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Abstract: Housing resilience planning is a challenging process that requires active participation of multisector stakeholders, including
public agencies, private industries, nongovernmental organizations (NGOs), academia, and community residents. Despite the importance
of multisector stakeholder collaboration and engagement, there is limited understanding of how stakeholders collaborate and engage in
housing resilience planning. To address this gap, this study used social network analysis (SNA) to analyze how multisector stakeholders
collaborate in producing housing resilience-focused plans, reports, and guidelines. A bipartite SNA model was built based on the data col-
lected from 39 housing resilience planning documents in the Greater Miami and the Beaches (GM&B) region, including the City of Miami,
the City of Miami Beach, and Miami-Dade County. Three network centrality measures were computed, and exponential random graph model
(ERGM) analysis was performed to analyze the network. This study found that there are significant differences in the centrality measures
across different stakeholder sectors. Among them, public agencies and academic stakeholders contributed more to housing resilience plan-
ning, whereas the involvement of community residents was relatively limited compared with that of the other sectors. In addition, the results
suggest that more-balanced, decentralized, and intersector collaboration mechanisms may be needed to enhance housing resilience planning.
The findings from this study offer knowledge of and insight into how to facilitate more-effective multisector stakeholder collaboration in
planning for housing resilience. DOI: 10.1061/(ASCE)NH.1527-6996.0000594. © 2022 American Society of Civil Engineers.
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Introduction

Over the last few decades, the growing intensity and frequency
of natural hazards, including floods, droughts, hurricanes, and
earthquakes, have become a global concern to human society
(UNISDR 2012). Incorporating housing resilience planning into
cities’ development is one of the critical strategies to help commun-
ities prepare for, respond to, and recover from actual or potential
natural hazards. However, resilience planning is a challenging
task because it requires effective engagement and collaboration
among multisector stakeholders, including public agencies, private
industries, nongovernmental organizations (NGOs), academia, and
community residents (Kapucu and Garayev 2011; Taeby and Zhang

2019; Gosain et al. 2022). According to Presidential Policy Direc-
tive-8: National Preparedness (The White House 2011), every sec-
tor, not just government, should be involved in a systematic manner
to keep the nation safe and resilient when struck by natural hazards.
The FEMA Strategic Plan (FEMA 2018, p. 9) pointed out that “one
lesson we learned from the catastrophic 2017 hurricane season is
that no one department or agency can undertake this effort alone.”
There has been an increasing need to integrate stakeholders from
multiple sectors in the predisaster collaboration to improve the
resilience of communities (FEMA 2018). Multisector stakeholder
collaboration and engagement could provide a platform that brings
people together to reflect the opinions of different parties. It also
could increase knowledge sharing and facilitate effective disaster
planning strategies toward building a resilient community (Djalante
2012; Sitas et al. 2016; Pathak et al. 2020).

Although the importance of multisector stakeholder collabora-
tion has been recognized widely in the disaster literature, there cur-
rently are few studies that focused on understanding how different
sectors of stakeholders are involved in the resilience planning proc-
esses. Over the last two decades, many research studies (e.g., Chang
et al. 2008; Kapucu and Garayev 2011; Ganapati and Mukherji
2014; Burnside-Lawry and Carvalho 2016; Pyke et al. 2018) have
highlighted the importance and urgency of engaging stakeholders
from different backgrounds to support the development of resilient
communities. These studies emphasized that effective stakeholder
collaboration is one of the key factors that enhance the resilience of
communities in response to disasters (Djalante 2012; Gimenez
et al. 2017; Marana et al. 2018; Berke et al. 2021). Many research-
ers (e.g., Li et al. 2014; Sitas et al. 2016; Desportes et al. 2016;
Zhang et al. 2019; Pathak et al. 2020; Li et al. 2021) proposed
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various approaches to facilitate the engagement and collaborations
among multisector stakeholder groups in disaster contexts. How-
ever, to our knowledge, these studies have not offered a system-
atic examination of the status of stakeholder collaboration and/or
involvement in the disaster resilience planning process.

To address the knowledge gap, this research analyzed how
multisector stakeholders collaborate and contribute to housing
resilience planning using social network analysis (SNA). SNA in-
vestigates the patterns of social relationships and interactions
among actors in a bounded social system, and it has been applied
in various research areas in the last few decades, such as political
science (e.g., Kleinnijenhuis and de Nooy 2013; Xiong et al. 2021),
public policy and administration (e.g., Provan and Kenis 2008),
biology (e.g., Horvath 2011), agriculture (e.g., Hermans et al.
2017), healthcare (e.g., Pow et al. 2012), and civil engineering
areas (e.g., Vechan et al. 2014; Sadri et al. 2017). This research
applied SNA to address the following research questions:

R1: Which sector of stakeholders is the most influential (or the
least influential) in housing resilience planning processes?

R2: Are there significant differences across different stakeholder
sectors in contributing to housing resilience planning?

R3: Is the multisector stakeholder collaboration system central-
ized or decentralized in housing resilience planning?

R4: What forms of stakeholder collaboration (e.g., intrasector
collaboration or intersector collaboration) are more dominant in
housing resilience planning?

This study focused on an area of South Florida referred to as
the Greater Miami and the Beaches (GM&B) region. This region
was selected because it is especially sensitive to housing resilience
issues due to its exposure to multiple natural hazards (e.g., flooding,
hurricanes, and sea-level rise) and social stresses and crises (e.g., so-
cial inequalities and affordability). In this study, first, a bipartite
SNA model was built based on the data collected from 39 docu-
ments related to housing resilience planning in the GM&B region,
including the City of Miami, the City of Miami Beach, and Miami-
Dade County in Florida. Second, network centrality measures, in-
cluding degree centrality, eigenvector centrality, and betweenness
centrality, were computed to describe the structure of the network
and the positions of the stakeholders. Third, a bipartite exponential
random graph model (ERGM) was built based on the observed
SNA model to estimate the drivers of tie formation in the network.
The results show that there are significant differences in the central-
ity measures across the five stakeholder sectors. Public agencies
and academic stakeholders contributed more to housing resilience
planning, whereas the involvement of community residents was rel-
atively limited compared with that of the other sectors. In addition,
the results show that centralized and intrasector collaboration is
more dominant in housing resilience planning, which may suggest
that decentralized and/or intersector collaboration mechanisms are
needed. The findings from this study could help facilitate more-
effective and collaborative housing resilience planning.

The remainder of the paper reviews the relevant literature
and identifies the knowledge gaps; explains the research context
and methodology; presents and discusses the results; and con-
cludes with a summary of the study, contributions, and future
recommendations.

Literature Review of Multisector Stakeholder
Collaboration in Disasters

Many areas across the world are exposed to a variety of disaster
risks. Coastal areas, in particular, are subject to various climate
change–induced risks and hazards (e.g., extreme weather, sea-level

rise, and flooding) (Boyd and Juhola 2015). The increasing fre-
quency and intensity of these risks require our communities to plan
for resiliency. Resilience is defined as the ability to anticipate,
prepare for, and adapt to changing conditions and withstand, re-
spond to, and recover rapidly from disruptions (The White House
2013). The concept of resilience has become increasingly popular
among policymakers and academics. To facilitate community resil-
ience, it is imperative to integrate resilience with housing planning
to deal with uncertainties and complexities due to both rapid- and
slow-onset disasters. The importance of integrating resilience with
housing planning has been emphasized by many studies (e.g., Jones
2017; Gosain et al. 2022; Sen et al. 2021). There also is a growing
recognition that resilience planning should not be led only by
governments, but rather should be co-led by governments and non-
governmental stakeholders together (Tierney 2012; Coaffee and
Lee 2016). According to the National Oceanic and Atmospheric
Administration (NOAA 2015), stakeholders are defined as those
who have an interest in or are affected by a decision. In our study,
we defined stakeholders as the groups or organizations who are
responsible for, impacted by, or interested in resilience planning
processes. These stakeholders include public agencies, private in-
dustries, NGOs, academia, and community residents. Resilience
planning for housing is a challenging task because it is a complex
social issue that requires dynamic and active participation and
collaboration of various stakeholders (Marana et al. 2018; Ganji
et al. 2019).

The benefits and challenges of multistakeholder collaboration
are well recognized in the literature (e.g., Kapucu and Garayev
2011; Sitas et al. 2016; Gerkensmeier and Ratter 2018). Multisector
stakeholder collaboration involves the joint participation of stake-
holders from different sectors to work together and integrate each
sector’s interests and values to solve complex problems. By openly
discussing and acknowledging different sectors’ needs and con-
cerns, multisector stakeholder collaboration can largely reduce po-
tential conflicts during decision-making processes (Waugh and
Streib 2006; Kapucu and Garayev 2011; Zhang et al. 2019). In ad-
dition, effective collaboration is expected to enhance social learn-
ing if stakeholders from different sectors are able to inform and/or
learn from each other about their knowledge of resilience planning
(Keen et al. 2005; Reed et al. 2010). More importantly, multisector
stakeholder collaboration facilitates trust among different stake-
holders. Building trust among various stakeholders will make them
more likely to form connections in the future to collectively re-
spond to disaster risks (Desportes et al. 2016). However, a number
of challenges have been identified for multisector stakeholder col-
laboration in resilience planning, such as difficulty in identifying
appropriate stakeholders to be involved in planning processes, in-
effective communication and information sharing, inappropriate
distribution of resources (e.g., skills and funding), and lack of lead-
ership (Desportes et al. 2016; Ishiwatari 2019).

To address these challenges, extensive studies have been con-
ducted on facilitating stakeholder collaboration in various disaster
contexts, such as floods (e.g., Desportes et al. 2016; O’Donnell
et al. 2018; Ishiwatari 2019), earthquakes (e.g., Orchiston and
Higham 2014; Xu and Lu 2018; Jayasinghe et al. 2020), wildfires
(e.g., Fischer et al. 2016; Errett et al. 2019; Charnley et al. 2020),
volcanos (e.g., Cronin et al. 2004; Texier-Teixeira et al. 2014), and
hurricanes (e.g., Li et al. 2020; Pathak et al. 2020; Dunning 2020).
The majority of these studies focused on exploring stakeholder col-
laboration in the context of disaster response or recovery, and
placed less focus on long-term mitigation or resilience planning.
For example, Simo and Bies (2007) explored nonprofits’ involve-
ment in cross-sector collaborative efforts in the response phase
of Hurricane Katrina and Rita. Kapucu (2014) used the National
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Disaster Recovery Framework (NDRF) (FEMA 2010) as an exam-
ple to explore the application of the principle of collaborative gov-
ernance in disaster recovery. Jiang and Ritchie (2017) investigated
stakeholders’motivations for collaboration, factors that facilitate or
impede stakeholder collaboration, and successful elements and
challenges for effective collaboration in the context of tourism dis-
aster recovery. Lu et al. (2018) investigated multisector stakeholder
collaboration in postdisaster reconstruction through case studies of
the Longmen Shan fault area in China and the response to earth-
quakes. Curnin and O’Hara (2019) explored the barriers and ena-
blers of interorganizational collaboration between the nonprofit and
public sectors during disaster recovery efforts after a flooding event
through in-depth interviews.

In addition, many studies (e.g., Desportes et al. 2016; Sitas et al.
2016; Foley et al. 2017; Pathak et al. 2020; Li et al. 2021) have
introduced new approaches to facilitate multisector stakeholder col-
laboration in response to disasters. However, those studies did not
focus on analyzing the existing collaboration conditions among the
stakeholders. For example, Desportes et al. (2016) identified the
barriers (e.g., lack of information, funding, and expertise) to multi-
sector stakeholder collaboration and highlighted the importance of
engaging academic stakeholders in flood risk governance through a
case study of the flood-prone informal settlement of Sweet Home in
Cape Town. Zhang et al. (2019) proposed a stakeholder value ag-
gregation model to facilitate collaborative decision-making on dis-
aster resilience by using a reinforcement learning-based method.
Pathak et al. (2020) offered strategies for multisector stakeholder
collaboration by exploring stakeholder values and how their value
priorities changed across different phases of a disaster. Li et al.
(2021) proposed a plan evaluation framework to identify various
stakeholders’ preferences for different disaster plans to improve
the quality of resilience planning.

Previous studies have offered valuable contributions to multi-
sector stakeholder collaboration in the disaster context. However,
two main knowledge gaps remain unfilled. First, there is a lack of
stakeholder collaboration literature that focuses on housing resil-
ience planning or disaster mitigation. Existing studies (e.g., Kapucu
2014; Jiang and Ritchie 2017; Curnin and O’Hara 2019) empha-
sized the importance of multisector stakeholder collaboration in
various disaster contexts, and most focused on disaster response
and recovery phases. More attention should be paid to the mitiga-
tion phase, because it could reduce the long-term risks to human
lives and properties due to natural hazards. Although some studies
have focused on mitigation planning (e.g., Petak 2002; Mojtahedi
and Oo 2017; Li et al. 2020), those studies did not focus on housing
resilience planning in particular. Housing is a key component of a
resilient city that allows people to cope with risks and disturbance
(Porter et al. 2018). Building housing resilience has become a prior-
ity among governments because it can help protect lives from disas-
ters and build resilient communities (TWB 2019; Gosain et al.
2022). Second, there is a lack of research that examines the current
stakeholder collaboration mechanisms in housing resilience plan-
ning. Although many studies (e.g., Sitas et al. 2016; Pathak et al.
2020; Li et al. 2021) have proposed different approaches to facili-
tate multisector stakeholder collaboration in disaster contexts, those
studies have not focused on studying how these stakeholders col-
laborate when dealing with resilience issues in practice. The
involvement of various stakeholder sectors largely influences resil-
ience planning processes. There also is a need to understand the
roles, capabilities, influences, and/or interactions of different stake-
holder sectors. Understanding stakeholder involvement and rela-
tionships in housing resilience planning is imperative because it
may offer insight into and solutions for more-effective stakeholder
collaboration.

Research Context and Methodology

GM&B is a low-lying but heavily developed coastal area located in
the southeast of Florida. It includes Miami-Dade County, the City
of Miami, and the City of Miami Beach. Compared with other re-
gions or areas in the US, the GM&B region was selected for this
study because this region has become increasingly vulnerable to
multiple natural hazards (e.g., hurricanes, flooding, and sea-level
rise) and social stresses and crises (e.g., social inequalities and af-
fordability), which places the local housing market in an urgent
need for resilience planning. This region provides an important
case study for housing resilience planning, which may serve as
a descriptive model illustrating how a major coastal region coop-
erates to mitigate future hazards.

Over the last several decades, the GM&B region has been se-
verely impacted by several major disasters. For example, in 1992,
Hurricane Andrew hit the GM&B region, leaving 175,000 people
homeless. In 2005, two hurricanes—Hurricane Katrina and Hurri-
cane Wilma—affected this region within a period of 1 month and
caused $2.9 billion of damage, leaving many neighborhoods with
no power for weeks (GM&B 2019). In 2017, Hurricane Irma
caused a massive evacuation of local residents, and it took several
months for clean-up and recovery. In addition, research shows that
the sea level has risen by 4 in. since 1992, and an additional ap-
proximately 3–7 in. of sea-level rise is expected by 2030, which
could cause serious erosion and damage to the already aging hous-
ing and infrastructure (GM&B 2019). Hanson et al. (2011) found
that Miami is the top globally ranked city in terms of assets exposed
to projected coastal flooding by 2070. In addition, many local hous-
ing stocks are old and not compliant with the current building co-
des. Approximately 86,519 residential structures in Miami-Dade
County were built before 1990, and they are considered to be
the most vulnerable to potential disasters such as hurricanes and
flooding. With natural hazards becoming more frequent and dam-
aging, the vulnerable housing in the GM&B region is at high risk
(Murray and Zyryanova 2020).

In addition, the GM&B faces severe social stresses and crises in
terms of housing affordability, which exacerbates the existing so-
cial inequalities and conflicts (Florida and Pedigo 2019). In 2019,
the GM&B ranked as the seventh least-affordable large metropoli-
tan area in the world, and about 6 of 10 employed residents were
housing cost-burdened, meaning that these residents spent more
than 30% of their incomes on housing (Florida and Pedigo 2019).
Recent inflation in the consumer price index in the United States
has dramatically worsened the problem in just the last year. For
example, Redfin.com estimates that Miami home prices may in-
crease 28% during the summer of 2022, and Realtor.com predicts
that rent prices may increase 57.1% compared with the previous
year (Redfin 2022; Xu and Hale 2022). The housing affordability
crisis in this region has further exacerbated its high level of social
inequality. As rents and housing prices continue to rise while in-
comes fail to keep pace, a disproportionate burden is placed on
minorities and/or the economically disadvantaged, which worsens
existing social inequalities and conflicts. Moreover, the mounting
threats posed by climate change and sea-level rise will only exac-
erbate the region’s housing affordability crisis over time (Florida
and Pedigo 2019). Such a crisis affects the residents’ lives and
poses a major threat to the region’s long-term social stability
and economic prosperity (Florida and Pedigo 2019).

Ensuring a safe, decent, and affordable housing environment
is a basic human necessity, and it has become an imperative
policy priority in the GM&B region (Murray and Zyryanova
2020). Thus, there is an urgent need to facilitate housing resilience
planning in response to potential challenges. The GM&B joined the
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100 Resilient Cities in 2016, which was launched by the Rockef-
eller Foundation to improve the resilience of the cities around
the world in response to various physical, social, and economic
challenges in the 21st century (GM&B 2019).

In our research, a conceptual bipartite SNA model was built to
represent the multisector stakeholder collaboration and engagement
network on housing resilience planning. The relevant data then
were collected to build the SNA model. The model was analyzed
using two main methods: centrality measures that describe the po-
sitioning of the stakeholders in the network; and ERGM analysis
that provides an inferential basis for estimating drivers of tie for-
mation in the network. Network centrality measures use the graph
theory to calculate the importance of nodes in the network, whereas
ERGM infers drivers of network formation by explicitly modeling
dependencies in tie formation using simulation techniques. Fig. 1
provides an overview of the methodology. The following sections
describe the methodology in detail.

Conceptual Bipartite SNA Model

A bipartite SNA model was built to analyze the collaboration and
involvement of multisector stakeholders in housing resilience plan-
ning. There are two sets of nodes in the proposed SNA model. One
set of nodes represents the housing resilience planning documents,
and the other set of nodes represents the stakeholders involved in
developing these housing resilience planning documents. In this
type of two-mode, or bipartite, network, a tie or connection exists
only between a stakeholder and a planning document, to represent
the stakeholder’s contribution to the housing resilience planning
document. This kind of social network is also known as an affili-
ation network in network science (Wasserman and Faust 1994).
Compared with a one-mode network, a two-mode network can re-
present an affiliation network in an effective and visually observ-
able manner.

Data Collection and Network Visualization

To collect the data for the proposed bipartite network, we sys-
tematically reviewed all the formal documents published on
government websites, including the websites of all the offices
or departments (e.g., Division of Emergency Management and
Department of Housing and Community Development) of the City
of Miami, the City of Miami Beach, and Miami-Dade County.
Three major inclusion criteria were followed in the systematic re-
view. First, the topics of the documents had to relate to “housing”
and at least one topic among “emergency,” “resilience,” or “disas-
ter,” which ensured the contents of the selected documents were
relevant. Second, the types of the documents had to be plans,
reports, or guidelines, because these types of documents typically

offer formal strategies for or guidance on housing resilience plan-
ning. Third, because we focused on analyzing housing resilience
planning in recent years, the publication year of the documents
was from 2010 to 2021. Using these inclusion criteria, a total of
39 documents were included in our analysis. The distribution of
these documents based on the inclusion criteria is summarized
in Table 1.

After collecting all the housing resilience planning documents,
two sets of nodes of the SNA model were coded for analysis. To
code the first set of nodes, all the titles of documents were extracted
and abbreviated using acronyms for the titles. Based on the plan-
ning scope of the documents, they were classified into three levels:
city level, county level, and regional level. To code the second set of
nodes, the names of the stakeholders that contributed to each docu-
ment were identified and abbreviated with unique acronyms. To be
specific, the stakeholders were identified when their names were
listed as authors, collaborators, and/or contributors in the resilience
planning documents. Based on a comprehensive literature review of
stakeholders in disasters (e.g., Mojtahedi and Oo 2017; Al-Fazari

Fig. 1. Overview of methodology.

Table 1. Distribution of documents by region, year of publication, and
scope

Feature Number of documents

Region
City of Miami 12
City of Miami Beach 8
Miami-Dade County 17
City of Miami and Miami-Dade County 1
City of Miami, City of Miami Beach,
and Miami-Dade County

1

Year of publication
2021 1
2020 6
2019 9
2018 6
2017 6
2016 5
2015 3
2012 1
2011 1
2010 1

Scope
Housing and resilience 2
Housing and emergency 5
Housing and disaster/emergency 9
Housing and resilience/emergency 7
Housing and resilience/disaster/emergency 16
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and Kasim 2019; Seifi et al. 2019; Pathak et al. 2020), the stake-
holders were classified into five categories: public agencies, private
industries, NGOs, academia, and community residents. A tie be-
tween the nodes occurred when a stakeholder made contributions
to the planning document, creating a bipartite stakeholder-by-
document network. Stakeholders therefore were connected indi-
rectly (affiliated) to each other through the planning document.
Thus, the ties represented the affiliation relationships between the
stakeholders and the housing resilience planning documents. In this
study, the analysis treated the bipartite network as an undirected
(i.e., the edges do not have directionality) and binary (i.e., the edges
are nonvalued) network. The network was generated from these
data and visualized using Gephi version 0.9.1.

Network Centrality Measures

To answer Research question R1, three network centrality
measures were used to describe the positions of the stakeholders
in the network: degree centrality, eigenvector centrality, and betwe-
enness centrality. Each centrality measure analyzes the social net-
work from a unique perspective to show the importance of a given
node. Degree centrality [Eq. (1)] counts the number of direct ties
to which a focal node is connected (Newman 2008). It shows the
“popularity” of a node (Freeman 1978; Newman 2008). In our
network, degree centrality was measured to indicate the number
of housing resilience documents to which each stakeholder
contributed. The average degree centrality of each stakeholder sec-
tor was obtained by averaging the degree centralities of all stake-
holders that belonged to that particular sector. A higher degree
of centrality for a stakeholder sector implies that this stakeholder
sector is more popular and contributes more to housing resilience
planning

CdðiÞ ¼
XN

j¼1

xij ð1Þ

where CdðiÞ = degree centrality of node i; i = focal node; j = an-
other node; xij = binary adjacency matrix, where xij ¼ 1 if node i is
directly connected to node j, and 0 otherwise; andN = total number
of nodes in network.

Compared with degree centrality, eigenvector centrality
[Eq. (2)] further considers the influence of nodes to which a focal
node is connected (Newman 2008). Eigenvector centrality ac-
knowledges that a focal node is more influential when the neigh-
boring nodes themselves are more influential (Newman 2008). In
our network, the eigenvector centrality measures the importance of
a stakeholder based on the importance of its adjacent nodes, which
are the housing resilience planning documents. The average eigen-
vector centrality of each stakeholder sector was calculated by aver-
aging the eigenvector centralities of the stakeholders that belonged
to that particular sector. A higher average eigenvector centrality for
a stakeholder sector indicates that this stakeholder sector is con-
nected to those important planning documents (i.e., those planning
documents with high eigenvector centralities themselves), thus
making this stakeholder sector more important in the housing resil-
ience planning processes

CevðiÞ ¼
1

λ

XN

j¼1

xijCevðjÞ ð2Þ

where CevðiÞ = eigenvector centrality of node i; λ is a constant;
xij is the binary adjacency matrix; CevðjÞ = eigenvector centrality
of node j; and N = total number of nodes in network.

Betweenness centrality [Eq. (3)] is a network measure that ac-
counts for the shortest path of the whole network (Freeman 1978).
It measures how often a node lies on the shortest path between
two other nodes (Freeman 1978). Nodes with higher betweenness
centralities are considered to have higher influence or control over
information flow. In our study, the betweenness centrality of each
stakeholder was analyzed to measure how often a stakeholder was
between two other nodes. The average betweenness centrality of
each stakeholder sector then was obtained. A higher average betwe-
enness centrality for a stakeholder sector indicates that this stake-
holder sector has powerful control of information flow, thus making
itself important in the whole network

CbðiÞ ¼
X gjkðiÞ

gjk
; i ≠ j ≠ k ð3Þ

where CbðiÞ = betweenness centrality of node i; gjk = number of
shortest paths between node j and node k; and gjkðiÞ = number of
those paths that go through node i. The descriptive centrality mea-
sures were calculated using the igraph package version 1.2.6 in R
version 3.6.1 (Csardi and Nepusz 2006).

To answer Research question R2, the Kruskal–WallisH test was
performed to assess whether there were significant differences in
the network measures across different stakeholder sectors. The
Kruskal–Wallis H test is a nonparametric test that typically is used
for comparing the differences among three or more independent
samples (Leard Statistics 2021). The results of the test were inter-
preted through the probability value (p-value). If the p-value is less
than 0.05, there are significant differences across different sectors.
Post hoc pairwise comparison tests (i.e., Mann–Whitney U tests
with a Benjamini and Hochberg correction) then were performed
to test which pairs of stakeholder groups were significantly
different.

Exponential Random Graph Model

To answer Research questions R3 and R4, ERGM analysis was
performed to analyze multisector stakeholder involvement in hous-
ing resilience planning processes. ERGM is a statistical inference
model that is useful for modeling complex social networks. It aims
to identify factors that influence the probability of a simulated
network evolving with similar properties to the observed social
network (Lusher et al. 2013). The traditional statistical methods,
such as the logistic model, are based on the assumption of network
tie independence, which is not suitable for SNA as SNA is intrinsi-
cally interdependent (Wasserman and Faust 1994). Although
ERGMs have become quite common in the networks literature,
ERGMs are less commonly used to analyze bipartite social net-
works (e.g., Hamilton et al. 2018; Mauldin et al. 2021; Lubell
and Robbins 2022). The formation of ties in a social network is
the result of many factors that interact. ERGM assumes that the
network ties are interdependent, and it predicts the probability
of tie formation between nodes (Lusher et al. 2013; Koskinen
and Daraganova 2013). Endogenous structural effects such as reci-
procity, popularity, and triad closure affect the tie formation, as in
the human social network. Exogenous covariates, such as attributes
of nodes or ties, also influence how a network tie is formed (Wang
et al. 2009; Lusher et al. 2013). The general form of the ERGM
is shown in Eq. (4) (Hunter et al. 2008). ERGM is estimated
by Markov-chain Monte Carlo maximum-likelihood estimation
(Hunter et al. 2008)

PðY ¼ yÞ ¼ expðθ 0sðyÞÞ
kðθÞ ð4Þ
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where Y = random variable for the state of the network (with reali-
zation y); sðyÞ = vector of model statistics (including endogenous
effects and exogenous covariates) for network y; θ = vector of co-
efficients for those statistics; and kðθÞ = normalizing constant in the
numerator that is summed over all possible networks.

In our ERGM analysis, the stakeholder was the first mode of the
network, and the resilience planning document was the second
mode of the network. Six ERGM terms were selected in our ERGM
analysis: edge, gwb1degree, gwb2degree, b1factor, b2factor, and
b1nodematch. Our analysis started with the simplest ERGM term,
edges, which measured the total number of edges in the network.
This term was used to control the overall density of the network.
Then two endogenous structural terms, the geometrically weighted
degree (GWD) distribution of the stakeholders (gwb1degree) and
the GWD distribution of the housing resilience planning documents
(gwb2degree) were studied. These two terms were based upon the
structural configurations of the whole network. These terms model
the distribution of degrees across all nodes in the network rather
than measuring specific degree values (Hunter and Handcock
2006). The results of these two terms reflect the overall tendency
of network dispersion; a negative coefficient indicates a strong cen-
tralization tendency, and a positive coefficient indicates a strong
dispersion tendency in the network (Koskinen and Daraganova
2013). In our study, a negative result of gwb1degree indicates that
the degree distribution of the network centers around a few stake-
holders. Specifically, a few very active stakeholders contributed to
many housing resilience planning documents, and the majority of
stakeholders contributed to a few housing resilience planning docu-
ments. Similarly, a negative result of gwb2degree indicates that the
degree distribution of the network centers around a few housing
resilience planning documents—i.e., a few housing resilience
documents had many stakeholders involved, and most housing
resilience planning documents had a few stakeholders involved.
When performing the analysis, the same decay value was used
for both gwb1degree and gwb2degree. The decay value that was
tested ranged from 0.1 to 0.9 in increments of 0.1. The model that
generated the smallest Akaike information criterion (AIC) and
Bayesian information criterion (BIC) was identified as the best
model.

In addition to the structural terms, the exogenous covariates
were explored to describe the influence of node attributes on net-
work formation. Terms b1factor and b2factor were used to explore
the number of times a node in one mode formed connections with
nodes in the other mode. Specifically, b1factor explored the prob-
ability relationships among different stakeholder sectors (i.e., pub-
lic, private, NGOs, academia, and community residents) when
forming ties with the housing resilience planning documents. Term
b2factor studied the probability relationships among different lev-
els (e.g., city level, county level, and regional level) of housing
resilience planning documents when forming ties with the stake-
holders. In addition, b1nodemacth term was analyzed to test the
homophily effect of the first mode (i.e., stakeholders). A positive
result of b1nodemacth term indicates the existence of the homo-
phily effect in the network, which means that two stakeholders
within the same sector were more likely to form ties with the same
housing resilience planning document.

The analysis of ERGM was conducted in R, using the statnet
version 2019.6 software package (Hunter et al. 2008; Handcock
et al. 2008). The ERGM was evaluated by comparing the network
statistics drawn from the simulated networks with the observed net-
work to describe how well the model fitted the observed network.
The goodness-of-fit plots of the ERGM are shown in the Appendix.
Overall, our ERGM converged and fitted well, which means the
ERGM results are valid for further interpretation.

Results

Results of Network Visualization

The visualization of the bipartite SNA model is shown in Fig. 2.
The circular nodes represent the collected housing resilience plan-
ning documents, and nodes of other shapes represent the stakehold-
ers from different sectors. The size of each node is based on the
degree centrality of the node. A total of 305 nodes and 476 ties
were identified in the network, in which 266 nodes are stakeholders
and 39 nodes are housing resilience planning documents. There are
relatively larger numbers of stakeholders from public agencies,
private industries, and NGOs: 81 public stakeholders (triangles),
80 private stakeholders (pentagons), and 90 NGO stakeholders
(squares). In contrast, stakeholders from academia and community
residents are relatively few: only 10 stakeholders from academia
(hexagons) and 5 stakeholders from community residents (hepta-
gons). Based on the sizes of the nodes (degree centrality), Miami-
Dade County, the City of Miami, the City of Miami Beach, the City
of Miami Garden, and North Bay Village are the public stakehold-
ers that contributed the most to housing resilience planning. Florida
Power & Light and JPMorgan Chase & Co. are the most-engaged
private stakeholders. Catalyst Miami, South Florida Community
Development Coalition, and Miami Homes for All are the NGOs
that were involved more in housing resilience planning. The aca-
demic stakeholders, such as the University of Miami, Florida
International University, Miami Dade College, and the University
of Florida, were found to have made more contributions to these
planning documents. Except for the University of Florida, all these
universities are located in South Florida.

Results of Network Centrality Measures

The results of network centrality measures, including average de-
gree centrality, average eigenvector centrality, and average betwe-
enness centrality of the five sectors of stakeholders, are shown in
Figs. 3–5, respectively. The academic and public stakeholders had
higher average degree centralities (3.100 and 2.580, respectively),
followed by the NGOs (1.567) and the private industries (1.125)
(Fig. 3). This indicates that academia and the public agencies have
relatively higher numbers of ties or connections to these housing
resilience planning documents. It implies that the stakeholders from
academia and public agencies are more involved in resilience plan-
ning processes, which may make them more experienced and in-
fluential in the network. In contrast, the community residents had
the lowest average degree centrality (1.000). This result shows that
each community representative is likely to contribute to only one
housing resilience planning document on average.

The stakeholders from public agencies had the highest average
value (0.120) of eigenvector centrality (Fig. 4). The academic sec-
tor had a relatively higher average eigenvector centrality (0.095) as
well, compared with those of the NGOs (0.033), private industries
(0.018), and community residents (0.009). This implies that the
stakeholders from public agencies and academia are more likely
to contribute to those important housing resilience planning docu-
ments (i.e., documents with high eigenvector centralities). Thus
they are considered to be the most influential and important sectors
in housing resilience planning processes. In contrast, the commu-
nity resident sector had the lowest average eigenvector centrality,
indicating they made limited contributions to the important housing
resilience planning documents.

There were large variations in the average betweenness central-
ities among the five sectors of stakeholders, and academic stake-
holders had the highest betweenness centrality (695.130) among
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all the sectors (Fig. 5). This indicates that the academic stakehold-
ers have the highest control power of bridging information flows in
the network and preventing network fragmentation. The stakehold-
ers from public agencies had a relatively higher value (387.471)
as well. These results reinforce the findings that the academic
and public stakeholders are the most influential sectors in housing
resilience planning processes because they control the information
exchange across different sectors. In contrast, the average betwe-
enness centralities for the NGOs, private industries, and community
residents were much lower (68.820, 13.984, and 0, respectively).
The zero result of average betweenness centrality for the commu-
nity resident sector indicates that the community residents have no
control power over information exchange, which further demon-
strates their least-influential role in planning processes.

After computing the network centrality measures of all stake-
holder sectors, Kruskal–Wallis H tests were performed to deter-
mine if there were significant differences among these stakeholder

sectors in each centrality measure. The p-values for the three net-
work centrality measures all were less than 0.05, which indicates
that there were significant differences in the centrality measures
among different stakeholder sectors. Post hoc pairwise comparisons
were conducted to test which pairs of sectors were significantly
different. Table 2 summarizes the results of the post hoc pairwise
comparisons. The p-values had similar patterns in the three network
measures (Table 2). There were significant differences between
five pairs of stakeholder sectors: public and private stakeholders,
public stakeholders and NGOs, public stakeholders and community
residents, private stakeholders and NGOs, and private and academic
stakeholders.

Results of Exponential Random Graph Model Analysis

The results of the ERGM analysis are summarized in Table 3. The
estimation result of the ERGM term gwb1degree was positive

Fig. 2. Bipartite network visualization.
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Fig. 3. Results of average degree centralities by stakeholder sector.
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Fig. 5. Results of average betweenness centralities by stakeholder sector.
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(3.745) and significant (p < 1 × 10−4). This result indicates that
this network is not a stakeholder-centered network, and there is
no preferential attachment effect identified among the stakeholders.
The result of gwb2degree was negative (−3.970) and significant
(p < 1 × 10−4). This indicates that this bipartite network is a
document-centered network, and there are high variations in the
number of stakeholders who are involved in housing resilience
planning documents. This implies that the ties tend to concentrate
on a few resilience planning documents, and those documents have
preferential attachments. In other words, a few housing resilience
planning documents have many stakeholders involved, and most
housing resilience planning documents have only a few stakehold-
ers involved.

Term b1factor explored the probability of each stakeholder
sector forming connections with housing resilience planning docu-
ments. In this analysis, the public agency was used as the reference
group. The b1factor coefficients for the NGOs, private industries,
academia, and community residents were −0.773,−1.706,−2.004,
and 0.921, respectively (Table 3). The results of b1factor all were
significant, with p-values lower than 0.05. These results indicate
that, when other network properties remain the same, the probabil-
ity of the public agencies forming a tie with housing resilience plan-
ning documents is 2.166 [exp (0.773)] times that of the NGOs,
5.505 [exp (1.706)] times that of the private industries, and 7.421
[exp (2.004)] times that of the community residents, and the prob-
ability of the academic sector forming a tie with housing resilience
planning documents is 2.512 [exp (0.921)] times that of the public
agencies. These results further reinforce the findings from central-
ity measure analysis that the academic and public stakeholders

are more likely to contribute to housing resilience planning
processes.

Analysis of b2factor focused on analyzing the probability of
each type of planning document when forming connections with
stakeholder sectors. In this analysis, the city-level planning docu-
ment was used as the reference group. The b2factor coefficients
for the county-level and regional-level were 0.556 and 0.557,
respectively (Table 3). The results suggest that the probability of
the county-level housing resilience planning documents forming
a tie with a stakeholder is 1.743 [exp (0.556)] times that of the city-
level documents, and the probability of the regional-level housing
resilience planning documents forming a tie with a stakeholder is
1.745 [exp (0.557)] times that of the city-level documents.

Term b1nodematch examines the homophily effect of the stake-
holder sector. The result was positive (0.075) and significant
(<1 × 10−4), which means that the stakeholders within the same
sector are more likely to contribute to the same housing resilience
planning documents together (Table 3).

Discussion

Contributions of Multisector Stakeholders

The results of network centrality measures and ERGM consistently
indicate that, compared with sectors such as NGOs, private indus-
tries, and community residents, public agencies contribute more to
housing resilience planning processes. This finding coincides with
those of other studies in the disaster domain (e.g., Li et al. 2020)
that identified public agencies as the most critical sector in resil-
ience planning processes. This may be due to the fact that public
agencies share a stronger sense of public responsibility for improv-
ing disaster resilience within communities (Raikes et al. 2019).
Such a sense of responsibility may come partially from legal or
policy requirements (e.g., the Robert T. Stafford Disaster Relief
and Emergency Assistance Act and Presidential Policy Directive/
PPD-8) that explicitly indicate the roles and responsibilities of
different divisions and sectors within public agencies. It also may
be because political leaders personally have the responsibility to
increase the resilience of cities with the goal of bringing benefits
to local communities and their own political futures (Valero et al.
2015; Crosweller and Tschakert 2021). In addition, public agencies
typically have a higher capability of coordinating various resources
(e.g., knowledge resources, human resources, and material resour-
ces) in resilience planning processes. They also may possess strong
leadership and organized structures that allow them to unite stake-
holders from different backgrounds to maintain collaboration rela-
tionships in resilience planning. Moreover, public agencies play a
vital role in providing sufficient resources (e.g., financial support,
emergency response services, and evacuation shelters) to support
resilience planning and/or ensure effective policy implementation
(Kusumasari et al. 2010).

Similar to public stakeholders, academic stakeholders also play
a critical role in developing housing resilience plans, as per our
results of network measures and ERGM analysis. The active par-
ticipation of academic stakeholders indicates that there is a positive
collaborative environment for policy decision-making that incorpo-
rates multiple epistemic perspectives toward solving complex pub-
lic problems (Raadschelders and Whetsell 2018). The continuing
potential disasters require scientific knowledge production and pol-
icy actions to reduce disaster risks (Weichselgartner and Pigeon
2015). Academic stakeholders offer their professional knowledge
and research expertise that support disaster resilience. They are
capable of offering scientific evidence and measurable outcomes

Table 2. Results of post hoc pairwise comparisons

Pairwise
combinations

Degree
centrality

Eigenvector
centrality

Betweenness
centrality

S1 versus S2 0.000a 0.000a 0.000a

S1 versus S3 0.001a 0.000a 0.025a

S1 versus S4 0.871 0.337 0.732
S1 versus S5 0.039a 0.008a 0.042a

S2 versus S3 0.001a 0.000a 0.001a

S2 versus S4 0.001a 0.036a 0.001a

S2 versus S5 0.524 0.384 0.525
S3 versus S4 0.162 0.200 0.151
S3 versus S5 0.162 0.337 0.165
S4 versus S5 0.134 0.221 0.134

Note: S1 = public agencies; S2 = private industries; S3 = NGOs; S4 =
academia; and S5 = community residents.
ap-value is significant at 0.05 level.

Table 3. Results of ERGM analysis

Network characteristics Estimate Standard error p-value

Edges −3.864 0.118 <1 × 10−4a
gwb1degree.fixed.0.2 3.745 0.501 <1 × 10−4a
gwb2degree.fixed.0.2 −3.970 0.692 <1 × 10−4a
b1factor.Type.NGOs −0.773 0.157 <1 × 10−4a
b1factor.Type.Private −1.706 0.284 <1 × 10−4a
b1factor.Type.Community −2.004 0.921 0.0295a

b1factor.Type.Academia 0.921 0.241 0.0001a

b2factor.Type.County level 0.556 0.105 <1 × 10−4a
b2factor.Type.Regional level 0.557 0.113 <1 × 10−4a
b1nodematch.Sector type 0.075 0.002 <1 × 10−4a

Note: The stakeholder is the first mode, and the housing resilience planning
document is the second mode.
ap-value is significant at 0.05 level.
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regarding resilience planning, thus ensuring that knowledge-driven
policies are being made. Having academic stakeholders play influ-
ential roles in a network allows all sectors to benefit from relevant
knowledge, expertise, and state-of-art innovations (e.g., high-tech
products and new methods). Thus, it maximizes the use of knowl-
edge and transfers them into policy practices (Abedin and Shaw
2015; Izumi et al. 2019). Moreover, academic stakeholders are able
to provide education and training to the public throughout resil-
ience planning processes, which raises public awareness and allows
the public to better respond to disasters (Seifi et al. 2019).

Our study found that the involvement of community residents in
housing resilience planning processes is relatively low compared
with that of all other sectors. After further investigating the contents
of the housing resilience planning documents, we found that com-
munity residents typically are not acknowledged formally as con-
tributing to the plans, and the discussion about their contribution
and involvement usually is vague. Furthermore, we found that the
limited number of community organizations that were represented
were dominated almost entirely by homeowner associations, which
represent only property owners, and do not represent renters or the
homeless. This seems to imply that a large segment of community
residents does not have much opportunity to participate in resil-
ience planning and their voices were not quite heard. Although
community engagement may be a time- and effort-consuming pro-
cess, it is crucial to the success of housing resilience planning.
Community residents are those who are impacted by the resilience
initiatives, and their thoughts and opinions reflect what users value
and need. Although there are many barriers (e.g., limited financial
resources, cultural diversity, and lack of trust in government) that
may impede community engagement (Gamboa-Maldonado et al.
2012; Geekiyanage et al. 2020), systemically involving community
residents remains imperative. Such engagement allows community
residents to openly express and discuss their values and needs,
which makes resilience initiatives more satisfactory and user-driven
(Lassa 2018). It also could empower community residents to be
more informed and supportive of resilience initiatives or invest-
ments, which eventually will lead to smoother and more-effective
policy implementation.

More-Balanced Collaboration Mechanisms Needed

This study found that various sectors of stakeholders have signifi-
cantly different levels of involvement or influence in housing
residence planning. This result suggests that more-balanced col-
laboration mechanisms are needed in this process. Although it is
expected that different stakeholder sectors may have varying levels
of involvement, an ideal collaboration network would allow for
more-balanced contributions in which different sectors of stake-
holders share some similar levels of involvement, influence,
and/or power of controlling information flows. Existing studies
(e.g., Abedin and Shaw 2015; Sharifi and Yamagata 2018; Lassa
2018; Seifi et al. 2019) emphasized the importance of involving
different stakeholder sectors in resilience planning. A more-
balanced collaboration mechanism will allow stakeholders from
different backgrounds to better express their unique needs, con-
cerns, and values, which could enhance multisector stakeholder
collaboration. Through a more-balanced collaboration mechanism
in resilience planning, the knowledge and needs of various stake-
holders can be better integrated into decision-making processes,
which could allow for more-appropriate distribution of resources,
thus facilitating social equality (in terms of service, goods, and op-
portunities) in resilience planning (Matin et al. 2018; Meerow et al.
2019). In addition, a more-balanced collaboration mechanism
shows equal respect to different stakeholder sectors, and it could

lead to better relationships and enhanced trust among different
stakeholders, which is necessary for effective housing resilience
planning (Meerow et al. 2019).

Decentralized Collaboration Systems Needed

This study found that there are different levels of stakeholder
engagement in various housing resilience planning processes.
The results from ERGM analysis (i.e., gwb2degree) show that
the majority of the plans have a few stakeholders involved, and only
a few housing resilience plans have many stakeholders involved.
This implies that the majority of stakeholder collaboration mech-
anisms for resilience planning are centralized, in which a few
major or central stakeholders dominate decision-making processes.
Despite the advantages of centralized collaboration such as high
efficiency in decision-making, centralized collaboration has been
criticized for not being effective in solving complex problems that
require multidisciplinary knowledge (Ernstson et al. 2008; Luthe
et al. 2012; Rijke et al. 2012). Resilience planning is a complex
social issue that requires active participation and collaboration
of various stakeholders (Marana et al. 2018; Ganji et al. 2019;
Gosain et al. 2022), which makes the centralized collaboration
mechanism unsuitable. Centralized collaboration may fail to inte-
grate the needs, values, and views of the peripheral stakeholders
into resilience planning processes. Our finding suggests that a
decentralized collaboration mechanism is needed, through which
both central and peripheral stakeholders can be involved in
decision-making processes. The task of resilience planning could
be distributed across various stakeholders through a decentralized
collaboration mechanism. Decentralized collaboration is suitable
for addressing complex problems because it offers more opportu-
nities to engage various stakeholders and facilitates social learning
and collaborative leadership (e.g., Bodin et al. 2006; Bodin and
Crona 2009; Rijke et al. 2012; Mojtahedi and Oo 2017; Sharifi
and Yamagata 2018), which is critical to facilitate efficient, equi-
table, and integrated development of housing resilience plans.

Intrasector Collaboration and Intersector Collaboration

The results of ERGM analysis (i.e., b1nodematch) show the
existence of the homophily effect in housing resilience planning
processes, in which stakeholders within the same sector are more
likely to collaborate with each other. This indicates that intrasector
collaboration currently is the dominating form of collaboration in
housing resilience planning. Collaborative relationships often are
based on trust and commitment to ultimate goals (Mandell and
Keast 2007). Stakeholders from the same sector often share similar
values and normally have a higher level of trust in each other,
and thus they naturally have a higher tendency to collaborate
with each other. Intrasector collaboration effectively facilitates in-
ternal information exchange and is more likely to remain a stable
collaboration relationship. However, when addressing complicated
issues that require knowledge and experiences from different areas,
varying resources offered by different stakeholder sectors could
become precious assets (Becker and Smith 2017). Many studies
(e.g., Woodruff and Regan 2019; Li et al. 2020; Gosain et al.
2022) emphasized that it is important to facilitate intersector stake-
holder collaboration. Such collaboration could pool resources
together and greatly enhance social learning among multiple
stakeholders such that stakeholders with different backgrounds
can communicate and benefit from each other (Keen et al. 2005;
Dow et al. 2013). It eventually will support more-robust and com-
prehensive housing resilience planning that benefits the entire
community.
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Conclusions, Contributions, and Future Work

Resilience planning requires effective collaboration and involve-
ment of multisector stakeholders. By collecting data from the plans,
reports, and guidelines in the GM&B region, this study built a bi-
partite SNA model to represent stakeholder collaboration and
involvement in housing resilience planning. The results show that
there are significant differences in the network measures (including
average degree centrality, average eigenvector centrality, and aver-
age betweenness centrality) across the public agencies, private in-
dustries, NGOs, academia, and community residents. The results of
network measures show that the public and academic stakeholders
contributed more to housing resilience planning, whereas the
involvement of the community residents was relatively low com-
pared with that of all other sectors. The results of ERGM analysis
further demonstrated that the public and academic stakeholders are
more likely to contribute to housing resilience planning, whereas
the community residents are the least likely to be involved in such
processes. In addition, the results from the ERGM analysis show
that the majority of housing resilience planning documents have
only a few stakeholders involved, which suggests that the central-
ized collaboration mechanism is more dominant, and a decentral-
ized collaboration mechanism may be needed in housing resilience
planning. The ERGM analysis also shows that intrasector collabo-
ration is more likely to happen because the stakeholders within the
same sector tend to contribute to housing resilience planning
together.

From a theoretical perspective, this research contributes to the
body of knowledge in the disaster domain by providing a better
understanding of stakeholder collaboration and engagement in
housing resilience planning using bipartite SNA. By applying
the network centrality measures and ERGM analysis, this study of-
fers a quantitative assessment of the level of contributions and in-
fluences across five sectors of stakeholders (i.e., public agencies,
private industries, NGOs, academia, and community residents)
in housing resilience planning processes in the context of the
GM&B region. Although different regions may have different
circumstances (e.g., population, socioeconomic status, housing

condition, geographic condition, types of hazards to which they
are exposed) and their stakeholder collaboration and engagement
mechanisms for housing resilience planning may vary, the analysis
methods used in this study are applicable to other research regions
to examine and/or offer a better understanding of stakeholder col-
laboration and engagement in resilience planning.

From a practical perspective, the findings of this study
(e.g., more-balanced, decentralized, and intersector stakeholder
collaborations are needed) offer important insight into better in-
forming current practices of stakeholder collaboration and engage-
ment in resilience planning. It has the potential to facilitate
more-effective multisector stakeholder collaboration in responding
to resilience challenges by informing decision makers about the
pros and cons of current stakeholder relationships as well as chal-
lenges and opportunities for future collaboration. Based on the
findings, some recommendations are offered to improve current
practices. First, multisector stakeholder collaboration requires the
engagement of various stakeholder sectors with more-balanced
contributions. The level and quality of contributions from each sec-
tor should be assessed to ensure improved equity. In particular, the
voices of traditionally less-involved stakeholders (e.g., community
residents) need to be heard and accounted for in policymaking,
which builds connections and trust among the stakeholders and
promotes the effectiveness of policy implementation. Second, de-
cision makers may work to build effective platforms (e.g., Ansell
and Gash 2018) for better communication with various stakeholder
sectors, especially the marginalized stakeholders. The engagement
methods (e.g., public workshops, virtual meetings, and/or online
surveys) should be tailored to each stakeholder sector to attract
the marginalized stakeholders and facilitate participation. A data-
base that includes the stakeholders’ contact information and pre-
vious participation or experience in resilience planning may be
developed to identify marginalized stakeholders and to support
more-effective coordination and management of stakeholder net-
works. Third, to facilitate intersector stakeholder collaboration,
training can be provided to various stakeholder sectors about
how to become involved in resilience planning and how to improve
their collaboration with others. It is vital for stakeholders to know

Fig. 6. ERGM goodness-of-fit assessment of model statistics.
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their unique roles and responsibilities in resilience planning as well
as the importance of working across sectors. Intersector stakeholder
collaboration is more effective when the engagement process and
motivations (e.g., issues, purposes, and benefits) of resilience plan-
ning are conveyed clearly to the stakeholders. In addition, there is a
need to provide resources (e.g., funding) to encourage collaboration
across sectors and address the bureaucratic barriers or procedures
that may impede or complicate the process of intersector stake-
holder collaboration.

The SNA model built in this study was based on the data
collected from the planning documents. It is possible that certain
stakeholders’ contributions were not stated and acknowledged
in these documents. In their ongoing and future research, the au-
thors will collect other types of data using other data collection
methods, such as surveys, which will allow first-hand data to be
collected from the stakeholders directly. Other potential factors

(e.g., demographic and socioeconomic backgrounds) that may im-
pact the collaboration and engagement of stakeholders in housing
resilience planning also warrant further investigation. In addition,
the authors will focus on expanding the scope of the study to ex-
plore multisector stakeholder network structures in other relevant
regions to better understand and/or compare the regional networks
in order to correlate stakeholder network structures to housing
resiliency outcomes. Such comparisons may offer more knowledge
about and insight into what types and mechanisms of collaboration
are needed to facilitate better resiliency outcomes.

Appendix. ERGM Goodness-of-Fit Assessment

Figs. 6–9 show the goodness of fit of the ERGM. Fig. 6 shows the
goodness-of-fit diagnostic of model statistics. Fig. 7 shows the

Fig. 7. ERGM goodness-of-fit assessment of minimum geodesic distance.

Fig. 8. ERGM goodness-of-fit assessment of degree distribution.
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goodness-of-fit diagnostic of minimum geodesic distance. Fig. 8
shows the goodness-of-fit diagnostic of degree distribution. Fig. 9
shows the goodness-of-fit diagnostic of edgewise shared partners.
The boxplots represent the statistics drawn from simulated net-
works, and the thick black lines indicate the statistics of the ob-
served network.
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are available from the corresponding author (Lu Zhang) upon rea-
sonable request. These data or code include the data and the code
used for building the networks.

Acknowledgments

This material is based upon work supported by the National
Science Foundation (NSF) under Grant No. 1933345. Any opi-
nions, findings, and conclusions, or recommendations expressed
in this material are those of the authors and do not necessarily re-
flect the views of the NSF. to the authors acknowledge Mathew
Hamilton, Mateo Robbins, Mark Lubell, and Rebecca Mauldin
for their insight into the ERGM code.

References

Abedin, M. A., and R. Shaw. 2015. “The role of university networks in
disaster risk reduction: Perspective from coastal Bangladesh.” Int. J.
Disaster Risk Reduct. 13 (Sep): 381–389. https://doi.org/10.1016/j
.ijdrr.2015.08.001.

Al-Fazari, S., and N. Kasim. 2019. “Role of stakeholders in mitigating
disaster prevalence: Theoretical perspective.” MATEC Web Conf.
266 (Feb): 03008. https://doi.org/10.1051/matecconf/201926603008.

Ansell, C., and A. Gash. 2018. “Collaborative platforms as a governance
strategy.” J. Public Administration Res. Theory 28 (1): 16–32. https://
doi.org/10.1093/jopart/mux030.

Becker, J., and D. B. Smith. 2017. “The need for cross-sector collabora-
tion.” Stanford Social Innovation Rev. 16 (1): C2–C3. https://doi.org/10
.48558/8473-JD42.

Berke, P. R., S. M. Quiring, F. Olivera, and J. A. Horney. 2021. “Addressing
challenges to building resilience through interdisciplinary research and
engagement.” Risk Anal. 41 (7): 1248–1253. https://doi.org/10.1111
/risa.13202.

Bodin, Ö., B. Crona, and H. Ernstson. 2006. “Social networks in natural
resource management: What is there to learn from a structural perspec-
tive?” Ecol. Soc. 11 (2): r2. https://doi.org/10.5751/es-01808-1102r02.

Bodin, Ö., and B. I. Crona. 2009. “The role of social networks in natural
resource governance: What relational patterns make a difference?”
Global Environ. Change 19 (3): 366–374. https://doi.org/10.1016/j
.gloenvcha.2009.05.002.

Boyd, E., and S. Juhola. 2015. “Adaptive climate change governance for
urban resilience.” Urban Stud. 52 (7): 1234–1264. https://doi.org/10
.1177/0042098014527483.

Burnside-Lawry, J., and L. Carvalho. 2016. “A stakeholder approach to
building community resilience: Awareness to implementation.” Int. J.
Disaster Resilience Built Environ. 7 (1): 4–25. https://doi.org/10.1108
/IJDRBE-07-2013-0028.

Chang, S. E., C. Pasion, K. Tatebe, and R. Ahmad. 2008. “Linking lifeline
infrastructure performance and community disaster resilience: Models
and multi-stakeholder processes.” Accessed November 10, 2021.
https://www.eng.buffalo.edu/mceer-reports/08/08-0004.pdf.

Charnley, S., E. C. Kelly, and A. P. Fischer. 2020. “Fostering collective
action to reduce wildfire risk across property boundaries in the
American West.” Environ. Res. Lett. 15 (2): 025007. https://doi.org/10
.1088/1748-9326/ab639a.

Coaffee, J., and P. Lee. 2016. Urban resilience: Planning for risk, crisis
and uncertainty. London: Macmillan International Higher Education.

Cronin, S. J., M. G. Petterson, P. W. Taylor, and R. Biliki. 2004.
“Maximising multi-stakeholder participation in government and com-
munity volcanic hazard management programs: A case study from
Savo, Solomon Islands.” Nat. Hazard. 33 (1): 105–136. https://doi.org
/10.1023/B:NHAZ.0000035021.09838.27.

Crosweller, M., and P. Tschakert. 2021. “Disaster management leadership
and policy making: A critical examination of communitarian and indi-
vidualistic understandings of resilience and vulnerability.” Clim. Policy
21 (2): 203–221. https://doi.org/10.1080/14693062.2020.1833825.

Csardi, G., and T. Nepusz. 2006. “The igraph software package for com-
plex network research.” InterJ. Complex Syst. 1695 (5): 1–9.

Curnin, S., and D. O’Hara. 2019. “Nonprofit and public sector interorga-
nizational collaboration in disaster recovery: Lessons from the field.”
Nonprofit Manage. Leadersh. 30 (2): 277–297. https://doi.org/10.1002
/nml.21389.

Fig. 9. ERGM goodness-of-fit assessment of edgewise shared partners.

© ASCE 04022036-13 Nat. Hazards Rev.

 Nat. Hazards Rev., 2023, 24(1): 04022036 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

Fl
or

id
a 

In
te

rn
at

io
na

l U
ni

ve
rs

ity
 o

n 
10

/0
8/

22
. C

op
yr

ig
ht

 A
SC

E.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

rig
ht

s r
es

er
ve

d.

https://doi.org/10.1016/j.ijdrr.2015.08.001
https://doi.org/10.1016/j.ijdrr.2015.08.001
https://doi.org/10.1051/matecconf/201926603008
https://doi.org/10.1093/jopart/mux030
https://doi.org/10.1093/jopart/mux030
https://doi.org/10.48558/8473-JD42
https://doi.org/10.48558/8473-JD42
https://doi.org/10.1111/risa.13202
https://doi.org/10.1111/risa.13202
https://doi.org/10.5751/es-01808-1102r02
https://doi.org/10.1016/j.gloenvcha.2009.05.002
https://doi.org/10.1016/j.gloenvcha.2009.05.002
https://doi.org/10.1177/0042098014527483
https://doi.org/10.1177/0042098014527483
https://doi.org/10.1108/IJDRBE-07-2013-0028
https://doi.org/10.1108/IJDRBE-07-2013-0028
https://www.eng.buffalo.edu/mceer-reports/08/08-0004.pdf
https://doi.org/10.1088/1748-9326/ab639a
https://doi.org/10.1088/1748-9326/ab639a
https://doi.org/10.1023/B:NHAZ.0000035021.09838.27
https://doi.org/10.1023/B:NHAZ.0000035021.09838.27
https://doi.org/10.1080/14693062.2020.1833825
https://doi.org/10.1002/nml.21389
https://doi.org/10.1002/nml.21389


Desportes, I., J. Waddell, and M. Hordijk. 2016. “Improving flood risk gov-
ernance through multi-stakeholder collaboration: A case study of Sweet
Home informal settlement, Cape Town.” S. Afr. Geog. J. 98 (1): 61–83.
https://doi.org/10.1080/03736245.2015.1052842.

Djalante, R. 2012. “Review article: ‘Adaptive governance and resilience:
The role of multi-stakeholder platforms in disaster risk reduction’.”
Nat. Hazards Earth Syst. Sci. 12 (9): 2923–2942. https://doi.org/10
.5194/nhess-12-2923-2012.

Dow, K., B. K. Haywood, N. P. Kettle, and K. Lackstrom. 2013. “The role
of ad hoc networks in supporting climate change adaptation: A case
study from the Southeastern United States.” Reg. Environ. Change
13 (6): 1235–1244. https://doi.org/10.1007/s10113-013-0440-8.

Dunning, K. H. 2020. “Building resilience to natural hazards through
coastal governance: A case study of Hurricane Harvey recovery in Gulf
of Mexico communities.” Ecol. Econ. 176 (Oct): 106759. https://doi.org
/10.1016/j.ecolecon.2020.106759.

Ernstson, H., S. Sörlin, and T. Elmqvist. 2008. “Social movements and eco-
system services—The role of social network structure in protecting and
managing urban green areas in Stockholm.” Ecol. Soc. 13 (2): 39.
https://doi.org/10.5751/es-02589-130239.

Errett, N. A., H. A. Roop, C. Pendergrast, C. B. Kramer, A. Doubleday,
K. A. Tran, and T. M. Busch Isaksen. 2019. “Building a practice-based
research agenda for wildfire smoke and health: A report of the 2018
Washington wildfire smoke risk communication stakeholder synthesis
symposium.” Int. J. Environ. Res. Public Health 16 (13): 2398. https://
doi.org/10.3390/ijerph16132398.

FEMA. 2010. “National disaster recovery framework.” Accessed Novem-
ber 20, 2021. https://www.fema.gov/emergency-managers/national
-preparedness/frameworks/recovery.

FEMA. 2018. “2018-2022 strategic plan.” Accessed October 11, 2021.
https://www.fema.gov/sites/default/files/2020-03/fema-strategic-plan
_2018-2022.pdf.

Fischer, A. P., et al. 2016. “Wildfire risk as a socioecological pathology.”
Front. Ecol. Environ. 14 (5): 276–284. https://doi.org/10.1002/fee
.1283.

Florida, R., and S. Pedigo. 2019. “Miami’s housing affordability crisis.”
Accessed October 20, 2021. https://carta.fiu.edu/mufi/wp-content
/uploads/sites/32/2019/03/Miamis_Housing_Affordability_Crisis_FNL
.pdf.

Foley, R. W., A. Wiek, B. Kay, and R. Rushforth. 2017. “Ideal and reality
of multi-stakeholder collaboration on sustainability problems: A case
study on a large-scale industrial contamination in Phoenix, Arizona.”
Sustainability Sci. 12 (1): 123–136. https://doi.org/10.1007/s11625
-016-0393-1.

Freeman, L. C. 1978. “Centrality in social networks conceptual clarifica-
tion.” Social Networks 1 (3): 215–239. https://doi.org/10.1016/0378
-8733(78)90021-7.

Gamboa-Maldonado, T., H. H. Marshak, R. Sinclair, S. Montgomery,
and D. T. Dyjack. 2012. “Building capacity for community disaster pre-
paredness: A call for collaboration between public environmental health
and emergency preparedness and response programs.” J. Environ.
Health 75 (2): 24–29.

Ganapati, N. E., and A. Mukherji. 2014. “Out of sync: World Bank funding
for housing recovery, post-disaster planning and participation.” Nat.
Hazards Rev. 15 (1): 58–73. https://doi.org/10.1061/(ASCE)NH.1527
-6996.0000120.

Ganji, A., N. Alimohammadi, and S. Miles. 2019. “Challenges in commu-
nity resilience planning and opportunities with simulation modeling.”
Preprint, submitted April 26, 2019. https://arxiv.org/abs/1904.11630.

Geekiyanage, D., T. Fernando, and K. Keraminiyage. 2020. “Assessing the
state of the art in community engagement for participatory decision-
making in disaster risk-sensitive urban development.” Int. J. Disaster
Risk Reduct. 51 (Dec): 101847. https://doi.org/10.1016/j.ijdrr.2020
.101847.

Gerkensmeier, B., and B. M. Ratter. 2018. “Governing coastal risks as a
social process—Facilitating integrative risk management by enhanced
multi-stakeholder collaboration.” Environ. Sci. Policy 80 (Feb):
144–151. https://doi.org/10.1016/j.envsci.2017.11.011.

Gimenez, R., L. Labaka, and J. Hernantes. 2017. “A maturity model for the
involvement of stakeholders in the city resilience building process.”

Technol. Forecasting Social Change 121 (Aug): 7–16. https://doi.org
/10.1016/j.techfore.2016.08.001.

GM&B (Greater Miami and the Beaches). 2019. “Resilient305 strategy.”
Accessed May 20, 2021. https://resilient305.com/wp-content/uploads
/2019/05/Full-Strategy-2.pdf.

Gosain, P., L. Zhang, and N. E. Ganapati. 2022. “Understanding multisec-
tor stakeholder value systems on housing resilience in the City of
Miami.” Int. J. Disaster Risk Reduct. 77 (Jul): 103061. https://doi
.org/10.1016/j.ijdrr.2022.103061.

Hamilton, M., M. Lubell, and E. Namaganda. 2018. “Cross-level linkages
in an ecology of climate change adaptation policy games.” Ecol. Soc.
23 (2): 36. https://doi.org/10.5751/es-10179-230236.

Handcock, M. S., D. R. Hunter, C. T. Butts, S. M. Goodreau, and M.
Morris. 2008. “statnet: Software tools for the representation, visualiza-
tion, analysis and simulation of network data.” J. Stat. Software 24 (1):
1548. https://doi.org/10.18637/jss.v024.i01.

Hanson, S., R. Nicholls, N. Ranger, S. Hallegatte, J. Corfee-Morlot, C.
Herweijer, and J. Chateau. 2011. “A global ranking of port cities with
high exposure to climate extremes.” Clim. Change 104 (1): 89–111.
https://doi.org/10.1007/s10584-010-9977-4.

Hermans, F., M. Sartas, B. van Schagen, P. van Asten, and M. Schut. 2017.
“Social network analysis of multi-stakeholder platforms in agricultural
research for development: Opportunities and constraints for innovation
and scaling.” PLoS One 12 (2): e0169634. https://doi.org/10.1371
/journal.pone.0169634.

Horvath, S. 2011. Weighted network analysis: Applications in genomics
and systems biology. New York: Springer.

Hunter, D. R., and M. S. Handcock. 2006. “Inference in curved exponen-
tial family models for networks.” J. Comput. Graphical Stat. 15 (3):
565–583. https://doi.org/10.1198/106186006X133069.

Hunter, D. R., M. S. Handcock, C. T. Butts, S. M. Goodreau, and
M. Morris. 2008. “ergm: A package to fit, simulate and diagnose
exponential-family models for networks.” J. Stat. Software 24 (3):
1–29. https://doi.org/10.18637/jss.v024.i03.

Ishiwatari, M. 2019. “Flood risk governance: Establishing collaborative
mechanism for integrated approach.” Prog. Disaster Sci. 2 (Jul):
100014. https://doi.org/10.1016/j.pdisas.2019.100014.

Izumi, T., R. Shaw, R. Djalante, M. Ishiwatari, and T. Komino. 2019.
“Disaster risk reduction and innovations.” Prog. Disaster Sci. 2 (Jul):
100033. https://doi.org/10.1016/j.pdisas.2019.100033.

Jayasinghe, K., C. M. Kenney, R. Prasanna, and J. Velasquez. 2020.
“Enacting ‘accountability in collaborative governance’: Lessons in
emergency management and earthquake recovery from the 2010–2011
Canterbury Earthquakes.” J. Public Budgeting Accounting Financ.
Manage. 32 (3): 439–459. https://doi.org/10.1108/JPBAFM-09-2019
-0143.

Jiang, Y., and B. W. Ritchie. 2017. “Disaster collaboration in tourism:
Motives, impediments and success factors.” J. Hospitality Tourism
Manage. 31 (Jun): 70–82. https://doi.org/10.1016/j.jhtm.2016.09.004.

Jones, P. 2017. “Housing resilience and the informal city.” J. Reg. City
Plann. 28 (2): 129–139. https://doi.org/10.5614/jrcp.2017.28.2.4.

Kapucu, N. 2014. “Collaborative governance and disaster recovery: Disas-
ter recovery framework in the US.” In Disaster recovery: Used or mis-
used development opportunity, edited by R. Shaw, 41–59. New York:
Springer.

Kapucu, N., and V. Garayev. 2011. “Collaborative decision-making in
emergency and disaster management.” Int. J. Public Administration
34 (6): 366–375. https://doi.org/10.1080/01900692.2011.561477.

Keen, M., V. Brown, and R. Dyball. 2005. Social learning in environmental
management. London: Earthscan.

Kleinnijenhuis, J., and W. de Nooy. 2013. “Adjustment of issue positions
based on network strategies in an election campaign: A two-mode net-
work autoregression model with cross-nested random effects.” Social
Networks 35 (2): 168–177. https://doi.org/10.1016/j.socnet.2011.03
.002.

Koskinen, J., and G. Daraganova. 2013. “Exponential random graph model
fundamentals.” In Exponential random graph models for social net-
works, 49–76. Cambridge, UK: Cambridge University Press.

© ASCE 04022036-14 Nat. Hazards Rev.

 Nat. Hazards Rev., 2023, 24(1): 04022036 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

Fl
or

id
a 

In
te

rn
at

io
na

l U
ni

ve
rs

ity
 o

n 
10

/0
8/

22
. C

op
yr

ig
ht

 A
SC

E.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

rig
ht

s r
es

er
ve

d.

https://doi.org/10.1080/03736245.2015.1052842
https://doi.org/10.5194/nhess-12-2923-2012
https://doi.org/10.5194/nhess-12-2923-2012
https://doi.org/10.1007/s10113-013-0440-8
https://doi.org/10.1016/j.ecolecon.2020.106759
https://doi.org/10.1016/j.ecolecon.2020.106759
https://doi.org/10.5751/es-02589-130239
https://doi.org/10.3390/ijerph16132398
https://doi.org/10.3390/ijerph16132398
https://www.fema.gov/emergency-managers/national-preparedness/frameworks/recovery
https://www.fema.gov/emergency-managers/national-preparedness/frameworks/recovery
https://www.fema.gov/sites/default/files/2020-03/fema-strategic-plan_2018-2022.pdf
https://www.fema.gov/sites/default/files/2020-03/fema-strategic-plan_2018-2022.pdf
https://doi.org/10.1002/fee.1283
https://doi.org/10.1002/fee.1283
https://carta.fiu.edu/mufi/wp-content/uploads/sites/32/2019/03/Miamis_Housing_Affordability_Crisis_FNL.pdf
https://carta.fiu.edu/mufi/wp-content/uploads/sites/32/2019/03/Miamis_Housing_Affordability_Crisis_FNL.pdf
https://carta.fiu.edu/mufi/wp-content/uploads/sites/32/2019/03/Miamis_Housing_Affordability_Crisis_FNL.pdf
https://doi.org/10.1007/s11625-016-0393-1
https://doi.org/10.1007/s11625-016-0393-1
https://doi.org/10.1016/0378-8733(78)90021-7
https://doi.org/10.1016/0378-8733(78)90021-7
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000120
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000120
https://arxiv.org/abs/1904.11630
https://doi.org/10.1016/j.ijdrr.2020.101847
https://doi.org/10.1016/j.ijdrr.2020.101847
https://doi.org/10.1016/j.envsci.2017.11.011
https://doi.org/10.1016/j.techfore.2016.08.001
https://doi.org/10.1016/j.techfore.2016.08.001
https://resilient305.com/wp-content/uploads/2019/05/Full-Strategy-2.pdf
https://resilient305.com/wp-content/uploads/2019/05/Full-Strategy-2.pdf
https://doi.org/10.1016/j.ijdrr.2022.103061
https://doi.org/10.1016/j.ijdrr.2022.103061
https://doi.org/10.5751/es-10179-230236
https://doi.org/10.18637/jss.v024.i01
https://doi.org/10.1007/s10584-010-9977-4
https://doi.org/10.1371/journal.pone.0169634
https://doi.org/10.1371/journal.pone.0169634
https://doi.org/10.1198/106186006X133069
https://doi.org/10.18637/jss.v024.i03
https://doi.org/10.1016/j.pdisas.2019.100014
https://doi.org/10.1016/j.pdisas.2019.100033
https://doi.org/10.1108/JPBAFM-09-2019-0143
https://doi.org/10.1108/JPBAFM-09-2019-0143
https://doi.org/10.1016/j.jhtm.2016.09.004
https://doi.org/10.5614/jrcp.2017.28.2.4
https://doi.org/10.1080/01900692.2011.561477
https://doi.org/10.1016/j.socnet.2011.03.002
https://doi.org/10.1016/j.socnet.2011.03.002


Kusumasari, B., Q. Alam, and K. Siddiqui. 2010. “Resource capability for
local government in managing disaster.” Disaster Prev. Manage. 19 (4):
438–451. https://doi.org/10.1108/09653561011070367.

Laerd Statistics. 2021. “Laerd statistics.” Accessed March 10, 2020. https://
statistics.laerd.com/.

Lassa, J. 2018. “Roles of non-government organizations in disaster risk
reduction.” In Oxford research encyclopedia of natural hazard science,
edited by S. Cutter, 1–23. Oxford, UK: Oxford University Press. https://
doi.org/10.1093/acrefore/9780199389407.013.45.

Li, J., Q. Li, C. Liu, S. U. Khan, and N. Ghani. 2014. “Community-based
collaborative information system for emergency management.” Com-
put. Oper. Res. 42 (Feb): 116–124. https://doi.org/10.1016/j.cor.2012
.03.018.

Li, Q., B. Hannibal, A. Mostafavi, P. Berke, S. Woodruff, and A. Vedlitz.
2020. “Examining of the actor collaboration networks around hazard
mitigation: A hurricane harvey study.” Nat. Hazard. 103 (3): 3541–
3562. https://doi.org/10.1007/s11069-020-04142-1.

Li, Q., M. Roy, A. Mostafavi, and P. Berke. 2021. “A plan evaluation frame-
work for examining stakeholder policy preferences in resilience
planning and management of urban systems.” Environ. Sci. Policy
124 (Oct): 125–134. https://doi.org/10.1016/j.envsci.2021.06.015.

Lu, Y., D. Xu, Q. Wang, and J. Xu. 2018. “Multi-stakeholder collaboration
in community post-disaster reconstruction: Case study from the
Longmen Shan Fault area in China.” Environ. Hazards 17 (2): 85–106.
https://doi.org/10.1080/17477891.2017.1351914.

Lubell, M., and M. Robbins. 2022. “Adapting to sea-level rise: Centrali-
zation or decentralization in polycentric governance systems?” Policy
Stud. J. 50 (1): 143–175. https://doi.org/10.1111/psj.12430.

Lusher, D., J. Koskinen, and G. Robins. 2013. Exponential random graph
models for social networks: Theory, methods, and applications (struc-
tural analysis in the social sciences). Cambridge, UK: Cambridge
University Press. https://doi.org/10.1017/CBO9780511894701.

Luthe, T., R. Wyss, and M. Schuckert. 2012. “Network governance and
regional resilience to climate change: Empirical evidence from moun-
tain tourism communities in the Swiss Gotthard region.” Reg. Environ.
Change 12 (4): 839–854. https://doi.org/10.1007/s10113-012-0294-5.

Mandell, M., and R. Keast. 2007. “Evaluating network arrangements:
Toward revised performance measures.” Public Perform. Manage.
Rev. 30 (4): 574–597. https://doi.org/10.2753/PMR1530-9576300406.

Marana, P., L. Labaka, and J. M. Sarriegi. 2018. “A framework for public-
private-people partnerships in the city resilience-building process.” Saf.
Sci. 110 (Dec): 39–50. https://doi.org/10.1016/j.ssci.2017.12.011.

Matin, N., J. Forrester, and J. Ensor. 2018. “What is equitable resilience?”
World Dev. 109 (Sep): 197–205. https://doi.org/10.1016/j.worlddev
.2018.04.020.

Mauldin, R. L., C. Wong, J. Fernandez, and K. Fujimoto. 2021. “Network
modeling of assisted living facility residents’ attendance at programmed
group activities: Proximity and social contextual correlates of atten-
dance.” Gerontologist 61 (5): 703–713. https://doi.org/10.1093/geront
/gnaa149.

Meerow, S., P. Pajouhesh, and T. R. Miller. 2019. “Social equity in urban
resilience planning.” Local Environ. 24 (9): 793–808. https://doi.org/10
.1080/13549839.2019.1645103.

Mojtahedi, M., and B. L. Oo. 2017. “Critical attributes for proactive en-
gagement of stakeholders in disaster risk management.” Int. J. Disaster
Risk Reduct. 21 (Mar): 35–43. https://doi.org/10.1016/j.ijdrr.2016.10
.017.

Murray, N., and N. Zyryanova. 2020. “What about safe and decent
housing that is affordable?” Accessed October 25, 2021. https://metro
politan.fiu.edu/research/periodic-publications/policy-briefings/policy
brief_safedecenthousing-1.pdf.

Newman, M. E. J. 2008. “Mathematics of networks.” In The new Palgrave
dictionary of economics, 1–8. London: Palgrave Macmillan.

NOAA (National Oceanic and Atmospheric Administration). 2015. “Intro-
duction to stakeholder participation.” Accessed September 20, 2021.
https://coast.noaa.gov/data/digitalcoast/pdf/stakeholder-participation.pdf.

O’Donnell, E. C., J. E. Lamond, and C. R. Thorne. 2018. “Learning and
action alliance framework to facilitate stakeholder collaboration and
social learning in urban flood risk management.” Environ. Sci. Policy
80 (Feb): 1–8. https://doi.org/10.1016/j.envsci.2017.10.013.

Orchiston, C., and J. E. S. Higham. 2014. “Knowledge management and
tourism recovery (de)marketing: The Christchurch earthquakes 2010–
2011.” Curr. Issues Tourism 19 (1): 64–84. https://doi.org/10.1080
/13683500.2014.990424.

Pathak, A., L. Zhang, and N. E. Ganapati. 2020. “Understanding multisec-
tor stakeholder value dynamics in Hurricane Michael: Toward collabo-
rative decision-making in disaster contexts.” Nat. Hazard. Rev. 21 (3):
04020032. https://doi.org/10.1061/(ASCE)NH.1527-6996.0000400.

Petak, W. 2002. Earthquake resilience through mitigation: A system ap-
proach. Laxenburg, Austria: International Institute for Applied Systems
Analysis.

Porter, L., W. Steele, and W. Stone. 2018. “Housing and resilience—When,
for whom and for what? A critical agenda.” Hous. Theory Soc. 35 (4):
387–393. https://doi.org/10.1080/14036096.2018.1492964.

Pow, J., K. Gayen, L. Elliott, and R. Raeside. 2012. “Understanding
complex interactions using social network analysis.” J. Clin. Nurs.
21 (19pt20): 2772–2779. https://doi.org/10.1111/j.1365-2702.2011
.04036.x.

Provan, K. G., and P. Kenis. 2008. “Modes of network governance: Struc-
ture, management, and effectiveness.” J. Public Administration Res.
Theory 18 (2): 229–252. https://doi.org/10.1093/jopart/mum015.

Pyke, J., A. Law, M. Jiang, and T. de Lacy. 2018. “Learning from the locals:
The role of stakeholder engagement in building tourism and community
resilience.” J. Ecotourism 17 (3): 206–219. https://doi.org/10.1080
/14724049.2018.1505586.

Raadschelders, J. C., and T. A. Whetsell. 2018. “Conceptualizing the land-
scape of decision making for complex problem solving.” Int. J. Public
Administration 41 (14): 1132–1144. https://doi.org/10.1080/01900692
.2017.1347946.

Raikes, J., T. F. Smith, C. Jacobson, and C. Baldwin. 2019. “Pre-disaster
planning and preparedness for floods and droughts: A systematic re-
view.” Int. J. Disaster Risk Reduct. 38 (Aug): 101207. https://doi.org/10
.1016/j.ijdrr.2019.101207.

Redfin. 2022. “Miami housing market.” Accessed May 20, 2022. https://
www.redfin.com/city/11458/FL/Miami/housing-market.

Reed, M. S., et al. 2010. “What is social learning?” Ecol. Soc. 15 (4): r1.
https://doi.org/10.5751/es-03564-1504r01.

Rijke, J., R. Brown, C. Zevenbergen, R. Ashley, M. Farrelly, P. Morison,
and S. van Herk. 2012. “Fit-for-purpose governance: A framework to
make adaptive governance operational.” Environ. Sci. Policy 22 (Oct):
73–84. https://doi.org/10.1016/j.envsci.2012.06.010.

Sadri, A. M., S. V. Ukkusuri, and H. Gladwin. 2017. “The role of social
networks and information sources on hurricane evacuation decision
making.” Nat. Hazard. Rev. 18 (3): 04017005. https://doi.org/10.1061
/(ASCE)NH.1527-6996.0000244.

Seifi, B., H. Seyedin, and G. Ghanizadeh. 2019. “The role of academic
partnership in disaster risk management: A systematic review.” Disaster
Med. Public Health Preparedness 13 (5–6): 1047–1058. https://doi.org
/10.1017/dmp.2018.164.

Sen, M. K., S. Dutta, G. Kabir, N. N. Pujari, and S. A. Laskar. 2021. “An
integrated approach for modelling and quantifying housing infrastruc-
ture resilience against flood hazard.” J. Cleaner Prod. 288 (Mar):
125526. https://doi.org/10.1016/j.jclepro.2020.125526.

Sharifi, A., and Y. Yamagata. 2018. “Resilience-oriented urban planning.”
In Vol. 65 of Lecture notes in energy, edited by Y. Yamagata and
A. Sharifi. Cham, Switzerland: Springer. https://doi.org/10.1007/978
-3-319-75798-8_1.

Simo, G., and A. L. Bies. 2007. “The role of nonprofits in disaster
response: An expanded model of cross-sector collaboration.” Public
Administration Rev. 67 (Dec): 125–142. https://doi.org/10.1111/j.1540
-6210.2007.00821.x.

Sitas, N., B. Reyers, G. Cundill, H. E. Prozesky, J. L. Nel, and K. J. Esler.
2016. “Fostering collaboration for knowledge and action in disaster
management in South Africa.” Curr. Opin. Environ. Sustainability
19 (Apr): 94–102. https://doi.org/10.1016/j.cosust.2015.12.007.

Taeby, M., and L. Zhang. 2019. “Exploring stakeholder views on disaster
resilience practices of residential communities in South Florida.” Nat.
Hazard. Rev. 20 (1): 04018028. https://doi.org/10.1061/(ASCE)NH
.1527-6996.0000319.

© ASCE 04022036-15 Nat. Hazards Rev.

 Nat. Hazards Rev., 2023, 24(1): 04022036 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

Fl
or

id
a 

In
te

rn
at

io
na

l U
ni

ve
rs

ity
 o

n 
10

/0
8/

22
. C

op
yr

ig
ht

 A
SC

E.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

rig
ht

s r
es

er
ve

d.

https://doi.org/10.1108/09653561011070367
https://statistics.laerd.com/
https://statistics.laerd.com/
https://doi.org/10.1093/acrefore/9780199389407.013.45
https://doi.org/10.1093/acrefore/9780199389407.013.45
https://doi.org/10.1016/j.cor.2012.03.018
https://doi.org/10.1016/j.cor.2012.03.018
https://doi.org/10.1007/s11069-020-04142-1
https://doi.org/10.1016/j.envsci.2021.06.015
https://doi.org/10.1080/17477891.2017.1351914
https://doi.org/10.1111/psj.12430
https://doi.org/10.1017/CBO9780511894701
https://doi.org/10.1007/s10113-012-0294-5
https://doi.org/10.2753/PMR1530-9576300406
https://doi.org/10.1016/j.ssci.2017.12.011
https://doi.org/10.1016/j.worlddev.2018.04.020
https://doi.org/10.1016/j.worlddev.2018.04.020
https://doi.org/10.1093/geront/gnaa149
https://doi.org/10.1093/geront/gnaa149
https://doi.org/10.1080/13549839.2019.1645103
https://doi.org/10.1080/13549839.2019.1645103
https://doi.org/10.1016/j.ijdrr.2016.10.017
https://doi.org/10.1016/j.ijdrr.2016.10.017
https://metropolitan.fiu.edu/research/periodic-publications/policy-briefings/policybrief_safedecenthousing-1.pdf
https://metropolitan.fiu.edu/research/periodic-publications/policy-briefings/policybrief_safedecenthousing-1.pdf
https://metropolitan.fiu.edu/research/periodic-publications/policy-briefings/policybrief_safedecenthousing-1.pdf
https://coast.noaa.gov/data/digitalcoast/pdf/stakeholder-participation.pdf
https://doi.org/10.1016/j.envsci.2017.10.013
https://doi.org/10.1080/13683500.2014.990424
https://doi.org/10.1080/13683500.2014.990424
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000400
https://doi.org/10.1080/14036096.2018.1492964
https://doi.org/10.1111/j.1365-2702.2011.04036.x
https://doi.org/10.1111/j.1365-2702.2011.04036.x
https://doi.org/10.1093/jopart/mum015
https://doi.org/10.1080/14724049.2018.1505586
https://doi.org/10.1080/14724049.2018.1505586
https://doi.org/10.1080/01900692.2017.1347946
https://doi.org/10.1080/01900692.2017.1347946
https://doi.org/10.1016/j.ijdrr.2019.101207
https://doi.org/10.1016/j.ijdrr.2019.101207
https://www.redfin.com/city/11458/FL/Miami/housing-market
https://www.redfin.com/city/11458/FL/Miami/housing-market
https://doi.org/10.5751/es-03564-1504r01
https://doi.org/10.1016/j.envsci.2012.06.010
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000244
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000244
https://doi.org/10.1017/dmp.2018.164
https://doi.org/10.1017/dmp.2018.164
https://doi.org/10.1016/j.jclepro.2020.125526
https://doi.org/10.1007/978-3-319-75798-8_1
https://doi.org/10.1007/978-3-319-75798-8_1
https://doi.org/10.1111/j.1540-6210.2007.00821.x
https://doi.org/10.1111/j.1540-6210.2007.00821.x
https://doi.org/10.1016/j.cosust.2015.12.007
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000319
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000319


Texier-Teixeira, P., F. Chouraqui, A. Perrillat-Collomb, F. Lavigne,
J. R. Cadag, and D. Grancher. 2014. “Reducing volcanic risk on Fogo
Volcano, Cape Verde, through a participatory approach: Which out-
come?” Nat. Hazards Earth Syst. Sci. 14 (9): 2347–2358. https://doi
.org/10.5194/nhess-14-2347-2014.

The White House. 2011. “Presidential policy directive 8—National prepar-
edness.” Department of Homeland Security. Accessed November 20,
2021. https://www.dhs.gov/blog/2011/04/13/presidential-policy-directive
-8-national-preparedness.

The White House. 2013. “Presidential policy directive—Critical infrastruc-
ture security and resilience.” Whitehouse.Gov. Accessed November 15,
2021. https://obamawhitehouse.archives.gov/the-press-office/2013/02/12
/presidential-policy-directive-critical-infrastructure-security-and-resil.

Tierney, K. 2012. “Disaster governance: Social, political, and economic
dimensions.” Annu. Rev. Environ. Resour. 37 (1): 341–363. https://doi
.org/10.1146/annurev-environ-020911-095618.

TWB (The World Bank). 2019. “Global program for resilient housing.”
Accessed December 10, 2021. https://www.worldbank.org/en/topic
/disasterriskmanagement/brief/global-program-for-resilient-housing.

UNISDR (United Nations Office for Disaster Risk Reduction). 2012. An-
nual report 2011: UNISDR Secretariat work programme 2010–2011.
Geneva: UNISDR.

Valero, J. N., K. Jung, and S. A. Andrew. 2015. “Does transformational
leadership build resilient public and nonprofit organizations?” Disaster
Prev. Manage. 24 (1): 4–20. https://doi.org/10.1108/DPM-04-2014
-0060.

Vechan, E., I. El-Adaway, and M. Hassan. 2014. “Dynamic social
network analysis for infrastructure transportation systems.” In Proc.,
2014 Construction Research Congress, 1179–1188. Reston, VA:
ASCE.

Wang, P., K. Sharpe, G. L. Robins, and P. E. Pattison. 2009. “Exponential
random graph (p*) models for affiliation networks.” Social Networks
31 (1): 12–25. https://doi.org/10.1016/j.socnet.2008.08.002.

Wasserman, S., and K. Faust. 1994. Social network analysis: Methods and
applications (structural analysis in the social sciences, series number
8). Cambridge, UK: Cambridge University Press.

Waugh, W. L., Jr., and G. Streib. 2006. “Collaboration and leadership
for effective emergency management.” Public Administration Rev.
66 (Dec): 131–140. https://doi.org/10.1111/j.1540-6210.2006.00673.x.

Weichselgartner, J., and P. Pigeon. 2015. “The role of knowledge in disaster
risk reduction.” Int. J. Disaster Risk Sci. 6 (2): 107–116. https://doi.org
/10.1007/s13753-015-0052-7.

Woodruff, S. C., and P. Regan. 2019. “Quality of national adaptation
plans and opportunities for improvement.”Mitigation Adapt. Strategies
Global Change 24 (1): 53. https://doi.org/10.1007/s11027-018-9794-z.

Xiong, M., T. A. Whetsell, J. Z. Zhao, and S. Cheng. 2021. “Centrally
administered state-owned enterprises’ engagement in China’s public–
private partnerships: A social network analysis.” Area Dev. Policy
6 (3): 296–318. https://doi.org/10.1080/23792949.2020.1851608.

Xu, J., and D. Hale. 2022. “March rental report: Rents for smaller units
in San Francisco Bay Area have not returned to pre-pandemic levels.”
Realtor.Com. AccessedMay 19, 2022. https://www.realtor.com/research
/march-2022-rent/.

Xu, J., and Y. Lu. 2018. “Towards an earthquake-resilient world:
From post-disaster reconstruction to pre-disaster prevention.” Environ.
Hazards 17 (4): 269–275. https://doi.org/10.1080/17477891.2018.15
00878.

Zhang, L., X. Lv, and S. Dhakal. 2019. “A reinforcement learning-based
stakeholder value aggregation model for collaborative decision making
on disaster resilience.” In Proc., 2019 ASCE Int. Conf. Computing in
Civil Engineering, 490–497. Reston, VA: ASCE.

© ASCE 04022036-16 Nat. Hazards Rev.

 Nat. Hazards Rev., 2023, 24(1): 04022036 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

Fl
or

id
a 

In
te

rn
at

io
na

l U
ni

ve
rs

ity
 o

n 
10

/0
8/

22
. C

op
yr

ig
ht

 A
SC

E.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

rig
ht

s r
es

er
ve

d.

https://doi.org/10.5194/nhess-14-2347-2014
https://doi.org/10.5194/nhess-14-2347-2014
https://www.dhs.gov/blog/2011/04/13/presidential-policy-directive-8-national-preparedness
https://www.dhs.gov/blog/2011/04/13/presidential-policy-directive-8-national-preparedness
https://obamawhitehouse.archives.gov/the-press-office/2013/02/12/presidential-policy-directive-critical-infrastructure-security-and-resil
https://obamawhitehouse.archives.gov/the-press-office/2013/02/12/presidential-policy-directive-critical-infrastructure-security-and-resil
https://doi.org/10.1146/annurev-environ-020911-095618
https://doi.org/10.1146/annurev-environ-020911-095618
https://www.worldbank.org/en/topic/disasterriskmanagement/brief/global-program-for-resilient-housing
https://www.worldbank.org/en/topic/disasterriskmanagement/brief/global-program-for-resilient-housing
https://doi.org/10.1108/DPM-04-2014-0060
https://doi.org/10.1108/DPM-04-2014-0060
https://doi.org/10.1016/j.socnet.2008.08.002
https://doi.org/10.1111/j.1540-6210.2006.00673.x
https://doi.org/10.1007/s13753-015-0052-7
https://doi.org/10.1007/s13753-015-0052-7
https://doi.org/10.1007/s11027-018-9794-z
https://doi.org/10.1080/23792949.2020.1851608
https://www.realtor.com/research/march-2022-rent/
https://www.realtor.com/research/march-2022-rent/
https://doi.org/10.1080/17477891.2018.1500878
https://doi.org/10.1080/17477891.2018.1500878

