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Abstract: Collaborative water governance (CWG) has emerged as a promising framework to tackle water
management challenges. Simple identification of participants however is not enough to unravel the
intricacies of stakeholders’ interlinkages, roles and influences for robust CWG. A clear understanding
of the stakeholders’ landscape is therefore required to underpin CWG. In this work, we combine
stakeholder analysis (SA), social network analysis (SNA) and participatory processes (PP) under
a theoretical collaborative governance framework to advance CWG in the contentious Rapel River
Basin (RRB), Chile. By combining these techniques, we identified a cohort of leading (and secondary)
stakeholders, their relationships and critical roles on basin-wide CWG-enabling networks (collaborative
ties, information flows and financial exchanges) and their influence to achieve a shared vision for
water planning. The results show members of this cohort perform critical roles (bridging, connecting
and gatekeeping) across the networks and in influencing explicit elements of the shared vision.
Specific CWG-enabling networks properties indicate a weak adaptive capacity of stakeholders to deal with
potential water management challenges and strong prospects for sharing innovative ideas/solutions and
achieving long-term water planning goals. A major CWG implementation challenge in the RRB is the lack
of a leading organisation. One way forward would be formally organising stakeholders of the identified
cohort to advance CWG in the RRB. By implementing the methodological framework, we facilitated
social learning, fostered trust among stakeholders and mobilised efforts towards implementing CWG in
practice in the contentious RRB.

Keywords: water governance; collaboration; social network analysis; participatory process; shared vision;
stakeholder analysis; network properties; social learning

1. Introduction

Water is a key resource for sustaining livelihoods, producing food, generating energy and enabling
healthy ecosystems and the services which they provide [1]. Increasing demands, population growth,
climate variability, competing uses and interdependencies across multiple sectors (e.g., water-energy-food
nexus) are challenging the way in which water resources have traditionally been managed [2,3].
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"Water crises’ and ‘water supply crises’ have consistently been ranked among the five highest global
risks since 2012 [4] with the international community generally adhering to the Global Water Partnership’s
statement that "the water crisis is often a crisis of governance’ [5,6]. Water governance has been interpreted
in a number of different ways [7,8] but can be broadly defined as ‘the set of rules, practices, and processes
(formal and informal) through which decisions for the management of water resources and services are taken and
implemented, stakeholders articulate their interest and decision-makers are held accountable’ [9]. Pahl-Wostl [10]
suggested that failure in water governance at multiple levels has triggered many of the water-related
problems, as much as the resource itself, thus threatening water security [11]. In a similar argument,
Zwarteveen et al. [12] suggested that water governance is mostly informed by ideological hypotheses about
how water resources should be managed, rather than by a thorough understanding of how it should work
in practice.

In recent years, the concept of Collaborative Water Governance (CWG), which builds upon formal
approaches to collaborative governance (e.g., [13,14]), has been championed as a promising response
to water management challenges [15,16]. We understand CWG as a combination of collaboration
(i.e., cooperation among stakeholders to achieve common goals) and water governance, and thus
as an attempt to ‘operationalise’ water governance in practice. Under this concept, stakeholders are
encouraged to share responsibility and contribute more widely to the management of water resources at all
levels, embracing bottom-up processes of collaboration and knowledge sharing (e.g., [17]). These processes
should take into consideration local knowledge, inclusion and transparency principles [5,18-20],
and should therefore be underpinned by participatory processes facilitating collaboration in order to build
consensus around a shared vision (outcome) for future water planning (e.g., [21]).

As CWG departs from traditional hierarchical, command-and-control frameworks typically used in
natural resource management [22-24], it is not surprising this approach has been reported to improve the
institutional capacity to manage conflicts [16]. Despite other reported benefits of CWG (e.g., increased
inclusion and participation and effective knowledge transfer), some authors acknowledge a clear gap
between theory and practice for water management and planning [25]. At the same time, important
implementation challenges of CWG have been reported in the literature: e.g., power imbalances and lack
of coordination among stakeholders; funding, time and institutional constraints; conflict resolution needs;
and questioning about transparency, accountability and authority [16,26-28].

An important step towards closing the gap between theory and practice for ‘good” CWG is
therefore understanding the formal and informal rules that underlie system interactions, establishing
boundaries and identifying linkages and relationships between stakeholders [29]. The latter suggests that
a good understanding of the ‘stakeholder ecosystem’, including stakeholders’ interests, knowledge and
relationships, among others, is a necessary condition for successful implementation of CWG (e.g., [28,30-35]).
These stakeholders’ interactions will often lead to the formation of (formal or informal) social (collaborative)
networks in the context of CWG [24]. Research suggests these networks play important roles in facilitating
knowledge and information transfer, resources mobility and use, and conflict resolution [36]. As highlighted
by Ogada et al. [24], however, the analysis of these networks and stakeholders’ interactions in terms of
influences, interests and participation at basin scales has been limited. This therefore has the potential to
jeopardise arrangements to successfully implement and advance CWG in practice.

In this work, we hypothesise that there exist stakeholders holding key roles in basin-wide
CWG-enabling networks and in the achievement of a shared vision for future water planning, and therefore
they should be included in potential arrangements to implement CWG. For this, we combine the
theoretical collaborative governance framework of Ansell and Gash [13] as basis for CWG, with stakeholder
analysis (SA), social network analysis (SNA) and a participatory process (PP) to disentangle stakeholders’
interactions and influences in the Rapel River Basin (RRB) in central Chile. We embrace the theoretical
framework of Ansell and Gash [13] for CWG since: (a) it closely fits the collaborative landscape in the
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RRB (and Chile in general, see, e.g., [37]); and (b) its driving conditions show a clear relationship with
basin-wide networks promoting CWG (information flows, collaboration ties and financial exchanges,
see Section 3 and [24,30,36]), thus providing a means to test our hypothesis. The objective of this work
is to set the foundational step to advance CWG through disentangling stakeholders” influences and
relationships in the contentious RRB and to advance our understanding about CWG implementation
challenges identified in the literature (see, e.g., [16,26]).

To achieve this, we implemented a PP underpinned by circles of influences [38,39] and SA [40]
to identify key stakeholders and elements of a shared vision for future water planning in the RRB.
We then applied SNA [41]: (a) to quantitatively describe stakeholders’ relationships related to basin-wide
CWG-enabling networks such as financial exchanges, collaboration ties and information flows; and (b) to
identify stakeholders” influences in enabling the achievement of specific elements of the shared vision.
SNA has recently been used in the analysis of water governance/management aspects such as urban [34]
and natural [24] water systems, informal social networks as a new form of water governance [42] and
understanding water infrastructure planning [43], participatory scenario planning [44] and collaborative
governance for floodplain management [35], among others.

Previous research shows important deficiencies in terms of water governance in Chile [45-48], which is
likely to be a key factor behind the country’s poor performance in terms of Integrated Water Resources
Management (IWRM) implementation [49]. Currently, participatory processes for water management are
still absent in decision-making at local and national scales. Recently, Galvez et al. [37] identified the lack
of basin-scale shared visions as a barrier for collaborative water governance in a basin in northern Chile.
Similarly, Dourojeanni et al. [50] argued that the absence of ‘shared visions’ at basin-scale is due to the lack
of basin authorities /organisations. Despite the particularities of the Chilean context, the situation analysed
in the contentious RRB (e.g., increasing pressure on water resources, lack of stakeholder organisation,
lack of a shared vision for water planning and competing water uses, among others) is likely to reflect
similar conditions in other poorly managed basins around the globe, thus providing some generality to
our findings.

The novelty of this work lies therefore in contributing to closing the gap between theory and practice
of CWG implementation by advancing our understanding about solving implementation challenges and
implementing a first-ever bottom-up visioning process for the RRB based on the robust identification of
multiple stakeholders with a relevant role to achieve this vision.

The following sections describe the methods employed, including a description of the case study,
results from the circles of influence and social network analyses. Finally, we analyse results in the context
of international literature and provide concluding remarks.

2. Case study: Rapel River Basin

The Rapel River Basin (RRB) is located in Chile’s central zone (Figure 1). It consists of four sub-basins
covering a total area of 13,766 km? with average annual precipitation ranging between 450 and 1050 mm/year,
and a mixed pluvial-nival hydrological regime. Average annual river discharges (1981-2010) in the major
tributaries Cachapoal and Tinguiririca rivers are 89.0 and 50.2 m3 /s, respectively [51] (see Figure 1). The basin
has a regulation capacity of 932 Mm? provided by the Rapel (hydropower, 695 Mm?) and the Convento Viejo
reservoirs (irrigation, 237 Mm?).
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Figure 1. Location of the RRB and its main sub-basins and spatial attributes.

Water consumption in the RRB is approximately 45 m3/s and sustains diverse uses including
urban/rural water supply and sanitation, mining activities, hydropower and agriculture/agroindustry,
with the latter accounting for 93% of water consumption [52]. The Chilean Water Authority has recently
reported substantial decreases in average precipitation and river flows (45% and 51%, respectively) in
comparison to historic conditions (1981-2010) [53], thus adding to the pressure on water resources in
the basin. This situation is expected to worsen given climate change predictions suggesting increases in
temperature between 1.5 and 2.5 °C and decreases in average annual rainfall between 10% and 20% over
the near future (2041-2060) for a high emission scenario (RCP 8.5) [54].

Water management in the RRB is governed by the 1981 Chilean Water Code. This code is based on
free-market rules [55] and has provided legal security for private investments in the water sector; however,
it has been less effective in operating water markets and in addressing aspects such as conflict resolution,
environmental protection and internalisation of economic, environmental and social externalities [56].
Recently, other limitations of this legal framework related to hindering collective management, increasing
power asymmetries and threatening communitarian water management have been highlighted [57,58].
In practice, active water management and use regulation have been transferred to private stakeholders
(owners of water rights) through bargaining for resource allocation, with government agencies and
social organisations having a limited role in effective management and regulation [59,60]. This has been
translated in the private sector having a relevant role in decision making for water resources management
in the RRB (and Chile in general), for example, by driving allocation of water resources, leading the
conformation of water user organisations and promoting investment in the sanitary sector, among others.
For a comprehensive review of operational and institutional aspects of water management and policy in
Chile, the reader is referred to [59-62].
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3. Methods

Under the umbrella of the theoretical framework for collaborative governance of Ansell and Gash [13],
a three-tiered approach including stakeholder analysis, participatory process and social network analysis
was implemented. Figure 2 shows the methodological framework employed in this work.

Water Governance Proposal
Collaborative Governance |
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Figure 2. Methodological framework used in this article: three-tiered approach (SA, SNA and PP) and
theoretical collaborative governance framework of Ansell and Gash (2008) (adapted from [37]).

Ansell and Gash [13] proposed a collaborative governance framework, which separates the collaborative
process itself from external drivers that influence the success (or failure) of collaborative governance
(i.e., facilitative leadership, starting conditions and institutional design). Using SA, we identified potential
stakeholders for facilitative leadership (i.e., steering CWG) and to set up the participatory process. By using
SNA, we disentangled the stakeholders’ relationships regarding basin-wide CWG-enabling networks
(see, e.g., [24]) and their influences on achieving the elements of the shared vision. The PP helped us
facilitate the collaborative process itself by promoting face-to-face dialogue, building trust and developing
commitment and shared understanding. In addition, PP allowed the identification of key elements
reflecting stakeholders’ interests, which were grouped around a shared vision for the basin (an outcome of
CWQG). The third external driver of the collaborative governance framework (institutional design) was not
addressed in this work as it is the subject of separate research on institutional /legal frameworks proposed
for the RRB.

In the following sections, details of the implementation of the three-tiered approach are provided.

3.1. Stakeholder Analysis and Participatory Process

Stakeholders in the RRB were identified using analytical categorisation (top-down approach) [40]
for stakeholder analysis (SA) aiming at obtaining three CWG-related groups: (i) productive sectors
such as agriculture, agroindustry, mining and energy; (ii) state agencies with competencies in water
management/regulation; and (iii) academia, social and non-governmental organisations. This initial list
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was further complemented by snowball sampling to include additional stakeholders deemed relevant
during initial participatory meetings/interviews.

To guide the participatory process (PP), we employed the circles of influence approach [1,38,63,64].
This approach facilitates the participatory process by placing a limit on numbers but not on the influence
of specific groups around concentric organisational structures [65]. The definition of the circles of influence
emerged from conducting the SA and initial workshop sessions. Figure 3 shows the structure of the PP
implemented in the RRB: (i) The inner circle (A) consisted of the research team and key representatives of
the Regional Water Users Board and the Regional Water Authority. The role of this group was to implement
the technical aspects of the PP as well as to develop research activities and report outcomes of this process.
(i) The second inner circle (B) comprising 16 stakeholders representative of key water sectors in the RRB
was identified iteratively during initial working sessions using a snowball sampling approach. This group
was composed of six members of the public sector, seven members of the private sector and three members
of academia/civil society. The primary role of this group was to support the decision-making process,
steer participatory discussions and sessions towards broad interests/challenges, validate results for
discussion with the outer circle (C) and provide insight/feedback on critical issues of the research through
regular meetings and workshops. (iii) The outer circle (C) consisted of ca. 120 stakeholders. The role of
this group was to provide relevant information and local knowledge through attendance to extended
participatory workshops. Seven extended participatory workshops (comprising all circles of influence)
and 14 working sessions (comprising circles of influence A and B) were implemented over a period of
36 months.

A 1. CSIRO project team Research/Academia
2. Regional Water Users Board (FIVSR) Private
3. Regional Water Authority* (DGA) Public
B 1. Regional Water Authority (DGA) Public
2. Hydraulics Works Department (DOH) Public
3. Ministry of Agriculture (SEREMI Agr) Public
4. Ministry of Environment (SEREMI MA) Public
5. Regional Government (GORE) Public
6. ESSBIO (Water utility) Private
7. AGRESAP (Rural drinking water association)  Civil Society
8. CODELCO (Mining company) Private
9. ENEL (Hydropower company) Private
10. ASPROEX (Farmers association) Private
11. PACIFIC HYDRO (Hydropower company) Private
12. AGROSUPER (Agroindustry) Private
13. CODEPRA (Tourism) Civil Society
14. FJVSR (Regional Water Users Board) Private
15. University of O’Higgins (Academia) (UOH) Academia
16. MUROH (Association of municipalities) Public

Circle C

* Participation in initial scoping activities only

Figure 3. Circles of influence defined to guide the participatory process in the RRB. Circle B was used as
proxy for SA and SNA.

By using circle B as a proxy, an interest-influence map was initially developed together with
representatives of the Regional Water Authority/Water Users Board by discussing the relevance of
stakeholders regarding water-related aspects and CWG. This initial mapping was further iterated
with members of circle B and finally validated with circle C during participatory workshops. It is
important to note that the absolute position of stakeholders in the interest-influence grid is secondary.
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Instead, stakeholders’ relative position in relation to one another as well as their location in one of the four
quadrants, are the basis for the analysis.

3.2. Shared Vision

We used the PP to define a shared vision for the RRB over a medium- to long-term horizon (2050)
as an overarching outcome of CWG. To achieve this, we followed a similar approach as described by
Schneider and Rist [66]: (1) identify stakeholders’ objectives, concerns and challenges; (2) organise a series
of participatory workshops, working sessions, questionnaires and surveys; (3) refine and distil alternative
visions and key elements; and (4) develop a shared vision narrative.

A Treemap [67] was developed to summarise the most recurrent elements raised by stakeholders
during interviews/surveys and to help articulate the vision around specific topics. The shared vision was
organised around five water-related dimensions, including 21 specific elements. These elements were used
to analyse stakeholders’ influence on achieving the shared vision.

3.3. Social Network Analysis

We applied Social Network Analysis (SNA) [41,68] to obtain fine-grained insights into stakeholder
relationships and influences on key basin-wide networks (collaboration ties, information flows and
financial exchanges) relevant to CWG implementation (see, e.g., [24]). These networks were linked back to
the starting conditions (knowledge asymmetries, incentives for participation and history of collaboration)
and facilitative leadership shown in the methodological framework (Figure 2). SNA provided network- and
stakeholder-level quantitative metrics describing stakeholders’ relationships and roles in the networks.

SNA was applied using circle B as a proxy (see Figure 3). We implemented two relationship mapping/
survey exercises to each member of circle B to determine stakeholders’ interactions (direction and frequency)
with the other 15 members of circle B for each of the networks. Participants were given the opportunity
to identify other stakeholders with whom they interacted but that were not listed in circle B. For a clear
linkage with the starting conditions of the theoretical framework (Figure 2), stakeholders were asked about
information flows (e.g., knowledge asymmetries, accessing and sharing public/private data, accessing
specialised reports, etc.), collaborative ties (e.g., history of informal and formal collaboration, agreements,
invitation/participation in meetings/projects, etc.) and exchange of financial resources (e.g., incentives
for participation, donations, payment of permits, grants, etc.). Direction determined the orientation of
the interaction, which was multidirectional or unidirectional, or as a donor or recipient in the case of
financial resources. Frequency reflected stakeholders’ interactions on two levels: high-frequency (less than
six months) or low-frequency (more than six months). When reciprocal stakeholders reported differences
between the individual perception of frequencies, the lowest frequency was employed. Stakeholders in circle
B were then asked to rank their institution’s level of influence towards achieving each of the 21 elements
identified in the shared vision under three levels: no influence, low-influence and high-influence.

Data from these questionnaires were coded as square matrices, termed adjacency matrices,
with columns and rows defined as the stakeholders identified (1-mode). The matrix reflecting the influence
of stakeholders over the elements of the vision was a 2-mode matrix, where rows were stakeholders and
columns the 21 elements of the vision. We employed UCINET software [69] to perform SNA and calculate
a series of metrics (see Table 1) reflecting connectivity, proximity, control over material flows of attributes
(e.g., funds and information) and relevance in terms of connections to key stakeholders.
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Table 1. SNA centrality metrics and definitions used in the analysis of basin-wide networks in the RRB.

SNA Metric Definition

Number of connections (input and output) that a stakeholder has in the network. Represents the

Degree Centrality number of connections and therefore connectivity within the corresponding network.

Shortest distance between each stakeholder. Greater closeness centrality implies higher proximity and,

Closeness Centrality consequently, a greater capacity to access other stakeholders through the network.

Percentage of the shortest routes between stakeholders passing through a particular stakeholder.
Greater betweenness centrality implies greater importance in the control of material flow; that is,
the stakeholder is key in the distribution of the material flow (collaboration, information and/or
financial resources).

Betweenness Centrality

Weighting of the number of connections due to the relevance of the stakeholders they connect. The
Eigenvector Centrality =~ stakeholders connected to more influential stakeholders (i.e., better connected) have a greater centrality
of their own value. Peripheral stakeholders, therefore, have a lower centrality of their own value.

4. Results

4.1. Stakeholder Analysis and Interest-Influence Map

SA identified 136 stakeholders from public, private and academia/civil society organisations in the
RRB. These stakeholders were categorised into two main circles, B (16) and C (120), based on the circles of
influence approach (see Figure 3). Figure 4 shows the bi-dimensional mapping of interest-influence using
the inner circle B as a proxy.

N
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Figure 4. Influence-Interest map for stakeholders of the circle of influence (B) in the RRB.

Figure 4 shows a configuration where half of the members of circle B are in the quadrant
high-influence-high-interest. In this quadrant, the private sector is predominant, followed by the public
sector and only one civil society stakeholder. The Regional Water Users Board (FJVSR), Regional Water
Authority (DGA) and the Farmers Association (ASPROEX) are identified as the most influential and
interested stakeholders with regards to CWG in the RRB. In the quadrant low-influence-high-interest,
we observe mostly public and academia/civil society stakeholders with a high stake in water resources but
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without water rights for use. Finally, it is interesting to note the relative location of stakeholders related to
the hydropower sector (ENEL and PACIFIC HYDRO), who tend towards high-influence and low-interest
in comparison to other stakeholders.

4.2. Shared Vision

Figure 5 summarises in a Treemap the most recurrent points raised by stakeholders during participatory
workshops/working sessions. The topics raised were grouped into five water-related dimensions: water and
institutions, water availability, water use, water and society and water and environment (in order of
relevance). Several transversal topics crossed over more than one category. The analysis indicates that the
most recurrent topic relates to water and institutions, particularly, the need for a basin-scale governing body
and the involvement of all water users in the decision-making process.

Figure 5. Treemap identifying most recurrent topics raised by stakeholders of circle C at initial extended

participatory workshops. Size reflects the proportion of mentions by stakeholders. Note, A, meteorological
stations; B, guaranteed use; C, reduce losses; D, accumulation; E, support; F, reforestation; G, solid waste
management; H, environmental services; I, professionalism; J, solidarity; K, training; L, employment.

We further distilled these water-related dimensions and arrived at 21 specific topics that embedded
stakeholders’ shared vision in the RRB (Figure 6). Four specific topics were transversal over two or more
of the five dimensions and were related to adaptation to climate change, responsible management of solid
waste, information management and implementation of IWRM in the RRB.
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Figure 6. Description of the elements of the shared vision used in the SNA for the RRB.

4.3. Social Network Analysis

4.3.1. Relationships between Stakeholders: Collaboration Ties, Information Flows, and Financial
Exchanges Networks

Figure 7 shows the networks for collaboration ties, information flows and financial exchanges for
stakeholders of the circle (B) and those identified through snowball sampling. This figure includes both
low- and high-frequency interactions. It is important to note these networks are not explicitly associated
with any particular stage of the decision making process. For collaborative ties (Figure 7a), the symbol size is
proportional to the degree centrality, thus reflecting the total number of connections with other stakeholders.
In general, frequent connections are predominantly identified for stakeholders of the public sector whereas
less frequent connectivity is observed for the private sector. CODELCO, a major copper mining company
in the region, shows the largest degree centrality for the private sector. A citizen-public stakeholder not
originally included in circle B (MESAS_AMB) and related to environmental monitoring and assessment
shows many high-frequency connections with peripheral stakeholders. Other stakeholders (e.g., CODEPRA,
AGRESAP and AGROSUPER) show a higher degree centrality associated with collaborative ties of
low-frequency. Figure 7b shows the network for information flows with symbol size proportional to
the outdegree (number of outbound links). In this case, we observe a similar pattern to the collaboration
network, with a group of stakeholders comprising the core of the network and other stakeholders located
at the periphery. Isolates (stakeholders located at the periphery) however are less compared to the network
for collaborative ties, thus suggesting more stakeholders acting as connecting bridges with peripheral
stakeholders. Finally, Figure 7c shows the network for financial exchanges, where the symbol size is
proportional to the outdegree. That is, larger symbols reflect donors and smaller symbols reflect fund
recipients. This network shows predominantly less frequent interactions among stakeholders. Both private



Water 2020, 12, 3316 11 of 25

and public sectors show important donors (CODELCO and GORE, respectively), whereas fund recipients are
mainly the academia/civil society sector (CODEPRA, CSIRO, AGRESAP and UOH) and the citizen-public
stakeholder MESAS_AMB.
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Figure 7. Network degree centrality for: (a) collaboration ties; (b) information flows; and (c) financial

exchanges in the RRB.

The network densities for collaboration ties (0.23), information flows (0.23) and financial exchanges
(0.09) indicate that only up to 23% of all potential connections are observed in practice. In sectoral terms,
the private sector shows mostly low-frequency (greater than six months) interactions in comparison
to those observed for the public sector. In terms of network-based centrality, expressed as the degree
of variance (in percentage) from a perfectly star-shaped network of the same size, we observe low
values between 12% and 35%, thus indicating weak network-based centrality. Finally, most stakeholders’
relationships across information flows and collaborative ties are reciprocal; however, the reciprocity of
financial exchanges is less than 3%, indicating most of the relationships in this network (Figure 7c) are
unidirectional, with stakeholders acting either as donors or recipients of funds.

4.3.2. Stakeholder-Based Centrality Metrics

If we analyse stakeholder-based centrality metrics across the networks, some interesting patterns
emerge. Table 2 shows centrality metrics calculated to assess the connectivity, proximity, control over
material flows of attributes and relevance of stakeholders (see Table 1 for definitions). In this table, we
delete ‘isolates’ (i.e., peripheral stakeholders) and add four additional stakeholders not included in circle B
but deemed relevant for the analysis.
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Table 2. Centrality metrics for collaboration ties, information flows and financial exchanges networks
for stakeholders in the RRB. DCent, Degree Centrality; CCent, Closeness Centrality; BCent, Betweenness
Centrality; ECent, Eigenvector Centrality. Red coloured cells represent five bottom-ranked metric values,
while green-coloured cells represent five top-ranked metric values.

Kehold Collaboration Information Financial

Stakeholder DCent CCent BCent ECent DCent CCent BCent ECent DCent CCent BCent ECent
AGRESAP 0.207 0.345 0.005 0.120 0.172 0.392 0.002 0.106 0.069 0.266 0 0.095
AGROSUPER 0.379 0.408 0.032 0.233 0.241 0.426 0.006 0.170 0.207 0.248 0.082 0.199
ASPROEX 0.138 0.345 0 0.094 0.138 0.387 0 0.088 0 0.167 0 0
CODELCO 0.586 0.460 0.133 0.322 0.586 0.518 0.148 0.319 0.345 0.322 0.124 0.446
CODEPRA 0.310 0.372 0.011 0.198 0.310 0.439 0.008 0.211 0.138 0.299 0.022 0.219
CSIRO * 0.379 0.200 0.017 0.234 0.276 0.250 0.004 0.190 0.103 0.167 0.002 0.209
DGA 0.414 0.397 0.027 0.264 0.517 0.475 0.066 0.308 0.069 0.167 0.005 0.122
DOH 0.379 0.377 0.076 0.232 0.414 0.475 0.017 0.263 0.138 0.261 0.021 0.170
ENEL 0.172 0.322 0.001 0.115 0.276 0.420 0.001 0.197 0.103 0.176 0.004 0.183
ESSBIO 0.345 0.349 0.019 0.225 0414 0.420 0.044 0.242 0.172 0.181 0.036 0.274
FJVSR 0.379 0.382 0.029 0.240 0.379 0.433 0.029 0.249 0.207 0.172 0.018 0.331
GORE 0.483 0.392 0.036 0.282 0.379 0.446 0.022 0.235 0.276 0.290 0.110 0.333
MESAS AMB * 0.621 0.690 0.408 0.250 0.621 0.725 0.409 0.262 0.345 0.330 0.182 0.420
MUROH 0.276 0.354 0.003 0.187 0.310 0.392 0.016 0.194 0.069 0.167 0.002 0.089
PACIFIC HYDRO 0414 0.420 0.027 0.266 0.345 0.460 0.009 0.242 0.103 0.176 0 0.226
SAG* 0.103 0.200 0 0.073 0.069 0.250 0 0.053 0.034 0.167 0 0.038
SEREMI Agr 0.517 0.433 0.177 0.283 0.552 0.500 0.192 0.292 0.034 0.246 0 0.063
SEREMI MA 0.552 0.426 0.057 0.324 0.552 0.500 0.055 0.327 0 0.167 0 0
SEREMI Sal * 0.138 0.200 0.008 0.091 0.172 0.250 0.008 0.115 0 0.167 0 0
UOH 0.241 0.367 0.001 0.168 0.103 0.367 0 0.086 0.069 0.246 0 0.147

* stakeholders not included in the circle B.

Across all stakeholders, CODELCO and MESAS_AMB emerge as top-ranked in all three CWG-enabling
networks. MESAS_AMB, however, shows a comparatively lower metric for relevance, suggesting mostly
connections to peripheral stakeholders. Organisations related to environmental and agriculture regulation
(SEREMI_MA and SEREMI_Agr) are top-ranked in both collaboration ties and information flows,
but bottom-ranked in most centrality metrics in the financial exchanges network. This suggests these
stakeholders have secondary roles as donors or recipients of funds but have major roles in collaborative
ties and information flows. The Regional Water Authority (DGA) emerges as top-ranked in the information
flows network given its role as the main hydrological data custodian in the RRB, whereas the Regional
Government (GORE) is top-ranked in financial exchanges due to its role as the major project sponsor in
the RRB. Other stakeholders are relevant for individual centrality metrics within specific networks only,
thus highlighting the variable roles stakeholders might have in the three CWG-enabling networks analysed.

Bottom-ranked stakeholders across all networks include the regional Farmers” association (ASPROEX)
and regional government institutions related to agriculture/livestock regulation and public health
(SAG and SEREMI_Sal). These last institutions are currently not included in circle B and results show
that there may be little benefit from including these stakeholders as permanent members of this cohort.
Interestingly, two stakeholders of the academia/civil society sector (UOH and AGRESAP) also show
low centrality metrics in the collaboration ties and information flows networks, suggesting they have
secondary roles in these networks.

4.3.3. Interest-Influence Map Versus Stakeholder-Based Centrality Metrics

When comparing the centrality metrics in Table 2 and the interest-influence map in Figure 4,
some patterns can be identified. In general, top-ranked stakeholders across different centrality metrics are
mostly located in the high-influence-high-interest quadrant, whereas, for those stakeholders located
around the central part of Figure 4 (e.g.,, ENEL, ESSBIO and PACIFIC HYDRO), centrality metrics
generally agree with their relative location. Interestingly, weaker connectivity, proximity and relevance
in the collaboration ties and information flow networks would suggest a move towards the quadrant of
low-influence-low-interest in Figure 4 for some stakeholders (e.g., UOH and MUROH). At the same time,
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some stakeholders perceived as having a high influence and interest in Figure 4 are bottom-ranked in
centrality metrics (e.g., ASPROEX and AGRESAP), suggesting disagreement between both techniques
(SNA and SA).

In terms of relative stakeholders” positions, CODELCO holds a more influential position across all
CWG-enabling networks compared to other stakeholders (e.g., FJVSR, DGA), whereas centrality metrics for
ASPROEX contradicts its higher relative location in the high-influence-high-interest quadrant of Figure 4.

Although not included here, a partition-based core-periphery analysis [70] indicates that the following
stakeholders are persistently located in the periphery of the CWG-enabling networks: ASPROEX and
ENEL (private sector), MUROH (public sector) and AGRESAP and UOH (academia/ civil society sector).

4.3.4. Stakeholders’ Influence on the Elements of The Vision

Figure 8 shows a two-mode (stakeholder-element of the vision) network analysis describing the
influence stakeholders have in achieving the 21 elements of the shared vision defined for the RRB
(Figure 6). In this figure, two nodes are close to each other if their geodesic distance is short [69]. Therefore,
stakeholders are close to each other if they declare some level of influence on similar elements of the vision,
and elements of the vision are clustered if they are influenced by a similar stakeholder cohort.
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Figure 8. Network of stakeholders’ influence in achieving elements of the shared vision (Figure 6) developed
for the RRB: (a) all levels of influence; (b) low level of influence; and (c) high level of influence.

Figure 8a shows a clear clustering of stakeholders with at least four groupings identified. Except for
Group 1V, all clusters show members from all three sectors (public, private and civil society) thus suggesting
transversal heterogeneity for the influence on common elements of the shared vision. Interestingly,
the low-influence network is dominated by public and academia/civil society stakeholders (Figure 8b),
whereas the high-influence network is more heterogeneous (Figure 8c) in terms of dominant sectors.

The least influenced elements of the vision (in terms of the degree of connections) by stakeholders
(Figure 8a) are related to water quality compliance (E1), implementation of Managed Aquifer Recharge (E2),
implementation of environmental flows across the basin (E15) and regulation of extraction of aggregates
from river banks (E16). The clustering of Figure 8a shows that there is a central group related to water
and institutions, IWRM implementation, information management and adaptation to climate change
(see Figure 6) that is influenced transversally for most stakeholders in the RRB. Similarly, stakeholders
indicate a high-influence on aspects related to the implementation of a basin organisation (E10), strategies
to address natural risks and disasters (E11) and information management (E20) (Figure 8c).

Figure 9 shows a reclassification of the two-mode (stakeholder-elements of the vision) network into
one-mode networks for stakeholders and elements of the vision. A multidimensional scaling (MDS) analysis
was applied to the graph using the Jaccard similarity index as a metric [71]. The Jaccard index shows the
percentage of coincidence among stakeholders for the elements of the vision over which they have some
degree of influence. Figure 9a,b show the networks for low- and high-influence on the vision. CODELCO
and AGRESAP have been manually relocated as they overlapped with a Jaccard index equal to 1, meaning
the stakeholders shared the same level of influence over the same elements of the vision.
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1=
Figure 9. Jaccard similarities for both low (a,c) and high (b,d) influence networks for stakeholders (a,b) and
elements of the shared vision (c¢,d) for the RRB. Light grey ties show Jaccard similarities below 0.5. Black
ties show Jaccard similarities greater or equal than 0.5.

In general, stakeholders show a weak similarity (below 50%) over which common elements they have
an influence on, with just a few stakeholders showing similarities greater than 50% (i.e., they coincide on
their influence over at least half of the same elements of the shared vision) (Figure 9a). Grouping suggests
that stakeholders belonging to private, public and civil society/academia sectors show agreement on
declaring a low-influence to achieve similar elements of the shared vision. Interestingly, the Regional
Water Authority (DGA) shows a high-influence on elements of the vision (Figure 8c); however, it does not
strongly coincide with other stakeholders in the RRB (Figure 9b). In terms of network-based connectivity,
it is interesting to note the bridging role of FJVSR in the high-influence network between public, private
and academia/civil society sectors (Figure 9b).

Finally, similarity among aspects of the vision influenced by stakeholders is more relevant in the
low-influence network (Figure 9c) compared to the high-influence network (Figure 9d). In the latter,
however, a clear grouping of similarities greater than 50% is observed, where water and institutions and
water availability are followed by water use, and water and society.

5. Discussion

5.1. Stakeholder Participation, Interests and Collaborative Process

Existing organisations related to water management/planning/use were brought together for the first
time in the RRB under a participatory process approach. The results of the PP show the development of
new understanding about basin-scale processes, knowledge sharing, increasing awareness of stakeholders’
roles and functions across CWG-enabling networks, evidence of stakeholders’ interdependence and
willingness to collaborate and discuss beyond institutional /legal mandate. The co-construction of the
shared vision helped create consensus and awareness regarding water-related challenges and promoted
a systemic view of the RRB under the CWG umbrella. Therefore, it can be argued that we contributed
to increasing stakeholders’ interdependence and awareness about their water-related roles in the basin:
both stakeholders’ interdependence and awareness are key features of social learning [10,72]. In particular,
through numerous participatory instances, we witnessed the fostering of trust among stakeholders,
increased commitment to participate and the willingness of taking coordinated action to tackle immediate
and future water-related challenges. Enhanced trust and stakeholder empowerment were identified as
two (among others) outcomes of social learning by Reed et al. [73]. We can therefore argue that the PP has
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been successful in underpinning the collaborative process described by Ansell and Gash [13] (Figure 2),
with social learning about water-related challenges and CWG (more generally) as an intermediate material
outcome. We concur, however, with Sayles and Baggio [74] that collaboration in itself is not a ‘silver bullet’
to solve wicked water-related problems: it further needs a proper account of external drivers (e.g., starting
conditions, facilitative leadership and institutional design) for successful outcomes.

In line with Prell et al. [32], we built on stakeholders” views and perceptions to distil important
elements of the shared vision in the RRB. The dimension ‘water and institutions’ concentrated stakeholders’
interests, where the creation of an organisation coordinating water governance efforts was prioritised.
The dichotomy of a highly relevant aspect for stakeholders (i.e., a need for a coordinating organism for
water governance) and the absence of a leading organisation implementing water governance in the RRB
reflects an important implementation challenge for CWG in practice. Budds [58] and Gélvez et al. [37]
discussed this challenge under the lens of competitive vs collaborative behaviour for water management,
whereas Prieto [57] highlighted the contradiction of communitarian water management and power
asymmetries under the current water management framework in Chile. We acknowledge therefore that the
‘institutional design” where CWG sits will set the operational context and may play a role in conditioning
the success or failure of CWG (e.g., [75]). As mentioned before, this external driver of the CWG framework
(see Figure 2) was not addressed in this work as it is the subject of separate research for the RRB.

5.2. Network-Based Metrics and Implications for CWG

Network-based metrics indicate that all three CWG-enabling networks were weakly connected.
This suggests that there is a large potential to further promote communication, information sharing and
knowledge generation [30,36] to enable CWG in the RRB. Early participatory workshops showed low levels
of prior stakeholder interaction and a lack of network identity, thus confirming a limited performance in
terms of adaptive capacity for collaborative water governance [27].

For both the collaboration ties and information flows networks, two levels of frequency were observed.
As highlighted by Prell et al. [31], novel ideas travel best through less frequent communication (weak ties),
whereas a redundancy of information is usually observed for more frequent communication. It can
therefore be argued that, by experiencing high- and low-frequency interactions among stakeholders,
circle B is in a privileged position for exchange of information and discussion of innovative ideas without
the need to include a large cohort of stakeholders.

Centralisation values (up to 35%) indicate weakly centralised network structures across the three
CWG-enabling networks. Research shows that strongly centralised networks are effective in building initial
support for collective action but show disadvantages for long-term water planning and problem-solving [31,36].
It can then be argued that networks for information flows and collaboration ties in the RRB show advantages
towards the achievement of long-term water planning goals for CWG but might face difficulties to initiate
collective action against water-related challenges (e.g., climate change impacts). This situation emphasises
the role that individual stakeholders might have as brokers in their corresponding networks to facilitate or
hinder CWG (see, e.g., [76,77]).

The network for financial exchanges is characterised by the lowest density, centralisation, reciprocity
and frequency of ties among stakeholders. This network is therefore particularly vulnerable to
fragmentation of connecting stakeholders and possibly not a suitable environment for fostering trust
across stakeholders in the CWG context [27,31].

Across all networks analysed, we observed a diverse group of stakeholders from public, private and
academia/ civil society sectors, with connections beyond specific sectors and declaring influence on diverse
elements of the shared vision for the RRB. Core—periphery modelling identified stakeholders from across
all three sectors as part of the core structure of the networks, thus showing no bias towards any specific
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sector. Sandstrom and Rova [78] suggested both features (i.e., stakeholders” diversity and cross-boundary
exchange) as key properties describing ‘network heterogeneity’. At the same time, they described ‘network
closure’ (i.e., network structures that are well integrated either through many connections or bridging
actors) as a key concept related to the adaptive capacity of social networks. Both network heterogeneity
and closure (empirically expressed by the network density and centrality) are described as fundamental
properties to enable adaptive capacity for natural resources management [78]. It can then be argued
that heterogeneity is high across the CWG-enabling networks in the RRB, suggesting high potential for
innovative problem solving [76], whereas network closure is the weakest attribute, thus jeopardising the
adaptive capacity of stakeholders in the RRB [78].

5.3. Stakeholders” Roles and Influence on the Shared Vision for the RRB

The results suggest that different stakeholders of circle B perform key roles in specific networks while
potentially having secondary roles in other networks. This indicates that the relevance of centrality metrics
to analyse stakeholders’ roles must be explored in terms of alternative sources of influence across different
attributes. These results are in full agreement with the findings by Prell et al. [31]. Thus, whilst some
stakeholders might have a relevant role in just one of the three CWG-enabling networks, this relevance
might warrant participation in CWG initiatives.

Most of the stakeholders of circle B (see Figure 3) are found in the core of at least two CWG-enabling
networks. The exceptions are ASPROEX and ENEL (private sector), MUROH (public sector) and AGRESAP
and UOH (academia/ civil society), which occupy mainly secondary roles. Therefore, a thorough assessment
of the connections, interests and influence of these stakeholders needs to be undertaken in order to
consolidate and strengthen their participation in any future endeavours aiming at CWG in the RRB.

It is worth noting that MESAS_AMB (citizen-public organisation related to environmental monitoring
and assessment not originally included in circle B) is top-ranked in most centrality metrics across
all CWG-enabling networks. Interestingly, MESAS_AMB shows a brokerage role (high betweenness
centrality [76,77]) in all three networks, therefore connecting otherwise unconnected parts of the
CWGe-enabling networks. This highlights its potential role in mobilising and diffusing information/data,
collaboration efforts and financial resources to the larger network [31,43]. According to Bodin et al. [76] and
Vignola et al. [77], this would grant MESAS_AMB a critical role in these networks for CWG in the RRB.

Our results show partial disagreement between stakeholders perceived as having a high influence
and interest, whilst being bottom-ranked in centrality metrics and having peripheral roles in the networks
analysed. We do not see this as a disadvantage but rather as deeper complementary insights into stakeholders’
relationships and roles in these networks. Several authors have shown the value of complementing
quantitative and qualitative techniques to decipher stakeholders’ roles and functions across different
disciplines [31,43,79-81].

Aspects of the vision related to water and environment (water quality compliance and environmental
flows) were identified as the least influenced by stakeholders, whereas water and institutions and water
availability are the most influenced. This distinction might be related to the current situation in the RRB,
where persistent droughts have shifted the discussion among stakeholders towards water availability /use
rather than water quality compliance and environmental regulation. One path to address this potential
issue would be to perform SNA for different periods as in [27].

5.4. Advancing Collaborative Water Governance and Addressing Implementation Challenges

The cohort of stakeholders belonging to circle B represents an excellent first-iteration to create
an organism leading and initiating a collaborative water governance instance in the RRB. Additional
stakeholders suggested through the participatory approach however show limited added value in terms
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of promoting CWG-enabling networks. The exception to this is the inclusion of the citizen-public
organisation MESAS_AMB, which showed a valuable brokerage and connecting role in the networks
analysed. This relevance however remains to be seen given the dichotomy between the current role of
MESAS_AMB (environmental monitoring and assessment) and the low priority and influence stakeholders
have indicated for the ‘water and environment” dimension of the shared vision in the RRB.

Basin-wide CWG-enabling networks in the RRB have shown that much need to be done to strengthen
the starting conditions of the framework underpinning CWG in the basin. In particular, the connectivity
among stakeholders (network densities) needs to be increased to minimise potential power, resources and
knowledge imbalances across the RRB (see, e.g., [16,26,27]). Although a history of collaborative ties and
information flow is present in the RRB, centrality metrics indicate that increasing density/connectivity of
these networks would strengthen these aspects and thus provide a more solid underpinning to initiate
CWG in the basin. In terms of the incentives/constraints for participation, the financial exchanges network
suggests resources are distributed to a limited cohort of stakeholders with very low reciprocity and density,
thus with a limited number of stakeholders acting as donors. The latter makes efforts to formally fund
CWG initiatives particularly vulnerable to stakeholder fragmentation, where financial incentives for
participation do not reach the full extent of circle B.

In terms of facilitative leadership, we identified stakeholders across the public, private and
academia/ civil society sectors holding prominent functions across the CWG-enabling networks: bridging
roles connecting peripheral stakeholders (MESAS_AMB), information gatekeepers and data custodians
(DGA), proximal roles for the relevance of collaboration ties (FJVSR and SEREMI MA /Agr) and control
over material flows of attributes (CODELCO, GORE and AGROSUPER). This leadership however is
not currently formalised along with a basin organisation in the RRB. This is probably one of the major
implementation challenges to CWG in order to overcome the lack of coordination among stakeholders
and conflict resolution needs [16,26]. At the same time, we identified a cohort of stakeholders persistently
located in the periphery of the CWG-enabling networks holding secondary roles, mostly composed of
public and academia/civil society stakeholders. An important CWG implementation challenge would
be to increase the connectivity and centrality of these stakeholders to grow mobilisation of resources
and information and promote communication and collaboration [27]. A potential strategy would be to
create thematic groups guided by the influence/interest level on common elements of the shared vision
(e.g., CODELCO and AGRESAP).

We acknowledge that not only the structure of social networks might change with time but also
the contents and intensities of what is transferred through them [30]. Therefore, we do not see CWG
implementation challenges in the RRB as static obstacles, but rather as evolving barriers that need to be
tackled by increasing adaptive capacity through time (see, e.g., [24,27]).

6. Conclusions

In this work, we demonstrated the value of complementing stakeholder analysis, social network
analysis and participatory processes under the umbrella of a theoretical collaborative water governance
(CWG) framework. Deeper insights about stakeholders’ relationships and common interests and the
identification of their specific roles in basin-wide CWG-enabling networks (collaboration ties, information
flows and financial exchanges) were gained.

A proposed cohort of stakeholders (circle B + MESAS_AMB) was identified as an excellent
first-iteration to concentrate efforts formalising a leading organisation to implement CWG in the RRB.
On the other hand, a subgroup of stakeholders belonging to circle B was consistently in the periphery of
networks occupying secondary roles and showing a limited influence on specific elements of the shared
vision. These stakeholders thus need to be enabled for better connectivity, proximity and relevance
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across the CWG-enabling networks. To enable these peripheral stakeholders, common interests grouping
derived from SNA can be used to improve connectivity and proximity through working groups or focused
discussions. This, however, will require a careful balance between the ‘homophily effect’ and preserving
heterogeneity across networks.

Network heterogeneity is high in the RRB, whereas network closure is relatively weak. This suggests
the proposed cohort of stakeholders is privileged in terms of sharing innovative ideas for CWG, probably
experiencing a weak adaptive capacity to potential water management challenges (e.g., climate change
impacts) across the networks analysed.

A clear gap between the current operational framework to water management in the RRB and
stakeholders” ambitions in terms of ‘water and institutions” was identified. Current institutional /legislative
frameworks act as a boundary condition thus potentially hindering advancement towards CWG in the RRB.
One way forward would be organising the proposed cohort of stakeholders as a formal basin organisation
to facilitate CWG and enable achievement of the shared vision.

By implementing the methodological framework, we facilitated social learning, fostered trust among
stakeholders and mobilised efforts in the appropriate direction to implement CWG in practice in the
contentious RRB.
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