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Adaptive approaches to flood governance are gaining attention as climate change is expected to alter historic
flooding patterns around the world. Collaboration networks are essential to adaptive governance as they create a
cohesive system of diverse actors functioning across different jurisdictions and spatial levels. This research in-
vestigates the network structure of the regional collaborative governance for flood planning in the Wolastoq |
Saint John River Basin, Canada. A social network approach was employed to assess the extent and characteristics
of adaptive flood governance in the region, specifically investigating network properties related to collective
action dilemmas, organizational type, and geographic scale. The network displayed a diverse composition of
organization types, a propensity for bonding structures, homophily among governmental organizations, and
prominent brokerage activity of multi-basin actors. The presence of bonding structures in the network reflected
the high-risk dilemma presented by flood planning, characterised by the presence of both government and non-
governmental actors with diverse authority, resources, and organizational capacity. Transitioning to adaptive
governance would benefit from increased connectivity among regions and enhanced brokerage activity amongst
governmental organizations.

1. Introduction

Natural disasters are a longstanding concern with devastating con-
sequences. Flooding (Cornwall, 2021; Davenport et al., 2021), wildfires
(Burke et al., 2021; Wang et al., 2021; Abram et al., 2021) and droughts
(IPCC, 2019; Fleck and Udall, 2021) are among some of the many di-
sasters having catastrophic impacts on communities. The connection
between disasters and anthropogenic climate change is now front and
centre, with the report by the IPCC (2023) clearly establishing the un-
precedented scale of recent climatic changes, the contributions of
human influences to these changes, and their relationship with the fre-
quency and intensity of observed extreme events. Governance choices
and management actions are required to address present realities as well
as alter future impacts of environmental change (IPCC, 2018; Fleck and
Udall, 2021).

Governance must align with ecological processes in social-ecological
systems if contemporary and future challenges related to extreme events
are to be addressed (Young, 2002; Folke et al., 2007; Bodin and Tengo
2012; Guerrero et al.,, 2015a; Bodin, 2017). Consequently, this fit

between ecological and governance systems is being incorporated into
assessments of disaster risks (e.g. Toosi et al., 2019; Dunn et al., 2020) as
well as appraisals of disaster governance (e.g. Bodin et al., 2019). This
coupled understanding in terms of ecological and governance processes
is essential to understand and influence disaster situations because
“hazards are jointly shaped by human and biophysical factors” (Ham-
ilton et al., 2019, p. 114). In this study, we focus on the processes and
structure of flood governance. Flood governance should correspond-
ingly reflect the biophysical scale of the issue. Catchments or drainage
basins have long been established as an appropriate scale for water
resource management (McKinney, 1999; Savenije and Van Der Zaag,
2000; Savenije and Van der Zaag, 2008; Winz et al., 2009) and water
governance (Niemczynowicz, 1999; Pahl-Wostl et al., 2012; Lebel et al.,
2013). Governance should also be responsive at sub-catchment levels
(Lebel et al., 2013; Rouillard and Spray, 2017), given their unique cir-
cumstances and issues (Norberg and Cummin, 2008; Savenije and Van
der Zaag, 2008). The nature of flooding, in particular, requires that it is
addressed at the appropriate spatial scale and level of decision making
(Niemczynowicz, 1999; Merz et al.,, 2010). Flooding events and
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subsequent impacts do not adhere to jurisdictional boundaries; decisions
and actions upstream can alter flooding impacts downstream (Dieperink
et al.,, 2018; Seher and Loschner, 2018). Therefore, approaches that
cross administrative and institutional borders are needed (Bracken et al.,
2016; Cumiskey et al., 2019; Clegg et al., 2021).

Governance that is adaptive is essential for coping with uncertainty
(Dietz et al., 2003; Pahl-Wostl, 2009), and this also applies to flooding.
Fournier et al. (2016), for example, present a framework to assess flood
mitigation effectiveness in European countries against criteria of
multilevel governance, multi-actor networks, flexibility in arrange-
ments, scale matching, and opportunities for experimentation and
learning. This study has shown that adaptive flood response is strongly
influenced by governance arrangements, but gaps in informal networks
and a lack of capacity at the appropriate scale of the problem weaken
this (Fournier et al., 2016). Analysis of other flooding regimes displayed
an under emphasis on the role and impact of the governance network
structure, such as the propensity for bonding or bridging relationships
(Plummer et al., 2018).

An essential attribute of adaptive governance is the involvement of a
variety of actors (Dietz et al., 2003; Folke et al., 2005; Armitage et al.,
2009; Pahl-Wostl et al., 2012). The inclusion of relevant actors promotes
transparent deliberation for rule development, increases the flow of
information, and fosters trust-building (Dietz et al., 2003). Linking ac-
tors at different levels, i.e., multi-level governance networks, aids in
addressing broader system dynamics while responding to problems at
the appropriate level (Young, 2002; Armitage et al., 2009). The inclu-
sion of local actors and diverse knowledge holders is also essential for
subsequent action (Cosens and Williams, 2012; Plummer et al., 2013).
Interactions among multiple groups can support continual learning
(Folke et al., 2005; Huitema et al., 2009) and the diversification of flood
risk management strategies (Hegger et al., 2014). However, integrating
actors across both policy (Metz et al., 2020) and administrative domains
(Becker, 2020) is challenging, and influenced by relationships among
actor groups (Cumiskey et al., 2019).

Framed by the above imperatives — governance reflecting nested
biophysical levels, adaptiveness, and multi-actor involvement — we
examine governance for flood planning in the Wolastoq | Saint John
River Basin, Canada. The Wolastoq | Saint John River Basin, the regional
focus of this research, is a transboundary river located in Eastern North
America, and one of many basins experiencing recent catastrophic
flooding. The Wolastoq has experienced flooding throughout time, but
floods are increasing in severity and frequency. The basin is one example
of many where multiple, diverse actors from government, non-
government, and industry are all involved in flood planning. Thus,
this catchment provides an opportunity to explore questions of collab-
orative networks for the purpose of flood planning. We employ a
network perspective to investigate collaborative arrangements for flood
planning decisions. Our findings are discussed in light of scholarships on
networks, flood governance, uncertainty, and coping with increasing
and intensifying disasters.

1.1. Social network analysis

Social network analysis provides a basis to quantify the structure of
actors’ relationships and its impacts on the social processes being
studied (Borgatti et al., 2009). As network structure impacts overall
behaviour and function (Valente, 2012), not all networks are suitable for
pursuing a desired outcome (Bodin, 2017). Hence, more empirical
research is needed to understand the specific network properties and
structures that contribute to fruitful governance arrangements that can
address sustainability challenges (Bodin and Crona, 2009; Bodin et al.,
2016; Baird et al., 2019; Berardo and Lubell, 2019; Guerrero et al., 2020;
Bodin et al., 2020; Baudoin and Gittins, 2021).

Understanding how network structures, organizational roles, and
actor attributes impact governance function in regional collaborative
governance arrangements, particularly those with components of top-
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down government, is of interest to scholars (Sayles and Baggio, 2017;
Alexander et al., 2017; Hamilton and Lubell, 2018; Hamilton et al.,
2020; Locatelli et al., 2020). For example, the balance between bridging
structures (two actors connected through a common third actor) and
bonding structures (three actors all connected to each other) in a
network can indicate levels of trust and conflict (Berardo and Scholz,
2010; McAllister et al., 2017; Bodin et al., 2020). Since the relative
involvement and relationship choices of different organization types at
different levels will impact network structure (Fliervoet et al., 2016;
Sayles and Baggio, 2017; Locatelli et al., 2020), there is also reason to
investigate how organization type and relative jurisdictional level may
impact transboundary flood planning.

The research is guided by the following objectives and accompa-
nying supporting literature about networks in flood governance:

1.1.1. Objective one: identify the flood planning collaboration network

Understanding the flood planning collaboration network within the
embedded institutional context was the first objective. As adaptive
governance should involve a variety of actors (Baird and Plummer,
2021) operating at multiple levels (Rouillard and Spray, 2017; Die-
perink et al., 2018), first identifying which organizations are involved
and where they are located provides context for further analysis of flood
planning efforts.

Canada appears to be in the early stages of the shift from traditional
to more adaptive approaches to managing and governing flooding,
including the involvement of a broader variety of actors (Henstra et al.,
2019). However, reports on flood preparedness indicate that Canadian
provinces and territories, as well as cities, remain unprepared for in-
creases in severe flooding events (Feltmate et al., 2020; Feltmate and
Moudrak, 2021). Multiple catastrophic floods have occurred throughout
Canada in recent years (Insurance Bureau of Canada, 2019; Malbeuf,
2020) and are the greatest cause of natural disaster damages (CCA,
2019). Climate change is forecasted to further alter flooding patterns
driven by both snowmelt and rainfall (Government of Canada, 2019).

1.1.2. Objective two: assess the tendency towards bonding and bridging
structures

Bonding and bridging structures can indicate levels of trust and
conflict in networks (Berardo and Scholz, 2010; McAllister et al., 2017;
Bodin et al., 2020). Bonding structures include reciprocal relationships
and as closed triads. Closed triads, also called network closure, refer to a
structure of three links among three nodes, creating a closed triangle
(Goodreau et al., 2009). It is commonly thought of as the tendency for
actors to establish ties with friends of friends, although there are various
rationales for the phenomenon (Bodin et al., 2019). Strong relationships
from reciprocal or repeated interaction can build trust and be used to
exert social pressure (Burt, 2005; Prell & Lo, 2016).

The propensity for bonding structures in a network is often compared
to that for bridging structures (e.g. Bodin et al., 2020; Vantaggiato and
Lubell, 2022). Bridging structures can represent access to more distant
parts of the network, which can provide routes to new information (Burt,
2005). Bridging structures include open two paths (where two actors are
connected through a common third actor) and stars (where three or
more actors are connected through a central actor). The additional ties
represented by bonding over bridging structures may contribute to
network redundancies that are beneficial in allowing a network to
persist and reorganize (Alexander et al., 2017).

Berardo and Scholz’s (2010) risk hypothesis, which relates to social
risk, argues that policy actors favour bridging capital in the early phases
of network creation because extensive ties and centralization are bene-
ficial for required information sharing to address low risk problems.
However, this benefit diminishes for more complicated collaborative or
complex problems that require trust and reciprocal relationships
(Berardo and Scholz, 2010). Bonding network structures, such as closed
triads, have been proposed to be prevalent when risk perception is high
(Berardo and Scholz, 2010). Understanding the relative tendency to
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form bridging and bonding structures provides insight into the difficulty
and perceived risk of collaboration. As one sector or region’s flood
management actions can create the environment for increased flooding
in other regions, flooding could present a context amplifying the con-
sequences of defection.

1.1.3. Objective three: analyze the impact of geographic scale and
organization type

Incorporating organizational attributes into network analysis can
further reveal insights into multi-level governance (Guerrero et al.,
2015b; Hileman and Lubell, 2018; Hamilton and Lubell, 2019).
Collaboration among and between different organization types oper-
ating within different geographic levels may impact the functionality of
a network (Fliervoet et al., 2016; Hileman and Lubell, 2018; Locatelli
et al., 2020). Collaborative relationship choices may be impacted by
organizational type, spatial jurisdiction, or formal authority (Bodin and
Nohrstedt, 2016; Fischer and Jasny, 2017; Jasny et al., 2019; Hedlund
et al., 2021), and these choices shape multi-level governance arrange-
ments. Flood planning often involves a variety of organization types
operating over different spatial levels and who may be impacted in
different ways by the consequences of flooding. As levels of government
often function differently in water governance networks (Hileman and
Lubell, 2018; Garcia et al., 2019), it is useful to understand how
collaboration activity differs among groups based on both organization
type and spatial level.

Homophily, the social process of actors disproportionally forming
ties with actors who have similar characteristics (McPherson et al.,
2001), can heavily influence network structure (McPherson et al., 2001;
Barnes et al., 2016b). Shared attributes among actors can facilitate
communicating complex information and mutual understanding (Prell
et al., 2009). However, homophily can also lead to the development of
distinct social groups, which can trap knowledge and behaviours in
network communities (McPherson et al., 2001; Crona and Bodin, 2011).
With flood governance shifting to include a broader variety of actors,
identifying tendencies to collaborate or not across organization types or
regions provides insight into the inclusiveness of the emerging gover-
nance network (Vidal-Hernandez et al., 2019).

1.1.4. Objective four: assess the impact of geographic scale on brokerage

Relationships that join different actor types can facilitate connec-
tions across administrative levels (Hamilton et al., 2020), better coor-
dinate emergency responses (Lind et al., 2008), and improve the
diffusion of information (Levy and Lubell, 2018). This role of joining
otherwise unconnected actors is known as brokerage, where in-
termediaries (brokers) facilitate transactions between actors lacking
trust or access to each other (Marsden, 1982). Connecting dissimilar
actors may provide different benefits compared to connecting similar
type actors (Fernandez and Gould, 1994), influencing knowledge flows
(Levy and Lubell, 2018; Locatelli et al., 2020) and management prior-
ities (Hamilton et al., 2020). Brokerage is further impacted by the larger
social context, as strong divides or a lack of trust between actor groups
may reduce the benefits of brokers (Barnes et al., 2016a). Further, un-
derstanding the influences of geographic scale on brokerage roles can
provide insights into connections across levels and informs interventions
that facilitate greater connections among distinct groups (Hamilton
et al., 2020). However, there is limited research on brokerage between
actor groups (Hamilton et al., 2020) and how context impacts brokerage
roles (Barnes et al., 2016a). As flood governance in a transboundary
river basin involves actors of various types who operate over distinct
scales and distinct parts of the basin, it is useful to know which actor
types are facilitating connecting the basin as a whole.

1.1.5. Objective five: assess if municipalities are brokers in the network
Research has shown that government at local levels (i.e. munici-

palities) occupy unique roles in water governance. Municipalities are

often situated within formal government hierarchies while also
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engaging with community organizations, presenting unique challenges
(Garcia et al., 2019). Becker’s (2020) network analysis of flood risk
mitigation within the Hoje A catchment, Sweden, found that munici-
palities were connected to higher levels of government, but often con-
nected to each other through non-governmental associations.
Investigating if municipalities hold a unique role in this flood planning
network provides a comparative in a Canadian context.

2. Methods
2.1. Study region

The Wolastoq | Saint John River Basin is a 673 km transboundary
river in Eastern North America, located in the provinces of Québec and
New Brunswick in Canada and the state of Maine in the United States of
America. While existing in three separate political jurisdictions, dis-
cussion of environmental issues is often operationalized as three main
basins defined by water flow (Kidd et al., 2011): Upper, Middle and
Lower Basins. Flooding has been a historic and recent concern in the
region with multiple catastrophic events in recent years (Wood-
hall-Melnik and Grogan, 2019). Both the 2018 and 2019 floods were
100-yr floods, with the 2018 flood costing the New Brunswick provincial
government over $74 million (Poitras, 2019). Future flood models
forecast an increase in inundation extents under shared socio-economic
pathway (SSP) 4.5 and SSP 8.5 scenarios for both one in 100-yr floods
and one in 200-yr floods (Mohanty and Simonovic, 2021).

Slightly over half of the area covered by the Wolastoq | Saint John
River Basin is located in the province of New Brunswick, where multiple
provincial agencies and intergovernmental agencies, and partnerships
with federal agencies have key water-related roles and responsibilities
(Department of Enivronment and Local Government, 2018; Plummer
et al., 2016). Purview with regards to flooding is distributed among
provincial departments (specifically the Department of Environment
and Local Government and the Department of Justice and Public Safety),
and among regional governments (Regional Service Commissions) and
municipalities (Government of New Brunswick, 2014). The Wolastoq |
Saint John River Basin was chosen as an appropriate region to explore
adaptive flood governance as it 1) has a history of flooding; 2) recently
experienced drastic (intensifying frequency and severity) floods; and 3)
is emblematic of the social (multi-jurisdictional) and biophysical (basin
and sub-basin) complexities inherent in flood governance.

2.2. Data collection

Structured surveys were used to gather social network data. Research
ethics was submitted to and approved by the [removed for review] So-
cial Science Research Ethics Board ([removed]). First, the research team,
in conjunction with key informants, identified 136 organizations
throughout New Brunswick, Québec, and Maine, including multiple
levels of government (federal, provincial, regional, and municipal),
Indigenous self-government, non-governmental organizations, and in-
dustry. Individuals within each organization were identified with po-
tential knowledge about their organization’s flood planning activities,
and multiple individuals were identified for large organizations (Flier-
voet et al., 2016).

An online questionnaire was distributed via email to the identified
individuals and was open from August 18th to September 30th, 2020.
Respondents were asked to respond to the questionnaire on behalf of
their organization and could respond in either English or French. To
prompt non-responders, reminder emails were sent, and English-
speaking individuals were also telephoned.

Using the list of pre-identified organizations, respondents were asked
to select the organizations that they collaborated with when making
flood planning decisions. Collaboration was defined as the regular pro-
fessional sharing of human, financial and/or technical resources,
engaging in joint activities, and organizing joint activities (Alexander
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et al.,, 2017; Bodin et al., 2019). Respondents were encouraged to
consider all flood planning activities conducted since 2018.

Completed questionnaires were received from 58 individuals
responding on behalf of 53 invited organizations. Four organizations
responded to the questionnaire invitation to indicate they were not
within the network boundaries, reducing the number of possible
responding organizations to 132. As such, the response rate for the
network was 40%. Table S1 in Supplementary Material 1 provides the
response rate by organization type and location.

2.3. Constructing the collaboration network

The collaboration network was constructed from responding orga-
nizations. Non-respondent network organizations were dropped and
responses from multiple individuals in the same organization were
coalesced into a singular response using all collaboration ties reported
(Baird et al., 2016). Due to the inherently bidirectional nature of
collaboration ties, only reciprocal ties were included and were treated as
undirected (Fliervoet et al., 2016; Bodin et al., 2020).

Node attributes were created for basin location, basin level (to
indicate level within the geographic scale), and organization type. The
attribute basin location was defined as one of the three main basins or
multi-basin for those operating within more than one of them. This was
created from responses identifying organizational sub-sub basins for
flood planning. Basin level indicated a binary single-basin or multi-basin
actor. This distinction between single and multi-basin organizations
attempted to account for the varying spatial levels of organizations
(Alexander et al., 2017) while accounting for the nature of the trans-
boundary watershed. Ties to non-respondents were also captured as a
node attribute to control for their potential effect in the analysis.

2.4. Network analysis

2.4.1. Exponential random graph model

Exponential random graph models (ERGM) are a class of models that
analyze overall network structure through smaller configurations within
the network (Lusher et al., 2012). ERGMs analyze the empirical net-
works as the dependent variable, with the prevalence or absence of these
smaller configurations, also called motifs, as the independent variables.
Previous scholarship has associated many of the social processes and
forces that impact network formation and structure with specific smaller
configurations (Robins et al., 2007; Goodreau et al., 2009; Crona and
Bodin, 2011; Lusher et al., 2012). ERGMs convey which motifs impact
network structure and the results are used as a device to understand
what social forces may affect the specific empirical network (e.g.
homophily, centralization, closure). Node attributes can also be incor-
porated into the model to determine if they impart significant structural
effects.

ERGMs compare motif occurrences in the observed network to those
in purposefully generated random networks. Each motif is assigned a
parameter and standard error, as in a regression analysis. However,
ERGMs account for dependencies that are implicit in networks. The
parameter value indicates if a motif occurs more or less often compared
to generated random graphs, with significance determined by the
standard error. The occurrence, or lack thereof, of a motif can be used to
understand if the underlying associated social processes are enhanced or
suppressed in the observed network. Motifs need to be interpreted in
relation to each other, as simpler motifs can be nested in more complex
configurations. For example, an open two-path is contained within a
triangle, and the inclusion of the lower-order, or simpler, motif leads to
more precise interpretations of the higher-order, or more complex, motif
(Snijders et al., 2006). ERGMs are more robust to missing data from
non-respondents than network descriptives (Robins et al., 2004).

ERGMs were fitted to the undirected collaboration network using
Markov Chain Monte Carlo (MCMC) simulation in R v. 4.0.5 in the ergm
package (Hunter et al., 2020) and checked for goodness of fit and
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degeneracy (Supplementary Resource 2). Models were developed in an
explorative manner, to ensure all motifs necessary for answering the
propositions were included while finding the model with the best fit
(Bodin and Nohrstedt, 2016). To minimize convergence challenges,
models were fitted sequentially, adding new terms only after the pre-
vious model converged (Alexander et al., 2018; Barnes et al., 2019).
Initial models included baseline structural mechanisms and then were
expanded to include nodal attributes.

2.4.2. Brokerage analysis

A Gould-Fernandez (1989) brokerage analysis computes brokerage
counts for each of their five brokerage roles: coordinators, itinerant
brokers, gatekeepers, representatives, and liaisons (Fig. 1). Each
brokerage chain is defined by the orientation of actors based on distinct
actor subgroups. Coordinators join two nodes from their own subgroup.
Itinerate brokers join two actors that belong to the same subgroup where
the broker is of a different subgroup. Both gatekeepers and representa-
tives join one actor from their own subgroup to an actor of a different
subgroup but differ in node orientation. For undirected networks, the
counts for gatekeepers and representatives are the same. Liaison
brokerage chains connect three actors from different actor subgroups
(Gould and Fernandez, 1989).

A Gould-Fernandez brokerage analysis was performed in the SNA
package (Butts, 2020) in R. The analysis provides observed brokerage
counts for all five roles for the overall network and for every node.
Observed brokerage counts are compared to expected counts and vari-
ances from a null model of the same network size and density, with
assumptions of normal distribution (Gould and Fernandez, 1989). Sig-
nificance is determined through standardized scores and indicates
brokerage activity substantially larger or smaller than expected in the
null model, suggesting the presence of additional social forces. Two
Gould-Fernandez analyses were performed; one used the categorical
attributes of basin location, and the second used the attributes of gov-
ernment, municipalities, and other. Standardized scores were calculated
for all five brokerage roles for each attribute category, and significance
was determined, assuming a normal distribution with absolute stan-
dardized scores greater than 1.96 indicating significance (Gould and
Fernandez, 1989).

3. Results and discussion
3.1. Objective one: identify the flood planning collaboration network

The majority of 53 responding organizations were located within the
province of New Brunswick (N=47) (Table S1). Municipal governments,
non-government organizations, and watershed organizations responded
in the highest numbers. Fig. 2 shows the undirected, reciprocal collab-
oration network with a density of 0.065. The two fragments (nodes
disconnected from the main network) are comprised of organizations
based in Maine. The reciprocal collaboration network did not include
any organizations based within Québec. As the response rates for Maine
and Québec were low, this research cannot comprehensively address
collaboration across provincial / international boundaries within the
watershed. The largest portion of the watershed and questionnaire re-
spondents are located within the province of New Brunswick, which
serves as the primary institutional backdrop for much of the discussion.

The collaboration network displayed a range of organization types
engaged in flood planning that have varying legislated roles and re-
sponsibilities (Fig. 2). Responsibility to address flooding in New
Brunswick falls among the provincial, regional, and municipal levels of
government. The provincial government in the current Flood Risk
Reduction Strategy identified three primary objectives focused on the
identification, inclusion, and mitigation of flood risk, with an emphasis
on infrastructure (Government of New Brunswick, 2014). However,
“continuing to update flood hazard maps” was the sole provincial action
item to address flooding concerns in the 2020 Climate Change Action
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Fig. 2. Undirected collaboration network (N=44) with isolates (N=9) removed from the diagram. Colour indicates organization type and shape indicates basin
location. Density = 0.065 (approximately 6.5% of all possible ties among responding actors were reported).

Plan Progress Report (Department of Environment and Local Govern-
ment, 2020). There is ongoing work at regional and municipal levels to
address flooding concerns. For instance, the Federal National Disaster
Mitigation Program provided partial funding for four flooding mitiga-
tion projects for the City of Fredericton and the City of Saint John in
2019 (Public Safety Canada, 2019). There is also ongoing engagement
between municipalities and non-governmental organizations in
compiling and operationalizing climate change adaptation plans, which
largely include flood planning (Brogan et al., 2020; City of Fredericton,
2020).

Prominent participation of New Brunswick based non-governmental
organizations (NGOs) was observed within the collaboration network
(Fig. 2). A lack of legislated authority to governmental or non-
governmental bodies for purview over watersheds within New Bruns-
wick has contributed to the ongoing involvement of small,

environmentally focused NGOs. The ongoing work of these NGOs, self-
described as both NGOs and watershed organizations within the
collected network, is supported in part through provincial and federal
funding (e.g. through the New Brunswick Environmental Trust Fund).
Funding allotments are often provided for specific projects with specific
time frames and can be subject to necessary alignment with broader
overarching priority concerns or areas.

The variety of organisations involved in the Wolastoq | Saint John
River Basin is indicative of the contemporary shift from government to
governance (Lebel et al., 2006; Howlett et al., 2009; Pahl-Wostl, 2009;
Armitage et al., 2012). While government refers to state-centric, top--
down hierarchical models of control, governance incorporates non-state
actors, formal and informal institutions, and networks (Kooiman and
Bavinck, 2005; Pahl-Wostl, 2009). Addressing problems in complex
adaptive social-ecological systems requires adaptive governance which
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incorporates and connects distinct groups beyond government (Dietz
etal., 2003; Ostrom, 2005; Folke et al., 2005; Armitage et al., 2009). The
active participation of non-governmental actors in the collaborative
flood planning network collected here demonstrates this shift.

However, governments continue to be integral. Huntjens et al.
(2010) argue large complex systems, like river basins, benefit from some
degree of central authority to contribute to “facilitation of participatory
processes, setting of standards, capacity building, conflict resolution,
and cooperation across boundaries” (p. 276). Kuehne et al. (2020) noted
government institutions may provide resource stability to build
long-term bonding and bridging structures among diverse groups. As
displayed by the network composition, the active role of government
may be beneficial by contributing resource stability. However, the
investigation into contextually beneficial roles of government in
collaborative governance is still an ongoing area of research (Fliervoet
et al., 2016; Kuehne et al., 2020).

3.2. Objective two: assess the tendency towards bonding and bridging
structures

The ERGM analysis showed a strong negative coefficient for edges,
meaning the network has a low density (Table 1). There was no signif-
icant impact for isolates, centralization, or two actors to be connected to
a common third actor. However, network closure (i.e. three actors all
connected), was significant in the network. Ties to non-respondents was
included as a nodal covariate to control for the bias in the partial
network due to the low response rate, and this was statistically
significant.

The results for two-paths and network closure (Table 1) indicate that
there is no meaningful impact of centralization on the network but a
tendency for network closure. This result suggests the tendency for
bonding structures over bridging structures in the network. The ten-
dency for bonding structures in this context aligns with Berardo and
Scholz’s (2010) risk-hypothesis for a high-risk cooperation dilemma,
where complex collaboration problems require trust and reciprocal re-
lationships. While research is ongoing to better understand specific
components of high-risk dilemmas (Bodin et al., 2020), the risk has been
postulated to stem from potential partner defection (Berardo and Scholz,
2010), questionable benefits of a collaborative relationship (Nohrstedt
and Bodin, 2019), or uncertain contexts where contestation about de-
cisions is needed (McAllister et al., 2017).

The potential risk indicated by the tendency for network closure may
be a product of network composition. As discussed in Objective One,
there is a broad range of participating organizations in the flood plan-
ning network. With varying mandates and agendas, it is possible orga-
nizations require closed network structures to negotiate goals
(McAllister et al., 2015). Furthermore, the prominent activity of NGOs in
the network means many of the organizations conducting flood planning
are subject to uncertain funding cycles for the capital to engage in
additional climate adaptation or collaborative projects. As reported in
analysis of this same system, organizations face financial and time
constraints in collaborative relationships (McGlynn et al., 2023). It may
be reasonable to conclude there is uncertainty if a collaborative rela-
tionship will be worthwhile to address flood planning problems when
collaborating among differing organization types, and if the collabora-
tive relationship can be sustained long enough to do so.

The impact of resource availability and consistency has been inves-
tigated for other collaborative arrangements for watershed governance.
Koontz and Newig (2014) found access to resources, dedicated leaders,
and local networks influenced differences in perceptions of the imple-
mentation and usefulness of collaborative planning activities, with
available funding greatly impacting the ability to implement the
collaborative plan. The San Francisco Bay Area’s “bottom-up” approach
to flood risk management, as discussed by Serra-Llobet et al. (2016), was
limited by a lack of regulatory oversight to impose long-term plan up-
dates and a lack of consistent and stable funding, both of which
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Table 1
Collaboration ERGM parameter estimates.
ERGM term Description Parameter
Estimates
(Std. Error)
Density Propensity to form ties -4.5896 (0.518) ***
Edges

I

Isolates
Isolates

Propensity for isolates in the
network

-0.2851 (1.235)

Anti-Centralization
Gwdegree (fixed, 0.5)

Propensity away from
centralization. A negative value
indicates the centralization of
edges.

-0.7871 (1.140)

b

Two-paths 0.0095 (0.039)

Gwdsp (fixed, 0.5)

Propensity to find to find two
actors tied to a common third
actor. Bridging structure.

.

Three actors connected.
Together, two-actor ties and
network closure represent the
tendency for network closure i.
e. are triangles created by three
actors connecting to one another
or by two actors connecting to
one another who happen to be
connected to a common third
actor. Bonding structure.
Control parameter — accounts
for the effect of ties to non-
responding organizations

Network closure
Gwesp (fixed, 0.5)

0.5961 (0.206) **

Ties to non-respondents
Nodecov

0.0598 (0.016) **

T

Activity by basin level Single basin activity, compared -0.0925 (0.157)

Nodefactor to the propensity to form ties,
baseline of multi basin
organizations
Homophily for basin Tendency to connect to actors 0.2945 (0.253)
level working at the same basin level

Nodematch
Activity by organization =~ Government activity, propensity
type to form ties, compared to the

-0.3301 (0.103) **

Nodefactor baseline of non-government

Homophily for Tendency to connect to actors of 1.3562 (0.271) ***
organization type the same organizational type
Nodematch

Alpha values were fixed at 0.5

Number in parentheses represent standard errors and (***)p < 0.001, (**)p <
0.01, (*)p <0.05, ()p<0.1

Names of the corresponding network configuration in the ergm R package in
italics (Hunter et al., 2020)

contributed to a short-term focus. This work, along with others, argues
for a need for a balanced inclusion of a centralized authority to com-
plement a “bottom-up” governance approach (Pahl-Wostl, 2009; Hunt-
jensetal., 2010, 2012; Guerrero et al., 2015a; Serra-Llobet et al., 2016).
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3.3. Objective three: analyze the impact of geographic scale and
organization type

We included terms for nodefactor (to capture activity) and node-
match (to capture homophily) in the ERGM for broad level attributes for
geographic scale and organization type (Table 1). The geographic scale
attribute consisted of a binary single basin or multi-basin categorization
based on flood planning activities. The ERGM displayed no significant
effect for activity or homophily based on geographic scale (Table 1),
which differed from other’s findings (Sayles and Baggio, 2017;
McAllister et al., 2017; Hamilton and Lubell, 2018; Hileman and Lubell,
2018).

To capture homophily and activity for organizational type, organi-
zations were assigned a categorization of government or non-
government. Although seven distinct organization types were catego-
rized for the network (Fig. 1), the low number of respondents from some
categories (Table S1) made including all seven categories impractical for
modeling purposes. The categories were amalgamated into government
and non-government following the primary network divide discussed by
Fliervoet et al. (2016). The ERGM displayed that government organi-
zations engaged in fewer ties than compared to non-government orga-
nizations (0.3301) and there was a strong tendency for homophily
among both groups (1.3562) (Table 1). A tendency for homophily is
common in social networks and has been seen along organizational di-
vides in collaboration networks (Jasny et al., 2019; Locatelli et al.,
2020).

The necessity for municipalities to interact with higher levels of
government in this legislative context likely contributed to the evidence
of government homophily in the network. Responsibility for emergency
management in New Brunswick falls within the jurisdiction of the pro-
vincial government and requires active communication with munici-
palities. An extent of collaboration among all levels of government is
embedded in the legislative context. The tendency for NGOs to be more
active in the network may also stem from this distribution of re-
sponsibility. While government actors hold authority, NGOs may require
collaboration to reach objectives (Warner and Van Buuren, 2009).

3.4. Objective four: assess the impact of geographic scale on brokerage

Among the top ten brokers by total brokerage counts, there was a mix
of organization types: provincial agencies, municipal governments, non-
governmental organizations, and watershed organizations (Table 2).
This brokerage analysis further investigated the potential impact of
geographic scale on the network, and in contrast to the activity measure
in the ERGM, scale impacted brokerage role. All the organizations with
the highest brokerage counts were either multi-basin or Lower Basin
actors. When dividing organizations by basin location, there were sig-
nificant coordinator, gatekeeper, representative, and liaison brokerage
roles in the network (Table 3). When investigating group differences, the
Upper Basin and multi-basin actors occupied significant brokerage roles.
Upper Basin actors were coordinators, connecting fellow Upper Basin

Table 2
Top 10 brokers by total brokerage counts.

Organization Basin Total Brokerage
Counts
New Brunswick Emergency Measures Multi 316
Organization

World Wildlife Fund - Canada Multi 96
New Brunswick Climate Change Secretariat Multi 68
City of Fredericton Multi 54
Kennebecasis Watershed Restoration Committee ~ Lower 52

St. John River Society Multi 46
Conservation Council of New Brunswick Multi 34
ACAP Saint John Lower 22
Nature NB Multi 22
New Brunswick Department of Health Multi 14
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actors. As only four Upper Basin organizations responded, even the
presence of two coordinator brokerage chains was significantly high.
Multi-basin organizations also functioned as coordinators, connecting
fellow multi-basin actors. Multi-basin organizations also had a positive
significant total brokerage count, suggesting connections throughout the
basin were likely impacted by the multi-basin actors. No categories of
organizations were significantly unlikely to be in a brokerage position.

Regional governance systems need to be able to “engage effectively
at multiple scales” (Lebel et al., 2006, p. 19). Important aspects of a
regional governance system are connections among actors within the
same levels (horizontal ties) and between different levels (vertical ties)
(Berkes, 2002; Ostrom, 2005; Armitage et al., 2009; Alexander et al.,
2017; Hileman and Lubell, 2018). Connections across spatial levels are a
necessary component of adaptive governance to cope with inter-
connected SES dynamics and uncertainties (Folke et al., 2005). Both
horizontal and vertical ties are required for cohesive flood planning at
the river basin scale (Benson and Lorenzoni, 2017; Becker, 2018).

Geographic scale impacted brokerage activity as Multi-basin orga-
nizations occupied significant brokerage positions, potentially impact-
ing knowledge flows (Levy and Lubell, 2018; Locatelli et al., 2020), and
management priorities or implications (Hamilton et al., 2020). Ties
among actors operating over different spatial levels also may be con-
necting different organization types, which provide a possible mecha-
nism to combine different types of knowledge (e.g. expert, local,
traditional ecological knowledge) in stages of the collaborative process
(van Tol Smit et al., 2015).

3.5. Objective five: assess if municipalities are brokers in the network

To assess if municipalities are brokers in the network, a second
brokerage analysis separated municipalities from other government
bodies. When dividing organization type into upper-level government
(Regional, Provincial and Federal agencies, and Indigenous self-
government), municipalities, and all non-government actors, there
were significant coordinator and itinerant brokerage roles in the
network (Table 4). Government actors occupied positive significant
coordinator, itinerant, gatekeeper, and representative roles.

The analysis found no unique role of municipalities as brokers,
despite likely occupying a unique functional role in flood planning
(Garcia et al., 2019; Becker, 2021). The broader government category
occupied multiple significant brokerage roles. As coordinator brokers,
the government actors are connecting two other government organiza-
tions. As itinerant brokers, the government actors are connecting to two
organizations of a different categorization. While not explicitly con-
tained within the analysis, the broader tendency for government
homophily, as well as the regional context, would suggest the
higher-level government organization were acting as itinerant brokers
between two municipalities. In the role of gatekeeper or representative,
which due to the undirected network are equivalent, the government
broker was connecting another government organization to an organi-
zation of a different category. This prominent role of government actors
as brokers is similar to the findings of Fliervoet et al. (2016) where
government actors were prominent bridges in both the flooding and
nature-focused networks.

4. Conclusion

Analysis of the flood planning collaboration network in the Wolastoq
| Saint John River Basin revealed active roles of government agencies
and NGOs. This active collaboration of multiple types of organizations
emphasises the ongoing shift towards adaptive governance for
addressing complex environmental challenges. The composition of the
flood planning collaboration network, coupled with findings from
Exponential Random Graph Models (ERGM), sheds light on potential
emerging challenges associated with such a shift. These challenges un-
derscore the importance of proactive measures to foster strategic
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Table 3
Total brokerage counts by organizational location using Gould-Fernandez brokerage measures.
Coordinator Itinerant broker Gatekeeper Representative Liaison Total

Upper 2% 0 1 0 4
Middle 0 6 2 4 14
Lower 26 34 29 2 120
Multi Basin 162+ 98 172 172 86 690*
Total 190%** 138 204%* 204%* 92 828%**

The p-values are represented as significance codes (*** p<0.001, ** p<0.01, * p<0.05)

Table 4

Total brokerage counts by organizational subgroup using Gould-Fernandez brokerage measures.

Coordinator Itinerant broker Gatekeeper Representative Liaison Total

Municipalities 2 34 7 7 46 96
Upper-Level Government 20* 160** 84* 84* 70 418**
Other 150 10 72 72 10 314
Total 172%** 204** 163 163 126 828***

The p-values are represented as significance codes (*** p<0.001, ** p<0.01, * p<0.05)

collaboration that can enhance the capacity for adaptive flood
governance.

The tendency towards bonding structures in the network may indi-
cate flood planning presents a high-risk problem due to possible partner
defection (Berardo and Scholz, 2010), questionable benefits of collab-
orative relationships (Nohrstedt and Bodin, 2019), or the need to
negotiate goals and objectives (McAllister et al., 2015; McAllister et al.,
2017). This tendency can be partially explained by the organizational
and institutional composition of the network. Organizations engaged in
flood planning in this context hold various roles, authorities, and juris-
dictions and are subject to different resource availability and consis-
tency, which can impact collaborative relationships. Governance
systems with resource limitations may require stronger relationships
and/or more repeated interactions to produce effective collaborations.
However, while a tendency for bonding structures can facilitate
repeated interactions and the trust essential for effective flood planning,
the reinforcement of existing relationships can, over time, stifle the
introduction of new perspectives and ideas, hindering the ability to
innovate and adapt to evolving flood risks.

While the prominent brokerage role of a few NGOs in this network
can help address the challenges posed by the tendency towards bonding
structures, it also introduces a vulnerability. The strategic positioning of
these NGOs can facilitate the exchange of information and resources
between otherwise disconnected groups, fostering collaboration and
innovation within the network. However, any decrease in capacity in
any one organization may disrupt the brokerage links connecting other
organizations, potentially compromising the network’s effectiveness.
Redundancy, to an extent, is critical to ensure function remains if re-
lationships in the network disappear. There might be an opportunity to
expand collaborative efforts within the basin while keeping in mind the
existing tendency for closed network structures. Additional relationships
that create links between cohesive groups, if manageable, may reduce
part of the weakness of the current structure, and support increased
learning and access to resources (McGlynn et al., 2023).

There are also opportunities for increased collaboration between
municipalities. Municipalities often have similar mandates and deal
with similar types of issues, making further collaboration among them
potentially resource efficient and effective. Upper-level government,
while currently acting as brokers between municipalities, may be able to
formally support and provide mechanisms for increased collaboration
between municipalities. Additionally, there are opportunities for NGOs
to collaborate with more municipalities. These collaborations may
provide unique expertise and knowledge, and support integrating the
historic emergency management and the emerging flood planning
networks.

This study highlights how the structure of the collaboration network
can be enhanced to better support adaptive flood governance. However,
structure alone is not sufficient. while flood planning requires connec-
tions across jurisdictions, sectors, and industries, and benefits from a
multitude of approaches, recommendations for increased collaboration
without adequate support to promote effective engagement throughout
the basin will continue to be inadequate to comprehensively address
increasing flood risks. Regional governance structures are often limited
by conflicting priorities and limited resources, with impacts on resil-
ience (Birchall et al., 2023; McGlynn et al., 2023). Upper-level govern-
ment agencies have a role in supporting and guiding adaptive flood
planning efforts. Flooding in a changing climate is a particularly com-
plex phenomenon that will have different regional outcomes. Gover-
nance needs to be adaptive, involve the full constellation of actors, and
simultaneously addressed at multiple levels, with careful attention to
their interactions.
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