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Abstract 

 

Over the last decades, cities have experienced an increase in the frequency and intensity of hazards 

due to unprecedented climate change. Consequently, cities need to develop strategies and 

infrastructure that mitigate the impacts of climate change and protect lives. An emerging idea to 

address this challenge is the development of community-centered resilience hubs. During disasters, 

these facilities act as evacuation shelters and resource centers. However, on a daily basis, they 

remain functional by providing services and supplies that meet the essential needs of the 

community. Most research and guidance for resilience hubs is theoretical without any empirical 

evidence. From a perspective of community needs, evidence remains scarce on what services, 

resources, and programming are ideal for resilience hubs and when they are most useful (i.e., during 

a disaster or normal conditions). Critically, the resilience hub field has not properly addressed the 

transportation needs of communities, creating a wide gap in knowing how people will travel to and 

from these hubs.  

To address these gaps, I conducted a comprehensive literature analysis and an empirical study that 

used statistical tools and discrete choice models to understand transportation needs, travel 

behaviour, and hub location preferences. Data for the empirical studies came from a survey of 

Edmonton Metropolitan Area, Canada residents (n = 950) that was conducted between November 

2022 and February 2023 via a panel of participants using Qualtrics.  

The literature review which focused on resilience hub current definition, examples, and related 

concepts (e.g., evacuation shelters, community hubs, and mobility hubs), detected characteristics 

and needs for planning hubs. It also found that current resilience hub locations are not methodical 

or optimized. Additionally, I uncovered that current examples of resilience hubs fail to consider 
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transportation needs, travel behaviour, or travel accessibility. Through statistical analysis, I found 

that residents prefer more localized resilience hubs within their communities and personal vehicle 

is the principal mode choice of travel to/from a hub during normal days and emergencies. However, 

a sizable number of respondents would walk, take public transit, or use shared mobility services, 

indicating the need for multi-modality planning and operations. Behavioural modeling results 

uncovered that household characteristics impact the willingness to use a resilience hub during 

normal days, while individual characteristics influence hub usage as a temporary shelter in a 

disaster. I also determined that some household and individual characteristics influenced mode 

choice for traveling to/from hubs, but that trip purpose (resilience hub usage) was largely 

insignificant. Altogether, the results point to a need to better integrate transportation design, 

planning, and operations into resilience hubs, including equity-centered strategies for those who 

would use hubs the most. Based on the results, I provide transportation recommendations for 

agencies and highlight future opportunities for strategic planning for community-centered 

resilience. 

 

Keywords: Resilience hubs, disasters, community resilience, accessibility, equity, travel 

behaviour. 
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Chapter 1: Introduction 

This chapter presents a concise background, provides the research motivation, objective, and 

research questions, and discusses the thesis structure. 

 

1.1 Background and Motivation 

Unprecedented changes in global climate have challenged communities around the world, with 

many facing more frequent and intense extreme weather events (Temmer et al., 2019). Some 

communities are also facing non-climate-related events that require emergency response, such as 

tornados, chemical/toxic accidents, and terrorist attacks. Consequently, many cities are rethinking 

their planning, design, and infrastructure to improve preparedness, response, and recovery. To assist 

communities in becoming more resilient, new ideas and tools need to ensure that residents both 

survive and thrive. However, as cities are complex and dynamic, resilience becomes intricate, 

interdisciplinary, and multilayered, which challenges jurisdictions' immediate response to events 

such as evacuating people, operating emergency shelters, and resources distribution chains (Twigg 

et al., 2011; Kohn et al., 2012; Wong et al., 2018; Lindell et al., 2019; Chen et al., 2020; Kotani et 

al., 2020; Wong, 2020; Kim et al., 2021; Nagarajan and Shaw, 2021; Wong et al., 2021). The 

response phase in disasters is usually enabled by transportation infrastructure and strategies that 

facilitate the movement of people and goods, such as evacuation plans, relief distribution, 

contraflow, and shelters. 

In this context, one early and unique idea is to develop resilience hubs, which are localized physical 

spaces that aim to increase the community’s resilience and preparedness, while also increasing 

social connection within the area (Baja, 2018; Kirwan et al., 2021; Sandoval, 2019). They function 

year-round, providing a range of services (e.g., social, recreational, and educational) that meets the 

community’s daily needs. During a disaster, individuals receive assistance, resources, and 

temporary accommodation (Baja, 2018). Many cities, particularly in North America, are 

implementing or considering implementing resilience hubs to serve communities, prioritizing those 

most underserved and impacted by disasters. Despite some current examples and guidelines, the 

idea of resilience hubs has remained largely undefined and lacks information regarding 

characteristics, functions, transportation needs, and location. Within the transportation engineering 

field, little empirical evidence exists on: 1) communities’ transportation needs to/from hubs; 2) 
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where hubs should be located; and 3) how accessibility, mobility, or the overall transportation 

network should be integrated.  

Given the only recent rise of resilience hubs in the past eight years, the concept has been minimally 

studied. This is particularly severe in the transportation engineering and planning fields, which 

have minimal research on the concept. From a practice-oriented perspective, there is also a lack of 

information and guidance related to transportation needs or even how transportation interacts and 

connects with resilience hubs. Since transportation systems enable travel to/from resilience hubs 

during disasters and normal conditions, these systems require an understanding and integration into 

resilience hub design/planning. Concurrently, data is not currently available on how people make 

choices about resilience hubs, what features they prefer, or where they would prioritize hub 

placement. This presents a critical gap for decision-makers, especially as design and planning 

strategies should be informed by community-centered evidence. Altogether, these gaps in both 

research and practice, coupled with a need for effective transportation responses in disasters, 

motivate this thesis. The thesis is also motivated by the pressing need to ensure equitable 

transportation and shelter for people in disasters and develop opportunities to create co-benefits 

that also focus on communities’ everyday needs.  

 

1.2 Research Objectives 

The main objective of this research is to build a conceptual understanding of resilience hubs and 

their related transportation needs and empirically analyze people’s needs and choices related to 

resilience hubs and travel behaviour. Gaps in research and practice motivated several research 

questions that were answered through this study to meet the main objective of the research: 

1. What are resilience hubs, especially when considering other types of hubs or centres for 

disasters and everyday conditions?  

2. How are resilience hubs currently being used and what are their functions?  

3. What are the transportation needs and characteristics of resilience hubs? 

4. How will people use resilience hubs in disasters and everyday conditions? 

5. What types of transportation services and resources should be considered in resilience hub 

designs, planning, and operations?  
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6. What modes of transportation will be used by individuals to access a resilience hub in 

disasters and everyday conditions? 

To answer these research questions, the study was divided into two phases. First, I conducted a 

comprehensive literature review that provides an early conceptual understating of resilience hubs 

and their related transportation needs, and can guide future pilots, programs, and design. The 

literature review answered the first three research questions and contributed to a new conceptual 

understanding and relation-building of resilience hubs and transportation. The second phase was 

conducted to address the last three research questions. During this phase, I surveyed 950 residents 

of the Edmonton Metropolitan Area in Alberta, Canada from September 2022 to February 2023. 

Subsequently, I used this data to apply simple descriptive statistics tools to understand individual 

and transportation preferences for resilience hubs. I then used discrete choice analysis (DCA) to 

identify factors that influence an individual’s decision on using a resilience hub and to determine 

variables that impact mode choice of both disasters and normal conditions. This empirical 

contribution offers a clearer understanding of usage and transportation choices related to resilience 

hubs, which can be used to establish a clearer, scientific basis for hub design and operations.   

 

1.3 Thesis Structure 

This thesis is composed of four total chapters and is organized as follows. Chapter 1 provides 

background and research objectives related to the thesis. Chapter 2 (published in Transportation 

Research Interdisciplinary Perspective [TRIP]) presents the literature review on resilience hubs 

and transportation needs. Next, Chapter 3 (in preparation for journal submission) discusses the 

methods and results of my analysis of transportation needs, choices, and integration with resilience 

hubs. I end the thesis with Chapter 4 which presents the conclusions, several overarching 

recommendations, and future research directions. 
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Chapter 2: Review of Resilience Hubs and Associated Transportation Needs 

 

2.1 Trend of Disasters and Community Resilience  

Due to unprecedented changes in the global climate, many communities around the world are 

facing more frequent extreme weather events (e.g., floods, wildfires, heatwaves, and severe storms 

(Temmer et al., 2019)). Some cities are also susceptible to non-climate-related events that require 

an emergency response, such as earthquakes, tornadoes, volcanos, chemical/toxic accidents, and 

terrorist attacks. Consequently, many cities have been altering their planning, designs, and 

infrastructure to improve preparedness, response, and recovery in emergencies. The emerging 

concept of resilience – largely considered the capacity of people and cities to survive and adapt to 

hazards – has guided policymakers, professional practitioners, and researchers in recent decades 

(see Meerow et al. (2015), Meerow and Stults (2016), Keenan (2018) for more discussion). To help 

communities bounce back to their former state or even forward following disasters, new ideas and 

tools need to ensure that residents both survive and thrive. However, this type of resilience-building 

is intricate, interdisciplinary, and multi-layered, because cities are complex and dynamic systems. 

One area of resilience that continues to challenge many jurisdictions relates to immediate responses 

to an event such as evacuating people, operating shelters, and distributing resources (Twigg et al., 

2011; Kohn et al., 2012; Wong et al., 2018; Lindell et al., 2019; Chen et al., 2020; Kotani et al., 

2020; Wong, 2020; Kim et al., 2021; Nagarajan and Shaw, 2021; Wong et al., 2021). These 

responses in disasters are often facilitated by transportation infrastructure and specific strategies 

that prioritize the movement of people or goods (e.g., evacuation plans, transit-based evacuations, 

contraflow, relief distribution).  

In this context of resilience and disaster response, one unique and emerging idea is to develop 

“resilience hubs” where people and resources could be gathered to increase safety and quality of 

life. Current resilience hubs have been developed at the local level through partnerships with 

existing organizations (e.g., community centers, recreation centers, non-governmental 

organizations, Red Cross, Urban Sustainability Directors Network [USDN]). Traditionally, they 

have been funded by governments, foundations, other non-governmental grants, and donations. For 

example, Vibrant Hawai’i, a community-based non-profit organization, opened community 

resilience hubs to provide resources to Hawai’i Island residents during the COVID-19 pandemic. 
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The establishment of these hubs was made possible through a $1.7 million (USD) award from the 

County of Hawaiʻi through an allocation from the U.S. Coronavirus Aid, Relief, and Economic 

Security Act (CARES) and an additional $171,000 (USD) provided by the Hawai’i County Council 

(Vibrant Hawai’i, 2020; Hawaii News Now, 2021). Alternatively, hubs have also been planned and 

funded by cities (e.g., City of Tallahassee (2022), Vancouver (2022a)). 

Despite some early examples and planning around these hubs, the idea of resilience hubs remains 

largely undefined as a concept, lacking in characteristics or functions, and under-researched in 

terms of its connection to transportation and land use. This gap in research and practice motivated 

several research questions:  

1) What are resilience hubs, especially when considering other types of hubs or centres for 

disasters and everyday conditions?  

2) How are resilience hubs currently being used and what are their functions? 

3) What are the transportation needs of resilience hubs? 

To answer these research questions, this paper provides an early conceptual understanding of 

resilience hubs and their related transportation needs through a comprehensive literature review 

that can guide future pilots, programs, and designs. Through keyword searching of “resilience 

hubs” and related hubs (e.g., mobility hubs, evacuation shelters, community hubs) via Elsevier’s 

Scopus, Web of Science, and Google Scholar, we identified the current state of the literature on the 

topic. A search of “resilience hubs” yielded a number of academic research articles and papers, 

which were supplemented by additional keyword searching for frameworks, reports, information 

available on trusted government websites, and white papers related to resilience hubs. 

The earliest literature found for resilience hubs was 2016 so this paper provides literature between 

2016 and September 2022 (current at the time of writing). For related hubs (e.g., mobility hubs, 

evacuation shelters, community hubs), the literature date range focused on the same date range to 

align with publications about resilience hubs and provide up-to-date information. Some relevant 

literature from periods before 2016 was also included in this review to supplement more recent 

information. In addition, we reviewed the literature from a transportation perspective to determine 

what mobility options, operations, and planning might be necessary to facilitate the movement of 

people and goods to/from the resilience hubs. This paper includes 56 academic papers from journals 

(including 11 from journals focused on transportation), 13 non-peer-reviewed academic sources 
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(e.g., books, book chapters, conference papers, theses), 35 reports (including guidebooks, 

frameworks, and presentations), and 46 websites. 

The paper is organized as follows. First, we present the concept of resilience hubs and include 

information about the placement of resilience hubs, function modes, and characteristics. Next, we 

provide background on preceding hubs to contextualize resilience hubs. We end the paper with a 

discussion of emerging needs, policy recommendations, and a conclusion. 

 

2.2 Resilience Hubs 

This section describes elements of resilience hubs. In the first subsection, the concept of resilience 

hubs is presented, followed by their elements. 

2.2.1 Concept 

Resilience hubs were first described by Baja (2016) and more formally defined by Baja (2018) in 

the report “Resilience Hubs: Shifting Power to Communities and Increasing Community Capacity” 

prepared for the Urban Sustainability Directors Network (USDN). Most of the studies about 

resilience hubs found in the literature review mention the concept of resilience hubs defined by 

Baja (2018) or present a very similar definition (Sandoval, 2019; Vibrant Hawai’i, 2019; Breton-

Carbonneau and Griffiths, 2020; City of Houston, 2020; de Roode and Martinac, 2020; Lou, 2020; 

Resilience Hub Community Committee, 2020; Baltimore Office of Sustainability, 2021; Kirwan et 

al., 2021; Mardis et al., 2021). Generally, resilience hubs are community-serving physical spaces 

– a building and related infrastructure – created to support residents, coordinate communication 

and services, and provide resource distribution before, during, or after a disaster (Baja, 2018). 

 Aiming for various physical, ecological, and social goals, resilience hubs provide opportunities for 

communities by improving quality of life, increasing equity and mobility, reducing greenhouse gas 

emissions (GHGs), and providing more efficient emergency management and climate change 

mitigation (Baja, 2018). Kirwan et al. (2021) and Sandoval (2019) described how resilience hubs 

can be a promising mechanism to build neighborhood resilience to overcome these challenges. In 

addition, Baja (2022) highlighted that focusing resilient strategies on community necessities and 

self-determination can enhance social alliance and partnerships by supplying superior access to 

resources such as food, water, childcare, and the Internet. For instance, the Vibrant Hawai’i 
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resilience hubs in the County of Hawai’i provide several key services, including access to laptops 

and Wi-Fi, programming, prepared meals, and food boxes. These services assisted 41,733 

households and 108,214 individuals, of whom 38 % were under the age of 18 (Vibrant Hawai’i, 

2020). They also offered safe learning spaces and connectivity for distance learning for children, 

which facilitated a safer return to school and work (Vibrant Hawai’i, 2020).  

Regarding social alliances, research by Aldrich and Meyer (2015) on social capital and community 

resilience uncovered that policy responses for preparedness should go beyond physical 

infrastructures to include social infrastructures (e.g., social capital and social cohesion). For 

instance, social cohesion promotes a sense of inclusion for all members of a community, valuing 

the diversity of its residents, promoting equal access to opportunity for people of all backgrounds, 

and developing strong and positive relationships among residents (de Roode and Martinac, 2020). 

Resilience hubs have the potential to build this social cohesion through resource access (Baja, 

2022).  

2.2.1.1. Placement of Resilience Hubs 

The placement of resilience hubs is critical to ensuring sufficient community trust and easy access 

(Baja, 2019). The initial criterium for hubs is the identification of existing well-known and well-

utilized places, such as community centers, recreation facilities, libraries, universities, and/or 

government buildings that can be converted into a resilience hub. Key literature has also stressed 

that the hubs’ locations should enable service to communities every day and specifically during 

disasters (Sandoval, 2019; Kirwan et al., 2021; Mardis et al., 2021). Research by Mazereeuw and 

Yarina (2017) in Japan and other Pacific countries demonstrated that combining disaster features 

with everyday amenities at community buildings improved hazard recovery. Moreover, mixed-use 

places were more likely to be known by the public and used in disasters (Mazereeuw and Yarina, 

2017). Idziorek (2020) determined that public spaces should be sufficiently adapted to serve the 

community not only during disasters but also in daily conditions. Based on findings from Idziorek 

(2020) and Mazereeuw and Yarina (2017), selecting well-known and well-used places for resilience 

hubs could increase the likelihood that people will use them in times of disaster. While literature 

generally suggests places that have been pre-established (i.e., existing buildings), Baja (2022) noted 

that constructing new buildings may be an option for communities, especially if residents 

contribute to the site selection and design process. 
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Resilience hubs tend to be placed in urban areas to improve accessibility to resources, especially 

for underserved populations. For example, on Detroit’s East side, the Bailey Park Neighborhood 

Development Corporation’s Community Resilience Hub was created as a central access point for 

services and resources during regular days and emergencies (Sands, 2021). In 2020, the hub helped 

neighborhood residents through the distribution of fresh food (in partnership with Gleaners 

Community Food Bank) and personal protective equipment (PPE). A year later, the hub helped 

residents that were affected by floods from a large summer storm (Bailey Park Neighborhood 

Development Corporation, 2022). For suburban areas, the Millvale Food + Energy Hub in Millvale, 

Pennsylvania, a small suburb of Pittsburgh, distributed around three tons of fresh food in 

partnership with the USDA’s Farm to Families program during the COVID-19 pandemic (Hussain 

and Zetkulic, 2021). Other urban and suburban resilience hubs have included Baltimore 

(Maryland), Tallahassee (Florida), Vancouver (British Columbia), Cambridge (Massachusetts), and 

Tempe (Arizona), to name a few. 

Resilience hubs can also operate in rural areas. Mardis et al. (2021) described that in rural areas, 

public libraries are ideal locations for resilience hubs because they provide a variety of 

informational, educational, social, and personal services. Moreover, Bishop and Veil (2013) and 

McShane and Coffey (2022) highlighted that the staff and current functions of public libraries can 

help community residents in disaster response and recovery. For example, after a disaster, people 

can receive physical aid and/or shelter at public libraries, while librarians can assist residents by 

connecting them with emergency information, organizations that provide relief during disasters 

(e.g., Red Cross, food banks), and government services (Bishop and Veil, 2013; Mardis et al., 2021; 

McShane and Coffey, 2022). Regardless of geography, the effectiveness of resilience hubs depends 

on multiple community-oriented factors including: community co-development, individual 

knowledge of resources and services at a hub, trust in the hub and its staff, and the ability of 

resources to meet community needs during extreme events (Baja, 2018). 

Regarding transportation and mobility, only Baja (2019) cited two transportation characteristics 

that should be considered for resilience hubs’ site selection. The first focuses on placing a hub in 

areas that are walkable and easily accessed by pedestrians. Second, Baja (2019) recommended that 

hubs should be near evacuation routes or major roads. Beyond this planning guidance, the review 

did not uncover any other transportation considerations for hub placement. 
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2.2.1.2. Other Considerations for Resilience Hubs 

In addition to placement, Sandoval (2019) described that the types and dimensions of disasters 

should play a central role in resilience hub design and operations. Hubs can also significantly differ 

based on the climate region, geographic characteristics, and cultural context (Sandoval, 2019). For 

example, a tsunami-prone community in Southeast Asia may require significantly different needs 

than a wildfire-prone community in North America. Breton-Carbonneau and Griffiths (2020) 

uncovered that some communities prioritized language support services as a crucial resource for 

resilience hubs in non-English speaking communities. Resilience hubs can also focus on internal 

resources. The Federal Emergency Management Agency (FEMA) in the U.S. determined that 

resilient communities should identify and leverage their own resources to recover from a disaster, 

rather than fully depend on external resources (FEMA, 2011). As an example of self-reliance, the 

resilience hub located at the Boyle Heights Arts Conservatory in Los Angeles (California) has a 

water capture and storage system and a renewable power system (solar + storage) (USDN, 2022a).  

Beyond these considerations, it is difficult to define a resilience hub in a more concrete sense, 

because hubs can be uniquely designed to serve community needs. When locating and planning for 

resilience hubs, literature has found that planners should consider the needs of neighborhoods and 

design hubs based on surrounding land use (Baja, 2019; Georgetown Climate Center, 2022). 

Moreover, planning for resilience hubs can be seen as a dynamic and evolving process that changes 

depending on preparedness, response, and recovery activities specific to the community and its 

hazards (Small Planet Networks, 2022). 

 2.2.1.3. Resilience Hub Function Modes  

Within the conceptual framing of resilience hubs, functionality was a common theme. Resilience 

hubs can operate in three modes (Baja, 2019; Resilience Hub Community Committee, 2020): (1) 

everyday or normal mode (non-disruption); (2) response or disruption mode (both short- and long-

term disruption); and (3) recovery mode (post-disruption). For most days, resilience hubs function 

in normal mode, acting as reliable community places that offer a variety of community-determined 

services and programs such as access to health, food, water, Internet, childcare, and activities for 

seniors (Baja, 2019; Northampton Massachusetts, 2020). In the event of a disaster, hubs can 

transition from normal mode to response mode, reacting and responding to the disruption and 
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improving operations to better meet the immediate needs of the community. After a disruption, they 

switch into recovery mode, serving as relief distribution centers.  

During the response mode, which is activated when an emergency event occurs (i.e., either short- 

or long-term disruptions), resilience hubs can help reunite families, supply resources, share 

information, and provide medical support (Mazereeuw and Yarina, 2017). They can also be a 

gathering place where community members offer support and prioritize services to those most 

vulnerable (Baja, 2019). For longer-term disruption, hubs can also provide overnight 

accommodations for evacuees (similar to evacuation shelters). The demand for these 

accommodations will be dependent on the disaster, community demographics, and shelter 

characteristics (Das, 2018; Asgary and Azimi, 2019).  

Similar factors will determine the duration that a hub will function in recovery mode. During this 

phase, the hub can remain a point for gathering that shares information and offers resources 

(Vancouver, 2022b). In addition, they can provide services that assist residents and local business 

owners to apply for government recovery assistance (Bishop and Veil, 2013). 

2.2.2. Resilience Hub Elements  

Moving from the concept and functionality of resilience hubs, Baja (2022) and Breton-Carbonneau 

and Griffiths (2020) describe five foundational elements of hubs: 

(1) Services and Programming: offer services and programs that support community 

preparedness and response and improve their quality of life.  

(2) Communications: provide accessible, reliable, and easily understood information in all 

three operation modes to increase community cohesion and connectivity.  

(3) Building and Landscape: identify existing well-known and well-utilized buildings and 

strengthen them with the utilization of the surrounding landscape (e.g., water capture 

and reuse, air filtration, urban gardening) that can safeguard their function in disasters.  

(4) Power Systems: provide uninterrupted power during a disaster using systems (e.g., 

solar panels, backup generators, batteries) that are aligned with resilience hubs’ goals.  

(5) Operations: have a capable team and processes to guarantee that the hub operates daily 

and can be a safe and accessible site for all residents of the service area.  
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Table 2.1 shows services, programs, and resources identified by the literature as elements/options 

that could be provided by a resilience hub. In addition, the table presents examples of these 

elements/options using known resilience hubs in North America that are currently functioning or 

are being designed. A simple search of resilience hubs as a keyword yielded 11 cities and 25 states 

with implemented or planned hubs. Cities tended to have more detailed information about 

implemented hubs. We note that this is not a complete list of examples of resilience hubs as the 

search focused more on readily available examples and not finding/analyzing all hubs, including 

some that may not have sufficient or searchable information.  

 

Table 2.1 - Services, programs, and resources provided by current resilience hubs 

Services, 

Programs, and 

Resources  

Description Examples in Current Hubs Sources 

Community 

emergency response 

training 

Critical communication and 

information that help educate 

community members about 

hazards  

Vancouver, BC; Tallahassee, 

FL; Hawaii; TX**; San 

Francisco, CA; Washington 

D.C.; Tempe, AZ; Los 

Angeles, CA; Cambridge, 

MA; Ontario, CA; AZ; CA; 

CO; GA; IA; IL; KS; KY; 

ME; MA; MI; MN; NC; NJ; 

NM; NY; OH; OR; RI; VA; 

VT; WI; Detroit, MI 

(Neighborhood Empowerment 

Network, 2018; Vibrant Hawai'i, 

2020, 2021; CREW, 2021; 

Higgins, 2021; Sands, 2021; 

City of Tallahassee, 2022; Oak 

Park Neighbourhood Centre, 

2022; USDN, 2022a, 2022b, 

2022c, 2022d; Vancouver, 

2022a) 

Heating and/or 

cooling 

Heating on extreme cold days 

and/or cooling in heat waves 

Vancouver, BC; Detroit, MI; 

San Francisco, CA 

(Neighborhood Empowerment 

Network, 2018; Sands, 2021; 

Vancouver, 2022a)  

Wi-Fi access 
Free Wi-Fi access to the Internet 

and key communications 

Vancouver, BC; Tallahassee, 

FL; Hawaii; Detroit, MI; 

Washington D.C.; Tempe, 

AZ 

(Vibrant Hawai'i, 2020, 2021; 

Sands, 2021; City of 

Tallahassee, 2022; USDN, 

2022c, 2022d; Vancouver, 

2022a) 

Food and water 

distribution 

Food and water resources, which 

are offered daily or only during a 

disaster 

Hawaii; TX*; Detroit, MI; 

Baltimore, MD; Millvale, 

PA; San Francisco, CA; Ann 

Arbor, MI; Ontario, CA; 

Tempe, AZ; Los Angeles, 

CA; Cambridge, MA 

(Neighborhood Empowerment 

Network, 2018; Stanton, 2020; 

Vibrant Hawai'i, 2020, 2021; 

Baltimore Office of 

Sustainability, 2021; Higgins, 

2021; Hussain and Zetkulic, 

2021; Sands, 2021; Oak Park 

Neighbourhood Centre, 2022; 

USDN, 2022a, 2022b, 2022c) 

Meal services 
Daily meal distribution or 

selective meals during a disaster 
Hawaii; TX* 

(Vibrant Hawai'i, 2020, 2021; 

Higgins, 2021)  
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Health 

services/basic 

medical supplies 

Medical services and care, 

dentists, and pharmacies 

Tallahassee, FL; Detroit, MI; 

Tempe, AZ 

(Sands, 2021; City of 

Tallahassee, 2022; USDN, 

2022c) 

Mental health 

experts  

Mental health and wellbeing 

support programs 

Tallahassee, FL; Washington 

D.C.; Tempe, AZ; 

Cambridge, MA 

(City of Tallahassee, 2022; 

USDN, 2022b, 2022c, 2022d) 

Showers and 

restrooms 
Access to showers and restrooms 

Vancouver, BC; TX*; 

Tempe, AZ 

(Higgins, 2021; USDN, 2022c; 

Vancouver, 2022a) 

Solar power 

Power delivered to the hub via 

solar panels for improved 

resilience in disasters 

Baltimore, MD*; Detroit, 

MI* Millvale, PA; Ann 

Arbor, MI; Washington D.C.; 

Tempe, AZ; Los Angeles, 

CA 

(Stanton, 2020; Baltimore Office 

of Sustainability, 2021; Higgins, 

2021; Hussain and Zetkulic, 

2021; Sands, 2021; USDN, 

2022a, 2022c, 2022d) 

Information desk 

Information about: (1) activities 

and services available daily and 

during disaster and (2) 

government programs aimed to 

assist the recovery of those 

affected by the disaster 

Vancouver, BC; Hawaii; 

TX*; San Francisco, CA; 

Ontario, CA; AZ; CA; CO; 

GA; IA; IL; KS; KY; ME; 

MA; MI; MN; NC; NJ; NM; 

NY; OH; OR; RI; VA; VT; 

WI; Washington D.C.; 

Tempe, AZ; Los Angeles, 

CA 

(Neighborhood Empowerment 

Network, 2018; Vibrant Hawai'i, 

2020, 2021; CREW, 2021; 

Higgins, 2021; Oak Park 

Neighbourhood Centre, 2022; 

USDN, 2022a, 2022c, 2022d; 

Vancouver, 2022a) 

Emergency 

communication 

system 

Critical communication and 

information during a disruption 

phase 

Washington D.C.; Tempe, 

AZ 
(USDN, 2022c, 2022d) 

Support for 

reuniting families 

Reuniting place for families 

during a disaster 
Vancouver, BC; (Vancouver, 2022a) 

Computers 
Access to computers for 

communication and information 

Vancouver, BC; Hawaii; 

Detroit, MI 

(Vibrant Hawai'i, 2020, 2021; 

Sands, 2021; Vancouver, 2022a)  

Fitness facilities 
Gym, swimming pool, and sports 

courts 

Vancouver, BC; Tallahassee, 

FL; Detroit, MI; Cambridge, 

MA 

(Sands, 2021; City of 

Tallahassee, 2022; USDN, 

2022b; Vancouver, 2022a) 

Gathering places for 

group activities 

Fitness center, squares, group 

activities, games, family 

breakfast/lunch/dinner, 

restaurants, and arenas 

Vancouver, BC; Tallahassee, 

FL; Hawaii; TX*; Detroit, 

MI; Millvale, PA; San 

Francisco, CA; Ontario, CA; 

Washington D.C.; 

Cambridge, MA 

(Neighborhood Empowerment 

Network, 2018; Vibrant Hawai'i, 

2020, 2021; Higgins, 2021; 

Hussain and Zetkulic, 2021; 

Sands, 2021; City of 

Tallahassee, 2022; Oak Park 

Neighbourhood Centre, 2022; 

USDN, 2022b, 2022d; 

Vancouver, 2022a) 

Community arts and 

culture 

Music and art classes and 

expositions 

Vancouver, BC; Tallahassee, 

FL; Hawaii; Detroit, MI; 

Ontario, CA; Washington 

D.C.; Los Angeles, CA; 

Cambridge, MA 

 

(Vibrant Hawai'i, 2020, 2021; 

Sands, 2021; City of 

Tallahassee, 2022; Oak Park 

Neighbourhood Centre, 2022; 

USDN, 2022a, 2022b, 2022d; 

Vancouver, 2022a) 
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Coordinated 

childcare 

Childcare services and pre-

school  

Vancouver, BC; Hawaii; 

Ontario, CA 

(Vibrant Hawai'i, 2020, 2021; 

Sands, 2021; Oak Park 

Neighbourhood Centre, 2022; 

Vancouver, 2022a) 

Older adult services 

and program 

Yoga, meditation, sports, fitness 

facilities, group meetings, 

language classes, and technology 

classes for older adults  

Vancouver, BC; Tallahassee, 

FL; San Francisco, CA; 

Ontario, CA 

(Neighborhood Empowerment 

Network, 2018; City of 

Tallahassee, 2022; Oak Park 

Neighbourhood Centre, 2022; 

Vancouver, 2022a) 

Youth and child 

programs 

Children’s before and/or after-

school programs 

Vancouver, BC; Tallahassee, 

FL; Detroit, MI; Ontario, 

CA; Los Angeles, CA; 

Cambridge, MA 

(Sands, 2021; City of 

Tallahassee, 2022; Oak Park 

Neighbourhood Centre, 2022; 

USDN, 2022a, 2022b; 

Vancouver, 2022a) 

Job training 

programs 

Opportunities to learn additional 

skills for jobs and workforce 

development 

Hawaii; Washington D.C.; 

Tempe, AZ; Los Angeles, 

CA; Cambridge, MA 

(Vibrant Hawai'i, 2020, 2021; 

USDN, 2022a, 2022b, 2022c, 

2022d) 

Training on how to 

manage finances  

Workshops about financial 

management   
Hawaii; Washington D.C. 

(Vibrant Hawai'i, 2020, 2021; 

USDN, 2022d) 

Growth of fresh and 

local food 

Place to grow and/or access fresh 

and local food 
Vancouver, BC; Hawaii 

(Vibrant Hawai'i, 2020, 2021; 

Vancouver, 2022a) 

Horticulture courses 
Courses related to growing food 

and plants 

Vancouver, BC; Hawaii; 

Ontario, CA 

(Vibrant Hawai'i, 2020, 2021; 

Oak Park Neighbourhood 

Centre, 2022; Vancouver, 2022a)  

Cooking classes 
Cooking classes for different age 

groups 
Vancouver, BC  (Vancouver, 2022a) 

*Geography has hubs only in the design phase. 

**Geography has hubs that are already opened and hubs that are in the design phase. 

 

From Table 2.1, the two most common services offered by the current hubs, especially in those 

located in libraries (e.g., (CREW, 2021)), are community emergency response training and an 

information desk. These services provide emergency preparedness opportunities and communicate 

key resources to residents. We noticed that among the resources provided, some (but not all) of the 

hubs provided food and water (Neighborhood Empowerment Network, 2018; Stanton, 2020; 

Vibrant Hawai’i, 2020, 2021; Baltimore Office of Sustainability, 2021; Higgins, 2021; Hussain and 

Zetkulic, 2021; Sands, 2021; Oak Park Neighbourhood Centre, 2022; USDN, 2022a, 2022b, 

2022c). For example, 14 resilience hubs in Hawaii focused on food distribution (Vibrant Hawai’i, 

2020) while none of the disaster support hubs in Vancouver reported this service (Vancouver, 

2022a). This may be due to the different functionalities that were designed for these hubs and the 
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needs of the community where they are located. This gap indicates that some hubs may not be able 

to meet basic needs during a disaster. 

Other important resources during emergency situations include physical and mental health services 

and basic medical supplies. These resources were observed in the Bailey Park Neighborhood 

Development Corporation’s Community Resilience Hub in Detroit, MI (Sands, 2021), the Smith-

Williams Center in Tallahassee, FL (City of Tallahassee, 2022), the Resilience Incubators at F.H. 

Faunteroy in Washington D.C. (USDN, 2022d), the Envision Tempe Resilience Hub in Tempe, AZ 

(USDN, 2022c), and the Cambridge Community Center in Cambridge, MA (USDN, 2022b). 

However, we did not find substantial evidence of overnight accommodation needs such as 

beds/cots and showers. While these resources could be allocated quickly to hubs, a lack of 

information indicates that overnight shelter space or hygienic facilities are not a priority for current 

resilience hub design. 

We also observed that a decent number of resilience hubs offered everyday services and 

programming (e.g., City of Tallahassee, (2022), Oak Park Neighbourhood Centre (2022), USDN, 

(2022b), and Vancouver (2022a)). Examples of services included children’s before and/or after 

school programs, coordinated childcare, older adult services and programming, and community 

arts and culture. Some resilience hubs also offered general facilities for group meetings and 

gatherings (City of Tallahassee, 2022; Higgins, 2021; Hussain and Zetkulic, 2021; Neighborhood 

Empowerment Network, 2018; Oak Park Neighbourhood Centre, 2022; Sands, 2021; USDN, 

2022b, 2022d; Vancouver, 2022a; Vibrant Hawai’i, 2020, 2021). A few hubs offered unique 

programs such as job training, cooking classes, financial courses, and horticulture courses (mostly 

in Hawaii, Washington D.C., Tempe, Los Angeles, Cambridge, and Vancouver). As mentioned 

previously, Internet access and space for distance learning for children were offered by resilience 

hubs in Hawai’i (Vibrant Hawai’i, 2020). 

Table 2.1 is also informative about what resilience hubs do not provide. For example, language 

support services are a crucial resource for resilience hubs in communities that do not speak the 

official language of the country (Breton-Carbonneau and Griffiths, 2020). However, translation 

services were not found in the example hubs, which could produce inequitable outcomes for 

residents that do not speak the official local language. Critically, our review of resilience hub 

examples did not find any information related to transportation services. A wide range of 
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transportation services (e.g., public transit, shared mobility, paratransit service, point-to-point 

transportation to/from key destinations) could be included as services or characteristics of a 

resilience hub. The lack of transportation examples indicates that while there may be the co-

location of hubs and transportation, mobility services are not considered critical components of 

hubs in their current form. This also suggests that transportation – including connections to/from 

hubs – is not being considered as part of their functionality or usability. 

 

2.3. Other Preceding Hubs  

Before the concept of resilience hubs emerged, cities had adopted other types of hubs to achieve 

various societal goals. This section presents the types of hubs that are most correlated with the 

current concept of a resilience hub. These other hubs can help inform resilience hubs or be adapted 

to serve as resilience hubs.  

2.3.1. Mobility Hubs  

Mobility hubs, which can also be defined as intermodal terminals, are places where passengers can 

efficiently transfer between a variety of routes and modes of transportation (Anderson et al., 2017; 

Aono, 2019; CoMoUK, 2019; Henry and Marsh, 2008; Pitsiava-Latinopoulou and Iordanopoulos, 

2012; Schemel et al., 2020). They are an opportunity to integrate various sustainable transport 

modes and increase a city’s connectivity (Aono, 2019; Schemel et al., 2020). The type of mobility 

hub may vary from a single carshare space or connection between two modes to a concentration of 

multiple transportation modes (Anderson et al., 2017; Henry and Marsh, 2008; Schemel et al., 

2020). This co-location of modes has several key benefits. First, mobility hubs can lower the cost 

and time of travel by enabling passengers to use a mode that suits each trip or trip segment (Henry 

and Marsh, 2008; Aono, 2019). Second, mobility hubs can reduce congestion by encouraging 

modes beyond auto travel (Pitsiava-Latinopoulou and Iordanopoulos, 2012; Portland Bureau of 

Transportation, 2018). Third, GHGs can be reduced since there are more active and clean 

transportation modes options (CoMoUK, 2019; Aydin et al., 2022). Finally, mobility hubs can 

increase transportation accessibility and equity (Henry and Marsh, 2008; Anderson et al., 2017; 

CoMoUK, 2019).  
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Regarding implementation, the construction of mobility hubs requires cooperation between local 

governments and transportation operators (National Commission on Intermodal Transportation, 

1994; Aono, 2019). Some factors are considered essential to ensure the success of hubs (Aono, 

2019; Bell, 2019; Pitsiava-Latinopoulou and Iordanopoulos, 2012). For example, mobility hubs 

need adequate accessibility for all users; reliable service from operators; safety and security across 

modes; a sense of place that values the community; and sufficient parking (if necessary). Moreover, 

mobility hubs can encompass some amenities which support passengers and transform the hubs 

from a place of transition to a destination (Schemel et al., 2020). Examples of these multi-use hubs 

can be found across Europe and North America (Arnold et al., 2022; Henry and Marsh, 2008; 

SmartHubs, 2022). Basic services that are offered by these multi-use mobility hubs include (but 

are not limited to): information desks, washrooms, storage lockers, mail/courier service, Wi-Fi, 

electric vehicle charging station, food courts, stores, gyms, and banks. Hubs can also function as 

transit-oriented developments (TODs) with residences and commercial space. Other co-located 

destinations can include supermarkets, stadiums, and medical facilities. 

A mobility hub’s location is usually determined by a city’s land use, transportation network and 

demand, community demographics characteristics, and other local policies (Aono, 2019; 

CoMoUK, 2019; Metropolitan Transportation Commission, 2020; PBOT, 2020). Once new 

mobility hub facilities are needed, government agencies typically: (1) measure and model current 

travel demand, (2) analyze the current transportation network, (3) analyze the outcomes and select 

prioritized areas, (4) determine the type of mobility hubs, (5) choose potential sites, (6) evaluate 

candidates sites, and (7) select the best location based on several chosen factors (PBOT, 2020; 

Arlington, 2021; Arnold et al., 2022; Arseneault, 2022). Typically, cities prioritize existing sites 

that can be repurposed and redesigned. Most academic literature about the location selection of 

mobility hubs has focused on optimization methods, Geographic Information System (GIS) 

analysis, spatial analysis, and the analytic hierarchy process (Anderson et al., 2017; Guerreiro et 

al., 2018; Petrovic et al., 2019; Fazio et al., 2021; Aydin et al., 2022; Eren and Katanalp, 2022).  

As mobility hubs continue to evolve, their design and functions can help inform the development 

of resilience hubs, in particular ensuring that people can travel to/from the hubs safely and 

efficiently in both disaster and everyday conditions. The placement of multiple modes can allow 

evacuees the ability to reach resources more quickly, and a centralized hub can also serve as a 
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staging area or a primary drop point for key relief supplies. Consequently, a mobility-centered 

approach for resilience hubs can help produce co-benefits that can help meet community needs. 

2.3.2. Community Hubs  

Community hubs, whose precursors were early guilds, religious organizations, civic organizations, 

sporting clubs, and community houses (e.g., Chicago’s Hull House) (McShane and Coffey, 2022), 

are sometimes called community centers, neighborhood associations/centers, and community 

leagues. They are multi-purpose institutions that provide central access to a variety of services (e.g., 

education, social, and health) in conjunction with more common cultural and recreational activities 

to increase community well-being (McShane and Coffey, 2022; Palumbo, 2016; Pitre, 2015). A key 

element of community hubs is their ability to create social infrastructure and networks, which can 

address vulnerabilities and better meet localized needs (McShane and Coffey, 2022). The process 

to select a place for a community hub usually begins with an identification of local needs. This is 

closely followed by a selection of areas that will be most impacted by their implementation and the 

development of partnerships within the community. Next, the organization that will implement the 

hub (e.g., local government, non-government organization, community-based organization) will 

identify potential locations that meet the community’s needs and select the most appropriate site 

for the hub. These approximate steps are outlined in several practitioner guides (Government of 

South Australia, 2018; Queiser, 2019; Christopher Hellmundt Community and Culture, 2022; My 

Community Locality, 2022; Strathcona County, 2022). When identifying possible sites for 

community hubs, transportation options can be planned to increase equitable access to destinations 

(e.g., proximity to transit, access to parking, and proximity to pathways and cycle lanes) 

(Strathcona County, 2022). Many community hubs have been created at the local level through the 

repurposing of existing buildings (i.e., public spaces, semi-private, or private spaces). As an 

example of this overall process, the City of Edmonton has 161 community leagues that were 

established to meet residents’ unique needs within individual neighborhoods (EFCL, 2022), 

displaying many of the characteristics and functions of community hubs.  

Due to the increase in frequency and magnitude of climate change extreme events, community 

hubs have made some recent adaptations to prepare for the impact of disasters. Services such as 

emergency accommodations, information centers, community kitchens, and response and recovery 

services have been adopted by some community hubs (McShane and Coffey, 2022), which aligns 
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with resilience hub objectives. The recent COVID-19 pandemic has also altered the role of 

community hubs. For example, the community hubs initiative in Calgary (Canada) reported a 

change in the services that their communities needed during the pandemic (United Way, 2021). 

Moreover, they noted that certain types of community hub support, such as basic needs (e.g., food 

hampers, meals, and hygiene items) faced an increase of over seven times (United Way, 2021). 

This switch from recreation and culture to key emergency response during the COVID-19 

pandemic indicates a new shift in thinking that can extend to recovery and climate preparedness 

for resilience hubs.  

Community hubs have been located in a variety of spaces and buildings including schools (Pitre, 

2015; Grand Erie District School Board, 2022), libraries (Pitre, 2015; Ontario, 2017; First 5 El 

Dorado, 2022), older adult and senior care centers (Pitre, 2015; Primary Care Network, 2018), 

community health centers (Pitre, 2015; Ontario, 2017), and government buildings (Pitre, 2015). 

According to McShane and Coffey (2022), the placement of hubs is crucial as poor planning may 

result in the inappropriate placement of community hubs regarding accessibility and vulnerability. 

Hubs should be generally designed to meet the needs of the community through local services and 

resources. Guidance can be taken from McGee et al. (2021) on services for Indigenous 

communities in wildfire evacuations. Assistance during disasters for First Nations, Metis, and Inuit 

should offer foods that are part of the specific Indigenous culture, consider the financial needs of 

the population, and provide healthcare related to the health challenges that are predominant in those 

Indigenous communities (McGee et al., 2021).  

Community hubs have a range of benefits. For example, they have been shown to: improve learning 

opportunities and well-being for students, enhance response to local needs, improve access to 

services, increase connectivity and social cohesion in the community, and allow neighbors to build 

a cooperative vision for the future of their community (Pitre, 2015; United Way, 2021). The 

community hubs initiative in Calgary cited that 40% of their hub activities involved collaborating 

with community partners, 84 % of residents felt a sense of community connectedness, and 92% of 

the volunteers felt connected to their hubs (United Way, 2021). These characteristics of community 

hubs – particularly related to social cohesion – can serve as key guidance for resilience hubs. 
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2.3.3. Evacuation Shelters 

In the event of a disaster or emergency, evacuations that move people away from a hazard are 

common. To ensure that evacuees have a safe destination, evacuation shelters are often opened in 

nearby communities to the disaster (Sheu and Pan, 2014; Bayram and Yaman, 2018). The 

emergency shelter location is usually determined by deterministic facility location models that 

select sites to optimize specific selection parameters (Li et al., 2012; Xu et al., 2016; Boonmee et 

al., 2017; Zhao et al., 2017; Ma et al., 2019, 2022). For example, shelters are selected based on the 

hazard’s potential impact, an appropriate travel distance, or a shelter’s spatial coverage (Xu et al., 

2016; Zhao et al., 2017). Shelters can also be located based on dynamic facility location models, 

where paraments such as traffic flow, time, and cost vary (Boonmee et al., 2017). Beyond 

optimization models, shelters are often planned and located based on convenience, availability, and 

accessibility. In particular, public and public-serving buildings – such as schools, universities, 

stadiums, libraries, leisure centers, and faith-based buildings – are chosen as evacuation shelters 

since they can often shelter significant numbers of people and provide sufficient resources for 

evacuees (ADA, 2007; Liu et al., 2011; Bashawri et al., 2014).  

Evacuation shelters can be categorized into different types according to the period of time that 

people need to stay in the shelter from the commencement of the disaster event. Quarantelli (1995), 

Johnson (2007), Chou et al. (2013), and Felix et al. (2013) grouped them into four types of shelters: 

(1) emergency sheltering (i.e., short period of time during the emergency peak); (2) temporary 

sheltering (i.e., a few days/ weeks after the peak); (3) temporary housing (i.e., long term but not a 

final residence); and (4) permanent housing (i.e., existing, renovated, or rebuilt housing).  

Depending on the disaster type, evacuation shelters can be planned for an open place (e.g., parks, 

playgrounds, squares, parking lots) or a safe indoor place (e.g., schools, churches, temples, 

libraries, recreation centers, government buildings). Indoor locations are the most common, as 

structures can protect people from multiple hazard risks. In evacuations, people seek shelter in a 

variety of places, most commonly a family member’s or friend’s residence or a hotel/motel (Lindell 

et al., 2019; Wong, 2020). In addition, some evacuees shelter at a second residence, inside their 

portable vehicle, or even with a peer-to-peer service (e.g., Airbnb), as described by Wong et al. 

(2020a). Evacuation shelters are predominantly public shelters where anyone may seek safety. 

These tend to be lower-used options, with literature indicating that 2% to 11% of evacuees go to 
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public shelters (Cheng et al., 2011; Lindell, 2018; Smith and McCarty, 2009; Whitehead, 2003; 

Wilmot and Gudishala, 2013; Wong et al., 2018; Wong, 2020; Wu et al., 2012; Yin et al., 2014). 

These low numbers are partially a result of poor public perception of evacuation shelters. Wong et 

al. (2018) found that 31% of the people that did not evacuate from Hurricane Irma in 2018 cited 

their decision as partially not wanting to go to a public shelter. Evacuation shelters are often 

perceived as uncomfortable, unsafe, and lacking in necessary resources (Asgary and Azimi, 2019; 

McGee et al., 2021).  

Despite this perception, evacuation shelters are critical in disasters, especially for those without 

reliable transportation or nearby social connections. Research has found that low-income residents 

often choose to not evacuate because of the cost and are more likely to use local and free public 

shelters if they do evacuate (Karaye et al., 2020; Perkins, 1996; Wong, 2020). Consequently, public 

shelters should provide free resources (e.g., food, water, personal hygiene facilities, healthcare) 

(Lindell et al., 2019), especially given that their users have less financial capability to buy essential 

items for survival. Many of these resources parallel functions for resilience hubs, which can help 

bolster outcomes in disasters by increasing the probability that people will use public shelters. To 

improve evacuation compliance and nudge non-evacuee behaviour, Wong et al. (2021) also 

recommended that jurisdictions should improve shelter conditions to make them safer and more 

comfortable for a variety of populations. Other pre-planned mechanisms can increase 

transportation reliability for carless individuals in evacuations. For example, city-assisted 

evacuation plans have established pickup locations and sufficient public transit to/from registration 

centers and shelters (City of New Orleans, 2022).  

When considering transportation for evacuation shelters (and resilience hubs), a few other key 

transportation options exist to improve equity. Chen et al. (2020) cited that carpooling with 

neighbors was an effective solution that could reduce traffic congestion during the evacuation and 

assist older adults, people with mobility challenges, and low-income households. Moreover, Wong 

et al. (2020a) and Borowski and Stathopoulos (2020) identified that recent advancements in 

ridesourcing companies, such as Uber and Lyft, have made them a possible transportation 

alternative for evacuations, especially in small-scale evacuations. Wong et al. (2020a) describe the 

evolution of this shared resource opportunity provided by companies or residents (e.g., peer-to-
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peer). For example, Uber and Lyft have both developed initiatives that offer ride credits to/from 

evacuation shelters (Hawkins, 2018; Lyft, 2018).  

Evacuation shelters are also undergoing a change in concept. According to Kotani et al. (2020), 

some shelters have poor accessibility and do not have sufficient capacity to assist everyone who 

needs to evacuate. Kotani et al. (2020) studied an alternative option of evacuation shelter in a case 

study in Kobe, Japan and demonstrated that shopping streets with disaster-proof buildings can be 

an evacuation shelter, offer food distribution, and improve accessibility. Moreover, Wong et al. 

(2020a) pointed out that peer-to-peer homesharing, such as through Airbnb’s Open Homes 

Program, could improve the quality and quantity of shelters in an evacuation. Upwards of 29 % of 

respondents for a future wildfire evacuation (Wong et al., 2020b) and 19 % of respondents for a 

future hurricane evacuation (Wong et al., 2020a) were found to be extremely likely to share their 

home for free with another evacuee. 

2.3.4. Other Disaster Response Centers 

Mazereeuw and Yarina (2017) expanded the concept of evacuation shelters more broadly to consist 

of decentralized emergency preparedness hubs in open areas (Bosaikoen in Japanese), which are 

planned in collaboration and consultation with local partners and the surrounding community. 

These hubs function daily as parks/playgrounds and during/after an emergency as a reuniting 

location where people could access supplies and information. With the increase in the effects of 

climate change, studies have shown that excessive heat exposure can increase the risk of morbidity 

and mortality (Semenza et al., 1996; Curriero, 2002; Ostro et al., 2009; Vaneckova et al, 2010; 

Tobias et al., 2012; Berko et al., 2014; Berisha et al., 2017). To help prevent illness and death 

caused by extreme weather conditions, some governments and communities sponsor warming and 

cooling centers for at-risk communities during heat waves and extremely cold days (Toronto, 

2017a, 2017b; California, 2021; City of Oshawa, 2021; Chicago, 2022; City of Edmonton, 2022; 

City of London, 2022; City of New York, 2022; City of Niagara Falls, 2022; City of St. Louis, 

2022; Connecticut State, 2022; Vancouver, 2022c). These facilities are equipped with air-

conditioning and/or heating, and they have also been used to provide water and medical support 

(Fraser Health Authority, 2021; New York State, 2022). Examples of places that have served as 

cooling/warming centers include libraries, community centers, schools, shopping malls, 

supermarkets, facilities that have indoor or outdoor swimming pools, and recreation centers. It is 
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noteworthy that some of these locations are also identified as resilience hubs (Maricopa County, 

2022; New York State, 2022).  

Recent wildfires in California have prompted the utilization of other centers, such as clean air 

centers to escape the effects of smoke. For instance, recent American Rescue Plan Act funding has 

been used to develop clean air and cooling center by retrofitting schools’ heating, ventilation, and 

cooling systems in the San Francisco Bay Area (Giarmoleo, 2021). These upgrades improve 

students’ environment, while simultaneously creating a center that can be used by the community 

during smoke events.  

Utilities in California have also implemented public safety power shutoff (PSPS) events by de-

energizing parts of the electric grid to reduce wildfire risk. As part of these events, utilities have 

also activated over 500 fixed and mobile community resource centers since 2017 (Wong et al., 

2022) that provide PSPS information, electronic charging, accessible restrooms and hand-washing 

stations, basic medical equipment charging, and key resources (e.g., water, snacks, Wi-Fi, personal 

protective equipment) (Pacific Gas and Electric Company, 2022; Southern California Edison, 2022; 

Wong et al., 2022). Additionally, the indoor centers offer air-conditioning or heating, seating, and 

ice (Pacific Gas and Electric Company, 2022). 

 

2.4. Discussion And Policy Recommendations  

Our literature review uncovered key concepts related to resilience hubs and associated hubs (e.g., 

mobility hubs, community hubs, evacuation shelters). We determined that resilience hubs remain 

an understudied idea, though elements of mobility hubs (e.g., transportation), community hubs 

(e.g., social infrastructure and cohesion), and evacuation shelters (e.g., disaster response) could 

inform the design and planning of resilience hubs. In this section, we discuss our observations from 

the review and recommendations for improved implementation. 

2.4.1. Resilience Hubs as a Concept  

One important observation from our literature review was that the functionality and characteristics 

of resilience hubs are generally well-known. The implementation of resilience hubs across multiple 

states and provinces in North America indicates a general understanding by jurisdictions of how 

hubs can be designed. The growing number of examples also suggests that jurisdictions are 
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generally willing to plan and implement resilience hubs. However, it remains unclear the level at 

which jurisdictions are matching the needs of the community with the functionality of the hubs. 

While some jurisdictions do point to community input (Neighborhood Empowerment Network, 

2018; Vibrant Hawai’i, 2020, 2021; Higgins, 2021; Hussain and Zetkulic, 2021; Sands, 2021; City 

of Tallahassee, 2022; USDN, 2022a, 2022b, 2022c, 2022d), the level of this input and the rigor of 

participation are not always clear. We recommend a small improvement in the planning process: 

the inclusion and transparent description of needs assessments of a community to determine what 

is most practical and critical for both everyday and disaster conditions.  

Second, we found a strong amount of literature on the placement of resilience hubs within 

communities, including ideal facilities. Literature suggests that these facilities must be allocated in 

well-known and well-utilized existing places (Baja, 2019; Sandoval, 2019; Kirwan et al., 2021; 

Mardis et al., 2021), which can build social capital and reduce construction costs. At the same time, 

the review found that location siting is sometimes vaguely described in terms of key characteristics, 

appears unrelated to a city’s evacuation plan, and lacks details on how the location can (or cannot) 

facilitate relief distribution. To overcome this gap, we recommend that resilience hubs should be 

planned ahead of time (similar to evacuation shelters) to ensure that they are included in an 

evacuation plan. The plan should include clear information on the location of the hubs, how 

resources will reach the hub, what entities will provide resources, and if pre-positioning will occur.  

Though placement has been discussed, only a few empirically based studies on ideal locations for 

resilience hubs have been conducted, specifically based on important criteria. For instance, de 

Roode and Martinac (2020) and Kirwan et al. (2021) used hazard and sociodemographic variables 

to identify high-risk locations for resilience hubs in Maui, Hawaii and Ypsilanti, Michigan, 

respectively. However, research has not yet optimized the location of hubs based on a variety of 

factors nor have studies considered transportation networks, accessibility, or mobility equity. We 

recommend that surveys about travel behaviour and network analyses be conducted to better 

choose locations that can benefit community residents, especially those most vulnerable.  

Fourth, despite the planning guidance for resilience hubs, literature and current examples have not 

offered metrics or key performance indicators. For example, most resilience hubs have not 

provided information on the number of people served or whom they serve. To prevent hubs from 

having the same problems perceived and real in public evacuation shelters, such as discomfort, low 
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security, and a lack of necessary resources (Wong et al., 2018; Asgary and Azimi, 2019; McGee et 

al., 2021), we recommend that governments conduct an assessment of the number of people 

expected to use the hubs daily and during disasters to determine the amount of resources (e.g., 

meals, food, water, hygiene products, and beds) and the number of staff needed. Moreover, any 

evaluation of resilience hubs should provide a broad range of metrics related to equity, accessibility, 

and quality of life to indicate their effectiveness in meeting community needs.  

Finally, we did not find any significant evidence that community hubs or mobility hubs have been 

informing the development of resilience hubs, beyond a few select examples (e.g., Cambridge 

Community Center (USDN, 2022b)). Indeed, the everyday benefits of community hubs and the 

accessibility benefits of mobility hubs could help guide planning such that resources and benefits 

are co-located. We also highlight here that resilience hubs will not encompass all the services 

offered by community centers or mobility hubs. Resilience hubs also serve different purposes and 

meet varying goals compared to community centers and mobility hubs. For instance, not all 

mobility hubs need to be resilience hubs. Mobility hubs serve a key goal of connecting people to 

mobility options, transportation modes, and destinations, while community centers aim to provide 

recreation, programming, and social connections. These goals partially align with resilience hubs, 

but the emphasis and vision are different. Indeed, resilience hubs are not a panacea. They can 

provide co-benefits alongside other forms of hubs, but they cannot (and should not) fulfill all a 

community’s needs. While Baja (2018) discusses the importance of multiple functionalities of 

resilience hubs, the specific attributes of other hub examples, especially those related to 

transportation, remain largely absent from the literature and current resilience hubs in North 

America. We recommend that these hub concepts begin to be framed together as part of an 

ecosystem (in conjunction with evacuation shelters) in future discussions and policies for resilience 

hubs. 

2.4.2. Transportation and Accessibility  

One significant takeaway from the literature review was that transportation is rarely considered in 

the planning, design, or implementation of resilience hubs. While Baja (2019) briefly described 

two transportation elements for resilience hubs (i.e., centrally located for walkability and placement 

near evacuation routes or major roads), the discussion is limited to the phase of identifying and 

evaluating sites. Moreover, we were unable to find considerations of transportation or residents’ 
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mobility needs in current examples of resilience hubs. This presents a clear gap in research and 

practice, as people and resources must safely and effectively travel to/from resilience hubs. Within 

the planning phase of resilience hubs, we recommend that jurisdictions identify the transportation 

needs, responses, strategies, and resources to facilitate evacuations and relief distribution. For 

example, resilience hubs could promote accessible transportation by prioritizing public transit 

(Bish, 2011), integrate shared mobility for point-to-point transportation (Wong et al., 2020a), and 

enable cycling and walking as viable and safe modes of transportation (Chen et al., 2020).  

Second, we found that the planning and implementation of resilience hubs have not yet considered 

everyday transportation needs, particularly of vulnerable populations. Without addressing 

accessibility to/ from hubs, jurisdictions may struggle to match services with populations who need 

resources the most (e.g., carless, transit-dependent, low-income), creating inequities related to 

climate and disaster preparedness. Reorienting a community’s transportation systems to link 

resilience hubs with residents can serve to improve access under normal and disaster conditions. 

For example, public transit routes that incorporate resilience hubs can help people reach services 

and reduce the need for special bus operations in a disaster. Consequently, we recommend that 

resilience hubs lean on the design and implementation of mobility hubs (Schemel et al., 2020; 

Arnold et al., 2022), especially more recent versions that have also incorporated shared mobility 

services (e.g., bikeshare, scooter share) that have been shown to improve equitable outcomes 

(Anderson et al., 2017; Shaheen et al., 2017). Cues should also be taken for ensuring accessible 

and reliable transportation in disasters for individuals with disabilities (Renne et al., 2011).  

Third, we observed that there is no information about how people should evacuate to resilience 

hubs and minimal integration of hubs into evacuation or emergency response planning. While some 

examples indicate usage during a disaster (e.g., Vancouver), elements are focused primarily on a 

gathering place in a disaster. This obscures the multiple steps that must be taken to evacuate people 

effectively and efficiently from a disaster (see Lindell et al. 2019 for extensive background on 

evacuations). It should also be noted that residents in an evacuation require information on where 

they can go, such as a list of evacuation shelters with pet policies, hygiene facilities, and capacities. 

In addition, residents need to know how they should get to a resilience hub (i.e., transportation 

mode) and if those options are available. These gaps require a broader focus on identifying 

residents’ transportation needs and expected travel behaviour via surveys and other data collection 
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tools. Using these data, we recommend that jurisdictions conduct simple transportation network 

analyses or more complex evacuation simulations to determine transportation responses and routes 

needed for the hub. Moreover, if the city already has an evacuation plan, we recommend stronger 

integration of resilience hubs and public-facing information such that hubs are well-defined, easy 

to understand, and well-known by residents.  

Finally, the literature stressed that the resilience hubs’ locations should provide sufficient services 

for disaster conditions (Sandoval, 2019; Kirwan et al., 2021; Mardis et al., 2021). However, key 

questions related to relief distribution (e.g., how supplies are distributed to hubs, if hubs can accept 

the supplies, who distributes the supplies) remain unanswered. Moreover, in some cases, the 

resilience hub may be unable to provide all necessary resources to residents, especially in the event 

of a major disaster. However, literature did not provide strategies to transport evacuees to other 

destinations, such as healthcare facilities, shopping facilities (e.g., for basic supplies), or 

government facilities (e.g., to receive recovery information and assistance). We recommend that 

resilience hubs consider relief distribution, supply chain procedures, and post-evacuation 

transportation (including reentry to affected areas) in their design and implementation. Current 

memorandum of understanding (MOUs) in emergency response plans, guidance from mobility 

hubs, and available reentry plans could be especially useful. 

 

2.5. Takeaways  

This literature review uncovered an early conceptual understanding of resilience hubs, a 

mechanism to co-locate resources for everyday and disaster conditions. Most existing literature 

focuses on explaining the resilience hub’s concept, characteristics, and functionalities. We found 

multiple examples across North America where communities were receiving key services from 

resilience hubs for everyday and disaster conditions. Recent guidance for resilience hub design, 

placement, and services has focused on building a familiar, well-resourced, and flexible place for 

the local community. These spaces can help communities increase their resilience to climate 

change, while also building social cohesion and preparedness for a variety of emergencies. 

Moreover, resilience hubs are an opportunity to build additional social capital and community trust. 

However, to achieve this, a community will likely need to already possess some shared values, a 

sense of identity, trust, and cooperation. A community will also need a strong connection to a 
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resilience hub’s location and perceive the hub as safe. Otherwise, residents will likely not: 1) trust 

the hub, 2) know about its location, and/or 3) use it. Jurisdictions will likely need to develop 

community trust in advance and in tandem with resilience hubs to successfully grow social capital.  

Despite the encouraging results, the design, planning, and implementation of resilience hubs have 

several key limitations related to transportation. First, guidance for integrating hubs within a 

community’s transportation system has been minimal. Second, resilience hubs have not considered 

the everyday needs of vulnerable populations. Third, hubs have not been sufficiently integrated 

into evacuation or emergency response plans. Finally, transportation services and relief distribution 

during the recovery phase for evacuees have not been adequately described or planned.  

Even though they cannot fulfill all the needs of a community, resilience hubs have a promising 

future. Opportunities exist to offer essential services for the community’s needs during most times 

of the year, prepare the community for climate change and emergencies, and assist the community 

during major disasters (e.g., wildfires, hurricanes, earthquakes) or chronic disruptions (e.g., 

extreme heat, extreme cold, power outages, smoke events). The unique co-benefits of resilience 

hubs are within reach, but hubs remain a new and largely untested concept. Moreover, additional 

research is needed to consider the transportation components of hubs, including the travel needs of 

people to/from hubs during evacuations, the distribution of relief supplies, and the accessibility of 

hubs for vulnerable populations. 
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Chapter 3: Travel Behaviour and Community Needs for Resilience Hubs 

 

3.1 Resilience Hubs Empirical Needs 

In recent years, communities have been challenged by multiple disasters (climate and non-climate-

related), requiring them to rethink their planning, design, and infrastructure to improve 

preparedness, response, and recovery. One key challenge is providing sufficient resources, shelter, 

and information to people affected by a disaster, which requires coordination and transportation 

access. In this context, one nascent idea is to create resilience hubs, which act as localized, physical 

places for people to receive assistance and temporary accommodations during disasters and provide 

a range of services during everyday conditions (Baja, 2018; Ciriaco and Wong, 2022). Resilience 

hubs aim to increase a community’s resilience and preparedness, while also increasing social 

connection within the area (Baja, 2018; Ciriaco and Wong, 2022; Kirwan et al., 2021; Sandoval, 

2019).  

Multiple communities, particularly in the United States, are building or considering implementing 

resilience hubs to serve communities daily and during disasters (Higgins, 2021; USDN, 2022a, 

2022b; Vibrant Hawaii, 2021, 2020). A literature review conducted by Ciriaco and Wong (2022) 

uncovered that the majority of existing research and practice has focused on resilience hub 

concepts, characteristics, and functionalities. At the same time, the review also determined that 

transportation is not being integrated or considered into resilience hub design or operations. For 

example, little evidence exists on how the communities’ needs were assessed, how the hub location 

was determined, and if accessibility, mobility, or the overall transportation network were 

considered for the hubs. Consequently, a lack of empirical evidence exists on how resilience hubs 

might be designed to meet communities’ needs and how individuals are going to travel to and from 

resilience hubs. This gap in research and practice motivated several research questions: 

1. How will people use resilience hubs in disasters and everyday conditions? 

2. What types of transportation services and resources should be considered in resilience hub 

designs, planning, and operations?  

3. What modes of transportation will be used by individuals to access a resilience hub in 

disasters and everyday conditions? 
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To answer these questions, we surveyed 950 residents of the Edmonton Metropolitan Area in 

Alberta, Canada between September 2022 and February 2023. We first start this paper by briefly 

reviewing the literature on resilience hubs. We then explain the data collection and methodology, 

which leverages simple descriptive statistics and discrete choice modeling to identify resilience 

hub usage, transportation needs, and factors that influence the usage of resilience hubs and mode 

choice. After presenting the results of our analysis, we end the paper with discussions, policy 

recommendations, and a conclusion. 

 

3.2 Resilience Hub Summary 

Resilience hubs are community-serving facilities developed to support residents, by providing 

communication coordination, social support services and programs, and resource distribution 

before, during, or after a disaster (Baja, 2018; Ciriaco and Wong, 2022; Kirwan et al., 2021; Mardis 

et al., 2021; Sandoval, 2019; Vibrant Hawaii, 2019). Studies have revealed that these spaces 

encompass a variety of goals, such as improving residents’ quality of life, increasing communities’ 

preparedness for emergencies, providing climate change mitigation, and increasing social 

cohesion, equity, and mobility (Baja, 2018; Ciriaco and Wong, 2022; Kirwan et al., 2021; Sandoval, 

2019). Additionally, literature suggests that resilience hubs may have three operational modes 

(Baja, 2019; Resilience Hub Community Committee, 2020): 1) normal mode; 2) response mode; 

and 3) recovery mode. Most of the year, resilience hubs operate in normal mode, switching to 

response mode when the community needs to react to a disruption. After the disruption, the 

operational mode transitions to recovery mode and converts back to the normal mode after the 

community has recovered. 

Regarding placement, literature has found that location is a critical aspect of the resilience hub 

planning phase to ensure community trust and accessibility (Baja, 2019; Ciriaco and Wong, 2022; 

Sandoval, 2019). Thus, most literature suggests that existing well-known and well-utilized places 

(e.g., recreation centres, libraries, universities, government buildings) should be prioritized to be 

retrofitted (or newly built) as resilience hubs. Moreover, literature recommends that the selected 

locations should be able to serve the community year-round and support residents during a disaster 

(Kirwan et al., 2021; Mardis et al., 2021; Sandoval, 2019). The construction of a new building to 

serve as a resilience hub can also be an option, but it may require more financial investment. 
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As resilience hubs are designed to meet community needs, neighborhoods with different 

characteristics may have different hubs with varying characteristics. Moreover, hubs can differ 

based on the type and severity of disasters that impact communities, cultural contexts, and land use 

(Baja, 2019; Georgetown Climate Center, 2022; Sandoval, 2019). Although resilience hub design 

may be unique, literature pointed to key elements that should be considered (Baja, 2022; Breton-

Carbonneau and Griffiths, 2020; Ciriaco and Wong, 2022). For instance, resilience hubs should 

offer services and programs that improve a community’s resilience, preparedness, and quality of 

life. Hubs should also be located in a safe location (from the hazard) and provide reliable 

communication to increase response, preparedness, and community cohesion. More specific 

elements that have been provided by current existing resilience hubs can be found in Baja (2018), 

Baja (2019), and Ciriaco and Wong (2022). 

Transportation services are essential to enable people and goods to reach resilience hubs during 

normal conditions and an emergency. Two transportation elements were cited by Baja (2019) to 

guide hub placement: 1) locating hubs near accessible pedestrian areas, and 2) placing hubs close 

to evacuation routes or major roads (Baja, 2019). Despite these two guidelines, the literature review 

on resilience hubs conducted by Ciriaco and Wong (2022) found that there is a lack of information, 

understanding, and analysis of how transportation services are being integrated into the 

functionality of resilience hubs. Moreover, we find a general disconnect between the transportation 

field to the resilience hub field, despite transportation’s critical role in the success of hubs. To our 

knowledge, an empirical analysis of transportation needs, travel behaviour, and resilience usage 

(more broadly) has not yet been conducted in either field. As such, we conduct this analysis by 

using survey responses from community residents, which can be replicated across different 

geographies, hazard types, and contexts. 

 

3.3 Methodology 

In this section, we present the data collection method, descriptive statistics, and the discrete choice 

modeling methodology.  
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3.3.1 Data Collection 

To conduct an empirical study focused on resilience hubs, we collected data for the Edmonton 

Metropolitan Area, Canada, which is one of the largest, northernmost regions in North America 

(populated with 1.4 million people). With a diversified economy and serving as the primary 

gateway to northern Canada, the Edmonton Metropolitan Area is a key region for Canadian and 

international business, education, and industry. While the Edmonton region does not have 

consistent or large-scale disasters, hazards including flooding, wildfires, smoke, tornados, 

blizzards, and extreme cold can still cause significant and region-wide disruptions. Edmonton also 

has a significant number of industrial activities (especially related to oil and gas) and logistics via 

major highways and railways, which increases vulnerability related to hazardous materials, 

chemical spills, and industrial fires.  

Our data collection in the Edmonton Metropolitan Area was conducted from September 2022 to 

February 2023 through convenience and market research panel samples. The convenience survey 

was distributed online with the help of local agencies and organizations such as community leagues, 

the City of Edmonton, and the Edmonton Food Bank. Organizations shared the survey link via 

social media, websites, newsletters, and other digital platforms. The convenience survey gathered 

162 total viable responses after removing people outside of the metropolitan area. Respondents 

were incentivized with the opportunity to win one of the ten $100 (Canadian dollar) gift cards. To 

increase the sample size, a market research panel was conducted by Qualtrics, who contacted 

people living in the Edmonton Metropolitan Area to fill out the survey. Respondents were provided 

an incentive to participate through a rewards program. The panel gathered 944 responses.  

Both surveys were carried out via the Qualtrics survey platform, and the questionnaire was 

designed to ask about individuals’/households’ sociodemographic characteristics, their evacuation 

behaviours, and opinions about resilience hubs. Data cleaning was conducted to remove 

uncompleted responses, fast responses (≤ 3min), patterned/inconsistent responses, and responses 

that provide a location outside the Edmonton Metropolitan Area. The final sample consisted of 950 

respondents. 

3.3.2 Descriptive Statistics and Discrete Choice Analysis 

Descriptive statistics were conducted to understand the residents’ needs and travel behaviour. 

Statistics were developed for resilience hub placement and transportation needs. We also asked a 
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question about where respondents would place a resilience hub. We used this proposed hub location 

and the respondent’s residential location to calculate the Euclidian distance (via a Python code), 

which we then broke down by mode choice. To better understand individuals’ willingness to use a 

resilience hub within their neighbourhood, we developed three binary logit models. For the 

analysis, we divided the decision to use the hub into a binary variable, with choice one being very 

or somewhat likely to use a resilience hub and choice two being all other options. We first added 

all independent sociodemographic variables that were not correlated to each other (correlation 

coefficients under 0.3), variables related to travel behaviour, and trust and compassion variables. 

After this, we followed guidance from (Ben-Akiva and Lerman, 1985) in variable selection for 

factors that were behavioural relevant, statistically significant, or met a priori expectations. We 

note that we retained some statistically insignificant variables due to their behavioural relevance 

and because we opted for decreased model bias (rather than high efficiency). The models developed 

for the 950 respondents were: 

• Use of resilience hub during normal conditions; 

• Use of resilience hub as a temporary shelter during a disaster; and 

• Use of resilience hub as a place to gather critical resources during a disaster. 

In addition, we developed two multinomial logit (MNL) models to assess mode choice to reach 

resilience hubs during normal conditions and emergencies. The mode choices were clustered as 

personal vehicles, public transit, sharing mobilities, and active modes. For multinomial models, we 

excluded those that did not select one of the available mode choices. This changed our sample size, 

particularly for mode choice during an emergency. Our models use a sample of 856 observations 

for normal conditions and 492 observations for emergencies. We believe that the reduction in 

observations for emergency conditions was due to the similarity in questions, leading people to 

skip the emergency question. We followed the same approach as the binary logit models related to 

correlation removal, variable section, and model finalization.  

We used the Python package Biogeme 3.11 (Bierlaire, 2023) to develop the binary and multinomial 

logit models. As a limitation, we note that we decided on simpler models as they are behaviourally 

consistent, parsimonious, and easy to interpret for government agencies, policymakers, and 

decision-makers. Future research can use the same dataset for other modeling analyses, including 

testing other discrete choice modeling forms and hypotheses.  
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3.4 Results 

This section presents the characteristics of respondents, descriptive statistics analysis of resilience 

hubs, and results from the binary and multinomial logit models for the decision to use resilience 

hubs and mode choice. 

3.4.1 Characteristics of Respondents 

We found that despite sampling bias due to data collection methodology, key demographic 

characteristics are similar to the 2021 Canadian census results for Edmonton Metropolitan Area 

(Statistics Canada, 2023). For instance, the average age of the sample is 38 years, and the census 

indicated 38.8 years. Additionally, 28.3% of the respondents are visible minorities (following the 

Employment Equity Act specification), while the census had 33%. In both, households have an 

average of three people. Although the survey collected household income in 2021 and the census 

collected household income in 2020, both show similar distribution, though our sample had a larger 

proportion of residents making $100,000 and over (in Canadian dollars). According to our survey 

and census data, most individuals are employed (78.9% and 60.0%, respectively), which indicates 

an undersampling of students, retirees, and unemployed individuals. Our survey was 54.5% women 

and 43.2% men, a slight oversampling of women compared to the 2021 Census. 

Furthermore, the survey found that almost 95% of the respondents have at least one automobile in 

their household and 71% have at least one bicycle, which aligns with the general transportation 

patterns of auto-centric Edmonton. In addition, most households have access to an Internet 

connection (98%). Regarding the level of education, 71.8% of respondents had completed a 

college/diploma, bachelor’s, graduate or professional degree, or doctorate.  

3.4.2 Descriptive Statistics 

We first asked respondents if they had heard about resilience hubs before and asked them to select 

characteristics that would best describe a resilience hub. We found that most respondents had never 

heard about resilience hubs (Figure 3.1). For characteristics, hubs were often described to provide 

emergency sheltering, be a community-serving physical space, offer response services during 

disasters, and be a central location to access a variety of services (see Figure 3.2). We noted that 

these characteristics align with the description of resilience hub found in the literature (e.g., Baja 

(2018), Ciriaco and Wong (2022)). Regarding locations for a resilience hub (Figure 3.3), 
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participants were very or somewhat satisfied if resilience hubs were located at a variety of different 

places, especially in community centers (recreation centers), schools/universities, libraries, and 

community leagues. 

 

 

Figure 3.1 - Previous knowledge about resilience hub 

 

 

Figure 3.2 - Characteristics that individuals believe that best describe a resilience hub 
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NA
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Provide resource distribution before, during, or after a disaster

Be a central location to access a variety of services
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Which of the characteristics below do you think best describes a 

resilience hub?

 (select all that apply - N=950)
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Figure 3.3 - Preferred places to locate a resilience hub 

 

More than half of respondents stated that resilience hubs would be very or mostly important for 

their community. Further, individuals stated that resilience hubs would very likely or somewhat 

likely help their community to be more resilient (64.5%), meet the needs of their neighbours on a 

daily basis (56.0%), and increase social cohesion in their communities (58.6%). Regarding how 

individuals intended to use the resilience hub (Figure 3.4), 41.4% and 61.2% are very or somewhat 

likely to use it during normal conditions and as a temporary evacuation shelter, respectively. 

Additionally, during a disaster, individuals would be very or somewhat likely to gather information 

about the disaster (69.8%) and gather critical resources (63.9%) at the resilience hub. The results 

also suggest that they are more likely (very/somewhat) to volunteer at a resilience hub during relief 

efforts (60.2%) than during normal conditions (44.4%). 
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Figure 3.4 - Resilience hub usage 

 

Respondents also indicated preferences for transportation services that should be provided by 

resilience hubs (Figure 3.5) and their primary mode choice to go to a resilience hub (Table 3.2). 

Accessible infrastructure for individuals with disabilities was the most prevalent service among 

transportation services. This service was even more important for older adults and people with 

disabilities, with 82.1% of older adults and 76.7% of people with disabilities indicating it as 

very/mostly important. As seen in Figure 5, car parking and public transit connection services had 

similar preferences. However, as noted in Table 1, personal vehicles would be used by a larger 

percentage of the respondents (70.7% under normal circumstances and 79.0% during an 

emergency). Within the general population, 8.1% would use public transit (e.g., bus, rail, 

microtransit) to reach a hub during normal days, while 27.3 % of carless individuals would use it. 

Moreover, transit connections were the second most important transportation service indicated by 

carless people. Figure 3.5 also shows that individuals considered providing heated bus stop more 

important than bike sharing and bike parking services. Likewise, more people cited parking for 

electric vehicles as a very or mostly important service than services related to bicycles. The auto-

centric design of the Edmonton Metropolitan Region may be affecting this prioritization. 

 

0.0% 20.0% 40.0% 60.0% 80.0% 100.0%

To volunteer during a disaster

To volunteer during relief efforts

To volunteer during normal days

As a place to meet with neighbors during a disaster

As a place to gather information about the disaster

As a place to gather critical resources during a disaster

As a temporary evacuation shelter during a disaster

During normal conditions

How would you use a resilience hub? 
(N = 950) 

Very unlikely Somewhat unlikely Neither likely nor unlikely

Somewhat likely Very likely NA
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Figure 3.5 - Transportation services 

  

Table 3.2 - Transportation mode choice and resilience hub distance 

Distance between resilience hub and residence  

  Median (km) Sample size 

  1.7 779 

Distance between residence and resilience hub by mode choice during normal condition 

  Median (km) Sample size 

Personal vehicle 2.0 512 

Public Transit (Bus, rail, microtransit) 2.5 57 

Walk 0.6 113 

Sharing mobility (Carpool, ridesource, carsharing, rental) 1.9 34 

Others (motorcycle, bike, recreational vehicle) 5.2 6 

Percentage of modal choice 

  Normal condition Emergency condition 

Personal vehicle 70.7% 79.0% 

Public Transit (Bus, rail, microtransit) 8.1% 4.0% 

Walk 14.8% 8.5% 

Sharing mobility (Carpool, ridesource, carsharing, rental) 5.7% 6.5% 

Others (motorcycle, bike, recreational vehicle) 0.7% 2.0% 

Sample size 860 496 

 

 

As seen in Figure 3.5, individuals indicated that it is very or mostly important that resilience hubs 

be within walking distance from their residences. Moreover, walking was the second preferred 

mode choice to reach a hub during normal conditions or disasters (Table 3.2). Surprisingly, walking 

was the first transportation mode choice for carless individuals during normal conditions (38.6%) 

0.0% 20.0% 40.0% 60.0% 80.0% 100.0%

Bike parking

Bike sharing

Parking for electric vehicles

Heated bus stop

Resilience hub be within walking distance from residence

Transit connection

Car parking

Accessible for individuals with disabilities

Services and resources related to transportation that are considered 

very and mostly important to be provided by resilience hubs
(N=950)
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or emergencies (48.0%). In addition, it had almost the same relevance as personal vehicles for older 

adults during normal conditions, with 51.6% choosing a personal vehicle and 44.7% choosing 

walking.  

Regarding the distance between respondents’ residences and locations selected to place a resilience 

hub, the median distance was 1.7 km, revealing a preference for closer locations. The median 

distance is smaller for people who would walk to a resilience hub, with the median being 0.6 km. 

An interesting finding is that those who would use public transit would be willing to travel slightly 

greater distances than those who would use a personal vehicle – 2.5 km and 2.0 km, respectively.  

3.4.3 Behavioural Modeling  

We next present results from three binary logit models that were developed to determine the factors 

that influence individuals’ choices related to resilience hub usage. Table 3.3 presents the associated 

coefficients, signs, p-values, and significance levels in each of these models. Since the decision to 

not use a resilience hub is the base choice, a positive coefficient indicates that the variable increases 

the likelihood to use a resilience hub under certain circumstances, while a negative coefficient 

denotes that the variable decreases the likelihood. 

The first model explored the decision of whether or not to use a resilience hub during normal 

conditions. As seen in Table 3.3, all coefficients of this model are positive, indicating that all 

variables included in the model increase the likelihood to use a hub during normal conditions. The 

results show that those that are part of a community organization are more likely to use a resilience 

hub during normal conditions. Households with two or more members and households that had an 

income under $50,000 in 2021 are significantly more likely to use a resilience hub during normal 

conditions. Additionally, those that believe that a resilience hub would help increase social 

cohesion in their neighbourhoods are considerably more likely to use the hub than those who did 

not have this opinion. 
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Table 3.3 - Binary Logit Models 

Binary Logit Models 

Choice 1: Neither likely nor unlikely, somewhat unlikely, very unlikely to use – Base          

Choice 2: Somewhat likely, very likely to use 

 Binary Logit Model 1 Binary Logit Model 2 Binary Logit Model 3 

 
Use a resilience hub 

during normal 

condition 

Use a resilience hub 

during a disaster as a 

temporary shelter 

Use a resilience hub 

during a disaster as a 

place to gather 

critical resource 

Variable 
Estim. 

coef. 

p-

value 
 Estim. 

coef. 

p-

value 
 Estim. 

coef. 
p-value  

Constant -1.73 0.000 ** -1.34 0.006 ** -1.61 0.003 ** 
  

         

Household Characteristics          

Household with 2+ people 0.63 0.000 ** ------ ------  -0.12 0.455  

Household income less than CAD 

50,000 (in 2021) 
0.66 0.000 ** ------ ------  ------ ------  

Household has at least one child  ------ ------  0.30 0.036 * ------ ------  
  

         

Individual Characteristics          

Individual is employed full time or part-

time  
------ ------  -0.44 0.015 * -0.43 0.032 * 

Individual is a visible minority  ------ ------  0.38 0.015 * ------ ------  

Individual with a disability  ------ ------  0.53 0.002 ** 0.42 0.021 * 

Age under 35 years ------ ------  ------ ------  -0.43 0.003 ** 

Woman ------ ------  ------ ------  0.36 0.017 * 

Access to Internet at home  ------ ------  1.06 0.025 * 1.42 0.003 ** 

Part of a community organization/group, 

not including a Community League 
0.41 0.007 ** ------ ------  ------ ------  

Use active mode (walk or bike) to go to 

a resilience hub during an evacuation 
------ ------  ------ ------  -0.86 0.010 * 

  
         

Trust and compassion          

One of the activities that provide me 

with the most meaning in my life is 

helping others in the world when they 

need help (very and somewhat true) 

------ ------  ------ ------  0.59 0.000 ** 

It is possible to trust most people ------ ------  ------ ------  0.46 0.002 ** 

My neighbors would help me in an 

emergency/disaster 
------ ------  0.46 0.002 ** 0.31 0.040 * 

  
         

Resilience hub          

A resilience hub would help increase 

social cohesion in my neighborhood 
1.18 0.000 ** 0.87 0.000 ** 0.86 0.000 ** 

Number of observations 950 950 950 

ρ2 (fit) 0.11 0.11 0.16 

ρ2 (adjusted fit) 0.10 0.09 0.14 

Final Log-Likelihood  -588.22 -589.37   -553.26 

* 95% significance        **99% significance 
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The second model determines if individuals are likely to use a resilience hub as a shelter during a 

disaster. This model included several variables related to individual characteristics, showing that 

visible minorities and individuals that have a disability are more likely to use resilience hubs as a 

temporary shelter during a disaster. On the other hand, those employed full-time or part-time are 

less likely to use resilience hubs as a temporary shelter. For household characteristics, we found 

that households with children are more likely to use a resilience hub as a shelter during an 

emergency. Results also found that individuals who stated that their neighbours would help them 

during a disaster or emergency are more likely to use resilience hubs during a disaster. Additionally, 

those that believe that a resilience hub would increase social cohesion in their neighbourhood are 

highly more likely to use hubs as a shelter. 

During a disaster, streets can be impacted and consequently closed, impeding the flow of resources 

and making it important to understand who will use a resilience hub to gather critical resources 

during an emergency. The third model was developed to determine variables that influence the 

decision to use a resilience hub as a place to gather critical resources in a disaster. The results found 

that individuals employed full-time or part-time and young adults (35 years and under) are less 

likely to use a hub as a place to gather critical resources during a disaster. Conversely, women and 

individuals with a disability are more likely to use the hub. Moreover, those who would use an 

active mode (walk or bike) to reach a hub during an evacuation are significantly less likely to use 

a hub to gather critical resources. Regarding trust and compassion variables, individuals with a 

strong compassion for others (in the form of helping others), those who mentioned that is possible 

to trust most people, and those who indicated that their neighbours would help them during an 

emergency or disaster are more likely to use a resilience hub as a place to gather critical resources. 

An interesting finding is that all models had the variable “believe that a resilience hub would help 

increase social cohesion in my neighbourhood” and it is significant and positive, indicating that 

these individuals are more likely to use a resilience hub. We also note that variables related to 

household characteristics have more influence on the willingness to use a hub during normal 

conditions than the willingness to use a hub as a temporary shelter. Moreover, variables related to 

individual characteristics have more influence on willingness to use a resilience hub as shelter than 

during normal days. 
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Besides the binary models, we developed multinomial logit models to understand individuals’ 

primary mode choice to go to a resilience hub within their community during normal days and 

emergencies. Table 3.4 and Table 3.5 show the results of the normal conditions and emergency 

models, respectively. In both models, the base choice is public transit. Thus, a positive coefficient 

indicates that the variable increases the likelihood to use a certain mode of transportation in 

comparison with public transit, while a negative coefficient denotes that the variable decreases the 

likelihood. 

Based on the constants in Table 3.4, individuals show some preference for using personal vehicles 

or active modes to reach a resilience hub during normal conditions when compared to public transit. 

Regarding household characteristics that influence mode choice, we found that households with 

more than two people are less likely to use sharing mobility and active mode when compared to 

public transit. However, if the household has at least one child or one older adult, the individual is 

more likely to use a sharing mobility mode than public transit.  

Women are more likely to use personal vehicles or active modes compared to public transit. 

Individuals that are young adults (under 35) and those employed full-time or part-time are less 

likely to use active modes to go to a hub during normal conditions. Individuals that live in their 

current residence for more than ten years are more likely to use personal vehicles when compared 

to public transit. This may be due to the availability of vehicles and bicycles at home. Those that 

own their residence are less likely to use sharing mobility.  

In testing variables related to how people would use a resilience hub, we found largely insignificant 

results. However, we found that people who are very or somewhat likely to volunteer at a resilience 

hub during normal conditions are less likely to use active modes. The results indicate further 

exploration in resilience usage (i.e., trip purpose) is needed within this context. 
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Table 3.4 - Multinomial Logit Model – Mode Choice Normal Conditions 
 

Choice 1: Personal vehicle (one or more vehicles)   

Choice 2: Public transit (bus, rail, microtransit) - Base  

Choice 3: Sharing mobility (carpool, ridesource, carsharing, rental)  

Choice 4: Active mode (walk, bike) 
                    

  Personal vehicle Sharing mobility Active mode 

Variable 
Estm. 

Coef. 

p-

value 
  

Estm. 

Coef. 

p-

value 
  

Estm. 

Coef. 

p-

value 
  

Constant 1.753 0.000 ** -0.213 0.494   1.427 0.000 ** 
                    

Household characteristics                   

Household with 2+ people ------ ------   -1.374 0.001 ** -0.680 0.001 ** 

Household has at least one child  ------ ------   1.374 0.001 ** ------ ------   

Household has at least one older adult (65+) ------ ------   0.758 0.036 * ------ ------   
                    

          

Individual characteristics                   

Woman  0.461 0.024 * ------ ------   0.907 0.001 ** 

Indigenous (i.e., First Nations, Métis, Inuit) ------ ------   ------ ------   -0.783 0.063   

Age under 35 years  ------ ------   ------ ------   -0.594 0.007 ** 

Individual is employed full-time or part-time ------ ------   ------ ------   -0.664 0.003 ** 

Long-time resident (10+ years) 0.786 0.013 * ------ ------   0.721 0.053   

Homeowner ------ ------   -0.939 0.002 ** ------ ------   
                    

Resilience hub                   

Use a resilience hub during normal 

conditions (very or somewhat likely) 
0.097 0.592   0.619 0.072   ------ ------   

Volunteer at a resilience hub during normal 

conditions (very or somewhat likely) 
------ ------ 

  
------ ------ 

  -0.642 0.003 ** 

Number of observations 856                 

ρ2 (fit) 0.40                 

ρ2 (adjusted fit) 0.38         

Final Log-Likelihood  -714.70                 

* 95% significance        **99% significance 

 

During an emergency (Table 3.5), the constant parameters indicate that individuals are more likely 

to use a personal vehicle or active mode to reach a resilience hub when compared to public transit. 

Households that have more than three automobiles are more likely to use a personal vehicle than 

public transit. They are also less likely to use sharing mobility or active modes in comparison to 

public transit. Households that have more than two individuals are more likely to use a personal 

vehicle in comparison to public transit. 

Similar to normal conditions, young adults are less likely to use active modes to go to a resilience 

hub during an emergency. Individuals that have a disability are less likely to use sharing mobility 

than public transit. Additionally, individuals that own their residence are more likely to use personal 

vehicles.  
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Individuals who stated that are very or mostly prepared for an evacuation are less likely to use an 

active mode to reach a resilience hub during an emergency. Those that feel very or somewhat 

comfortable using a resilience hub as a shelter during a disaster are less likely to use a sharing 

mobility when compared to public transit. Moreover, individuals that are very or somewhat likely 

to use a resilience hub as a place to gather critical resources during a disaster are less likely to use 

an active mode. While those that are very or somewhat likely to volunteer at a resilience hub are 

more likely to use sharing mobilities than public transit. 

 

Table 3.5 - Multinomial Logit Model – Mode Choice Emergency Conditions 
                    

Choice 1: Personal vehicle (one or more vehicles) 

Choice 2: Public transit (bus, train, microtransit) - Base 

Choice 3: Sharing mobility (carpool, ridesource, carsharing, rental)  

Choice 4: Active mode (walk, bike) 
                    

 Personal vehicle Sharing mobility Active mode 

Variable 
Estm. 

Coef 
p-value   

Estm. 

Coef 
p-value   

Estm. 

Coef 
p-value   

Constant 2.076 0.000 ** 0.196 0.722  1.757 0.000 ** 
           

          

Household characteristics          

Household with 2+ people 0.756 0.009 ** 0.819 0.094  ------ ------  

Households with 3+ automobiles 6.572 0.000 ** -1.108 0.019 * -1.861 0.000 ** 

Household with 1+ bike  ------ ------  ------ ------  0.538 0.121  

           
          

Individual characteristics          

Indigenous (i.e., First Nations, Métis, Inuit) ------ ------  ------ ------  -0.931 0.170  

Age under 35 years  ------ ------  ------ ------  -1.496 0.000 ** 

Woman ------ ------  -0.466 0.204  ------ ------  

Individual with a disability  ------ ------  -1.236 0.034 * ------ ------  

Visible minority ------ ------  -0.615 0.172  ------ ------  

Homeowner 0.547 0.029 * ------ ------  ------ ------  

           

Preparedness for an emergency          

Prepared for an evacuation (very or mostly) ------ ------  ------ ------  -1.155 0.030 * 

My household will be impacted by a disaster in the next 

5 years (very or somewhat likely) 
------ ------  0.595 0.132  ------ ------  

          

Resilience hub          

Feel comfortable using a resilience hub as shelter (very 

and somewhat) 
------ ------  -0.841 0.049 * ------ ------  

Use a resilience hub as a place to gather critical 

resources during a disaster (very or somewhat likely) 
------ ------  ------ ------  -0.783 0.016 * 

Volunteer at a resilience hub (very or somewhat likely) 0.297 0.297  1.123 0.024 * ------ ------  

Number of observations 492         

ρ2 (fit) 0.53         

ρ2 (adjusted fit) 0.50         

Final Log-Likelihood -319.46         

* 95% significance        **99% significance 
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3.5 Discussion and Recommendations 

In this section, we leverage the results from the descriptive statistics and the discrete choice analysis 

to provide practice-ready policy recommendations for transportation agencies and other 

government entities. In summary, our modeling and descriptive statistics approach found that: 

• Household characteristics influenced resilience hub usage, more so for normal conditions 

than as a temporary shelter. The reverse was true for individual characteristics. 

• Variables related to how people would use a resilience hub were largely insignificant in 

mode choice.  

• Trust and compassion variables had a positive impact on using a hub during a disaster, 

either as a temporary shelter or as a place to gather critical resources.  

• Individuals that are part of a community organization, households with three or more 

people, and lower-income households are more likely to use a resilience hub during normal 

conditions. 

• Walking was the second most chosen transportation mode to travel to/from a resilience hub 

during both normal conditions and a disaster. However, individuals using active 

transportation to travel to/from a hub during an emergency are less likely to use it as a place 

to gather critical resources. 

• Mode choice variables were largely insignificant in the binary models related to hub usage 

during normal conditions and as a temporary shelter. However, automobile ownership 

impacts the mode choice decision to travel to/from a hub during emergencies. 

• Distance-based results indicate a strong preference by residents for highly localized 

resilience hubs, mostly for those who would walk to a hub. 

We developed several recommendations related to resilience hub location, usage, and access 

focusing on the more detailed results. We recognize that resilience hubs are a very recent concept 

that lacks empirical resources regarding usage and effectiveness, and we highlight that many of 

these recommendations require additional research to evaluate their effectiveness. The 

recommendations are compiled in Table 3.6, which also provides empirical evidence from our 

research, some discussions, and supporting literature. The supporting literature is composed 

primarily of practical implementation guidance, which our research bolsters through our empirical 

analysis.  
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Table 3.6 - Recommendations from Descriptive and Modelling Results 

Resilience hub services and usage 

Recommendation Evidence Discussion Support 

Publicly share 

accessible 

emergency 

response and 

evacuation plans 

with residents 

61.2% indicated that they were very 

or somewhat likely to use a 

resilience hub as a temporary shelter 

during a disaster. 

 

69.8% indicated that they are very 

or somewhat likely to go to a 

resilience hub during a disaster to 

gather information about the 

disaster. 

 

63.9% indicated that they were very 

or somewhat likely to go to a 

resilience hub during a disaster to 

gather critical resources. 

 

62.2% described resilience hubs as a 

place that provides emergency 

sheltering, 40.2% as a place that 

offers response services during 

disasters, and 36.5% as a place that 

provides resource distribution 

before, during, or after a disaster. 

 

Visible minorities and individuals 

with disabilities were very or 

somewhat likely to use a resilience 

hub as a temporary shelter (Binary 

Model 2) 

Many survey participants indicated that 

they were very or somewhat likely to use 

a resilience hub as a temporary shelter or 

would go there to gather services and 

resources during a disaster. However, 

less than a quarter said that they were 

very or mostly prepared for an 

evacuation. Consequently, individuals 

should be aware of how to evacuate to a 

resilience hub during an emergency. 

They should also be informed about 

mode choice options that will be 

available to travel to a resilience hub 

during a disaster. A list of resilience 

hubs, the area served by them, and 

transit services available should be open 

access to residents. Importantly, 

resilience hub management and 

operation teams should also be prepared 

to support individuals with disabilities.  

(Sandoval, 

2019) 

Provide emergency 

shelter facilities in 

resilience hubs. 

(Ciriaco 

and 

Wong, 

2022; 

Mardis et 

al., 2021; 

Sandoval, 

2019) 

Educate the 

community on the 

risk of climate 

change and how to 

be prepared 

(Baja, 

2022; 

Kirwan et 

al., 2021; 

Sandoval, 

2019) 

 

Increase social 

cohesion within the 

community 

“Believe that a resilience hub would 

help increase social cohesion in my 

neighbourhood” was a significant 

positive variable presented in all 

binary models.  

 

Individuals who stated that their 

neighbours would help them during 

a disaster or emergency are more 

likely to use resilience hubs during a 

disaster (Binary Model 2 and Model 

3) 

All binary models about resilience hub 

usage showed that individuals that 

believe that a resilience hub would help 

increase social cohesion in their 

neighbourhood were more likely to use a 

resilience hub during normal conditions, 

as a temporary shelter during a disaster, 

or as a place to gather critical resources 

during a disaster. Therefore, strategies 

might be adopted to increase social 

cohesion in a community. For example, 

communities could have more social 

neighbourhood events, expand volunteer 

networks, increase civic pride, or 

develop community leagues (such as 

those in Edmonton). In addition, 

community centers and community 

leagues could provide more information 

about their services and events to engage 

their community, and jurisdictions could 

provide support and/or incentives to 

community centers.  

(de Roode 

and 

Martinac, 

2020) 
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Resilience hub placement and accessibility 

Recommendation Evidence Discussion Support 

Place resilience 

hubs in 

neighborhoods to 

localize resources, 

meet community 

needs, and increase 

usage 

The median distance between 

residences and resilience hubs was 

1.7 km. 

 

The median distance by mode of 

transportation ranged between 0.6 

km and 5.2 km. 

 

Those that will walk to a resilience 

hub during normal conditions 

indicated a median distance of 0.6 

km. 

 

Individuals revealed a preference to have 

a resilience hub close to their residences. 

It aligns with the guidance present in the 

current literature. Thus, resilience hubs 

should be located in places within a 

more localized community, rather than 

selective points across a large city.  

By placing a resilience hub within the 

community, governments can: 

1) provide resources to assist the 

neighbourhood to be more resilient and 

prepared to recover from a disaster;  

2) benefit underserved communities that 

rely on community assistance; 

3) strengthen community cohesion; 

4) increase accessibility, especially for 

carless, low-income individuals, and 

older adults; 

5) encourage regular usage. 

(Baja, 

2018, 

2019; 

Ciriaco 

and 

Wong, 

2022; 

Kirwan et 

al., 2021) 

Transform existing 

local/community 

buildings (e.g., 

recreation centres, 

community 

leagues, libraries, 

and government 

buildings) that 

already meet some 

goals of resilience 

hubs through 

retrofits   

35.3% would be very satisfied and 

38.1% somewhat satisfied with 

community centers being resilience 

hubs. 

 

28.7% would be very satisfied and 

36.0% somewhat satisfied with 

community leagues being resilience 

hubs. 

 

26.3% would be very satisfied and 

39.4% somewhat satisfied with 

libraries being resilience hubs. 

Preceding literature has indicated 

community centers, libraries, and 

recreation facilities could be retrofitted 

into resilience hubs. Our study 

emphasizes that most people would be 

very or somewhat satisfied with these 

places. By selecting an existing well-

known and well-utilized location for 

retrofit, communities can encourage 

their usage during a disaster. Rather than 

building new, retrofits can be effective 

in reducing overall costs. For any new 

buildings, resilience hub characteristics 

should be embedded in the design. It 

should be noted that schools and 

universities were mentioned by 

participants to serve as a resilience hub, 

but these facilities might not be usable 

during school hours and days. 

(Asgary 

and 

Azimi, 

2019; 

Baja, 

2018, 

2019; 

Kirwan et 

al., 2021; 

Kotani et 

al., 2020; 

Mardis et 

al., 2021; 

McGee et 

al., 2021; 

Sandoval, 

2019) 

Design resilience 

hub design with 

accessibility and 

mobility 

considerations 

69.4% indicated accessibility for 

individuals with a disability as a 

very or mostly important service to 

be provided by a resilience hub. 

 

82.1% of older adults selected 

accessibility for individuals with a 

disability as a very or mostly 

important service. 

 

76.7% of people with a disability 

selected accessibility for individuals 

with a disability as a very or mostly 

important service. 

The survey confirmed recommendations, 

provided by previous literature, on 

locating a resilience hub in an accessible 

pedestrian area and close to evacuation 

routes. People were concerned about 

accessibility and mobility, especially for 

older adults, people with disabilities, and 

carless. We recommend that the 

jurisdiction should assess community 

accessibility needs, implement Universal 

Design principles, and provide 

infrastructure that accommodates these 

groups’ needs. 

(Baja, 

2019; 

Ciriaco 

and 

Wong, 

2022) 

Focus mobility 

planning of hubs to 

meet underserved 

populations, 

especially older 

adults, people with 

disabilities, and 

carless 

------ 
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76.6% of carless residents selected 

accessibility for individuals with a 

disability as a very or mostly 

important service. 

Facilitate walking 

to hubs through 

pedestrian-friendly 

infrastructure  

Walking was the second most 

popular mode of transportation to 

travel to a resilience hub during 

normal conditions (14.8%) and 

during an emergency (8.5%). 

 

44.7% of older adults and 38.6% of 

carless individuals selected walking 

as their primary mode choice during 

normal conditions. 

 

Forty-eight percent of carless 

individuals indicated that they 

would walk to reach a resilience hub 

during an emergency. 

 

Women are more likely to walk to a 

resilience hub during normal 

conditions than use public transit 

(Multinomial logit model – normal 

conditions) 

After personal vehicle, walking was the 

most relevant primary mode choice. 

When planning a resilience hub, 

jurisdictions should select areas where 

sidewalks are well structured and safe, 

and crosswalks are well signalized. 

Wide sidewalks with easy-to-use curb 

cuts (or continuous sidewalks) can 

accommodate wheelchair users. If a hub 

location does not meet these conditions, 

governments should plan infrastructure 

improvements to redesign and improve 

sidewalks and crosswalks. 

(Baja, 

2019) 

Locate a resilience 

hub near public 

transit and/or 

redesign routes to 

increase the 

frequency  

56.7% indicated transit connection 

as a very or mostly important 

service to be provided by a 

resilience hub. 

 

Public transit was the third most 

selected mode choice to reach a 

resilience hub during normal 

conditions. 

 

27.3% of carless individuals and 

10.9% of people with disability 

would use public transit to go to a 

resilience hub during normal 

conditions. 

 

16% of carless and 6.4% of people 

with disability would use public 

transit to go to a resilience hub 

during an emergency. 

 

Young adults are more likely to use 

public transit than active modes in 

both conditions – normal and 

emergency (Multinomial logit 

models) 

Public transit is important to increase 

equity in accessibility and mobility. 

Although the percentage of people in the 

general population indicating that would 

use public transit during normal days 

(8.1%) and during an emergency (4.0%) 

was small, this mode was more 

important for underserved populations 

such as carless and people with 

disability. Therefore, efficient transit 

connections for resilience hub users 

should be a priority in design and 

location considerations. Route redesigns 

may be necessary to enhance transit 

connections and increase frequency. 

(Sandoval, 

2019) 

Pre-plan how 

critical resources 

will reach 

resilience hubs, 

63.9% indicated that they were very 

or somewhat likely to go to a 

resilience hub during a disaster to 

gather critical resources. 

Within the planning phase of resilience 

hubs, jurisdictions should assess 

transportation routes and strategies to 

guarantee that critical resources would 

(Ciriaco 

and 

Wong, 

2022) 
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including sharing 

information with 

the public in real-

time 

 

61.2% indicated that they were very 

or somewhat likely to use a 

resilience hub as a temporary shelter 

during a disaster.  

 

Women and individuals with a 

disability were more likely to use 

the hub as a place to gather critical 

resources during a disaster. (Binary 

Model 2) 

 

Individuals were less likely to use 

active modes to gather critical 

resources at resilience hubs during 

disasters when compared to public 

transit (Multinomial logit model 

emergency condition) 

reach the hub during an emergency. In 

this way, resilience hubs can help 

facilitate relief distribution. Moreover, 

resilience hub relief resources should 

prioritize the needs of the community. 

Therefore, jurisdictions should assess 

community needs and determine how 

residents will know what resources are 

available.  

 

3.6 Limitations 

Despite important insights related to resilience hubs usage and transportation needs, my research 

has several limitations associated with the data collection and methodology. First, both the 

convenience survey and panel survey may be biased since respondents self-select into the study. 

Second, the online survey may have excluded those without access to the Internet or knowledge of 

how to use a computer or smartphone. Regarding methodology, I note that I used simple binary 

and multinomial logit models (which limits our behavioural conclusions) and that other discrete 

choice models could be tested. Fourth, I recognize that the way we split categorical variables may 

miss certain behaviours, especially where there was high heterogeneity in the population. Fifth, our 

model related to mode choice during an emergency had a small sample size which may have 

affected the significance of variables. Finally, my research focuses on the case of the Edmonton 

Metropolitan Area, and future work will be needed to determine external validity and community 

context in other places in North America and globally.  

 

3.7 Takeaways 

In this study, we presented a comprehensive analysis of resilience hub usage, location, accessibility 

needs, and people’s behaviour. We used descriptive statistics to understand individuals’ needs and 

opinions related to the resilience hub. Subsequently, we developed three binary logit models for 

the willingness to use or not a resilience hub during normal conditions and a disaster. Finally, we 
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developed two multinomial logit models to assess individuals’ mode choices to reach a resilience 

hub during normal conditions and an emergency. All methodologies used data collected from 

individuals that reside in the Edmonton Metropolitan Area (n=950). 

We found that individuals prefer to have a resilience hub within their neighbourhood, and most of 

them will use a personal vehicle to reach a hub during normal days or an emergency. However, 

walking was the second most chosen mode, and it was the primary option for carless individuals. 

Respondents also indicated that accessibility was a very or mostly important element of resilience 

hubs. Moreover, respondents would be very or somewhat satisfied with placing a resilience hub in 

community centers, community leagues, and other public buildings. They are more likely to use a 

resilience hub during an emergency than during normal conditions. 

Binary models showed that during normal condition usage, individuals' willingness to use a hub is 

heavily influenced by household characteristics, while using it as shelter is influenced by individual 

characteristics. There was relative inconsistency in significant variables across the three usages 

(i.e., in normal conditions, as a shelter, for critical resources). Despite this, several unique variables 

were found to be significant for some of the models. For example, high levels of trust and 

compassion increase the likelihood of using the hub to find critical resources. People that believe 

that their neighbour would help them during a disaster are more likely to use a resilience hub during 

normal conditions. In addition, those that believe that a resilience hub would help increase social 

cohesion in their neighbourhood are more likely to use a hub during normal days and a disaster.  

Multinomial logit models revealed that households that have more than two individuals are more 

likely to use sharing mobility than public transit during an emergency. During normal days, larger 

households are more likely to use public transit than shared mobility. This shows that mode choice 

can differ depending on the context. Thus, it is important to assess transportation needs in different 

scenarios and plan a hub that meets both needs. We also found that young adults are more likely to 

use public transit than active modes in both scenarios (emergency and normal conditions). 

Moreover, in both conditions, a variety of variables related to household characteristics and 

individuals’ characteristics influenced mode choice. We also note that resilience hub usage (i.e., 

trip purpose) generally does not influence mode choice.  

Future studies are needed to determine if residents in other cities have similar behaviour related to 

resilience hubs. However, this study is a steppingstone for resilience hub planning and design, as 
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it provides empirical results and recommendations that guide agencies to better plan resilience 

hubs. Moreover, the study uncovered key transportation elements that should be considered when 

planning a resilience hub. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



51 
 

Chapter 4: Conclusion 

 

This thesis explored a unique new concept of resilience hubs that is understudied and has 

significant gaps associated with transportation needs, design, and location. The thesis focuses on 

answering, through a conceptual framework and an empirical analysis, how resilience hubs might 

be designed to meet communities’ needs and how individuals are likely to travel to and from 

resilience hubs. To explore these topics, I conducted an extensive literature review on resilience 

hubs and collected and analyzed survey data from residents of the Edmonton Metropolitan Area in 

Alberta. Below I present the key takeaways of the thesis, main policy recommendations, and future 

research directions. 

 

4.1 Key Takeaways 

Each thesis chapter presents a unique understanding of resilience hubs. With its conceptual and 

empirical contributions, this thesis takes an important step in broadening resilience hub research to 

consider communities' needs, desires, and transportation accessibility. The second chapter 

uncovered an early conceptual understanding of resilience hubs, showing that most existing 

literature focuses on explaining the concept, characteristics, and functionalities of resilience hubs. 

Moreover, I found that resilience hubs can help increase community resilience to climate change, 

while also building social cohesion and preparedness for a variety of emergencies. However, 

transportation is rarely considered in these resilience hubs, which severely limits their usefulness. 

This is especially problematic for people without reliable, safe, or affordable access to 

transportation for traveling to/from these hubs. I conclude that the transportation engineering and 

planning fields require data-driven studies on how to best integrate transportation strategies with 

resilience hubs, especially in establishing co-benefits.  

The third chapter presented a comprehensive analysis of resilience hub usage, location, 

accessibility needs, and people’s behaviour. By applying descriptive statistics, I found that 

individuals preferred to have a resilience hub close to their residence at the neighborhood level. 

Moreover, most people in the Edmonton area would use a personal vehicle to travel to/from a 

resilience hub during normal days and emergencies. However, I determined that walking was the 
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second most chosen mode to travel to/from a hub in both scenarios, indicating a strong need for 

pedestrian-friendly infrastructure and locations. I also found that individuals were more likely to 

use a hub during emergencies than during normal conditions. Through discrete choice analysis, I 

found that individuals' willingness to use a hub during normal conditions was heavily influenced 

by household characteristics while using a hub during a disaster as shelter was influenced by 

individual characteristics. Interestingly, high levels of trust and compassion increased the 

likelihood of using the hub to find critical resources. Regarding transportation mode choice, 

multinomial models determined that in both conditions (normal days and disasters), a variety of 

variables related to household characteristics and individuals’ characteristics influenced mode 

choice. However, I found that resilience hub usage variables (i.e., trip purpose) generally do not 

influence mode choice. 

 

4.2 Policy Recommendations 

In this section, I provide several key recommendations for resilience hubs that were derived from 

the research results (from Chapters 2 and 3). These overarching strategies can help guide 

jurisdictions broadly in resilience hub design, though more community-centered analyses will be 

necessary to incorporate the local context and needs. 

Recommendation 1: Jurisdictions should assess community needs to determine the most practical 

and critical resources and transportation services for both everyday and disaster conditions.  

Evidence: It remains unclear, from current examples, the level at which jurisdictions are 

meeting community or transportation needs through resilience hub services.  

Recommendation 2:  Resilience hubs should be included in cities’ evacuation plans and include 

clear information on how resources, especially relief resources, will reach the hub.  

Evidence: Current examples were missing of how resilience hubs are encompassed in cities’ 

evacuation plans. Additionally, 63.9% of respondents indicated that they were 

very/somewhat likely to go to a resilience hub during a disaster to gather critical resources, 

and 61.2% were very/somewhat likely to use a resilience hub as a temporary shelter during 

a disaster. 
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Recommendation 3: Jurisdictions should identify community transportation needs to ensure easy 

and accessible travel to/from resilience hubs in both normal and disaster conditions. 

Evidence: Individuals and resources must reach a resilience hub effectively and safely. 

However, current literature and examples of existing resilience hubs do not clearly inform 

considerations of transportation needs or residents’ accessibility and mobility needs. 

Recommendation 4:  A resilience hub should be placed within neighborhoods and transit networks 

to localize resources, increase usage, and better meet residents’ needs. 

Evidence: Individuals indicated a preference to have a resilience hub close to their 

residence, especially those who would not be driving. A significant portion of the sample 

preferred to walk, take transit, or use shared mobility to travel to/from hubs. In addition, 

community needs may differ depending on the local environment and individual choices, 

as identified through the discrete choice modeling. 

Recommendation 5: Jurisdictions should prioritize retrofits of existing buildings within the 

community that already provide services and resources that meet some goals of resilience hubs.  

Evidence: Individuals indicated that they were very or somewhat satisfied with community 

centers, community leagues, libraries, and schools/universities as locations for resilience 

hubs. Moreover, preceding literature found that existing buildings are already well-trusted 

in the community.  

Recommendation 6: Hubs should include accessible features in resilience hub design and facilitate 

walking to hubs.  

Evidence: Most individuals indicated that accessibility for individuals with a disability is a 

very/mostly important design feature of a resilience hub. Within the general sample, 

walking was the second most popular mode choice to travel to/from a resilience hub in both 

conditions (normal and disaster), and it was the first option for carless individuals. 

Recommendation 7: Jurisdictions should consider building social cohesion within the community 

to increase willingness to use a resilience hub in both normal and emergency conditions. 

Evidence: In binary models focused on trip purpose, the variables related to social cohesion, 

trust, and compassion were often significant and positive, indicating that these variables 
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would increase resilience hub usage during normal days, and during a disaster as a 

temporary shelter, or as a place to gather critical resources.  

 

4.3 Future Research Directions 

Although resilience hubs cannot fulfill all community needs, they demonstrate an opportunity to 

co-locate essential services that meet the community’s needs most of the year, prepare residents for 

climate change and emergencies, and help people during disasters. Resilience hubs remain a newly 

and largely untested concept that needs additional research. First, my results are based in the 

Edmonton Metropolitan Area, a mid-sized North American city. Future studies are needed to 

determine if results apply to other cities in North America and the world more widely, especially 

in light of cultural and hazard differences. Second, several methods related to resilience hub 

location could be further expanded, such as conducting location optimization to provide better 

transportation and network recommendations. Third, the discrete choice models — while highly 

valuable for decision-makers — could be explored further, especially in the development of joint 

discrete choice models or alternative decision-rules for behaviour (e.g., regret minimization, 

emotion-based modeling). 

This research could also be expanded in several other important directions related to surveying, 

sampling, and analysis. For example, future work can place a higher priority on underserved 

populations, especially in the identification of similarities and disparities among underserved 

groups who are mostly likely to use hubs. Additionally, future studies can be done to determine the 

effect of individuals’ previous and expected hazard experiences on their preferences related to 

resilience hub location, characteristics, and transportation needs. With opportunities for future 

research, this thesis is a key first step that developed a conceptual understanding of transportation 

and the resilience hub and presented early empirical results that can better guide jurisdictions for 

resilience hub planning, design, and transportation.  
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