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EXECUTIVE SUMMARY

Before, during, and after disasters, the Canadian Red Cross works with individuals
and communities across Canada to strengthen their resilience. In 2019, Red Cross
and Public Safety Canada started a four-year project, the Emergency Public
Awareness Contribution Program. This program develops and tests materials,
methods, and tools to engage and empower communities in culturally relevant ways.
It relies on continuous monitoring and evaluation to enhance emergency and disaster
preparedness.

As part of this program, the Inclusive Resilience project aimed to promote inclusive
approaches, tools, and actions that foster inclusive disaster risk reduction (DRR) and
emergency preparedness across Canada. The Canadian Red Cross implemented
the project in partnership with FireSmart Canada, Partners for Action (University of
Waterloo), the BC Earthquake Alliance, the Native Women's Association of Canada,
and community partners.

Partners for Action carried out two strands of research for the Inclusive Resilience
project: one on public outreach and risk communications, and the other on how to
understand where disproportionate socio-economic vulnerabilities exist to identify
where to equitably and efficiently allocate resources for strengthening community
resilience. This report presents findings from the latter.

A socio-economic vulnerability index (SoVI) is a decision-support tool that reveals
the spatial distribution of disproportionate vulnerability based on a selection of
variables. SoVI scores can be mapped through geographic information systems (GIS)
applications, making it easy to visually identify areas of higher vulnerability relative to
other areas within a community. Hazard exposure can also be mapped. Visualizing
analyses of vulnerability and hazard exposure through GIS can guide emergency
managers to focus efforts on areas where Canadians are at risk to different hazards.
Once areas of disproportionate socio-economic vulnerability (referred to as social
vulnerability) and/or risk to a specific hazard (such as floods) are identified, risk
communications and strategies can be refined and delivered at the community-level
more efficiently and effectively.

For more information about the research informing this report, visit the Inclusive
Resilience research study website: uwaterloo.ca/inclusive-resilience/.
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REPORT AT A GLANCE

Social vulnerability refers to the socio-economic conditions that lessen a population’s
ability to prepare for, cope with, and recover from a shock or hazard event. This
renders them more susceptible to the negative consequences of a disaster than
others within a community who are not subject to the same systemic or structural
constraints. Disaster events, such as floods, landslides, and earthquakes, can both
exacerbate existing inequalities and create new socio-economic vulnerabilities within
a community. Once areas that experience disproportionate social vulnerabilities

are identified, risk communications can be refined and delivered at the community-
level with a greater understanding of where and how to prioritize efforts. Therefore,
identifying the spatial variations in social vulnerability is critical for the efficient and
effective distribution of awareness-building and preparedness strategies.

Constructing a social vulnerability index (SoVI) is one method of assessing social
vulnerabilities. This decision support tool can narrow the spatial distribution of
awareness and preparedness products to Canadians disproportionately affected

by all hazards. By combining socio-economic variables from a dataset, such as a
national census, a SoVI allows for comparisons to be made between communities

or neighbourhoods using visual mapping representations expressed through GIS.
However, assessing social vulnerabilities on its own is not enough to identify priority
locations for designating risk communications and preparedness programs. Given the
increased frequency and severity of natural hazard events due to climate change, it is
crucial to combine social vulnerability analyses with hazard exposure data to identify
where people that are most likely to experience risks are located, and who within
those areas might be the most systemically disadvantaged, thus requiring additional
support to prepare for, cope with, and recover from disasters.

Partners for Action combined a SoVI, constructed from publicly available census
data, with a flood exposure analysis using JBA Risk Management data, licensed to the
University of Waterloo, to identify areas within communities facing high levels of both
social vulnerability and flood exposure.
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This report begins by exploring the concept of social vulnerability and identifying

the demographic groups most likely to be disproportionately impacted by flood
events based on existing disaster risk reduction, emergency management, and
climate change adaptation literatures within the North American context. The report
continues with a discussion on how and for what purposes social vulnerability indices
have been used to inform equity-informed decision-making. Methodologies are
provided for how to construct a SoVI, carry out a flood exposure analysis, and overlay
the two to visualize risk in web-based maps, with uses and limitations of each. Flood
risk maps that overlay spatial analyses of flood exposure data and social vulnerability
(via a SoVI) are provided for the following communities identified by Red Cross for this
project:

1) Richmond, British Columbia

2) Thompson, Manitoba

4) Ottawa-Gatineau, Ontario
)
6

(1)

(2)

(3) Ottawa- Renfrew, Ontario
(4)

(5) Moose Factory, Ontario and,
(6)

Bay St. George, Newfoundland and Labrador

Finally, recommendations and areas of future research are provided for reproducing,
validating, and advancing the SoVI and risk assessment methodologies outlined.
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== PARTNERS FOR ACTION

ABOUT PARTNERS FOR
ACTION (P4A)

P4A is a research initiative of the University of Waterloo's Faculty
of Environment, which seeks to empower Canadians to become
flood resilient by promoting awareness and preparedness actions
that are inclusive and evidence-based. Partnership is central to our
approach; strategic collaborations allow us to focus on changing
the flood response landscape at the ground level and with policy
makers. As a thought leader and steward of Flood Smart Canada,
P4A moves conversation and multi-level action forward by localizing
community-engaged flood risk awareness and preparedness,
partnering for adaptation, and developing flood resilience planning
and foresight. These priorities will enable communities to access
practical resources and innovative research, and to embrace
inclusive resilience.

Learn more about us at: www.uwaterloo.ca/partners-for-action.

ABOUT THE CANADIAN
RED CROSS

In Canada and overseas, the Red Cross stands ready to help people
before, during, and after a disaster. As a member of the International
Red Cross and Red Crescent Movement — which is made up of the
International Federation of Red Cross and Red Crescent Societies,
the International Committee of the Red Cross, and 192 national

Red Cross and Red Crescent societies — the Canadian Red Cross

is dedicated to helping people and communities in Canada

and around the world in times of need and supporting them in
strengthening their resilience.
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INTRODUCTION, BACKGROUND,
AND RATIONALE FOR THE
STUDY

This work aims to inform a comprehensive risk assessment strategy for the Canadian
Red Cross as part of their Emergency Public Awareness Contribution Program with
Public Safety Canada. This program aims to facilitate the development and testing

of materials, methods, and tools to better engage and empower communities, in
culturally relevant ways, to enhance emergency and disaster preparedness. This
approach relies on monitoring and evaluation to guide continuous improvements. As
part of this program, Red Cross sought to better understand where disproportionate
socio-economic vulnerability exists to help identify where to focus resources that
strengthen community resilience.

Socio-economic vulnerability has been defined in several ways and is often referred
to as social vulnerability. Within the environmental justice and disaster risk reduction
(DRR) fields, the concept primarily refers to the socio-economic conditions that
lessen a population’s ability to prepare for, cope with, and recover from a shock

or hazard event. It is based on the idea that certain demographic groups are more
susceptible to the negative impacts of hazards. Disasters associated with natural
hazards are worsening due to climate change, and can be considered “threat
multipliers,” creating new social vulnerabilities while exacerbating existing challenges
(Hallegatte et al., 2016). Those with diminished socio-economic capacities often
struggle to recover from severe shocks and disasters, which can lead to longer
recovery timelines and reduced overall well-being, such as decreased mental health
outcomes (Sherrieb et al., 2010).

For this research, social vulnerability is defined as the socio-economic and/or
demographic characteristics that, generally speaking, increase an individual, group,
or community’s susceptibility to the negative impacts of natural hazards, making it
challenging for them to prepare for, cope with, and recover from disasters (Cutter

et al., 2003; Cutter, 1996; Wisner et al., 2004). Identifying the spatial variation

in social vulnerabilities is critical for the efficient and effective distribution

of disaster risk reduction outreach, programming, and strategies. Once the
communities that experience disproportionate social vulnerability are identified, risk
communications for awareness and preparedness can be refined and delivered at the
community-level.

A social vulnerability index (SoVI) is one method of assessing social vulnerability.
By combining socio-economic variables from a dataset (i.e., a national census), a
SoVI enables the comparative analysis of vulnerabilities at a particular geographical
scale (i.e., at the neighbourhood or community level). This analysis can be visually
represented using geographic information system (GIS)-based mapping. As a
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decision support tool, a SoVI can be used by decision-makers and practitioners to
target emergency awareness and preparedness programming, and disaster risk
reduction interventions. In doing so, finite funding, resources, and capacity can be
strategically allocated to strengthen disaster resilience where needed most within
a community, prioritizing actions to support Canadians who are disproportionately
vulnerable to hazards and their adverse impacts.

With the frequency and severity of natural hazard events increasing due to climate
change, SoVI analyses can be combined with hazard exposure analyses to produce
climate risk assessments, which can be used to identify target areas for disaster
preparedness programming and risk communications.

Flooding is Canada’s most widespread, frequent, and costly disaster (Public

Safety Canada, 2022). Early settlements concentrated around Canada’s abundant
freshwater and coastal resources in flood-prone areas, resulting in land-use planning
that overwhelmingly favours development in at-risk areas (Rajabali & Agrawal, 2022;
Wade, 2022). Approximately 80% of Canadian cities are located on floodplains
(Chakraborty et al., 2021), including many of the country’s most populous and
economically significant urban centres (Public Safety Canada, 2023).

Climate change is exacerbating flood risk in Canada through shifting streamflow,
precipitation, and snowmelt patterns, sea level rise, permafrost, glacial melt, and
intensified extreme weather events (Bush & Lemmen, 2019). Many Canadian
communities have already begun to experience this new reality of flood risk under a
rapidly shifting climate, as evidenced by recent disasters such as Hurricane Fiona
(2022), the Manitoban and Northwestern Ontario floods (2022), British Columbia’s
atmospheric rivers (2021), and the Southern Alberta floods (2013). According to

the Insurance Bureau of Canada (2023), “insured catastrophic losses now routinely
exceed $2 billion annually,” most of which result from flood-related events — a 338.6%
increase in extreme weather-related losses compared to the 1998 - 2008 period.
Annual flood damages alone total nearly $1.5 billion in both insured ($700 million) and
uninsured ($800 million) losses (Public Safety Canada, 2022). Despite this, a national
survey conducted by Partners for Action (P4A) found that 94% of Canadians remain
unaware of their household's flood risk (Ziolecki et al., 2020).

Flood risk assessments and maps are critical in this context. Although flood exposure
data are essential for identifying areas prone to flooding, it is necessary to combine
these data with a social vulnerability analysis to determine flood risk, incorporating
the locations of those who may be the most disadvantaged and susceptible to the
negative impacts of flooding. To this end, a SoVI can be used in tandem with other
decision-making tools to help identify and map areas of risk—areas where hazard
exposure and social vulnerability converge.
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For this research, P4A created a SoVI (referred to as the 2023 Canadian Red Cross
SoVI), and combined it with an analysis of flood exposure using JBA Risk
Management data, licensed to the University of Waterloo, to produce flood risk
maps that Red Cross can use to target emergency awareness and preparedness
communications and programming, and to inform other disaster risk reduction
strategies.

These flood risk maps can be used by decision-makers and practitioners to identify
those who may require additional engagement, policy interventions, and supports to
enhance their overall flood resilience, aligned with an inclusive resilience approach.
An inclusive resilience approach ensures that all people can contribute meaningfully
to and benefit from flood risk reduction decision-making, planning, and response
efforts. Taking a holistic picture of risk that incorporates socio-economic and
geographic dimensions is a step toward designing equitable and accessible flood
risk reduction policies and programs that centre the needs of disproportionately
impacted people.

* Please note that “social” and “socio-economic” are often used interchangeably
when referring to this index type; however, social vulnerability indices are
more commonly referred to within the disaster risk reduction and emergency
management literature, and is the term used here.

Please see Appendix A for a complete glossary of the terms used in this report.
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WHO IS DISPROPORTIONATELY
IMPACTED BY FLOODING?

Contextualizing social vulnerability

(1) Vulnerabilities and exposure to flooding events and other hazards are not
distributed equally.

Systemic barriers and structural disadvantages prevent certain populations from
accessing the necessary resources to prepare for, cope with, and recover from hazard
events, putting them in harm’s way. Equity-deserving groups and marginalized
populations disproportionately experience climate change impacts (e.g.,

extreme weather) due to historical patterns of inequality, such as colonialism and
discriminatory land use and infrastructure policies. Simply put, these populations are
often excluded from the decision-making and planning processes that affect them,
and/or face pre-existing barriers that are exacerbated during a disaster, thus reducing
their overall resilience relative to others who do not experience the same constraints.
This deepening of vulnerability may be happening deliberately because of systemic
racism and discrimination, for instance, or inadvertently through initiatives with
unintended consequences, creating a gap between well-meaning policies and the
outcomes for at-risk populations.

While many terms can describe how various groups experience structural and
systemic inequities due to social, cultural, and economic factors, we will refer to
these populations as “disproportionately impacted people.”

(2) People are not inherently vulnerable in the face of adversity.

The power constructs and systems currently in place either privilege or marginalize
certain populations, creating conditions that reduce a person'’s resilience—or their
ability to cope with, adjust to, and recover from a natural hazard event. Resilience is
essentially the opposite of vulnerability. The socio-ecological conditions that create
or reduce resilience are unequally distributed throughout society and change over
time (Adger, 2006). In other words, vulnerability is not a fixed, static state but dynamic
and highly context-dependent. When assessing and responding to the needs of
disproportionately impacted people, it is crucial to be mindful of this distinction and
the nuances surrounding disaster resilience.
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“Social vulnerability, at its core, is determined by systems of power . .. People
who face systemic oppression, exclusion, and marginalization receive labels
of vulnerability based on demographic characteristics. Yet demographic
characteristics are not an inherent vulnerability.”

Bouikidis & Tynan, 2022: pp. 5-6

(3) Research supports the idea that conditions of both vulnerability and resilience can
co-exist. Reframing vulnerability to focus on those conditions is more reflective of
reality, where societal systems and structures are designed for and by some—and
not for and by others.

We advocate for reframing vulnerability to focus on systems and institutions that
create disadvantage or harm rather than placing the onus on the individual (e.g.,
Haalboom & Natcher, 2012; Bankoff, 2001; Chmutina et al., 2023). Since not all
populations have the same access to opportunities and resources, disaster risk
reduction (DRR), emergency management (EM), and climate change adaptation
(CCA) efforts must reduce systemic inequalities and strengthen the resilience
capacities of disproportionately impacted people.

A SoVl is one way of assessing who may be disproportionally impacted by disasters
and where they live, which can be used in risk reduction planning and programming
to support equitable access to resources. It is based on socio-economic data
determined to be either direct or proxy measures of what makes people susceptible
to the negative impacts of a hazard event.

(4) A SoVl, as well as the demographic and economic data that it is derived from,
should only be used as a starting point for understanding the multi-dimensional
and intersectional ways that risk conditions are created.

While everyone will experience a disaster event differently based on their own

lived experiences and individual circumstances, assessing risk at the population

level reveals that some groups will experience multiple systemic challenges

and/or compounding barriers that further exacerbate their social vulnerability.
Intersectional analyses are thus helpful for unearthing these nuances. For example,
disabled Canadians are twice as likely to experience abject poverty compared to non-
disabled Canadians, with those heading up single-parent households (41%) or living
alone (60%) being disproportionately at risk; however, irrespective of disability, 80%
of lone parents are women (Morris et al., 2018). In Canada, people with disabilities
aged 25 to 64 years old are more likely to be unemployed (41%) compared to working-
age Canadians without disabilities (20%), often facing both social and economic
marginalization (Morris et al., 2018). Additionally, older adults over the age of 65 are
nearly twice as likely to have a disability than younger adults (Morris et al., 2018).
These examples illustrate how multiple factors, such as disability, gender, age, and
socio-economic status, can influence an individual’s resilience or vulnerability to a
natural hazard event.
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‘Unnatural’ disasters as threat multipliers

The United Nations Office for Disaster Risk Reduction (UNDRR) recognizes that there
is no such thing as “natural disasters” (\MicClean, 2021). The #NoNaturalDisasters
campaign (NoNaturalDisasters, n.d.) explains why the term “natural disaster” is

a misnomer in that the term can misdirect attention from the human actions and
decisions that increase people’s risk to the impacts of hazardous events. A natural
hazard event only becomes a disaster when there are physical, financial, and

social impacts on humans, resulting from planning and land-use decisions, a built
environment not designed for particular natural hazards, and policy failures. One
example is the decision to settle in floodplains or coastal areas, which increases the
likelihood that residents of those areas will experience flooding.

Simply put, disasters do not start with the occurrence of a hazardous event but
rather with the social, economic, and political conditions that create and exacerbate
vulnerabilities, as well as the land-use planning decisions and regulatory structures
that continue to place people, property, and infrastructure in harm’s way. As such,
UNDRR (2017) defines flood risk as a function of hazard occurrence, exposure,
vulnerability, and coping capacity; here we focus on exposure and social vulnerability
to identify areas of risk. Exposure refers to hazard proximity (e.g., floodplain
development), while vulnerability can be characterized as either physical (i.e.,
underinvestment in aging infrastructure) or socio-economic (i.e., lower-income
households possessing limited resources to cope with sudden shocks) susceptibility
to adverse outcomes. Due to the latter, entrenched in historical and structural
inequalities, adverse disaster outcomes continue to be unequally distributed
throughout society (Fuentealba, 2021; Rivera, 2020). Efforts to reduce social
vulnerabilities can serve as a tangible way to build individual and community coping
capacity, ultimately strengthening overall resilience to climate- and disaster-related
shocks.

Disproportionately impacted people

Several determinants of social vulnerability and associated disproportionate impacts
have been identified within the existing DRR, EM, and CCA literatures in the North
American context. These socio-economic factors point to those who may face more
negative consequences than others during the response to and recovery from a
hazardous event. This idea underlies the importance of a social vulnerability analysis
as a crucial element of DRR and emergency planning. Table 1, based on a literature
review, lists critical factors that influence who in Canada may be disproportionately
impacted by the physical, emotional, social, cultural, economic, and health burdens
associated with flood events.
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Table 1: Canadian populations that are disproportionately impacted by flooding

Variable

Socio-economic status

Low-income
households,
homelessness,
education level,
unemployment

Further Reading:

Household
composition and
dynamics

Lone-parent and single-
person households,
renters

Further Reading:

Age

Infants, children, youth,
older adults (aged 50+)

Further Reading:

10 INCLUSIVE RESILIENCE

Types of Impacts An Example

People with limited financial resources have
fewer options for evacuation or relocation. Those
who cannot afford alternative accommodations
(e.g., hotel, short-term rental) or to repair
damaged living spaces may face housing
insecurity or homelessness due to the added
financial strain (Burton et al., 2016; Walker et al.,
2022).

= Access to resources/
economic insecurity

= Increased exposure/
susceptibility to
flooding

= Mobility

= Housing quality

Bjarnadottir et al., 2011; Burton et al., 2016; Chakraborty et al., 2020; Collins et al., 2018;
Fielding & Burningham, 2007; Hallegette et al., 2016; Hamideh et al., 2021; Gray-Scholz et
al., 2019; McLeod & Kessler, 1990; Morris et al., 2018; Ramin & Svoboda, 2009; Rivera et
al., 2021; Vickery, 2017; Walker et al., 2022

Lone-parent and single-person households may
have limited financial resources to cope with
and recover from disasters due to one individual
assuming the entire burden of household/
familial responsibilities (Oulahen et al., 2015a).

® Housing quality
= Access to social
supports

= Access to resources/
economic insecurity

ATSDR, 2022; Klinenberg, 2016; Oulahen et al., 2015a; Tobin-Gurley et al., 2010

= Mobility Older adults disproportionately experience

= Physical health and adverse post-flood outcomes and often face
safety additional barriers due to reduced mobility

= Mental health and existing medical conditions (Emrich et al.,
outcomes 2020). Further, older adults are more likely to

experience social isolation, which reduces their

access to non-financial coping mechanisms and
social supports during a disaster (Oulahen et al.,
2015a).

= Access to resources/
economic insecurity

= Access to social
supports

Adams et al., 2020; Al-Baldawi et al., 2021; Aldrich & Benson, 2008; Arshad et al., 2020;
Bjarnadottir et al., 2011; Burton et al., 2016; Burton & Cutter, 2008; Chakraborty et al.,
2020; Cutter & Smith, 2009; Emrich et al., 2020; Fulton & Drolet, 2018; Gutman, 2007;
Jensen, 2021; Lowe et al., 2013; Manuel et al., 2015; McDonald-Harker et al., 2021; Morris
et al., 2018; Oulahen et al., 2015a; Scannell et al., 2017; Tapsell et al., 2010
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Variable Types of Impacts An Example

Gender = Physical health and Disasters are often linked to increases in
_ _ safety gender-based violence due to factors such as
Tied to economic = Mental health exacerbated gender inequalities, increased
fgctors, gendgr-based outcomes community and familial stress, socio-economic
violence, societal ; I ; ; ; : :
= Access to resources/ instability, disruptions in essential social and

gender norms, and economic healthcare services, and food insecurity (van
risk factors such as Daaelen et al., 2022; Ballard & Thompson,
pregnhancy 2013).

Further Reading: Ballard & Thompson, 2013; Bjarnadottir et al., 2011; Burton et al., 2016; Canadian
Women’s Foundation, 2022; Dancause et al., 2015; Enarson, 1999 a&b; Enarson &
Scanlon, 1999; Haney & Gray-Scholz, 2019; Milnes & Haney, 2017; Vasseur et al., 2015;
van Daaelen et al., 2022; Walker et al., 2022

Racial or ethnic = Access to resources/ Indigenous people already experience health
background economic insecurity  disparities compared to non-Indigenous

_ = Increased exposure/  People in Canada, particularly within northern
Ir_1d_|geno_us P_e_oples, susceptibility to communities, due to systemic issues of
visible minorities (aka flooding colonization. These disparities relate to limited
people of colour) = Mobility access to healthcare services, inadequate

housing infrastructure, and unsafe drinking

" Physical health and water — all pre-existing social and health

safety inequalities that are often exacerbated during a
= Mental health disaster (Furgal & Seguin, 2008).
outcomes

= Housing quality

Further Reading: Ballard & Thompson, 2013; Bjarnadottir et al., 2011; Buckland & Rahman, 1999;
Chakraborty et al., 2021; Collins et al., 2018; Furgal & Seguin, 2006; Kant et al., 2013;
Martin et al., 2017; McKenzie et al., 2016; NCCPH et al, 2021; Reading & Wien, 2009;
Statistics Canada, 2017a; Thompson et al., 2014; Walker et al., 2022; Waldram 1988;
Wilson & MacDonald, 2010; Yumagulova, 2020

Health and disability = Access to resources/  Pre-existing mental health conditions can limit
o economic insecurity  an individual's ability to cope with a significant

Presence of pre-existing Mobility natural hazard event. The psycho-social stress

mental and/or physical experienced during and after a disaster can

g = Physical health and
health conditions, Y exacerbate pre-existing mental health conditions

- safet
chronic ilinesses, B} Menti/al health or create new ones linked to post-flood
disabilities morbidities (Agyapong et al., 2022; Burton et al.,
outcomes

2016).

Further Reading: Agyapong et al., 2022; Alderman et al., 2012; Burton et al., 2016; Caroll et al., 2009;
Chakraborty et al., 2020; Goldmann & Galea, 2014; Hayes et al., 2020; Heagele &
Pacquiao, 2019; Mao & Agyapong, 2021; McKeen & Slatnik, 2022; Mensah et al., 2005;
Morris et al., 2018; NCCPH et al., 2021; Oulahen et al., 2015b; Owusu et al., 2022; Runkle
et al., 2012; Sahni et al., 2016; Tapsell & Tunstall, 2008
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Variable

Immigration status
Newcomers to Canada,
recent immigrants

Further Reading:

Location

Rural, remote, and
northern communities,
underserved
neighbourhoods

Further Reading:

Housing type

People living in older
buildings or certain
types of dwellings

Further Reading:

Types of Impacts

= Access to resources/
economic insecurity

= Communications
barriers

An Example

Non-English speakers experience language
barriers that make it difficult to access

and understand emergency management
communications (Oulahen et al., 2015a; Emrich
etal., 2020).

Chakraborty et al., 2020; Drolet et al., 2015; Emrich et al., 2020; Oulahen et al., 2015a

= Access to resources/
economic insecurity

= Mobility

® Housing quality

® |nfrastructure deficits

= Communications
barriers

= Limited capacity/
services available

Rural and remote communities tend to
experience significantly more challenges
pertaining to emergency access routes,
infrastructure deficits, and emergency services
capacity compared to urban regions, leading to
slower overall disaster response and recovery
times (Houghton et al., 2017; RHIH, 2022).

Cole & Murphy, 2014, Davis et al., 2010; Furgal & Seguin, 2006; Houghton et al., 2017,
Myhre et al., 2017; RHIH, 2022; Russo et al., 2021; Wall & Marzall, 2007

= Housing quality

= Increased exposure/
susceptibility to
flooding

The extent of flood damage to homes is
influenced by building codes and standards,
which have varied throughout time; thus,
the period of construction and structural
characteristics of a building can influence
disaster outcomes (Hamideh et al., 2021).

Chakraborty et al., 2020; Hamideh et al., 2021; Highfield et al., 2014; Oulahen et al., 2015a3;

Pal, 2002; Walker et al., 2022
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AN INTRODUCTION TO SoVI
RESEARCH AND APPLICATION

What is a social vulnerability index (SoVI)?

As mentioned earlier, social vulnerability can indicate a necessity for resources prior to,
during, and in the aftermath of a shock, such as a public health crisis or a disaster from
a natural hazard event (Wisner, 2004). An approach for assessing social vulnerability

is to employ a SoVI—an empirical tool that combines variables to measure the relative
susceptibility of a specific subset of the population within a defined geographical
boundary. The variables can then be combined in a formula, mapped as a geospatial
representation of relative vulnerability, to facilitate comparisons with other areas, such
as between neighbourhoods, communities, provinces, or countries.

A SoVI combines the socio-economic variables that either directly or indirectly impact
an individual’s or household’s vulnerability using proxy data. The analysis results in
numerical scores, which are categorized into low, moderate, or high vulnerability
levels. Constructing a SoVI using national census data supports decision-making at
various levels, from the local (with scores of relative social vulnerability within a given
community) to the national (differentiating among areas across a country).

Foundational SoVI research in the United States

The theoretical and methodological underpinnings of SoVIs took shape within the
social sciences in the 1960s and 1970s when research on social variables and their
application in social policy emerged (Duncan, 1969 & 1984; Land, 1983; Land &
Spilerman, 1975; Smith, 1973; Smith, 1981—as cited in Cutter et al., 2003). Cutter
re-envisioned the role of vulnerability within the field of DRR and environmental
hazards as a dynamic function of time, place, and people, while Hewitt and Burton
(1971) and Cutter (1996) developed a “hazards of place model.” This model illustrated
the complex and interwoven connections among potential hazards, geographic
context, biophysical vulnerability, and social vulnerability, all within the framework
of place-based vulnerability, risk, and hazard mitigation. In doing so, Cutter (1996)
advanced the idea that risk is just as much a product of socio-economic and
demographic factors as it is a result of hazard occurrence and geographical
location.

One of the foundational SoVls is the index developed by Cutter et al. (2003) for
the United States using county-level socio-economic data. Cutter et al.'s 2003
SoVI provided a methodological framework for calculating and mapping relative
vulnerabilities (Cutter & Finch, 2008). Since this study, SoVIs have become more
prevalent, with public agencies, academics, and research organizations using it
to produce maps for targeted emergency preparedness, climate adaptation, risk
mitigation, and the equitable allocation of public resources to promote disaster
resilience worldwide. With Susan Cutter at the University of South Carolina, the
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Hazards Vulnerability & Resilience Institute has led the work on SoVI data, methods,
and applications. The institute provides training on a SoVI based on 29 socio-
economic variables from the United States Census Bureau from 2010 to 2014, such
as family structure, language barriers, vehicle availability, and medical disabilities
(HVRI, n.d.)

SoVls in the United States have been used at different scales as a decision-making
tool to identify the spatial distribution of socio-economic conditions that affect all
phases of the disaster cycle (i.e., mitigation, preparedness, recovery, and response).
As an example of a local-level post-disaster application, Flanagan et al. (2011)
developed a SoVI at the census tract level using 15 variables to explore the impact of
Hurricane Katrina, providing insights into how a SoVI can be used within emergency
management and flood risk management frameworks.

Another prominent SoVI framework being used in the United States was developed by
the Centre for Disease Control (CDC). Its Agency for Toxic Substances and Disease
Registry’s (ATSDR) Geospatial Research, Analysis & Services Program developed

a SoVI for Guam using 16 variables from the 2010 census data to identify areas in
greater need of emergency support (e.g., shelters, aid) before, during, and after a
hazardous event. The maps were designed to support aging, disabled, and non-
native language-speaking populations in evacuation plans (Paulino et al., 2021).
Other researchers and organizations have applied the CDC/ATSDR methodology to
understand health risk behaviours and conditions, including teen pregnancy (Yee
et al., 2019), chronic health conditions (Nguyen et al., 2019), physical inactivity (An
& Xiang, 2015), obesity (Martins de Freitas & Moraes, 2016), and, more recently,
coronavirus (Biggs et al., 2021).

In short, numerous SoVIs are being refined and used within the United States in the
environmental hazard and DRR fields that stem from the work of Cutter et al. (2003)
and colleagues, with more emerging as offshoots of the CDC/ATSDR’s SoVI for DRR
and health-related purposes.

Foundational SoVI research within the Canadian
context

SoVis generally do not measure vulnerabilities to a particular extreme natural
hazard event, but instead indicate the spatial distribution of those who may be
made vulnerable to a societal shock. Some SoVIls, however, have been developed
specifically to understand hazard risk in connection to certain types of emergencies
and health outcomes. For example, a SoVI developed by Environics (n.d.) was
designed to identify Canadians facing challenges during and after a pandemic due
to mental health issues and/or limited social networks. In this case, variables are
specific to individuals’ community involvement, self-esteem, and previously reported
mental health conditions. This SoVI facilitated an analysis of the barriers faced by
young or single urbanites, newcomers, and aging city dwellers (Andrew & Keefe,
2014), who may lack the community networks essential for supporting those with
mental health conditions (Environics Analytics, n.d.).
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Scholars and practionerers from both Canada and the United States have employed
variables other than directly from nationally available datasets when constructing
socio-economic indices. Chang et al. (2015) developed an index to compare
community vulnerability profiles based on variables of both exposure (e.g., intensity
of land development) and sensitivity (e.g., building characteristics, demographic
variables), with a prototype demonstrating its use for coastal communities in British
Columbia. This Hazard Vulnerability Similarity Index operates with several types of
data: binary indicators, nominal or ordinal categorical variables (e.g., measured as
high, medium, or low), and continuous variables (e.g., measured as a percentage of
population) (Chang et al., 2015 & 2018).

Natural Resources Canada (NRCan) developed a SoVI (CanSVM) with census data
as part of an Integrated Hazard Threat Index (HTI) for emergency management
practitioners (see Journeay et al. 2022). While this model has been used to assess
earthquake and tsunami threats nationally, it can be applied to other hazards and
spatial scales. NRCan distinguishes between social and physical determinants

of threat, where a SoVI and a Physical Susceptibility Index (PSl) are combined to
produce an HTI. PSl is the interaction of a) physical exposure and b) hazard intensity
and damage potential. Here, social vulnerability is determined by variables that
comprise the community’s “social fabric” to evaluate “the underlying factors that
contribute to conditions of social vulnerability within a given neighbourhood”
(Journeay et al. 2022, p. 5). There are five variables for each of the four vulnerability
profiles (social capital, individual autonomy, housing conditions, and financial agency)
that are reported in terms of land use and settlement type (metropolitan, rural, and
remote; population density).

Finding SoVIs that map vulnerability to specific hazards is still uncommon. One way
to develop SoVIs for specific hazards and circumstances is to take a stakeholder-
engaged approach. This can entail seeking input from local practitioners who
choose and assign weights to the variables used to construct a SoVI (Oulahen

et al. 2015a). Chang et al. (2020) took another approach, comparing data on the
existence and types of coastal flood risk tools that governments adopt, and on why
they use them, against a hazard vulnerability assessment based on census data.
Input by local experts enhances a SoVI's legitimacy by incorporating context-specific
considerations, and can be combined with a process known as ground-truthing to
improve the applicability of the analysis by validating results against local realities.
While outside of this report’s scope, developing and testing community engagement
strategies for customizing SoVIs and flood risk maps using local and participatory
data sources could be a next step of this research.

A national SoVI developed by Chakraborty et al. (2020)

Chakraborty et al. (2020) produced the first research and methodological framework
for a national SoVI for Canada. Henceforth referred to as the 2020 SoVl, it is the
most comprehensive and nationally representative SoVI to date. Using 2016 census
data, the 2020 SoVI incorporated 49 variables measuring social deprivation and
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economic instability conditions that contribute to vulnerability. The study compared
social vulnerabilities across Canadian census tracts (CT) and discussed the practical
applications of SoVI as a decision-support tool in nationwide flood risk assessments.

The 2020 SoVI does not have fundamental differences from the SoVIs mentioned
earlier in terms of defining, analysing, and mapping vulnerability to natural hazards.
The differences primarily lie in the number of variables chosen, the context-specific
variables used, who decides on what variables are used and how, the computation
methods, and the scale of analysis. Two distinctions of note:

(1) While national scale analyses have been conducted in the United States (e.g.,
Cutter et al., 2013; Tate et al., 2021), the development of SoVIs within Canada
has, until recently with Chakraborty et al.'s (2020) and NRCan’s work (Journeay
et al. 2022), been primarily focused on municipal-scale analysis, such as at the
metropolitan area (e.g., Oulahen, 2016; Chang et al., 2015).

(2) Chakraborty et al. (2020) included deprivation indices for neighbourhood
instability and economic insecurity (e.g., combining variables such as household
income and home value as a proxy of wealth). Using these sub-indices in a
SoVI reinforces the idea that the higher the deprivation in a neighbourhood or
community, the fewer social and financial resources are available for disaster
preparedness and risk mitigation activities, which increases social vulnerability.
These considerations enhance the reliability of the 2020 SoVI index scores.

How might a SoVI be useful for equity-informed
decision-making?

Data that represents the social vulnerability of people to natural hazards can

provide insights into equity considerations when planning risk mitigation strategies.
Traditional risk assessments, which focus on economic damage and loss of life
estimates, tend to neglect how the impacts of a hazard are unevenly distributed
among groups of people (Koks et al., 2015). As such, flood risk management
approaches have typically sought to find the most economically optimal path to
reduce asset damage as much as financial constraints allow (Kind et al., 2020).
However, people with fewer social and economic resources are constrained in

their ability to effectively prepare for, respond to, and recover from disaster events
(Wisner et al., 2004). For instance, lower-income households have fewer economic
safeguards, which restricts their ability to make relocation or evacuation decisions
and limits their capacity to invest in preparedness measures and costly post-disaster
repairs (Walker et al., 2022). Therefore, although a lower-income household'’s total
claim for damages may be less significant when compared to a home in an affluent
neighbourhood, the household'’s overall recovery capacity is lower. Thus, people with
fewer economic assets and lower social capital are disproportionately impacted by
adverse disasters, such as coping with displacement or replacing damaged property.
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Despite this disparity, asset ownership (e.g., property, finances) remains one of the
primary considerations when developing traditional flood risk mitigation strategies,
founded on the premise that the aim should be to reduce damage to and loss

of economic assets. However, aside from asset ownership, various other socio-
economic factors may influence an individual’s vulnerability relative to others within
the community when facing a hazard of the same intensity (Fielding & Burningham,
2005; Weichselgartner, 2001). Hence, a SoVI is helpful as one piece of evidence that
enables the inclusion of more than purely economic asset-based data in decision-
making, which is especially important when assigning finite financial resources (Tate
etal.,, 2013).

In sum, a SoVI can be used as one tool for equity-informed decision-making
within the fields of disaster mitigation, management, and recovery (Cutter et

al., 2013; de Oliveira Mendes, 2009), having been developed for various hazards
including floods (Chakraborty et al., 2021 & 2022), drought (Naumann et al., 2018),
earthquakes (Siagian et al., 2014, Journeay et al., 2022), and heatwaves (Lehnert et
al., 2020). SoVIs can help prioritize geographic areas with specific subpopulations
that might benefit most from regulatory, educational, social, and/or financial supports
to prepare for, cope with, and recover from hazard events. As such, as a decision-
support tool, SoVIs promise to become more in demand as the frequency and severity
of natural hazard events increase and as decision-makers look for easily interpretable
methods of considering multiple factors, including equity, in policy and programming.
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AN OVERVIEW OF THE 2023
CANADIAN RED CROSS SoVI

Building on the work of Chakraborty et al. (2020, 2021, & 2022), P4A developed a
new SoVI for the Canadian Red Cross that can be combined with hazard data for
comprehensive risk assessments that take social, built, cultural, economic, and
hazard-related factors into account. The SoVI index that P4A constructed for this
project is methodologically similar to what Chakraborty et al. (2020) developed, but
with fewer variables based on the accessibility of publicly available datasets. The
2023 Canadian Red Cross SoVI is methodologically sound and statistically robust;
it involves verifying and testing assumptions of principal component analysis (PCA)
before running the PCA in addition to post-validating the PCA-based results for
enhanced accuracy. As these analyses are commonly missing in the literature, this
report provides guidance on performing robustness tests.

P4A aimed to access the 49 variables identified in the 2020 SoVI at the dissemination
area (DA) level; however, only 27 publicly available variables successfully passed
testing for their inclusion in the SoVI. Even with the reduced number of variables, the
2023 Canadian Red Cross SoVI still incorporates variables consistent with the social
vulnerability literature.

The 2023 Canadian Red Cross SoVI was calculated using a weighted combination of
principal components. This data-driven method derives the statistical properties of
sample data—with greater weight placed on variables that contribute more toward
the total variance in the dataset. Allocating weights to variables based on their
relative proportion is a statistically sound and empirically robust method, minimizing
subjective bias in the index calculation process.

What follows is a description of this SoVI in terms of its variables and components,
the rationale for selecting those variables, and the process for constructing the SoVI
and mapping resultant scores. Figure 1 outlines the three main stages of creating
the 2023 Canadian Red Cross SoVI: 1) data collection and preparation, 2) analysis
and computation, and 3) geospatial dissemination. In the next section, a description
of each stage is provided, while a step-by-step technical breakdown is outlined in
Appendix B. Please refer to publications by Chakraborty et al. (2020, 2021, & 2022)
in Appendix C for the detailed methodology for constructing a SoVI and applying a
geospatial flood risk analysis.
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STAGE 1
Data collection and
preparation

Step 1.1
Determine the purpose of
creating the index

v

Step 1.2
Select literature-consistent SoVI
variables from national Census

v

Step 1.3
Choose a data source and
download the data

v

Step 1.4

Transform input variables
v

Step 1.5

Verify for data accuracy

1/ Replace missing data with
median values

2/ Review descriptive statistics

3/ Verify population count
(min. and max.)

v

Step 1.6

Normalize all variables through
normalization method

(e.g., Z-score)

» STAGE 2
Analysis and
Computation

Step 2.1
Perform principal component
analysis and index creation

v

Step 2.2
Reduce the dimensionality of
the variables

v

Step 2.3
Obtain the components
v

Step 2.4
Weight and aggregate the
components

» STAGE 3

Geospatial distribution
and dissemination

Step 3.1

Scale SoVI scores on a scale of
1 (least vulnerable) to 100 (most
vulnerable)

v

Step 3.2

Classify final SoVI scores with

standard deviation classification

scheme for vulnerability mapping

and geospatial representation
v

Step 3.3

Visualization and mapping of SoVI
scores with graduated colour
symbology using a geographical
information system (GIS)-based
software

Figure 1: Steps for constructing the 2023 Canadian Red Cross SoVI
(adapted from Chakraborty et al., 2020)
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A GUIDE FOR HOW TO
CONSTRUCT THE 2023
CANADIAN RED CROSS SoVI

Stage 1: Data collection and preparation

Publicly available data for 27 socio-economic variables were collected from the
Statistics Canada 2016 Census database. This subset of variables, derived from
Chakraborty et al. (2020)’s original 49 variables for the 2020 SoVI, was chosen due to
the following reasons: a) all 49 variables were not publicly accessible; b) some errors
were encountered while working with specific datasets (which could not be resolved
because the sample information was not publicly available); and, c) some datasets
were unavailable at the DA level, the spatial level of interest in this research.

The 2020 SoVI employed data from one of Statistics Canada’s Research Data
Centres (RDCs); however, most people are unable to access RDC data due to strict
confidentiality and privacy measures that include a rigorous application process and
security clearance. Further, RDC-based census microdata do not allow for vetted
output at the DA level, which was used as a scale of analysis in this research for
Canadian Red Cross.

Census data were instead obtained from the Canadian Census Analyser Data Centre
(CHASS), a publicly available data source where DA-level data can be downloaded.
These data met the analytical requirements at the DA level, and the variables selected
represent socio-economic and demographic conditions of vulnerability (e.g., cultural,
economic, and built environment characteristics) within DAs across Canada.

Appendix D provides a complete list of the chosen variables and rationales for their
inclusion, while Table 2 compares three different approaches for constructing a SoVI
based on data accessibility, variable selection criteria, and chosen scale of analysis.

After selecting and collecting the required socio-economic data, values of each
variable were calculated by following a number of steps such as normalizing the
data, verifying the reliability of the data, and removing the missing values and/or
replacing them with the average values. Once those steps were completed and the
pre-processed data were prepared, the variables’ values were used in the calculation
stage of SoVI construction.
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2020 SoVI developed
by Chakraborty et al.

Data were obtained through
Statistics Canada'’s Research
Data Centre (RDC), which
includes data that is not publicly
accessible and requires security
clearance.

The composite index includes
49 variables. All RDC variables
are reported with a 100%
estimated population from the
census.

The SoVI analysis was
completed at the national
scale, providing comparisons
of the relative vulnerability
SCOres across census tracts,
census metropolitan areas, and
provinces.

2023 Canadian
Red Cross SoVI
developed by
Partners for Action

Data were obtained through
the Canadian Census Analyser
(CHASS) Data Centre,

which is restricted to CHASS
subscribers, such as the
University of Waterloo.

The composite index includes
a final subset of 27 publicly
available variables, as derived
from the initial 49 variable set
selected by Chakraborty et al.
(2020).

The SoVI analysis was
completed at the dissemination
area scale, providing the relative
vulnerability of dissemination
areas within a specified
geographic region (e.g., within
the City of Richmond).

An alternative option
for future SoVI
construction

Publicly accessible data can

be obtained through Statistics
Canada’s Census Program Data
Viewer. See instructions below.

Variable selection for a
composite index depends

on the project purpose, data
accessibility, geographical
scale, and the objective of the
index.

The SoVI analysis can be
completed for the desired
geographic scale (e.g.,
municipal), given that the
collected data is consistent with
this scale.

Table 2: Alternative approaches for constructing a social vulnerability index (SoVI)

How to access the Canadian Program Data Viewer:

Step 1:
Step 2:
Step 3:

Select “Census Year” (2016 or 2021)

Select a topic

For example: Housing

Step 4:

Select a variable

For example: Home ownership rate (%)

Step 5:

Step 6:

Set the focus of the analysis
For example: Richmond, CY [CSD] (B.C.)

Click on set as the focus of analysis.

Select “Dissemination Area” under Other Geographic Level

In this case, a map would be generated for Richmond CSD with graduated
colour schemes for the selected variable “Dissemination Area-
Homeownership rate (%)"

21 INCLUSIVE RESILIENCE

A SOCIO-ECONOMIC
VULNERABILITY INDEX |


https://www.statcan.gc.ca/en/microdata/data-centres
https://www.statcan.gc.ca/en/microdata/data-centres
https://datacentre.chass.utoronto.ca
https://datacentre.chass.utoronto.ca
https://www12.statcan.gc.ca/census-recensement/2021/dp-pd/dv-vd/cpdv-vdpr/index-eng.cfm
https://www12.statcan.gc.ca/census-recensement/2021/dp-pd/dv-vd/cpdv-vdpr/index-eng.cfm

Step 7: Under the Data Tables tab, click on the three dots adjacent to the
Dissemination Area column and then export to CSV to download the
relevant dataset.

Following the same procedure, all available census variables can be
downloaded as a CSV file for the selected regions of interest.

Link to Census Program Data Viewer:
www 1 2.statcan.gc.ca/census-recensement/2021/dp-pd/dv-vd/
cpdv-vdpr/index-eng.cfm

Stage 2: Analysis and computation

Principal component analysis (PCA) is a prominent method for reducing the
correlation of variables by forming components (or factors). Each component consists
of multiple variables that demonstrate a similar statistical behavior based primarily

on the inter-correlations among variables. Generally speaking, highly correlated
variables will be in the same groups. For example, if the variables of “Income” and
“Income after tax” are used as inputs, the two variables will become one component
since PCA recognizes them as highly correlated (Schmidtlein et al., 2008). A high
correlation between these two variables means that their amount varies similarly; in
other words, geospatial units with high values of “Income” also have high values of
the “Income after tax” variable.

Various statistical methods and criteria can be used to select the main components
of the analysis. Two highly used methods are 1) the Kaiser criterion (Kaiser, 1958)
and 2) the percentage of variance explained. Only components with eigenvalues
higher than a value of 1.0 should be selected when using the former method. In the
latter, a threshold of variation in the original dataset is chosen, equaling 80% in most
cases. More information about these methods can be found in Bro & Smilde (2014),
Ferré (1995), Kaiser (1958), Ringnér (2008), and Wold et al. (1987).

Once the components have been selected, different weighting and aggregation
methods can be used to combine the components and produce the final SoVI scores.
One approach is to add all selected components together, assuming that they have
equal weights; however, a more reliable method is to assign weights to components
based on the variance that they show and then aggregate those components
(Chakraborty et al., 2022; Schmidtlein et al., 2008). The P4A team used the second
approach to combine the components and estimate the SoVI index for the 2023
Canadian Red Cross SoVI.
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Stage 3: Geospatial distribution and dissemination

After the SoVIs have been calculated for all geographical units, the next step is to
assign these units to different classes of vulnerability—low, moderate/medium, or
high—and represent these data on a map. Developing a classification scheme of
SoVI scores is critical for the geospatial representation of vulnerability. There are
several methodological approaches for classifying SoVI scores, including manual,
equal interval, quantile, Jenks natural breaks, k-means cluster, and standard deviation.
Standard deviation classification was used for this research, as this method aligns
with existing literature and leverages the normal distribution of SoVI scores in the
classification process. In this method, the algorithm clusters DAs based on the
distance of each SoVI value from the mean value of SoVI among all DAs and the
standard deviation of the entire country’s SoVI database.

More information about standard deviation and other available data classification
approaches can be found at: pro.arcgis.com/en/pro-app/latest/help/mapping/
layer-properties/data-classification-methods.htm.

CONSTRUCTION OF THE 2023 CANADIAN RED CROSS SoVI

The P4A team calculated SoVI scores for six communities of interest to Canadian
Red Cross for this research:

1) Richmond, British Columbia

2) Thompson, Manitoba
3

(1)

(2)

(3) Ottawa-Renfrew, Ontario
(4) Moose Factory, Ontario
(5)
(6)

5) Ottawa-Gatineau, Ontario

6) Bay St. George, Newfoundland and Labrador

P4A researchers accessed DA data from the CHASS hosted by the University of
Toronto's Faculty of Arts and Sciences. Access to the CHASS census database
servers is restricted to registered subscribers, including the University of Waterloo.
Without this arrangement, data would have been limited to the census tract level.
Instead, the analysis focused on DAs, a geographical scale commonly used by
Statistics Canada to describe neighbourhood-level information. The final index was
then categorized into three classifications of social vulnerability (low, moderate, and
high) for the six communities of interest and analysed at the DA level. Static and
dynamic (web-based, interactive) maps were then produced to visualize the SoVI
scores for the communities of interest. Figure 2 depicts visualizations of relative
social vulnerability for the six study areas across Canada. Please refer to Appendix E
for a technical guide on how the web-based maps were produced. Appendix F
provides a visual representation of Statistics Canada's hierarchy of standard
geographic areas for the 2016 census.
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USES

[0 A SoVI can identify areas of relative social vulnerability to natural hazards
and disasters within a geographic boundary (e.g., a community) based on
census data that reflect socio-economic, demographic, cultural, and built
environment characteristics (Chakraborty et al., 2021).

[0 When analysing and communicating results, it is essential to note that a SoVI
is a relative measurement of social vulnerability, meaning that results show
low, moderate and high vulnerability in relation to other areas within a given
geographical boundary.

[0 A SoVI combined with a hazard analysis can facilitate equity-informed
regional environmental risk assessment and planning (Chakraborty et al.,
2020).

] As a disaster risk reduction support tool, a SoVI can enable decision-makers
and planners to allocate resources and build capacity based on equity
principles (Wood et al., 2021).

LIMITATIONS

L] Itis important to note that when the geographic boundary of the SoVI
analysis changes, so do the results, as SoVI scores indicate relative social
vulnerability within a given boundary.

[0 Some national census data used in the 2020 SoVI were not publicly available
for the communities of interest for this research at the DA level; instead, the
2023 Canadian Red Cross SoVI is based on 27 publicly- available variables
that are methodologically sound and consistent with the literature (see
Section 5, Stage 1).

1 Not all aspects that contribute to social vulnerability are captured by a
SoVI based on census data. Community-based and qualitative methods
would provide nuanced and context-specific insights. For example, past
experiences of hazard events and disasters affect people’s ability to prepare
for, cope with, and recover from a disaster, but these data are not captured
in a SoVI. Other variables not generally included in SoVIs include the
percentage of the population living with physical and mental disabilities,
distance to medical services, rehabilitation centres per resident, number
of exit routes per 1,000 inhabitants, risk perception, prior experience,
knowledge of flood protection measures, risk denial/acceptance, and trust in
officials (Fatemi et al., 2017).
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[1 Some variables are based on a 25% sample, because roughly 25%
of Canadian households are chosen to participate in the long-form
questionnaire survey, while the rest receive a short-form questionnaire. Given
that some variables used in the SoVI are drawn from long-form questionnaire
responses, there are uncertainties in scaling these data to the entire
population of Canada. For more detailed information on Statistics Canada's
data sources, methodology, and data accuracy, please refer to Statistics
Canada (2020).

[0 The 2023 Canadian Red Cross SoVI was based on 2016 census data, which is
the dataset available at the time the analysis was completed. An update of the
analysis and maps using the 2021 census would be beneficial for decision-
making, and an opportunity for a spatial-temporal analysis by comparing the
2016 and 2021 results. However, as of the writing of this report, some data
are still not publicly available (e.g., what the 2016 Census termed, "Aboriginal
population"' and what the 2021 Census refers to as “Indigenous population"),
meaning that an analysis using 2021 data would be incomplete.

[0 Census data are gathered to reflect population statistics at a specific time.
The five-year gap between census periods represents another source of
uncertainty and limitation. Demographic characteristics have been evolving
rapidly in recent years due to population movements associated with the
Covid-19 pandemic, gentrification, and catastrophic hazard events. Therefore,
it is important to assume that while SoVI scores given an indication of relative
social vulnerability within an area, the results may not reflect the current
reality. One way to address this limitation is to engage local experts and
stakeholders in examining and providing feedback that can be incorporated
into the maps (see Section 3's mention of community-engaged approaches
and ground truthing, and Recommendation 3).

' The terminology used by Statistics Canada was updated from ‘Aboriginal population’ to ‘Indigenous population’ for the
2021 Census. As this work used 2016 Census data, we reference the names of the variables used in that year's Census.
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Maps visualizing the 2023 Canadian Red Cross SoV|
for six Canadian communities

Figure 2: Visualizations of relative social vulnerability using the 2023 Canadian Red Cross SoVI for six
communities in Canada
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AREA-BASED FLOOD EXPOSURE
ANALYSIS

Rationale and overview

Often, flood exposure and risk are used interchangeably, whereas a risk analysis
combines hazard and vulnerability. Repeated hazard exposure can further exacerbate
existing socio-economic vulnerabilities and create new vulnerabilities for affected
residents. Therefore, combining these two spatial layers can aid decision-makers

in identifying areas that need further recovery support and in determining how to
equitably distribute funding and other resources.

In addition to developing a nationwide SoVI, Chakraborty et al. (2022) addressed

the lack of a comprehensive flood risk assessment for Canada with a methodology
that integrates SoVI and flood exposure data. They combined the nationwide SoVI
with national flood data licensed from JBA Risk Management. This work has been
foundational within the Canadian context in demonstrating the need to incorporate a
social vulnerability analysis into hazard risk assessments rather than treating SoVI as
an isolated decision-support tool.

For this research, three categories of flood-prone areas were analysed: fluvial, pluvial,
and coastal flooding.

1 Fluvial floods (riverine or river flooding) refer to conditions when a water
body, such as a river, stream, or lake, overflows onto the adjacent lands
(Sandink et al., 2016). Fluvial flooding happens primarily because of heavy
rainfall, snowmelt, and ice-jamming.

1 Pluvial floods occur when extreme rainfall exceeds the capacity of the urban
drainage system, resulting in a surface water flood or flash flooding (Rozer et
al., 2016).

[0 Coastal flooding refers to the inundation of land by seawater due to sea-level
rise and storm surges, among other factors (Hinkel et al., 2014).

JBA Risk Management's Flood Dataset was obtained through a data sharing
agreement with the University of Waterloo for floods with a yearly probability of
occurrence of 0.01, commonly known as a 1-in-100-year flood event. This occurrence
rate is an accepted regulatory standard for most of Canada as the minimum design
flood event (NRCan & Public Safety Canada, 2019; Public Safety Canada, 2022).
Flood exposure data were drawn from JBA's Fluvial-Undefended database, which
assumes no flood defenses (e.g., berms, ditches, armouring). This is the typical
approach the insurance industry uses when assessing flood risk, which is justified
based on the assumption that catastrophic flooding will overwhelm existing defenses.
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What follows is the methodology for producing a flood exposure analysis, followed by
Section 7 that outlines how to combine it with a SoVI analysis to determine flood risk.

Geospatial analysis of flood exposure

Once the flood-prone areas within the communities of interest were determined, an
analysis of physical exposure was carried out. Figure 3 presents visualizations of the
flood exposure analysis for these six Canadian communities.

Physical exposure refers to the people and assets (e.g., private dwellings and

critical infrastructure) affected by hazardous events (UNDP, 2015; IPCC, 2022). The
predominant approach in the flood risk analysis literature regarding exposure was
applied, where population and residential properties at risk of flooding are counted
(Chakraborty et al., 2021 & 2022; Qiang, 2019). More detailed information about this
approach is available in Chakraborty et al. (2021 & 2022).

Flood Exposure Maps for Six Canadian Communities
Figure 3: Visualizations of flood exposure using JBA data for six communities in Canada
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[0 Information about the exposure of specific elements (e.g., residential
properties) to flood hazards is one part of a risk analysis to help plan and
prioritize flood risk mitigation strategies.

1 Aflood exposure layer can provide insights for emergency management
planning, which can include early flood warning systems and evacuation
strategies.
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LIMITATIONS

[1 The flood data used in this analysis were sourced from JBA Risk
Management, the only available flood layer at the national scale in Canada. In
addition to this flood layer, it would be beneficial to incorporate regional high-
resolution flood modelling (Chakraborty et al., 2021).

[0 This analysis was based on flood extent information from JBA. Flood intensity
and depth data are also available; this information would be beneficial
when analysing the likelihood of infrastructure and property damage due to
flooding events (Chakraborty et al., 2021).

[0 JBA's data accounts for water levels in the larger gauged lakes, but not in
some of the smaller ungauged water bodies. Collecting these data through
community surveys would improve the analysis (Chakraborty et al., 2021).

[0 Based on historical data, the flood data do not account for real-time events
or climate projections. Climate change alters hydrological patterns, bringing
a level of uncertainty to flood projections. Several studies use downscaled
(regional) climate models to investigate the effects of various climate change
scenarios on flood frequency and intensity (Arnell & Lloyd-Hughes, 2014;
Gaur et al., 2018; Reguero et al., 2015; Ukumo et al., 2022). In the past year,
flood modelling companies like JBA have begun to produce and provide high-
resolution climate change flood data at a national scale. This type of data is
suitable for municipal decision-making and should be considered in ongoing
studies. Without such data and models, one might apply precautionary
principles and consider using more conservative historical flood data, such
as data with a return period of 200 or 500 years, rather than 100 years.

[0 The data and analysis do not account for concurrent or compounded/
interconnected hazards, or consider the impact of large-scale infrastructure
projects. For example, flood exposure and propensity might change
significantly after climate events like wildfires, landslides, and heat waves.
Additionally, implementing grey or green infrastructure (e.g., berms, dikes)
designed for flood mitigation should reduce flood exposure. One way
to address these limitations is to apply an integrated multi-hazard risk
assessment that considers the potential interactions of hazards of concern
and their cascading effects. This involves assessing the likelihood and
consequences of multiple hazards co-occurring or in close succession.
Review the following resources to incorporate cascading hazards into a flood
exposure analysis: Gill & Malamud, 2016; AghaKouchak et al. 2018 & 2020.
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7 | FLOOD RISK MAPS: USING A
SPATIAL OVERLAY METHOD

Web-based flood risk maps were created to visualize the spatial associations
between SoVI scores and flood exposure in the communities of interest. The aim was
to produce an intuitive and user-friendly tool for interpreting where and how flood
exposure and social vulnerability intersect to indicate risk.

Figure 4 outlines the simple steps followed for the flood exposure analysis (Steps
1 and 2) and flood risk analysis (Step 3) to produce the web-based maps for this
research (see Table 3 for the links).

Step 1: p Step 2: p Step 3:

Find the population Aggregate the counts  Spatially combine the
and total residential from Step 1 into the previous layer (social
properties in each dissemination area vulnerability) with the
dissemination block flood exposure

Figure 4: Simple steps for completing a geospatial analysis of flood exposure and flood risk

After carrying out the flood exposure analysis, flood exposure scores were classified
into three groups (high, moderate, or low), just as SoVI scores were. Aggregation
layers were then created, overlaying the SoVI and flood exposure layers to produce
choropleth maps. Each aggregation layer includes a maximum of nine categories,
derived from combining three SoVI classes (high, moderate, low) and three flood
exposure classes (high, moderate, low). Each combined classification was then
assigned a colour, with lighter colours representing lower risk and darker colours
representing higher risk, shown in Figure 5. For example, if a DA is classified as
having high SoVI and moderate

Low Social Moderate Social ~ High Social
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Table 3: Web-based maps of the 2023 Canadian Red Cross SoVI, flood exposure, and an overlay of the
two to visualize flood risk

Location URL Link
Richmond, BC arcg.is/nz1Gy
Thompson, MB arcg.is/1TqTzmO
Moose Factory, ON arcg.is/Oyy8Wi
Ottawa-Gatineau, ON arcg.is/0DOnbH
Ottawa-Renfrew, ON arcg.is/1DGHvD1
Bay St. George, Nfld and Labrador arcg.is/0e1Cja0

The web-based maps in Table 3 allow users to view layers of analysis on the ESRI
basemap of their choice. The maps were designed to be viewed by selecting the
following layers individually:

m SoVIlscores (relative social vulnerability)
B Flood exposure results

B Relative flood risk: an aggregated overlay layer of SoVI and flood exposure
results

Selecting several layers to view does not provide useful information. When the SoVI
and flood exposure layers overlap, the colours do not reflect relative risk, but are
instead the result of colours on top of one another.

USES

] Areas of risk can be shown by overlaying the SoVI and hazard exposure
layers.

] Bivariate choropleth maps allow people to explore the relationship between
two variables in the same location (Meyer et al., 1975).

1 The overlay maps facilitate identifying spatial patterns and differences within
a region, especially when comparing the risk layer with the individual SoVI
and flood exposure layers.

[0 This overlay method is useful for visualizing data that has been aggregated
by administrative boundaries, such as dissemination areas.
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LIMITATIONS

I The colour palette matrix generated by the crossed variables can be
difficult to interpret for some, especially those with different types of colour
blindness, as it can be confusing for the map reader to distinguish the
colours and their classification in the legend (Fienberg, 1979).

a

There is no one standard colour palette that corresponds to the variables.

L1 Different colour palettes can skew a user’s understanding of the variables
and their relationships.

Guidance on reproducing social vulnerability and
hazard assessments

To be able to reproduce the methods and maps outlined in this report, there are a few
critical components and competencies that are needed.

(1) Purchase an ArcGIS license for the desired length of time that you want to be able to
access the maps created.

(2) The technical team should have skills in data scraping, coding (R, Python), GIS, web-
based GIS, data visualizations, and conducting statistical analyses.

(3) A workstation or a server with a minimum RAM of 64 GB is recommended
to handle the substantial data processing tasks required (e.g., for flood exposure
analysis).

(4) The following datasets form the foundation of any further assessment of socio-
economic vulnerability. Hiring someone with expertise on statistics or econometrics
should be sufficient for following the methodology.

[1 Flood hazard data can be acquired through flood modelling companies,
such as JBA Risk Management, KatRisk, or Aon Impact. These datasets are
proprietary and can be purchased through a license. Additional hazard data
is publicly available in some circumstances (e.g., Conservation Authorities,
watershed agencies), but rarely at the national level. The exception is
a recently released Flood Susceptibility Index produced by National
Resources Canada.

[0 Exposure data (i.e., building footprint) is publicly available through
Microsoft Open Streets Data, and can also be acquired via licence through
DMTI or Opta.

[0 Socio-economic data was obtained through the Canadian Census
Analyser Data Centre, which is restricted to CHASS subscribers (e.g.,
University of Waterloo); however, publicly accessible data can be obtained
through Statistics Canada’s Census Program Data Viewer. These data are
used to populate a range of variables identified in existing literature as
useful in illustrating socio-economic vulnerability.
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RECOMMENDATIONS FOR THE
USE OF A SoVI

(1) Risk visualizations should be validated through “ground-truthing” involving
stakeholder engagement with local constituencies in high-risk areas.

The visualizations developed here need validation with local knowledge to
address limitations involved in taking a top-down approach using national
databases. For example, some communities are likely to be less vulnerable
if they have already experienced a hazard and implemented preparedness
programs, or if they have recently invested in defensive infrastructure (green
and/or grey) that has reduced exposure.

(2) Compare results using multiple data sources and methodological choices to
improve the reliability of the SoVI.

Incorporating different methodological choices (e.g., different sets of variables,
aggregation methods, and classification approaches) when constructing the
SoVI and considering the measurement errors of the input variables (e.g.,
uncertainty associated with some of the Statistics Canada data) will improve
the reliability of the index.

Statistics Canada provides a comprehensive national dataset for assessing
vulnerability, but there remains an opportunity to validate and compare findings
with other datasets that have higher levels of local granularity. For instance,
data on poverty rates are collected at the provincial level and available at the
census metropolitan area scale; however, in a neighbourhood scale analysis,
data at the granularity of the DA level would be required.

Other variables can be included in a SoVI, such as data on prior experience
with flooding, self-protective actions, trust in disaster forecasts, risk-taking
behavior, social capital, and social networks. Understanding these aspects that
influence vulnerability through bottom-up, community-based approaches (e.g.,
local surveys and community mapping exercises) and integrating them with
top-down statistical analysis methods would increase the relevance and quality
of a SoVI for decision-making.

Social vulnerability is not static; it changes over time, and methods must
reflect this. Although population characteristics and community capacities
dynamically fluctuate over time, national census data are collected and
released every five years, making it challenging to capture these nuances.
As a result, some scholars are developing more predictive or probabilistic
approaches that project how different pathways of social vulnerability might
change over time.
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(3) Build relationships for Indigenous-led and/or co-designed assessments that use
non-Census data sources and that adhere to OCAP principles.

B Solely using census data to capture the characteristics of Indigenous Peoples

is insufficient for conducting a social vulnerability analysis. Census tract data
available at the DA level does not capture all Indigenous land reserves in
Canada, so there is insufficient information to carry out an analysis of these
populations’ social vulnerability and flood risk.

Overcoming these limitations takes long-term relationship and trust-building
through in-depth community engagement. Through such engagement,
alternate data sources and Indigenous methodologies for assessing social
vulnerability can be identified, ensuring adherence to OCAP Principles
(Ownership, Control, Access, and Possession, as per the First Nations
Information Governance Data Centre).

Engagement could include location-specific variable selection and weighting

with Indigenous partners to construct a locally meaningful index (see the last
paragraph in the ‘Foundational SoVI research in the Canadian context’ section).

(4) Incorporate Indigenous perspectives of spatial boundaries.

B The maps produced in this research are based on colonial, political boundaries

that do not reflect the traditional territories of First Nations, which encompass
broad ranges that often overlap with the territories of other nations.

One source of territorial information is Native Land Digital (native-Land.ca),
which, ideally should be cross-checked by First Nations, Métis and Inuit
experts in the communities of interest before using.

There are a total of 988 Indigenous Reserves based on the 2016 census
subdivision (CSD) boundary file, with six types of CSD boundaries representing
Indigenous Reserve communities. The following CSD types are based on the
legal definitions? of communities affiliated with First Nations or Indian bands:
Indian reserve (IRI), Indian settlement (S-E), Indian government district (IGD),
Terres réservées aux Cris (TC), Terres réservées aux Naskapis (TK), and Nisga'a
land (NL). Detailed information about on-reserve Indigenous populations and
the data for SoVI and flood risk analysis across Indigenous communities can be
found in Chakraborty et al. (2021).

(5) Explore how SoVI can be used to assess risk in relation to other hazards

B Other hazard data, including on earthquakes, extreme heat, and wildfires, can

also be combined with SoVI with an aggregated layer for visualizing risk as was
produced here. The caveat is that hazard exposure data must be available at
the same geographical scale as the SoVI analysis.

2 The use of the word 'Indian’ is outdated and is only used here to refer to legal definitions, which all stem from the colonial
Indian Act. Some communities have changed their name from Indian band to First Nation, but some still carry the name.
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AREAS OF FUTURE RESEARCH

(1) Additional efforts are required to make the maps more user-friendly to improve
user experience and facilitate interpretation. Careful refinement of the map legend
and explanations of elements would improve understanding, provide necessary
disclaimers, and ensure visual clarity and functionality for diverse user groups
(including those with various forms of colour-blindness) and for different use cases.

(2) Further research is needed to determine how social vulnerability variables vary
among hazard types. The literature review for this research revealed that certain
socio-economic characteristics, such as mobility and income, are consistent drivers
of vulnerability to hazards beyond flooding. Since each hazard calls for specific
preparedness, mitigation, response, or recovery measures based on their distinct
nature and outcomes, further research is needed on how vulnerability differs by
hazard and what variables reflect those differences.

(3) Adding social vulnerability to risk analyses has significant policy implications
that could be explored through further research. Much of the existing research
on risk that informs policy combines only hazard and exposure data, which misses
the real impacts on people. Research can build on the work done here to explore
how risk assessments and maps that incorporate social vulnerability can be used
to shape policy and prioritize resources (e.g., recovery funding, disaster mitigation
investments) with equity goals in mind, and how those policies relate to intended
outcomes for disproportionately impacted people.
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GLOSSARY OF TERMS

Areas of Risk;:

Geographical areas where hazard exposure (e.g.,
flood) and social vulnerability converge. The
methodology for flood risk used here focuses on
exposure and social vulnerability to identify areas
that might require further attention with respect
to flood risk management and attention to socio-
economic inequities.

Colonization:

Defined by the University of Waterloo* as

“the action or process of settling among and
establishing control over the Indigenous People
of an area; the action of appropriating a place or
domain for one’s own use.”

* For more definitions from the University of
Waterloo President’s Anti-Racism Task Force,
please see uwaterloo.ca/presidents-anti-racism-
taskforce/part-report/glossary-terms

Disaster:

Defined by Public Safety Canada (2017) as, “a
social phenomenon that results when a hazard
intersects with a vulnerable community in a way
that exceeds or overwhelms the community’s
ability to cope and may cause serious harm to the
safety, health, welfare, property, or environment of
people.”

It is not the environmental event itself that leads

to a disaster, but the human actions and decisions
that increase damage, loss, and suffering;
therefore, the term ‘natural disaster’ is a misnomer
(see www.nonaturaldisasters.com).

Discrimination:

Defined by the University of Waterloo as, “the
unjust or prejudicial treatment of different
categories of people, especially on the ground of
race, ethnicity, age, sex, or disability.”
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Disproportionately impacted people:

Individuals or groups that are impacted more
than others by hazards or shock events, such
as a disaster. This disparity is often a result of
structural disadvantages (e.g., discriminatory
policies) and/or systemic barriers in a society.
In the context of disaster risk reduction, this
may include equity-deserving groups and other
marginalized/vulnerable populations.

It is important to recognize that these populations
are disproportionately impacted not because
they are inherently vulnerable or lack resilience
capabilities, but because of the systems and
structures in place that prevent equitable access
to risk preparedness, response, and recovery
resources, or that lead to the exclusion of these
populations from decision-making processes that
affect them.

Equity:

Defined by the University of Waterloo as, “fairness
and justice and is distinguished from equality,
which means providing the same to all, whereas
equity means recognizing that we do not all start
from the same place and must acknowledge and
adjust to imbalances. The process is ongoing,
requiring us to identify and overcome intentional
and unintentional barriers arising from bias or
systemic structures.”

Equitable Access:

Defined by the University of Waterloo as, “enabling
all individuals to access services and resources by
removing barriers and ensuring that the diverse
backgrounds and identities that individuals

hold are integrated in the development and
implementation processes.”
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Equity-deserving groups:

Defined by the University of Waterloo as,
“‘communities that identify barriers to equal
access, opportunities, and resources due to
disadvantage and discrimination, and actively
seek social justice and reparation.”

Ground-truthing:

Testing or verifying the assumptions with
community members and practitioners. In the
context of developing and using a SoV|, this
community engagement process helps to ensure
that the SoVI reflects the lived experiences and
situated realities of the community (Oulahen et al.,
2015a).

Hazard:

Defined by Public Safety Canada (2017) as “a
potentially damaging physical event, phenomenon,
or human activity that may cause the loss of life

or injury, property damage, social and economic
disruption, or environmental degradation.”

Hazard Extent:

In risk assessments, this refers to where an
environmental phenomenon, such as floods or
wildfires, are likely to occur (i.e., where flood water
flows, where the fire spreads).

Inclusive Resilience:

Resilience is the ability to prepare for and recover
from disasters. To take an inclusive approach, we
must recognize that different groups of people
need different emergency response measures.
Inclusive resilience ensures all people have an
opportunity to make meaningful contributions to
decision-making, planning, and response efforts.

Intersectionality:

Defined by the University of Waterloo as, “the
interconnected nature of social categorizations
such as race, class, and gender as they apply to
a given individual or group, regarded as creating
overlapping and interdependent systems of
discrimination or disadvantage.”
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Marginalized/Vulnerable:

Defined by the University of Waterloo as “a person
or group treated as insignificant or peripheral that
may require greater care, support, or protection
due to their unique circumstances.”

Natural Hazards:

A natural hazard refers to severe and extreme
weather and climate events (e.g., flood,
earthquake, wildfire) that have the potential to
negatively impact humans and populated areas.
In other words, they are environmental events
that people consider hazardous to safety, health,
property, and livelihoods.

The occurrence of an environmental
phenomenon, such as earthquakes, is not in

itself considered a hazard; it is only when there

is a threat to human interests that an event is
considered a hazard. Taking it a step further, when
a natural hazard occurs and has a significant
negative impact on lives, property and livelihoods
due to human actions and decisions, that event is
considered a disaster.

See also: hazard, disaster.

Physical Exposure:

Defined by the UNDP (2015) as the “number of
people located in areas where hazardous events
occur combined with the frequency of hazard
events.”

Power Constructs:

Defined by the University of Waterloo as the
“policies, practices, hierarchies, and ideologies
that have institutional and systemic influence and
may disproportionately impact members of certain
groups (e.g., based on race or gender).”

Resilience (personal, community,
social);

An individual’s or group’s ability to cope with,
adjust to, and recover from shocks and stresses,
such as a natural hazard event.
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Social Vulnerability:

The US Federal Emergency Management Agency
(FEMA) defines this as, “the susceptibility of
social groups to the adverse impacts of natural
hazards, including disproportionate death, injury,
loss, or disruption of livelihood.” Essentially, it
refers to socio-economic, and/or demographic
characteristics that are associated with an
individual, group, or community’s susceptibility to
natural hazards, and that are thought to increase
the challenges they face in coping with disasters
(Cutter et al., 2003; Cutter, 1996; Wisner et al.,
2004) in a particular time and place.

Social Vulnerability Index (SoVI):

A SoVI provides a quantitative, spatial analysis

of variables of socio-economic vulnerability to
produce a relative score (e.g., low, moderate and
high) based on standard deviations within a given
geographic boundary. In other words, a SoVI score
indicates how socially vulnerable people in one
area are relative to another, based on how much
each variable (e.g., from the Census) differs from
the average within that geographical boundary.

A SoVI can be combined with other spatial
datasets, like hazard maps, to add socio-economic
characteristics to resilience and risk assessments,
which are usually limited to a hazard extent (e.qg.,
where flood water is likely to flow, where wildfires
are likely to occur) and exposure (e.g., interaction
of people and property with a hazard like flood or
wildfire).

This can provide a statistically robust foundation
for prioritizing public investment in hazard
management policies and decisions. It can be
used to support Gender-based Analysis Plus
(GBA+) and evidence-based equity considerations
in emergency management and disaster risk
reduction.

See also: physical exposure, hazard extent

Structural Disadvantage:

Defined by the University of Waterloo as

“the unfavourable circumstance or condition
experienced by individuals, groups or
communities that results from the way in which
society operates.” [Examples: how resources are
distributed, who holds power and in what spaces,
and how institutions are organized.]

Systemic Barriers:

Defined by the University of Waterloo as “policies,
practices, or procedures that result in some
people receiving unequal access or being
excluded.”

Systemic Racism:

Defined by the University of Waterloo as
“discrimination or unequal treatment on the
basis of membership in a particular ethnic
group (typically one that has been historically
underrepresented), arising from systems,
structures or expectations that have become
established within society of an institution.”

Visible Minorities:

Defined by Statistics Canada (2017b) and the
Employment Equity Act as, “persons, other than
Aboriginal (sic) peoples?, who are non-Caucasian
in race or non-white in colour. The visible minority
population in Canada consists mainly of the
following groups: Arab, Black, Chinese, Filipino,
Japanese, Korean, Latin American, South Asian,
Southeast Asian, and West Asian.” (para. 1)

Note: This term is used interchangeably with
“People of Colour,” and there are calls to use the
term “Global Majority” instead (see www.thestar.
com/opinion/contributors/2021/02/09/we-are-
not-visible-minorities- we-are-the-global-majority.
html). All these terms are trying to get at—but are
inadequate in describing— people who are equity-
denied, underserved or marginalized based on
skin colour and cultural background.

3 Since this source was published, the term ‘Aboriginal peoples’ has been replaced by ‘Indigenous peoples’ to refer
to First Nations, Métis and Inuit peoples, with the exception of Canada’s 1982 Constitution Act and some Statistics

Canada references where the term is still used.
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APPENDIX B:

STEPS FOR CONSTRUCTING
THE 2023 P4A SoVI FOR
CANADIAN RED CROSS

STAGE 1 Data collection and preparation

Step 1.1
Determine the purpose of creating the index
(in this case, an index of social vulnerability)

Determine the following:

B What question(s) does your organization want to be able to answer?
B Who will use and view the results?

Why is this important?
B To getaclear understanding and definition of the phenomenon your
organization is evaluating
B To be aligned on why you are creating an index and map
B To be clear on how you will use it — and for which audience(s)

Step 1.2
Select literature-consistent indicators

Determine the following:

B What variables are consistently supported in the literature as indicators of
social vulnerability?

[1 Assess the relationship of each variable to the index.
Ask yourself: does this variable increase or decrease the index score?

Why is this important?

B The impacts of each selected variable on the index are based on the definition
of the index and the phenomenon that it tries to represent — and how each
variable is included (see Step 1.3).

[1 For example, if the purpose of the index is to capture “resiliency,” then
higher values of a variable might lead to higher resiliency. In contrast, if the
purpose of the index is to capture “vulnerability,” then the higher the score
of the variable, the less vulnerable the people are.
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Step 1.3
Determine how the indicators will be weighted

Determine the following:
B Are all variables equally important or is there a need to assign weights?
B What method will your organization use to weigh the variables?

[0 P4A researchers used an objective weight determination method (standard
deviation, principal component analysis (PCA)) to obtain variable weights

through mathematical modeling.
Why is this important?

B The impacts of each selected variable on the index are based on the definition
of the index and the phenomenon that it tries to represent — and how each
variable is included (through weighting).

[0 With PCA, variables that vary more from the mean will be weighted more.
However, there are other methods you can use to determine how much
influence each variable has on the final index score (e.g., a subjective
method such as Pairwise Comparison Matrix (PCM)).

Step 1.4
Choose a data source and download the data

Determine the following:
B Assess what data are accessible for the variables chosen within the
geographical region.

[0 What geographical levels are the data available for?
[0 Does your organization have access to the appropriate datasets to be able
to include the variables of interest?
Why is this important?
B To ensure that all data are available at the same spatial resolution (e.g., census
metropolitan area, census tract, or dissemination area)
B To ensure that variables are not being misrepresented due to missing data
Step 1.5
Transform the input variables
Determine the following:
B Does your organization need to transform the selected variables?
m If so, what transformation method(s) would work best for your organization?

Why is this important?

B Depending on the study and specific variable, one might decide to not
transform the data and to use the absolute values instead, as some information
might be lost in the transformation.
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For example, this could mean using the absolute population of older adults
rather than the proportion of older adults to the total population.

Note: P4A did transform the variables in constructing a SoVI for Canadian
Red Cross (see below).

It is important to be aware of the tradeoffs of the decision to use relative vs
absolute values.

For example, if you are using absolute values, the higher the number of
elderly people in an area, the more that area may show up as socially
vulnerable even if the percentage of elderly people relative to the total
population is low.

Depending on the research objective, using either absolute values or
transformed data can be justified.

A use case of using absolute values would be evacuation planning, when
the number of people is important (Tate, 2013).

If transforming the variables, there are two main options:

(4) Population density: Dividing population-based and dwelling-based

variables by the total population and the total number of dwellings.

P4A researchers applied this first option since this approach aligns with the
social vulnerability literature with respect to flood risk management.

(5) Areal Density: The values of variables are divided by the total area. When

this option is applied to a region’s elderly population, the final variable is
the “population of elderly per square kilometer (or other area units)” (Tate,
2013).

Choose a data source and download the data

Sub-steps:

(1) Replace missing data

(2) Review descriptive statistics

(3) Verify population counts (minimum and maximum)

Determine the following:

B What are the spatial units for the variables that your organization is missing
data for?

B Are there counterintuitive values for some of the variables?
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Why is this important?

® Since the same SoVI methodology (with its characteristics, such as the number
of variables) should be applied to all selected regions, it is essential to ensure
that each spatial unit has values for all selected variables.

1 If a few variables are missing for a unit (negligible to the total number of
variables), those empty cells can be replaced with the average of that
variable among other units.

B Another essential task is to find the values of counterintuitive variables by
looking at the data’s descriptive statistics.

[0 For example, if variables have been divided by the total population (in
Step 1.4), there should be no values above 1. Having these logically
infeasible values means there are errors within the data. This necessitates
further investigation and reconsideration of selected variables, particularly
if you find logically infeasible values for many spatial units.

m Other simple statistical checks should be performed on the maximum and
minimum populations of spatial units.

[0 For example, when using the dissemination areas (DA), the total population
for each DA should fall within the range of 400 to 700 people, as defined by
Statistics Canada.

Step 1.7
Normalize all variables
Why is this important?

B Itis important to normalize all variables into a common dimensionless range to
avoid the problems that might appear when deriving the factors for PCA.

m While there are numerous normalization methods, P4A researchers used the
Z-score normalization method (subtract the mean, divide by standard deviation)
because of its advantages in dealing with extreme values (Tate, 2013).

STAGE 2 Analysis and Computation
Principal Component Analysis (PCA) and Index Creation
Sub-steps:

(1) Reduce dimensionality of the variables
(2) Weight and aggregate the variables

Determine the following:

B Does your organization think that the selected variables are correlated?

[0 For example, the variables ‘median income’ and ‘percentage of people
living under the poverty line’ seem highly correlated.

® Which weighting approach to apply?
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Why is this important?

® When multiple variables might be correlated, dimensionality reduction
techniques can be useful in the following ways (Vyas & Kumaranayake, 2006):

1 Improve efficiency by reducing the number of variables or features needed
to create an index. This can make the index easier to and interpret.

[0 Reduce noise and redundancy in the data by identifying the most important
variables or features that contribute to the index.

[1 Improve generalization performance of the index by reducing the risk of
overfitting. This can make the index more robust and reliable when applying
it to new data.

B Among the methods available for reducing the dimensionality of the data, PCA
has been widely used when working with many variables and combining them
to build an index and was used by P4A.

[l Since there are nuances and methodological choices when using PCA, P4A
recommends the resources provided below when considering this method.

B Factors determined by PCA (or another dimensionality reduction technique) as
most important should be combined through weighting to produce a unique
value to represent social vulnerability.

[0 Weight-determining methods include equal, subjective (determined by
experts), and objective or data-driven weighting.

ADDITIONAL RESOURCES:

Mazziotta, M., & Pareto, A. (2019). Use and misuse of PCA for measuring well-being.
Social Indicators Research 142 (2): 451- 476.
doi.org/10.1007/s11205-018-1933-0

Tate, E. (2013). Uncertainty analysis for a social vulnerability index. Annals of the
Association of American Geographers 103 (3): 526-543.
doi.org/10.1080/00045608.2012.700616

Reckien, D. (2018). What is in an index? Construction method, data metric, and
weighting scheme determine the outcome of composite social vulnerability
indices in New York City. Regional Environmental Change 18 (5): 1439-1451.
doi.org/10.1007/s10113-017-1273-7

Schmidtlein, M. C., Deutsch, R. C., Piegorsch, W. W., & Cutter, S. L. (2008). A sensitivity
analysis of the social vulnerability index. Risk Analysis 28 (4): 1099-1114.
doi.org/10.1111/j.1539-6924.2008.01072.x

Vyas, S., & Kumaranayake, L. (2006). Constructing socio-economic status indices:
How to use principal components analysis. Health Policy and Planning 21 (6):
459-468. doi.org/10.1093/heapol/czl029
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STAGE 3 Geospatial Distribution and Dissemination

Step 3.1
Scale SoVI scores on a scale of 1 (least vulnerable) to 100 (most vulnerable)

Why is this important?

B Scale derived scores before mapping so that scores are relative to one another
for comparison across adjacent geographic areas.

[0 Note: After scaling, SoVI scores indicate relative vulnerability within a
geographic boundary of analysis; this needs to be emphasized when
communicating and basing decisions on results.

B P4A used the percentage min-max scaling method of scaling, where the
largest value (highest derived SoVI = most vulnerable) is set as 100 and the
smallest value (lowest derived SoVI = least vulnerable) is 0.

Step 3.2
Classify final SoVI scores with a standard deviation classification scheme for
vulnerability mapping and geospatial representation

Why is this important?

B People need to be able to interpret the results. Dividing scores into ranges
(classes) and assigning names to each range (e.g., high, moderate, and low) is
one way to make meaning of the results (scores).

B There are different classification methods. The standard deviation method is
commonly used, where classes are defined based on each score's distance to
the mean.

0 Athreshold of 1.0 was selected in P4A's research, where SoVI scores
greater than 1.0 standard deviation from the mean were classified as “high,”
and scores less than 1.0 standard deviation from the mean were classified
as “low.” SoVI scores that were between 1.0 and -1.0 standard deviation
were classified as “moderate.”

B From Step 1 we know that SoVI scores after scaling are relative. Classifications
are also relative designations, as the standard deviation and mean are
calculated for SoVI scores within a specific geographic area (e.g., they are
spatial statistics of a region of interest).

[l For example, a SoVI score for one location might be classified differently
when considered against other locations within a neighbourhood versus a
municipality.
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Step 3.3
Visualize and map SoVI scores with a graduated colour symbology using a
geographical information system (GIS)-based software

Determine the following:

® The choice of mapping method and/or style based on the user’s preference
and accessibility

[0 P4A used the ArcGIS Webmap development tool with a University of
Waterloo license.

[0 There are free options, such as web map tools in Python or R, which do not
require a license.

B The colours for each classification
[0 ESRI has suggested colour ramps
Why is this important?

E To enable people to make sense of your results

INCLUSIVE RESILIENCE A SOCIO-ECONOMIC
VULNERABILITY INDEX |



48

PUBLICATIONS BY
CHAKRABORTY AND OTHERS

*Please refer to the following for a detailed breakdown of the methodologies and
analyses used by Partners for Action to construct a social vulnerability index and
identify hotspots of flood risk for Canadian Red Cross (2023).

|.  Chakraborty et al., 2020

Citation: Chakraborty, L., Rus, H., Henstra, D., Thistlethwaite, J., & Scott, D. (2020).

A place-based socioeconomic status index: Measuring social vulnerability to flood
hazards in the context of environmental justice. International Journal of Disaster Risk
Reduction 43: 101394.

Link to publication: doi.org/10.1016/].ijdrr.2019.101394
Applicability:

m Offers a detailed explanation of how a multidimensional and composite
socioeconomic status (SES) index can be constructed using census data,
how to take that approach to measure social vulnerability, and the details of
principal component analysis (PCA)-based index construction methods and
results, including the following:

[0 How to verify PCA assumptions (e.g., accuracy of the dataset; reliability,
validity, and consistency in the dataset)

[0 How to extract components using PCA
[0 How to calculate a socioeconomic status (SES) index

[0 How to perform a ‘goodness-of-fit” evaluation during the PCA post-
estimation phase

[0 The use of Levene's Robust Test to assess the variances found within the
SES index scores

II. Chakraborty et al., 2021a

Citation: Chakraborty, L., Thistlethwaite, J.,, Minano, A., Henstra, D., & Scott, D. (2021).
Leveraging hazard, exposure, and social vulnerability data to assess flood risk to
Indigenous communities in Canada. International Journal of Disaster Risk Science 12:
821-838.

Link to publication: doi.org/10.1007/s13753-021-00383-1
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Applicability:

Provides a detailed methodology on how to leverage data on social
vulnerability, flood hazards, and residential flood exposure to comprehensively
assess flood risk. The method outlines how to spatially overlay the social
vulnerability index layer on top of the residential flood exposure layer.

The paper compares flood risk between Indigenous and non-Indigenous
communities in Canada by aggregating dissemination block (DB) level data to
the census sub-division (CSD) level and then spatially combining this dataset
with flood exposure data using a 100-year return period.

Using a GIS-based bivariate choropleth mapping technique, the paper showed
how to integrate two spatial layers to inform flood risk assessment.

Ill. Chakraborty, 2021

Citation: Chakraborty, L. (2021). Social Equity Dimensions of Flood Risk Management
in Canada. Doctoral Thesis, Department of Geography and Environmental
Management, University of Waterloo. UWSpace.

Link to publication: hdl.handle.net/10012/17156

Applicability:

Provides an analysis of various spatial and non-spatial methodologies to
evaluate flood-related inequalities.

Provides a rationale for why geographically weighted regression (GWR) and
GWLR approaches were chosen, rather than global regression methods, to
assess the spatial heterogeneity of flood exposure.

In the supplementary materials, a detailed methodology on how to conduct a
GIS-based flood exposure analysis is provided, along with flood risk delineation
maps.

Provides an explanation of how the dependent and independent variables were
chosen.

Includes rationale for utilizing two neighbourhood deprivation indices
(neighbourhood instability and neighbourhood economic insecurity) in the
construction of the SoVI.

Provides a detailed methodology for how to find bivariate correlations in the
dataset, as well as how to test the results (e.g., spatial lag model, spatial error
model, comparison of estimated regression models, Hosmer- Lemeshow
Goodness-of-Fit test, Pearson chi-squared tests, AIC Goodness-of-Fit statistic
for model comparison, testing for spatial-nonstationary).
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V. Chakraborty et al., 2021b

Citation: Chakraborty, L., Thistlethwaite, J., Henstra, D. (2021). Flood vulnerability
and climate change: Improving flood risk assessment by mapping socioeconomic
vulnerability in a mid-sized Canadian city. Canadian Climate Institute.

Link to publication: climatechoices.ca/publications/flood-vulnerability-and-
climate-change

Applicability:

B A case study on flood risk assessment for Windsor CMA, focusing on urban
flood risk that is a product of three interacting variables: the flood hazard, the
exposure of people and assets, and the vulnerability of people and assets to
flood impacts.

m It shows the ways to understand the validity of data on socioeconomic
vulnerability for measuring flood risk.

B It helps generate knowledge about the spatial extent and geographic
distribution of flood risk across a large urban centre and assess whether
vulnerable communities are disproportionately exposed to flooding.

B The report considers policy recommendations to address urban flood risk in
ways that particularly protect the most vulnerable.

V. Chakraborty et al., 2022a

Citation: Chakraborty, L., Thistlethwaite, J., Scott, D., Henstra, D., Minano, A., & Rus, H.
(2022). Assessing social vulnerability and identifying spatial hotspots of flood risk to
inform socially just flood management policy. Risk Analysis: 43 (5) 1-21.

Link to publication: doi.org/10.1111/risa.13978

Applicability:

B Provides rationale for how the original 49 variables from census were chosen
and how the data was determined at the census tract (CT) level.

1 Includes a detailed explanation of how the flood hazard exposure analysis
was conducted, including a) exposure analyses completed using both
JBA Fluvial-Undefended and Fluvial-Defended databases, and b) how to
conduct a spatial assessment of flood risk.

B Includes a detailed methodology of how to develop a flood risk assessment
matrix, which demonstrates the spatial relationship between flood exposure
and social vulnerability, incorporates BiLISA techniques to demonstrate flood
risk spatial hotspots across Canada at the Census Tract level.
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VI. Chakraborty et al., 2022b

Citation: Chakraborty, L., Rus, H., Henstra, D., Thistlethwaite, J., Minano, A., & Scott,
D. (2022). Exploring spatial heterogeneity and environmental injustices in exposure
to flood hazards using geographically weighted regression. Environmental Research
210:112982.

Link to publication: doi.org/10.1016/j.envres.2022.112982

Applicability:
B Provides quantitative assessment of flood-related equity analysis.

B Rationalizes the use of a geographically weighted regression method to
analyze flood-related equity and geospatially represent heterogeneity of
populations occupying high risk areas.

B Compares various statistical methods, including spatial and non-spatial
regression methods to analyze flood related environmental inequities.

INCLUSIVE RESILIENCE A SOCIO-ECONOMIC
VULNERABILITY INDEX |


https://doi.org/10.1016/j.envres.2022.112982

APPENDIX D:
SoVI INDICATORS & RATIONALE

Factor

Social

Social

Social

Social

52

Variable
Code

ONEPERHH

NOLANG

NODEGREE

LONEPARENT

Description
(from Statistics
Canada)

One-person
households (%)

Official language
knowledge (People
who know neither
English nor French)
%

Inhabitants with age
15 or older with no
certificate/diploma/
degree (%)

Lone-parent
families (%)

INCLUSIVE RESILIENCE

Census 2016

Variable
Address

Households by type

/ Total - Private
households by
household type - 100%
data / Non-Census-
family households

/ One-person
households

Knowledge of official
language - Both sexes
/ Total - Knowledge of
official languages for
the total population
excluding institutional
residents - 100% data;
Both sexes / Neither
English nor French

Education - Total

Sex / Total - Highest
certificate, diploma

or degree for the
population aged 15
years and over in
private households -
25% sample data / No
certificate, diploma or
degree

Family characteristics
/ Total - Lone-parent
census families in
private households -
100% data

Rationale

(Why this variable
was chosen and
how it affects
vulnerability)

Isolated individuals
and/or persons that
have full financial
responsibility

Limited ability to
access information
and resources
without comfort

in either official
language

Affects socio-
economic status and
income

Can experience
challenging
childcare
responsibilities and
financial constraints

References

Andrey & Jones, 2008;
Oulahen et al., 2015

Hebb & Mortsch, 2007;
Khan, 2012; Oulahen et al.,
2015; Tate, 2012

Andrey & Jones, 2008;
Cutter et al., 2003; Holand
etal., 2011; Lee, 2014;
Oulahen et al., 2015;
Schmidtlein et al., 2008;
Wood et al., 2010b

Andrey & Jones, 2008;
Cutter et al., 2003; Khan,
2012; Oulahen et al., 2015
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Infrastructure
and built
environment

Infrastructure
and built
environment

Infrastructure
and built
environment

Infrastructure
and built
environment

Infrastructure
and built
environment

Infrastructure
and built
environment
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CROWDHOME

REPAIRHOME

PUBTRANSIT

MOVERS

RENTER

APT5STORY

Inhabitants who are
not living in suitable
accommodations
according to the
National Occupancy
Standard (NOS) %

Inhabitants living in
private dwellings in
need of major repair

Inhabitants whose
primary mode of
transportation is
public transit such
as bus, subway,
ferry

People whose place
of residence was in
the same CSD but a
different dwelling a
year ago

The population of
renters (%)

Apartments in
buildings with five
or more storeys (%)

INCLUSIVE RESILIENCE

Housing - Total

Sex / Total - Private
households by
housing suitability -
25% sample data / Not
suitable

Housing - Total Sex

/ Total - Occupied
private dwellings by
dwelling condition -
25% sample data /
Major repairs needed

COLA49 - Journey to
Work - Total Sex /
Total - Main mode of
commuting for the
employed labour force
aged 15 years and over
in private households
with a usual place

of work or no fixed
workplace address

- 25% sample data /
Public transit

Mobility - Total Sex /
Total - Mobility status 1
year ago - 25% sample
data / Movers

Housing - Total

Sex / Total - Private
households by tenure
- 25% sample data /
Renter

Dwelling
characteristics /
Total - Occupied
private dwellings

by structural type

of dwelling - 100%
data / Apartmentina
building that has five
or more storeys

Buildings that need
major repair or

are substandard
may be more more
susceptible to flood
damages

Limited
transportation
options (e.g., for
evacuation)

Potential for
neighbourhood
instability

and potential
constraints due to
less established
community networks

Lack of interest /
incentive in investing
in mitigation actions;
limited financial
resources; potential
lack of adequate
insurance

Inhabitants can
face evacuation
challenges

Jones & Andrey, 2007;
Oulahen et al., 2015

Cutter et al., 2003; Hebb

& Mortsch, 2007; Khan,
2012; Odeh, 2002; Oulahen
etal., 2015

L. Chakraborty et al., 2020,
2021, 2022

Andrey & Jones, 2008;
Bjarnadottir et al., 2011; J.
Chakraborty et al., 2005;
L. Chakraborty et al.,
2020; Collins et al., 2009;
Cutter et al., 2003; Hebb
& Mortsch, 2007; Khan,
2012; Odeh, 2002; Oulahen
etal.,, 2015; Wood et al.,
2010a, 2010b; Wu et al.,
2002

Saatcioglu, 2013
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and built
environment

Economic

Economic

Economic

Economic
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BUILT1960

GOVTRANSFER

LOWINCOME

LOWINCSENIOR

SHELTCOSTR

Dwellings that had
been built before
1960

Recipient of
government
transfers

Annual family
income less than
$30,000 (after tax)
%

Annual family
income less than
$30,000 (after tax)
for senior people
(65 or above)

Households with
a shelter-cost-to-

income ratio of over

30%

INCLUSIVE RESILIENCE

Total Sex / Total -
Occupied private
dwellings by period
of construction - 25%
sample data / 1960 or
before

Income - Total Sex

/ Total - Income
statistics in 2015 for
the population aged
15 years and over in
private households -
100% data / Number
of government
transfers recipients
aged 15 years and over
in private households

Prevalence of low
income based on the
Low-income cut-offs,
after tax (LICO-AT) (%)

Prevalence of low
income based on the
Low-income cut-offs,
after tax (LICO-AT) (%)
/ 65 years and over (%)

Housing - Total Sex
/ Total- Owner and
tenant households
with household total
income greater than
zero, in non-farm,
non-reserve private
dwellings by shelter-
cost-to-income ratio
- 25% sample data /
Spending 30% or more
of income on shelter
costs

Not constructed

to current codes;
higher possibility of
damage due to age
of materials

Indicates limited
financial resources
and marginalization;
dependence on
social safety net

Recovering from
losses is harder

Seniors who possess
a limited fixed
income (e.g., savings,
pension) have
limited disposable
income/ economic
resources to invest

in emergency
preparedness or
response measures

Households who
spend a higher
proportion of

their income on
shelter tend to have
less disposable
income/ economic
resources to invest
in emergency
preparedness or
response measures

Fekete, 2009; Flanagan et
al., 2011; Hebb & Mortsch,
2007; Holand et al., 2011;
Holand & Lujala, 2013; Lee,
2014; Martins & Cabral,
2012; Oulahen et al., 2015

Cutter et al., 2003; Jones &
Andrey, 2007; Khan, 2012;
Odeh, 2002

Andrey & Jones, 2008; J.
Chakraborty et al., 2005;

L. Chakraborty et al., 2020;
Collins et al., 2009; Cutter
et al., 2003; Greiving et al.,
2006; Holand et al., 2011;
Oulahen et al., 2015

L. Chakraborty et al., 2020,
2021, 2022

L. Chakraborty et al., 2020,
2021, 2022
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Economic

Economic

Economic

Economic

Demographic

Demographic

UNEMPRATE

MEDHHINC

MEDHOMVAL

NILF*

POPDENSITY

BELOW15

Unemployed people
with age 15 or
above (%)

Median total
income of
households in 2015
(%)

The median value of
dwellings ($)

People (aged 15 or
above) that are not
in the labour force
(%)

Population density

Inhabitants aged 0
10 15 (%)

Labour - Total Sex /
Total - Population aged
15 years and over by
Labour force status

- 25% sample data /

In the labour force /
Unemployed

Income - Total Sex

/ Total - Income
statistics in 2015 for
private households by
household size - 100%
data / Median total
income of households
in 2015 ($)

Housing - Total

Sex / Total - Owner
households in non-
farm, non-reserve
private dwellings - 25%
sample data / Median
value of dwellings ($)

Labour - Total Sex /
Total - Population aged
15 years and over by
Labour force status -
25% sample data / Not
in the labour force

Population and
dwelling counts /
Population density per
square kilometer

Age & Sex - Both sexes
/ Total - Distribution
(%) of the population
by broad age groups -
100% data; Both sexes
/ 0to 14 years; Both
sexes

Communities

with higher
unemployment rates
have people with
limited financial
resources; may

rely on government
assistance programs
/ a social safety net

Decreases the
challenges of
recovery from losses

A proxy of wealth
that itself increases
resiliency

Likely to experience
more economic
hardship with fewer
financial resources
for preparedness,
coping and recovery

Might experience
evacuation
challenges

Dependent on
caregivers during
evacuation

Andrey & Jones, 2008;
Armas & Gavris, 2013;
Bjarnadottir et al., 2011;
Cutter et al., 2003, 2008;
Flanagan et al., 2011;
Holand et al., 2011; Khan,
2012; Lee, 2014; Lixin et
al., 2014

Andrey & Jones, 2008;

Collins et al., 2009; Cutter
et al., 2003; Greiving et al.,
2006; Oulahen et al., 2015

Andrey & Jones, 2008;

J. Chakraborty et al.,
2005; Cutter et al., 2003;
Flanagan et al., 2011; Tate,
2013; Wood et al., 2010a;
Wu et al., 2002

L. Chakraborty et al., 2020,
2021, 2022

Cutter et al., 2003; Fekete,
2009; Holand et al., 2011;
Holand & Lujala, 2013;
Jones & Andrey, 2007;
Khan, 2012; Martins &
Cabral, 2012; Oulahen et
al., 2015

Cutter et al., 2003; Hebb &
Mortsch, 2007; Oulahen et
al., 2015; Wu et al., 2002

4 NILF Refers to persons who are neither employed nor unemployed. It includes students, homemakers, retired workers, seasonal workers
in an ‘off’ season who were not looking for work, and persons who could not work because of a long-term iliness or disability.
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Demographic SENIOR Inhabitants aged 65  Total - Distribution Mobility challenges Andrey & Jones, 2008;

or older (%) (%) of the population due to health Bjarnadottir et al., 2011;
by broad age groups-  conditions; lower Collins et al., 2009; Cutter
100% data; Both sexes fixed incomes et al., 2003; Greiving et al.,
/ 65 years and over; 2006; Hebb & Mortsch,
Both sexes 2007; Khan, 2012; Tate,
2013
Demographic FEFAMLE Female population Total - Age groups Women receive Bjarnadottir et al., 2011;
(%) and average age of lower wages (on Collins et al., 2009; Cutter
the population-100%  average); can have et al., 2003, 2008; Greiving
data; Females significant caregiving et al., 2006; Khan, 2012;
responsibilities Lee, 2014; Tate, 2013;
Wood et al., 2010b; Wu et
al., 2002)
Cultural RECENTIMMIGNT People who Total - Immigrant Limited Andrey & Jones, 2008;
recently immigrated status and period opportunitiestoget  Oulahen etal., 2015
(%) of immigration for financial support
the population in after a disaster; can
private households lack the privilege of

- 25% sample data / well-paid jobs
Immigrants / 2011 to

2016
Cultural FIRSTGEN Inhabitants with Generation Status/ Can be associated L. Chakraborty et al., 2020,
First-Generation First-Generation with differences in 2022; Cutter et al., 2003,
status (%) socio-economic 2008; Emrich & Cutter,
status, limited 2011; Holand & Lujala,
available financial 2013; Schmidtlein et al.,
resources, cultural 2008)
and communication
Cultural VISMIN Inhabitants, other Indigenous Peoples barriers, and See above
than Indigenous and Visible Minorities  preferred information
peoples, who are - Total Sex / Total - sources not widely
non-Caucasian in Visible minority for used. These
race or non-white in  the population in factors can make
colour private households preparedness,
- 25% sample data / coping and recovery
Total visible minority more challenging
population / Visible
minority
Cultural INDIGENOUS® Indigenous Indigenous Peoples See above
Peoples® (%) and Visible Minorities

- Total Sex / Total -
Indigenous identity
for the population in
private households
- 25% sample data /
Indigenous identity

5 The updated term ‘Indigenous’ is used here because one can choose any word to use as a code, as long as it reflects what
the variable refers to.

& The term ‘Aboriginal Peoples’ is an outdated term that was used in Statistics Canada’s 2016 Census, which this work was based on.
In 2021, this Census variable was renamed from ‘Aboriginal Peoples’ to ‘Indigenous Peoples’ to “reflect a change in terminology in the
Census of Population. The term ‘Indigenous’ replaced ‘Aboriginal’ when referring to the collective term for people who identify as First
Nations, Métis or Inuit. Its usage aligns with the Government of Canada and is coherent with standard terminology used in the United
Nations Declaration on the Rights of Indigenous Peoples Act” (Statistics Canada, 2024). As such, updated terminology is used in this text,
rather than the original terminology.
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HOW TO CREATE WEB-BASED
MAPS OF SoVI WITH ARCGIS

What follows is the methodology used for creating the web-based maps of a

Social Vulnerability Index (SoVI) and its components (e.g., economic insecurity and
neighborhood instability) for Partner’s for Action'’s project for the Canadian Red Cross
Service on Inclusive Resilience: A Social Vulnerability Index (SoVI) to Assess and Map
Flood Risk for Targeted Communications, completed in 2023.

Details on the derivation of this SoVI can be found in Chakraborty et al. (2022, 2020)
and are beyond the scope of this document. In other words, before following the
steps below to create a map, you must derive the index values and produce the
associated polygon(s).

1. Define the classes of SoVI (using a standard deviation
method)

For defining the clusters, the following steps are taken:

B The mean of the index values (x) is calculated (u)

B The standard deviation (std. dev) of the index values is calculated (o)

m Allthe index values are z-normalized (Z,-? zero mean, std. dev.=1) through:
X, - M

O Z = where Z_ is the normalized value of the index

m Basedon Z value, Z, is classified into three groups:

[0 If Z,<0: Low (Class -1)

If 0 < Z< 1: Moderate (Class 0)

If Z,> 0: High (Class 1)

In the case of a missing value (restriction in data access), a distinguishable
class is assigned to the class (e.g., -5)

[0 Save the values in a CSV file

Oo0Ona

This method is referred to as the std. dev method; ArcGIS has the capability of
classifying this way. However, if classification is done manually, the classes could be
directly added to the shapefile's attribute table.
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2. Add the classes to the original shapefiles

Open ArcGIS pro (or ArcGIS desktop)

Using the insert tab, create a new map

Using the map tab, add the SoVI layer (add data) and the saved CSV file
Right-click on the SoVI layer and select Join and Relates, Add Join

Join based on FID (FID column should be available in the CSV file)

Export the new shapefile

Zip all the files associated with the exported shapefile (not only the shapefile!)

3. Create the web-based map application

Part 1: Creating the online map

Before the web map app is created, the online map (webmap) should be designed.

Sign into ArcGIS online account (www.arcgis.com/index.html)
Go to the Content tab

Click New Item, and upload the zipped file

Go to the Map tab

Add the uploaded layer

The environment is like the ArcGIS desktop.

Select the class column (the column you added to the attribute table, the
classifications) as the variable of interest and rename the classes’ label based
on the designed thresholds and class values (e.g., low, moderate, high).

Play with visibility, transparency, and other appearance settings.

Select your basemap. The basemap controls the projection of the map, so
basemaps should be aligned with other layers.

When finished, click save.

Part 2: Webapp Builder

E Once again, go to Content Tab
m Click Create App, select Webapp Builder
® On the popped-up page, give the project name, and fill in the description
section (highly recommended)
B Select the Theme which best suits your application
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Fig 1: The available themes. Themes control the general appearance of the application
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E Inthe Map tab, select the map of interest (the map developed in the previous
steps)

o A 1 | Web Ma
Lewst I."l'I.'l."’|‘iCr/ . P
L 22 Owner e3ri_en

‘\‘|- ﬁh‘*w / Lazt modified:
Juniata 3¢ n o 217092021

]'ﬁ'mﬁ-\_ Wore details.

] Ch 5 b -
S

Topographic

This item is in mature support.

Set initial extent

[2y]

pecify the initial map extent when the application starts up.

Fig 2: Select the web map

B Customize the widgets through the Widget tab. There are various options. The
widget position and layout are controlled by the theme (Theme tab) selected
for the web app.

B Modify the title, icon, and description of the map using the Attribute tab

Branding
Add logo, title, or subtitle for your app.
Test A
L
with ArcGIS Web AppBuilder A

Fig 3: The attribute tab
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Final comment: There are multiple options and details that are not covered in this
document. The best way to explore the capabilities of the Webapp Builder is to test it.
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APPENDIX F:

HIERARCHY OF STANDARD
GEOGRAPHIC AREAS FOR
DISSEMINATION, 2016 CENSUS

Canada

Geographical region
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electoral agricultural region (76)
district (338) region (72) CMAICA Non-CMA/CA
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Figure adapted from Statistics Canada, 2017b
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