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Abstract

Despite the known benefits of integrated policy and planning, traditional governance decisions in the food-energy-water (FEW)
nexus are often made without cross-sector collaboration, potentially leading to unintended consequences and decreased resource
security. Applying collaborative governance approaches to the FEW nexus provides an opportunity to shift towards integrated
policy of food, energy, and water governance; doing so first requires an understanding of the limitations of current governance
structures and the opportunities for change. We conduct a social network analysis of stakeholders in Phoenix, AZ using
secondary data sources to construct the social network of collaboration and to analyze the ability of the governance landscape
to facilitate or hinder collaborative governance. The social network measures indicate potential challenges to collaborative
governance of FEW nexus stakeholders, such as limited trust between actors. However, leveraging bridging actors provides
opportunities to increase collaborative governance between sectors. This research is important for implementing collaborative
FEW nexus governance in practice.

Keywords Collaboration - Integrated resource management - Natural resource management - Resource security - Stakeholder

analysis - Food-energy-water nexus

Introduction

Food, energy, and water systems are linked through so-
cial, economic, environmental, and technological process-
es. Policy, planning, and management decisions in one
sector thus impact the related sectors (Clarke et al.
2018). The food-energy-water (FEW) nexus is a frame-
work to enhance basic scientific understanding of these
interconnected systems, as well as inform cross-sector
collaboration and policy coherence (Endo et al. 2017;
Saundry and Ruddell 2020). Despite the proposed benefits
of a FEW nexus approach (Leck et al. 2015; Rasul and
Sharma 2016), policy, planning, and management

>4 J. Leah Jones
jljone48 @asu.edu

School of Sustainability, Arizona State University, Tempe, AZ, USA

School of Community Resources and Development, Arizona State
University, Tempe, AZ, USA

Julie Ann Wrigley Global Institute of Sustainability, Arizona State
University, Tempe, AZ, USA

Published online: 26 March 2021

decisions about one sector are often made without full
consideration of the impacts on the related sectors and
the potential unintended consequences. Conventional en-
vironmental science and policy frameworks, which often
focus on narrow disciplinary or management silos, may
produce fragmented knowledge and inconsistent policies.
This disjointed approach may underestimate cascading
risks and lead to policies that ignore unintended conse-
quences and fail to take advantage of possible synergies.
To address these concerns, continued scholarship is nec-
essary to refine key constructs and critically evaluate a
FEW nexus approach to science, policy, planning, and
management and to provide targeted and evidence-based
recommendations for collaborative processes between
FEW nexus sectors.

A focus on collaborative governance presents one potential
avenue to promote coherent policies for the FEW nexus. To
understand the potential of collaborative governance for food,
energy, and water sectors, we must understand and critique
current governance structures and social dynamics to reveal
opportunities for and barriers to enhanced coordination. This
involves applying principles from collaborative governance
theory (Ansell and Gash 2008; Emerson et al. 2012) to the
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specific interconnected policy system of the FEW nexus. For
new configurations of governance to move towards greater
integration of the FEW nexus perspective, we must under-
stand the limitations of current structures and identify oppor-
tunities for transformations. Social network analysis (SNA), a
process of measuring interactions between actors (Borgatti
et al. 2009), has been used to quantify and visualize the col-
laborative governance of a system (Baird et al. 2016; Fliervoet
et al. 2016). By employing SNA to a system of collaborative
governance between FEW nexus actors, we can better under-
stand the system and create policy implications for improved
collaborative processes.

This paper analyzes the FEW nexus to examine the col-
laboration between the sectors as a precursor to understand-
ing the potential of collaborative governance to increase
resource security, reduce cross-sector vulnerabilities, and
facilitate policy coherence. We define collaboration as ac-
tors working together to produce, implement, or support
policy, planning, management, or decision-making within
the study area. We frame our analysis through the use of
bridging structures and an associated set of analytical mea-
sures from SNA. Understanding the bridging structures of
the network provides opportunity to identify and understand
the collaboration between the food, energy, and water sec-
tors and actors. These actors include organizations and
stakeholders across food, energy, and water sectors and
governance levels, such as electrical utilities, municipal wa-
ter services departments, farms, irrigation districts, and state
and local government agencies. From this analysis, we pro-
vide discussion points for facilitating collaborative gover-
nance of the FEW nexus in leading towards these desired
outcomes. Our research provides several tangible contribu-
tions. First, we conduct our FEW nexus governance analy-
sis at the metropolitan scale—a key decision-making
level—complementing existing regional (e.g., Rasul and
Sharma 2016), national (e.g., Bazilian et al. 2011;
Howarth and Monasterolo 2016), and global studies (e.g.,
D’Odorico et al. 2018). Second, we characterize the stake-
holder network through secondary data sources, including
meeting minutes, joint policy committees, and operation
plans. SNA using secondary data is an efficient approach
to reveal the formal policy network, complementing
perception-based studies (Daher et al. 2019). These contri-
butions provide a foundation for understanding the com-
plete institutional network and discourse for potential gov-
ernance reconfigurations, which is a necessary step for fu-
ture research on metropolitan scale FEW nexus governance.
We examine the case of FEW nexus governance in Phoenix,
AZ,USA, through SNA to diagnose the specific limitations
of the current governance landscape, identify opportunities
for change to facilitate collaboration, and provide recom-
mendations for new configurations that will support collab-
orative FEW governance.
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Conceptual background
Collaborative governance

Collaborative governance is an approach to public policy that
engages actors across economic sectors and scales to affect the
outcomes of planning, management, and decision-making
processes (Ansell and Gash 2008; Emerson et al. 2012). As
research on collaborative governance proliferated, this ap-
proach was applied to a range of policy contexts, from public
administration (e.g., Emerson et al. 2012) to economic policy
(e.g., Agranoff and McGuire 1998) to natural resource man-
agement (e.g., Koontz and Thomas 2006; Sullivan et al.
2019). Proponents of collaborative governance argue that this
paradigm supports effective resource governance by address-
ing challenges of power asymmetries, enhancing accountabil-
ity of the decision-making body, increasing transparency and
reducing the political nature of the decision-making process,
including stakeholders directly in knowledge generation and
decision-making, and facilitating cross-sector coordination in
planning (Ansell and Gash 2008; Emerson et al. 2012).

Collaborative governance has been critiqued, however, for
lacking consensus in the definitions of key terms and in
operationalization (Emerson et al. 2012), leading to the inter-
changeable use of the term with related concepts such as co-
management and adaptive co-management (Plummer et al.
2013). This presents challenges for evaluation of collaborative
governance approaches (Potts et al. 2016). Some scholars
have also questioned the effectiveness of collaborative prac-
tices to improve environmental outcomes (Koontz and
Thomas 2006). Furthermore, critics note that collaborative
governance studies often fail to incorporate theories of power
(Brisbois and de Loé 2016; Eberhard et al. 2017). Despite
these critiques, the theory of collaborative governance pro-
vides utility for understanding integrated natural resource
management in general and management of the FEW nexus
specifically.

Food-energy-water nexus governance

The food-energy-water nexus refers to a systematic under-
standing of the interactions, trade-offs, co-benefits, and rela-
tionships between the three sectors (Bazilian et al. 2011).
Taking a systems approach to the sectors may improve under-
standing of how decisions made in one sector can affect the
other two, helping to reduce unintended consequences, in-
crease resource security, and improve sustainability (Leck
et al. 2015; Kurian et al. 2019). FEW nexus governance spe-
cifically is conceptualized as the communication and coordi-
nation among multi-level stakeholders and decision-makers
across the sectoral boundaries of food, energy, and water
(Lele et al. 2013). Scholars have discussed the importance of
incorporating nexus thinking into the decision-making and
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governance processes of the three resources for comprehen-
sive decision-making and disciplinary collaboration (Lele
et al. 2013; Pahl-Wostl 2019). However, studies have shown
that, in practice, many FEW nexus systems continue to have
fragmented approaches to governance (e.g., Lebel et al. 2020).
Several empirical studies have uncovered barriers to these
collaborations, including power asymmetries (Weitz et al.
2017a; Pahl-Wostl 2019), lack of trust (Howarth and
Monasterolo 2016), rigid sectoral planning approaches and
regulations (Liu et al. 2018; Pahl-Wostl 2019), and lack of
communication (Howarth and Monasterolo 2016; Weitz
et al. 2017b; Liu et al. 2018).

Scholarship on FEW nexus governance has grown in re-
cent years to better understand these barriers and governance
challenges (Newell et al. 2019; Pahl-Wostl 2019; Opejin et al.
2020). Collaborative governance provides an opportunity to
address these challenges. Using the Collaborative Governance
Regime (CGR) defined by Emerson et al. (2012) as a founda-
tional framework, we implement the three components of
principled engagement, capacity for joint action, and shared
motivation to create opportunity for overcoming existing
FEW nexus challenges. Principled engagement includes ef-
fective communication between actors and sectors. Capacity
for joint action includes procedural and institutional
arrangements that facilitate collaboration, which can address
challenges of rigid sectoral planning approaches and regula-
tions. This refers to the protocols and organizational structures
needed to manage repeated interactions (Emerson et al. 2012).
Shared motivation includes the need for #rust between actors.
Focusing on the concepts of collaboration, institutional
arrangements, and trust as proxies for three key components
of the CGR framework, then, understanding the structure of
these concepts within a specific FEW nexus case is an impor-
tant first step to understand the limitations of current gover-
nance structures and identify opportunities at which collabo-
ration can be implemented. We believe these three compo-
nents are most important in understanding FEW nexus gover-
nance specifically because all three have been identified as
key barriers to implementation of integrated FEW nexus gov-
ernance (e.g., Howarth and Monasterolo 2016; Liu et al. 2018;
Pahl-Wostl 2019). Thus, a FEW nexus governance system
that is able to overcome these barriers is more likely to suc-
cessfully engage in cross-sector collaborative governance.
Employing the concept of collaborative governance to the
FEW nexus provides a pathway to understand the nature of
FEW nexus collaboration, and implementing social network
analysis provides an approach towards understanding specific
FEW nexus barriers to collaboration.

Network structures

Social network analysis is a method to understand the similar-
ities, relationships, interactions, and knowledge flows

between individuals and organizations (Borgatti et al. 2009).
It has become an important tool for analyzing and understand-
ing natural resource governance systems (Prell et al. 2009), as
these systems consist of a variety of actors from different
sectors who interact at multiple scales in heterogeneous ways
(Salpeteur et al. 2017). Specifically, SNA is useful to under-
stand the communication complexities present within the
FEW nexus (Kurian et al. 2018). It can show the structure of
the system to understand the functioning of the overall net-
work (Prell et al. 2009); address patterns of actor relationships
to identify potential power asymmetries (Bodin and Crona
2009); and highlight the multi-scalar nature of a governance
system (Salpeteur et al. 2017).

In a network, actors or nodes refer to the stakeholders or
organizations who are present within the network and ties
refers to the connections between them; these nodes and ties
create the structure of the network. Examining whole network
structures can provide insight into the level of collaboration
across the system, and node centrality measures can indicate
the level of power or communication specific actors hold
(Bodin and Crona 2009). Bridging structures, specifically,
focus on the connections between different subgroups
(Bodin and Crona 2009; Horning et al. 2016). Two network
measures to understand the bridging properties of the network
include betweenness centrality and the group E-I Index.
Betweenness centrality is a node-level measure that identifies
the specific actors who most serve as bridges within the net-
work (Freeman 1978; Bodin and Crona 2009; Friemel 2017).
These bridging actors can link multiple subgroups together
(Horning et al. 2016). The group E-I Index, a measure of
external versus internal ties, measures the level to which a
group is oriented towards within-group embeddedness
(Krackhardt and Stern 1988). External ties, also called bridg-
ing ties, are those across multiple subgroups, while internal
ties are those within the same subgroup. This provides insight
into the level of collaboration within and between multiple
subgroups (Wasserman and Fraust 1994). Three additional
measures of the whole network structure are also examined
to provide insight into the collaborative governance of the
whole system. The network E-I Index provides an indicator
of whether the network structure is oriented towards distinct
subgroups or holistic integration (Krackhardt and Stern 1988).
Network centralization, the level to which one actor is most
central to the network, can indicate the distribution of com-
munication activity (Bodin et al. 2006; Bodin and Crona
2009). Density, the proportion of existing ties relative to all
possible ties, can be an indicator of the level of trust within the
network (Bodin et al. 2006). Table 1 provides an overview of
the specific network structures used within this study and their
indicator for collaborative governance within the FEW nexus.

In understanding the relationships between FEW nexus
actors and sectors, social network analysis has been proposed
as an approach to measure and visualize the collaboration of
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The overview of key SNA measures to understand collaborative governance components and bridging structures of the FEW nexus

Table 1
Collaborative governance SNA measure Type of Definition
component network
structure
Communication Network
centraliza-
tion
Procedural and Network E-I
institutional Index
arrangements
Trust Density
Bridging measurements SNA measure Type of Definition
network
structure
Bridging actors Betweenness  Node-level
centrality
Between-group Group E-1 Subgroup
interaction Index

Whole network Indicates the level to which communication is controlled by one actor or distributed
evenly across all actors (Wasserman and Fraust 1994)

Whole network Proportion of the difference between external and internal ties and the total number of ties
across the whole network (Krackhardt and Stern 1988)

Whole network Measure of the number of ties divided by the total number of ties possible (Friemel 2017)

Sum of the shortest paths between all possible pairs of nodes that lead through that node
(Freeman 1978; Friemel 2017)

Proportion of the difference between external and internal ties and the total number of ties
within the subgroup (Krackhardt and Stern 1988)

the system (Kurian et al. 2018). SNA has been used in previ-
ous studies to examine the communication within each FEW
nexus sector (Stein et al. 2014), for stakeholder identification
and analysis (Hauck et al. 2016), to select the key powerful
actors of the system (Kharanagh et al. 2020), and to quantify
the level of communication between water actors and other
FEW nexus stakeholders (Daher et al. 2019, 2020). These
studies highlight the diversity of applications of SNA to un-
derstand the collaboration of FEW nexus actors. While these
studies present strong analysis of the collaboration between
FEW nexus governance actors, additional interpretation is
needed for identifying barriers to and opportunities for collab-
orative governance of the FEW nexus.

Research approach
Study case: Phoenix, AZ

To analyze the limitations and opportunities for collaborative
governance for the food-energy-water nexus, we examine the
Phoenix metropolitan area in central Arizona, USA.
Specifically, we focus on the Phoenix Active Management
Area (AMA) as the FEW system in our study (Fig. 1). The
Phoenix AMA is a hybrid hydrogeological and political water
resource management district, specifically designated to reg-
ulate groundwater management. Organizations located within
this boundary must adhere to certain FEW nexus policies,

/ ‘| 25 miles |
/ —r_'(’_

D Phoenix AMA

Urban areas
Imigation districts
Power plants:
® 35320 MW
@ 320-1220 MW
® >1220 MW

Fig. 1 The map of the Phoenix Active Management Area, including the cities and counties, rivers, power plants, and Central Arizona Project canal

(source: White et al. 2017)
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such as the inability to establish new agriculture within the
boundary, limits on agricultural use of groundwater, and re-
quirements for new developments to secure water resources
before urban expansion can occur. Thus, the boundary sets
parameters that can influence food, energy, and water gover-
nance. The Phoenix AMA covers an area of about 14,500 km?
and encompasses the Phoenix metropolitan area, a rapidly
growing region home to approximately 4.5 million residents.
As described in White et al. (2017), the Phoenix area contains
complex and interconnected water, food, and energy systems.
For example, much of the water used within the Phoenix
AMA is transferred via the Central Arizona Project (CAP)
canal, which brings water 336 miles over 3000 ft of elevation
gain from the Colorado River to central and southern Arizona;
CAP is the single largest user of electricity in the state (Bartos
and Chester 2014). Additionally, with a strong history and
culture of agriculture throughout Arizona, about 32% of water
within the AMA was used for irrigation as of 2017, despite the
growing urban population (Arizona Department of Water
Resources 2020).

The Phoenix metropolitan area includes a diversity of ac-
tors within the FEW nexus. The food sector is defined as
actors involved in the production, processing, and distribution
of food and agricultural products. These include governmental
actors such as the AZ Department of Agriculture, small-scale
actors such as family farm and irrigation districts, and com-
modity lobbying organizations such as the AZ Farm Bureau
and the Arizona Cottongrowers Association. The water sector
includes actors involved in the supply, delivery, reuse, and
outflow of water resources (Wiek and Larson 2012), such as
the Arizona Department of Water Resources, the Salt River
Project (SRP, a joint electrical utility and water utility coop-
erative), the Central Arizona Project (a water supply, trans-
port, and management agency), and municipal water services
departments and regional associations. The energy sector in-
cludes utilities and regulators of electricity and energy such as
the AZ Corporation Commission (which sets electrical utility
rates for the state), Arizona Public Service (an electrical util-
ity), and SRP. All actors included in the study are physically
located within the Phoenix AMA. With the current linkages
between resources in the semi-arid region of Arizona centered
around water resources, using a designated area from the wa-
ter sector provides a bounded system to explore the FEW
nexus at the metropolitan scale.

Methods

We used secondary data to reconstruct the social network
between food, energy, and water actors in the Phoenix
AMA, following the methodology outlined by Williams and
Shepherd (2017). Secondary data has been used to provide
insight into FEW nexus governance in previous studies
(Lebel et al. 2020). Our goal was to diagnose the potential

limitations of the current governance structure to answer the
following questions:

1. What does the structure of the network indicate about
collaboration between food, energy, and water sectors?
What are the implications for collaborative governance?

2. Who are the bridging actors between the three sectors?
How can they facilitate greater collaboration within the
network?

We employed social network analysis to investigate these
two research questions. To address our first research question,
we use the network measures of network centralization, the
network E-I Index, and density to understand the structure of
collaborative governance within the network. To address our
second research question, we use betweenness centrality and
the subgroup E-I Index to identify and understand the bridging
actors.

Data collection and analysis

We began by collecting secondary data about the connections
between FEW actors in the Phoenix AMA. Our sampling
approach used purposive sampling of secondary data sources
through deductive understanding of the study context as based
on previous literature (Williams and Shepherd 2017). That is,
we used our understanding of the study context to identify the
initial sources for data collection, noted instances of and or-
ganizations involved in collaboration from those initial
sources, and then searched for those organizations to find
additional data sources that provided new instances of collab-
oration. We analyzed initial sources to direct us towards ad-
ditional ones and continued to collect new data sources until
further collection revealed no new collaborations between
stakeholders (Williams and Shepherd 2017). We defined these
data sources as any documents containing collaboration be-
tween food, energy, and water organizations or decisions
made to manage these resources. We included organizations,
not individuals, in the sources, and these data sources were
bounded by a one-year timeframe (between April 2018 and
April 2019). The secondary data used in the study included
organization membership lists, meeting minutes, research pro-
jects, operation plans, board and committee member lists, con-
tracts, legislative documents, and peer-reviewed publications.
We used a total of 27 data sources and identified 93 actors. A
complete list of the sources used for the secondary data and all
of the identified stakeholders can be found in the data
repository.

From these sources, we extracted stakeholder organiza-
tions. Each organization was classified as a water, energy,
food, or cross-cutting actor based on its primary mission and
functions. Cross-cutting actors refer to those whose mission
did not lie singularly within any one sector (e.g., Arizona
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Department of Environmental Quality). The organizations
were then triangulated with peer-reviewed publications on
the FEW nexus actors within Phoenix (e.g., Larson et al.
2013; White et al. 2017) to ensure the validity of the stake-
holders identified. We created a symmetrical matrix with all
the actors extracted from the data; we used a “1” to indicate
collaboration between them and a “0” where no evidence of
collaboration was found. We defined “collaboration” as mem-
bership in the same collaborative organization; involvement in
the creation of joint legislation or policy; or contractual link-
ages. We assumed reciprocal relationships between all actors.

We employed UCINET 6.0 (Borgatti et al. 2002) to ana-
lyze the relationships within the FEW nexus. We evaluated
measures of network density, network E-I Index, network
centralization, node betweenness centrality, and subgroup E-
I Index. Table 1 provides and overview of these measures and
their significance within the FEW nexus. NetDraw software
was then used to visualize the network to view the overall
network structure.

Results

Examining the geodesic distribution of the network, the over-
all network structure includes a centralized core and a larger
periphery. The core consists mostly of water organizations
who are connected to one another, to centralized cross-
cutting organizations, and to some centralized food organiza-
tions. The periphery consists mostly of food organizations and
energy organizations. A geodesic visualization of the network
can be seen in Fig. 2a. The quantitative measures of the find-
ings are presented in two sections to address the research
questions: (1) the collaborative governance components of
communication, procedural and institutional arrangements,
and trust, and (2) the bridging structures between the
subgroups.

Collaborative governance components

Table 2 provides the results of the three network measures
used to analyze the communication, procedural and insti-
tutional arrangements, and trust within the FEW nexus
governance network. First, network centralization can be
used as a proxy measure of the communication level in
the network. Our analysis indicates a network centraliza-
tion of 0.38, where 1 indicates a completely centralized
network with all connections through a single actor and 0
indicates a perfectly distributed network (Wasserman and
Fraust 1994). Thus, our value suggests a more distributed
network structure, which may allow for increased commu-
nication as more actors are connected to others directly
(Bodin et al. 2006; Bodin and Crona 2009). Second, the
procedural and institutional arrangements of the network
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can be inferred from the network E-I Index. This provides
an indication of the structure of the network overall and
its orientation towards either within-sector or cross-sector
collaboration, suggesting whether organizational struc-
tures of the sectors are suitable for engagement across
them (Krackhardt and Stern 1988). It is measured on a
scale between —1, full closure where all actors only col-
laborate with those outside their own subgroup, and 1, full
bondedness where actors only collaborate with those
within their own subgroup. With a value of 0.042, the
network has a very slight tendency towards bondedness
over closure of the subgroups. Finally, the density of the
network can be an indicator for the level of #trust within
the complete FEW nexus system. From our analysis, the
network density shows that 10.6% of the possible rela-
tionships exhibited collaboration between the organiza-
tions. This provides an indication of the level of trust
within the network, relative to the potential level of trust
(Bodin et al. 2006).

Bridging structures

To understand the bridging structures between the FEW nexus
subgroups, node-level betweenness centrality and subgroup
values of the E-I Index were measured. Table 2 provides an
overview of these measures. First, the stakeholder with the
highest value for betweenness centrality is Salt River Project,
which may indicate that SRP has the greatest control over com-
munication within the network and that the stakeholder can
serve as a bridge between others. This may be because SRP is
an umbrella of two entities, one is an agency of the state that
serves as an electrical utility and the other is a water utility
cooperative that manages the majority of water rights within
the Phoenix metropolitan area, including significant rights to
agricultural users. Its positionality within the network allows
SRP to collaborate with many others on joint engagements
regarding FEW nexus resources. The City of Phoenix and the
Arizona Department of Agriculture also serve as network brid-
ges. The high level of betweenness centrality for the City of
Phoenix may be because it is the largest city in the Phoenix
metropolitan area and is thus connected to many other groups to
distribute services. For the state Department of Agriculture, the
high betweenness centrality may come from the organization’s
multifaceted role as a regulator, state policy agency, and sup-
port system between the disaggregated agriculture actors and
the state legislative bodies. Second, the values for group E-I
Index show the level to which each sector is oriented towards
internal-group collaboration or external-network collaboration.
The food sector has about the same level of within-group and
cross-sector collaboration. The water sector has more ties with-
in the sector than with energy and food stakeholders. The ener-
gy sector, however, has more ties with non-energy FEW nexus
stakeholders than within its own sector. However, the energy



J Environ Stud Sci

0 Food stakeholder
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Fig. 2 The network of the actors in the FEW nexus of Phoenix a based on geodesic distances and b grouped by FEW nexus sector attribute

sector has a notably smaller number of actors than the other two
and has many fewer ties overall. These subgroup values for the
E-I Index may suggest that the water sector has greater within-
group collaboration than the other two, while the energy sector
has the greatest collaboration outside of its sector. A symmet-
rical density matrix between the three sectors provides greater
detail regarding the two-way collaborative ties. As seen in
Table 3, there is the greatest density of ties in the water-
energy nexus, followed by the food-water nexus. The energy-
food nexus has the lowest density, suggesting the lowest rela-
tive level of communication between these two sectors. A

visualization of these relationships can be seen in the network
visualization grouped by FEW nexus sector in Fig. 2b.

Discussion

Scholars have recommended increased collaboration across
food, energy, and water sectors for integrated governance to
manage risks, increase resource security, and achieve sustain-
ability (Pahl-Wostl 2019). Integrated governance of the FEW
nexus, then, would benefit from the implementation of
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Table2  Values and actors of key SNA measures at the whole network
level and at the node level

SNA measure Value Actor or sector

Collaborative governance components
Network centralization 0.381 -

Network E-I Index 0.042 -
Density 0.106 -
Bridging measurements
Betweenness centrality 1334.02 SRP
1283.95 City of Phoenix
1187.77 Arizona Department of Agriculture
Group E-I Index —0221 Water
0.020 Food
0.563 Energy

collaborative governance approaches. The results of our social
network analysis provide insight into the opportunities for
collaborative governance, limitations to collaboration, and im-
plications for overcoming existing barriers. First, in under-
standing the network structure of the FEW nexus in the
Phoenix AMA, we can identify opportunities for collaborative
governance through successful components already in prac-
tice between the three sectors. The network centralization, as
an indicator for the level of communication between FEW
nexus stakeholders, shows a more distributed over centralized
communication structure. This suggests that collaboration is
not controlled by one or a few specific actors within the net-
work, but instead is distributed throughout the network and
allows for more complex and independent communication
channels between actors (Bodin et al. 2006; Bodin and
Crona 2009). Additionally, the E-I Index for the whole net-
work, as an indicator of the level of compatibility between
sectoral procedural and institutional arrangements, suggests
that the network does not have a tendency towards either
within-group or outside-group collaboration (Krackhardt and
Stern 1988). This suggests that there may be a balanced level
of collaboration between within-sector and cross-sector
engagement.

Second, despite the opportunities that the network structure
provides, the network also presents challenges for collabora-
tive governance. As an indicator of the level of #7ust within the
FEW nexus governance network, the density of the network

Table 3 A symmetrical

density matrix for the Water Food Energy

food, energy, and water

sectors Water 0.324 - -
Food 0.053 0.079 --
Energy 0.117 0.017 0.156
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may be low. This may suggest low levels of trust, cohesion,
and reciprocity within the network (Bodin et al. 2006; Bodin
and Crona 2009). Additionally, the cross-sector density matrix
shows lower levels of density in cross-sector ties than in
within-sector ties, suggesting that there may be less trust
across the sectors than within them. With limited trust be-
tween actors and sectors, there may also be limited social
infrastructure to facilitate collaborative governance arrange-
ments for the FEW nexus (Kurian et al. 2018). The limited
trust within the FEW nexus governance system would be con-
sistent with previous literature on the FEW nexus that has
cited a lack of trust as a key challenge to implementation of
integrated approaches to FEW nexus governance (Howarth
and Monasterolo 2016) and with literature on FEW nexus
governance in Phoenix that uncovered a lack of trust as a
reason behind limited FEW nexus decision-making (White
et al. 2017). Additionally, the values for the group E-I Index
show that the water sector has a greater level of collaboration
within its subgroup than with cross-sector stakeholders, while
the energy sector has greater collaboration with non-energy
stakeholders, though energy collaborations overall are limited.
This may be because water resources are the most limited, and
thus the most central, resource in the Phoenix area, leading
water stakeholders in the system to often collaborate with one
another to manage the limited resource. The energy sector, on
the other hand, consists of only a few actors with the major
electrical utility, Arizona Public Service, operating indepen-
dently from other energy stakeholders. As it is important to
find within-group consensus for successful cross-sector col-
laboration (Mouraviev and Koulouri 2019), there may be a
need for increased within-sector collaboration in the energy
sector to facilitate future collaborative governance across the
FEW nexus. These results may suggest that there is a need for
greater trust and for greater within-group collaboration before
cross-sector collaborative governance can improve.

Third, leveraging bridging actors can facilitate greater col-
laborative governance across the FEW nexus, which may al-
low stakeholders in the network to overcome existing barriers.
Bridging actors can help to build trust among and coordinate
increased communication channels between previously un-
connected subgroups (Bodin and Crona 2009; Childs et al.
2013). This helps to overcome major challenge to collabora-
tive governance of the FEW nexus in the Phoenix area and is a
key component for successful collaborative governance
(Ansell and Gash 2008). Of the three most prominent bridging
actors, Salt River Project and the City of Phoenix are both
situated at the center of water governance and decision-
making (Larson et al. 2013) and are seen as having great
influence over the governance of the integrated FEW nexus
(White et al. 2017). As water is seen as the central resource
within the Phoenix FEW nexus (White et al. 2017; Mounir
et al. 2019), leveraging these water actors and their networks
could provide an opportunity to bring together disconnected
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stakeholders and facilitate greater collaborative governance
throughout the integrated FEW nexus in the Phoenix area.
Engagement of centralized water actors can have great influ-
ence on governance of the food and energy sectors (Pahl-
Wostl 2019). Likewise, the Department of Agriculture can
serve as a bridge to specifically connect previously discon-
nected food and agriculture stakeholders to more central water
and energy actors, thus facilitating collaborative governance
by increasing collaborative connection with the food sector.

The results of the study are limited by the use of secondary
data. Though secondary data provides examples of document-
ed, as opposed to perceived, collaboration, this approach is
unable to capture the depth or type of collaboration between
the organizations. The study may also be limited by the use of
descriptive network measures over more advanced analytical
techniques. Despite these limitations, our study adequately
addresses our research questions to provide an initial under-
standing of the collaboration between FEW nexus sectors.
Additionally, the results show face validity with regional ex-
perts and with peer-reviewed publication, which note the chal-
lenges to collaboration across different sectors and the central-
ization of the water sector to local FEW governance (Larson
et al. 2013; Bausch et al. 2015). Finally, the results are also
consistent with those from previous studies of SNA of the
FEW nexus in other locales, which noted high levels of com-
munication between water actors but lower communication of
water stakeholder with food and energy actors (Stein et al.
2014; Daher et al. 2019; Kharanagh et al. 2020). Future re-
search could include the use of more sophisticated ap-
proaches, such as exponential random graph models, to fur-
ther investigate the nuances of collaboration within the FEW
nexus system.

Conclusion

Increased collaboration within food-energy-water nexus gov-
ernance may increase sustainability and resilience across all
three sectors (Clarke et al. 2018). Most resource managers,
however, tend to operate in organizational verticals with lim-
ited communication across sectoral boundaries, based in part
on bureaucratic design, efficiencies, and professional special-
ization. Using social network analysis to diagnose limitations
and opportunities for collaboration of FEW nexus actors, the
case of Phoenix, AZ, presents potential weaknesses in the
governance landscape for supporting an integrated FEW nex-
us approach. The results of our network analysis, based ad-
mittedly on a limited snapshot in time, show some challenges
for the implementation of collaborative governance, such as
limited trust between stakeholders and sectors, which is con-
sistent with prior literature that finds limited collaboration
between FEW nexus sectors (e.g., Daher et al. 2019; Lebel
etal. 2020). However, our analysis also provides opportunities

for collaborative success, such as through a distributed struc-
ture to communication and through organizational structures
that may align across sectors. To overcome existing chal-
lenges and implement collaborative governance in the FEW
nexus, future policies and engagements should move towards
an integrated over isolated approach by leveraging bridging
stakeholders to strengthen governance and collaboration
across the entire FEW nexus system. While these limitations
and opportunities are specific to the Phoenix case, these find-
ings may have implications for the FEW nexus in similar
urban areas. Through these identified limitations and opportu-
nities, we recommend governance shifts that directly engage
bridging actors to increase trust between stakeholders and that
foster collaboration both within and across sectors.
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