciplinary studies of, for example,
small-scale fisheries, small-scale agriculture, and interstate collaboration in the conservation of
marine resources (75).

Here, we argue that the social-ecological network approach could be instrumental in expli-
cating induced relationships among actors and stakeholders. By induced we refer to ties among
actors that arise through the actors’ different stakes and engagement with the environment. The

SOCIAL-ECOLOGICAL SYSTEMS AS SOCIAL-ECOLOGICAL NETWORKS

Social networks have been used to study human interactions since the 1930s (144). Similarly, network models have
been used to study trophic interactions in food webs since at least the early 1970s (145). Hence, it perhaps comes as
no surprise that network models and thinking where both social and ecological entities are combined and integrated
in social-ecological networks have been suggested and applied in different research settings (143, 146) (Figure 4).
Although this research is still largely in its infancy, the potential benefits with such integrated models are several
(75). In short, it provides a methodological and theoretical vehicle for more integrated studies of environmental
issues where both the social and the ecological worlds are treated as integral parts of the research subject.
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Social-ecological building blocks illustrating induced relationships. In panel a, both actors are sharing an ecological component; thus,
the induced relationship could derive from a conflict of interest (or a mutual interest to address a common task). Panel b is similar to a,
but here the actors have sole access to separate but interdependent ecological components. This induced relationship implies that the
actors are tied to each other in the sense that if they are to succeed in, for example, landscape-level biodiversity management, they both
need to account for ecological interdependencies, and thus they could benefit from cooperation (148). If the ecological tie is directed
(e.g., upstream/downstream in a drainage basin context), this implies an induced relationship where one actor is put in a more favorable
position than the other. In panel c, the unevenly distributed access to ecological components implies an induced relationship deriving
from unequal opportunities. Panel d implies an induced asymmetric relationship in that all actors are indirectly tied through ecological
interdependencies, but they have unequal opportunities to manage their interdependent ecological components (the actors A and B are
more limited than actor C since they do not have sole access to their ecological component). Actors A and B are equivalent, but in order
to simplify the figure, only the induced tie between actor B and C is outlined.

environment could be explicitly ecological, as when actors have stakes in certain targeted fish
species in a fishery context, or it could be more policy-oriented, as when actors hold different po-
sitions in relation to different policy issues (compare with 147).These induced ties could represent
more conflictual relationships arising from differences in interests (for example, competition for
limited but common resources) and/or beliefs in relation to how environmental resources should
be utilized (for example, conserve or exploit?). But induced ties could also represent relationships
that capture mutual benefits through, for example, creating possibilities for positive synergies in
environmental resource utilization (Figure 5).

These induced relationships constitute an important part of the context wherein the actors
reside, and thus strongly influence their perceptions, behaviors, and choices of strategies to ap-
ply when interacting with others (compare with 73). Many of these induced relationships will be
conflictual, as when two actors compete over a common resource (Figure 5). These induced ties
are particularly interesting to take into account when studying social ties, both positive and neg-
ative. For example, if two actors are tied through an induced conflictual tie, a key question that
follows is how the actors choose to respond to the very existence of such an induced tie (or not
respond at all, which is also a response). Maybe they choose to respond by reaching out to each
other, thereby instigating a cooperative relationship with the shared objective of seeking out con-
structive ways to remedy the induced conflictual tie. Or, they are triggered by the induced tie to
engage in open conflict, trying to get ahead of the other in striving to end up on the winning side
in this conflictual relationship (149). What the actors will do depends not only on many factors,
such as the perceived costs of cooperation, how power and influence are distributed, the actors’
time perspectives, and mandates (e.g., 150), but also on the social ties they have with other actors.
No matter what they choose to do, and why, this example illustrates the existence of ambiguous
relationships where different types of ties among actors interact in shaping actors’ choices and
behaviors. A key benefit brought forward by the social-ecological network perspective is that it
provides an analytical vehicle to conceptualize, define, and make explicit a broad range of induced
relationships deriving from actors’ engagements with the environment by taking the specificities
of the environment itself (i.e., its different components and their relationships) into account.Thus,
it provides a means to analyze how structures of social and ecological interdependencies within
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and across the social and the environmental worlds interact in shaping processes of conflict and
cooperation in environmental governance.

4. CONCLUSION

Environmental governance is an enterprise that in many cases involves elements of cooperation
and conflict. Scholarly work is, however, most often focused on either (or sometimes both) of
these elements, but rarely is there an ambition to study how they interact. We propose that a so-
cial network perspective can help remedy this stalemate. Many studies that apply a social network
perspective in environmental governance research, however, tend to be solely focused on coopera-
tive ties among actors and stakeholders.Hence, even though significant progress has been made in
furthering understanding of how patterns of cooperative social relationships can facilitate collab-
orative environmental governance, very little is known about how networks of troubled (negative)
social ties, such as conflictual relationships, shape governance arrangements and influence social
and environmental outcomes. Scholarly work in other research fields, such as organizational stud-
ies or international relations, has recently experienced an increased interest in studying such nega-
tive ties. Thus, insights on how negative and positive ties interact are emerging.We argue that the
time is right to bring a network perspective that accommodates both cooperative and conflictual
ties to the field of environmental governance research. Our belief is that such an endeavor could
be instrumental in bridging the gap between cooperative and conflictual perspectives on environ-
mental governance. It would do so by providing a means to develop empirically informed theories
focusing on why actors and stakeholders sometimes engage in conflict, sometimes in cooperation,
and sometimes in both, and the social and environmental consequences that these different actions
bring about.

SUMMARY POINTS

1. Collaboration in governing the environment can enhance learning and understanding,
increase coordinated use of intrinsically interdependent environmental resources, and
facilitate negotiation when actors’ interests are not aligned.

2. Collaborative approaches to environmental governance do not always succeed in over-
coming conflicts and tensions. Deeply rooted conflicts of interest, mistrust, and contra-
dictive perceptions of the key challenges at hand can prevent cooperation from emerging.

3. There is a need for (and gains to bemade by) further strengthening a broadened research
perspective that simultaneously looks at issues of cooperation and conflict when studying
environmental governance.

4. A network perspective provides ample opportunities to study conflict and cooperation
together because of its explicit focus on actors and the various different types of re-
lationships they have with each other, but this potential has not yet been realized in
environmental studies.

FUTURE ISSUES

1. We need to spend less time on just mapping out social and other types of networks. In-
stead we should spendmore time on thinking about if and how a network perspective can
contribute to theory development, and in answering theoretically challenging questions.
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2. Network thinking could be applied to better understand the causes of underlying struc-
tures and processes in environmental governance, and what social and environmental
outcomes such structures and processes can bring about. Longitudinal network studies
are instrumental to that end, but developing stronger links to theory is just as important.

3. Environmental governance is not only a problem to be studied within the realms of
social science. The governed environment and its specific characteristics often have such
a strong influence on governing structures and processes that there is a chance that key
insights are missed, ignored, or only rudimentally considered.

4. Social-environmental interactions can be described as social-ecological networks. Social-
ecological networks can introduce andmake explicit induced relationships among actors,
which often derive from asymmetric or shared access to limited environmental resources.
We argue that these induced relationships can be crucial in understanding if, why, and
how actors interact with others, for example, if they choose to engage in conflict or in
cooperation with certain others.
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