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such as income or housing tenure 
that may influence their propensity to 
suffer losses and experience difficulty 
recovering from disasters (Figure 1). 

While a considerable body of 
research and practice has focused on 
the physical and built environment 
aspects of disasters, the social 
aspects of disasters have been less 
well established in Canada until 
recently. While there are generally 
agreed-upon measures of physical 
vulnerability for buildings, critical 
infrastructure, and access to services 
such as power, water, and wastewater, 
there are no such accepted measures 
for social vulnerability. However, 
the need for evidence-based and 
empirically derived information to 
support structural mitigation and 
response planning efforts related to 
social vulnerability has been generally 
agreed upon within research and 
practitioner communities.5 

ABOUT 
NEIGHBOURHOOD 
SOCIAL 
VULNERABILITY 

The physical damage and societal 
impacts of natural hazards are rarely 
distributed evenly across space, 
through time, or within affected 
populations.1, 2 Experience from 
past disasters demonstrates that 
some portions of the population 
are inherently more susceptible 
to the impacts of disasters due to 
a mix of the physical, geographic, 
social, or economic traits intrinsic 
to these groups.3 Socially vulnerable 
populations are often more profoundly 
impacted during disaster events and 
generally experience a slower post-
disaster recovery process following 
significant disaster events than their 
less vulnerable neighbours.4

Similarly, many factors influence 
vulnerability to hazards at the 
neighbourhood level. Some are 
physical, such as the neighbourhood’s 
location and exposure to the hazard, 
the potential environmental and 
structural impacts, and the likely 
disruption to critical infrastructure 
services. Other factors are social, 
relating to characteristics of residents 
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Socially vulnerable 
populations are often 
more profoundly 
impacted during 
disaster events and 
generally experience 
a slower post-disaster 
recovery process 
following significant 
disaster events than 
their less vulnerable 
neighbours.

Much of today’s research into 
social vulnerability builds on the 
Hazards-of-Place model and 
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countries with national and local disaster 
risk reduction strategies.

SOCIAL 
VULNERABILITY 
FROM 
EARTHQUAKE 
IN VANCOUVER 
NEIGHBOURHOODS

Our team at UBC partnered with 
colleagues from the Geological 
Survey of Canada at Natural 
Resources Canada (NRCan), the 
City of Vancouver (the City), and 
Sage on Earth Consulting (Sage) 
with the shared goal of better 
understanding the spatial distribution 
of socially vulnerable populations 
within the City of Vancouver, as 
part of the City’s seismic retrofit 
program. The project aimed to assist 
policymakers in identifying Vancouver 
neighbourhoods with populations 
most vulnerable to the physical 
impacts of a significant disaster event. 
We used physical disaster impact 
assessments completed as part of 
NRCan’s recent earthquake scenario 
modelling efforts to estimate social 
impacts for three socially vulnerable 
groups. Our end goal is to provide 
information and insights for designing 
measures to reduce vulnerability and 
increase earthquake resilience within 
Vancouver neighbourhoods. 

Together, we identified a set of 
fourteen indicators of socioeconomic 
vulnerability, using census 
dissemination area (DA) polygons 
as our units of analysis and proxies 

ALIGNMENT WITH 
THE SENDAI 
FRAMEWORK

At the Third United Nations World 
Conference on Disaster Risk 
Reduction in 2015, delegates adopted 
the Sendai Framework for Disaster 
Risk Reduction 2015–2030. This 
framework identifies four priorities 
and seven key targets for policy 
actions to reduce disaster losses and 
the costs associated with disasters. 
Our project directly addresses the 
first priority for action, understanding 
disaster risk, and provides information 
for two other priorities: investing in 
disaster risk reduction for resilience 
and enhancing disaster preparedness 
for effective response. This work also 
addresses several targets of the 
Sendai Framework, including: reduce 
the number of affected people globally; 
reduce direct economic loss in relation 
to GDP; and increase the number of 

methodologies established by 
Susan Cutter and colleagues as 
part of their Social Vulnerability 
Index.6 These studies often include 
socioeconomic indicators to identify 
potentially vulnerable groups within 
a population. Such indicators are 
quantitative measures of a single 
characteristic of a population and 
are often derived from census 
statistics (e.g., percentage of renters, 
percentage aged 65+), but can also 
include travel times to key services 
(e.g., walking time to nearest primary 
school, travel time to nearest food 
market via public transit) or the 
number of facilities within a given 
distance or travel time (e.g., number of 
medical clinics within 2 km, number of 
community hubs within a 30-minute 
walk). Individual indicators are often 
combined into indices or “themes” 
that allow for targeted assessment 
of vulnerable groups sharing similar 
traits. 

Figure 1: Many factors influence social vulnerability (Photo: Mike W./flickr).
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vulnerability thresholds, and creating 
associated map products for review 
by our partners (Figure 2). We provide 
more detail on each step in the 
following sections. 

of social vulnerability in highlighted 
neighbourhoods.

THE 
NEIGHBOURHOOD 
SOCIAL 
VULNERABILITY 
ASSESSMENT 
PROCESS

We established a six-step approach 
to measuring and summarizing 
information about social vulnerability 
and iterated upon this approach with 
our project partners. Our initial goal 
was to determine what the group’s 
policy objectives were going to be, 
how best to address the questions 
related to those questions, and how 
best to identify the appropriate 
social vulnerability groups. This 
required identifying and reviewing 
potential indicator data, establishing 

for “neighbourhoods” for the 
City of Vancouver. We combined 
these indicators into three themes 
that addressed aspects of social 
vulnerability most relevant to the 
policy interests of the partnership 
(Table 1).

This work resulted in a set of 
indicator, cluster, and theme maps 
at the neighbourhood scale for the 
City of Vancouver. These maps 
highlight some of the many aspects 
of social vulnerability within the 
area of interest. We provided this 
information to the City of Vancouver 
to assist policy makers in updating 
the City’s seismic retrofit policies. 
In addition to identifying areas of 
elevated social vulnerability related 
to financial, housing, and social 
service demand at the neighbourhood 
level, the information can also 
assist with creating targeted social 
programs to address the root causes 

Table 1: Three themes

In addition to 
identifying areas 
of elevated social 
vulnerability related 
to financial, housing, 
and social service 
demand at the 
neighbourhood level, 
the information 
can also assist with 
creating targeted 
social programs 
to address the 
root causes of 
social vulnerability 
in highlighted 
neighbourhoods.
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highlighting hot and cold spots across 
the city. Figure 3 and Figure 4 show 
two such examples.

STEP 3: CALCULATE 
BASIC DESCRIPTIVE 
STATISTICS

With the final set of 14 socioeconomic 
indicators in place, we needed to 
establish which indicator thresholds 
we wanted to use. To this end, basic 
statistics were calculated for each 
indicator for all 933 DAs within the 
City of Vancouver, including mean, 
median, mode, standard deviation, 
minimum, and maximum values. 
Figure 5 shows an example of 
thresholds for one of the indicators.

STEP 4: ESTABLISH 
INDICATOR 
THRESHOLDS

Several different approaches to 
establishing indicator thresholds were 
explored and assessed for suitability. 
We determined that a cut-off equal 
to the indicator mean plus half a 
standard deviation (𝑥+𝜎/2) best 
fit our needs. A binary variable was 
created for each indicator to represent 
areas that fell above or below that 
threshold, as shown in Figure 5.

STEP 5: COMBINE 
INDICATORS INTO 
THEMES

We selected six indicators to 
contribute to each of the three social 
vulnerability themes identified in 
Step 1. Having the same number of 
indicators in each theme helps make 
comparisons between theme maps 

STEP 2: SELECT 
INDICATORS

We conducted an initial review of 
academic and practitioner literatures 
to determine which indicators 
had been used in previous social 
vulnerability modelling in Canada, the 
US, and abroad. An initial set of 84 
potential indicators were identified 
and reviewed to determine data 
availability and suitability at the 
neighbourhood scale within the City 
of Vancouver. From this list, a final set 
of 14 indicators were selected that 
met project objectives (Table 2). 

A set of per-indicator maps were 
generated along with cluster maps 

STEP 1: ESTABLISH 
POLICY GOALS

We established an initial set of policy 
objectives to place this project into 
context, establish our scope, and 
guide model development. While 
the primary goal was to support 
policy-making processes related to 
the City’s seismic retrofit program, it 
was also clear this information would 
be of interest to other groups within 
the City and to additional work being 
undertaken by our DRR Pathways 
partners.

Figure 2: Social vulnerability assessment process  (Graphic: UBC and Project Contributors).
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addressing the previously established 
policy objectives and appropriately 
identifying groups that should be 
included within each theme. With 
updated guidance from our partners, 
the process was repeated to refine the 
indicators selected, establish more 
idealized thresholds, and adjust the 
theme maps to better address project 
goals (Figure 2). The final set of maps 
was completed on September 18, 
2019.

zero (very low vulnerability) and six 
(very high vulnerability).

A final set of maps was generated 
for indicator counts for each of the 
three social vulnerability themes, 
highlighting areas where four or more 
indicators were above the established 
threshold values. An example of a 
final theme map is shown in Figure 6.

STEP 6: REVIEW AND 
ITERATE

Once theme maps were generated 
for all themes, we reviewed them 
to ensure that the themes were 

easier for map readers. Indicators 
were selected based on how they 
contributed to specific themes, and 
some indicators were used in more 
than one theme. 

For each theme, we summed the 
number of indicators that were above 
the threshold values established 
in Step 4 for each of the 933 DAs 
within the City of Vancouver. In cases 
where data were not available for a 
specific DA, it was treated as being 
below threshold for the purpose of 
these counts. This resulted in above-
threshold counts ranging between 

Table 2: The 14 Social Vulnerability Indicators Selected for this Project
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Figure 3: Indicator value map for children aged 0–9 (areas in dark blue and red show areas of 
elevated vulnerability).
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ADAPTING THIS 
APPROACH BEYOND 
THE CITY OF 
VANCOUVER

While this project focused on 
specific vulnerabilities relevant to 
the seismic retrofit program at the 
City of Vancouver, our approach 
should be accessible to researchers 
and practitioners exploring social 
vulnerability anywhere in Canada 
where neighbourhood-scale data 
is available, or through adaptation 
at other scales where appropriate 
data exists. Statistics Canada makes 
DA data available for many larger 
communities across the country, and 
many municipalities collect their own 
data that could be adapted for use in 
social vulnerability assessments.

There are issues related to statistical 
correlation and suitability of purpose 
that should be fully considered 
before including specific indicator 
data into a social vulnerability index. 
Randomized rounding of census-style 
data can impact results when working 
at finer scales and must also be 
considered. Finally, some expertise 
in geographic information systems 
(GIS) and spatial analysis is required 
to properly generate—and possibly 
interpret—social vulnerability index 
maps. The sources included at the end 
of this report and in our endnotes may 
be of interest to anyone seeking to 
adapt this approach outside the City 
of Vancouver.

Figure 4: Cluster analysis map for children aged 0–9 (areas in red show high vulnerability 
hotspots, while areas in blue are cold spots).

Figure 5: Threshold map for children aged 0–9 (areas in dark blue are above the indicator 
threshold, while light blue areas are below the threshold).
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project and by the BC disaster risk 
reduction community at large. The 
approach we’ve described is just one 
of many7,8 and we have also identified 
several potential future enhancements 
to our approach, which can be found 
in our technical report on the DRR 
Pathways website.9

CHALLENGES 

There are three main challenges facing 
anyone working in neighbourhood 
social vulnerability assessments:

1.	 Identifying policy objectives: 
It is critical that there be clear 
policy objectives in place to 

Knowing which communities are 
most vulnerable allows policy makers 
and emergency managers to prepare 
better to assist these populations 
should a disaster occur. Materials, 
equipment, and human resources 
can be pre-positioned to locations 
where the need is likely to be greatest. 
When combined with physical 
risk modelling, social vulnerability 
assessments allow decision makers 
to dispatch resources to the locations 
most likely to be in need following a 
disaster.

There is significant interest around 
measuring social vulnerability in BC, 
both as part of the DRR Pathways 

OPPORTUNITY

RECOMMENDATIONS 

Completing a neighbourhood-level 
social vulnerability assessment 
is important to understand how 
social impacts of disasters may be 
distributed throughout a community. 
Small changes made to community 
preparedness, emergency response, 
and disaster recovery plans and 
policies can significantly reduce 
potential impacts on vulnerable 
populations immediately following a 
disaster and help them recover from 
such events more quickly. 

Figure 6: Social vulnerability theme map for residents facing difficulty acquiring emergency and permanent shelter.
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RESOURCES OR SIMILAR PROJECTS

BC AND CANADA 

1. Study describing unequal vulnerability to flood hazards:

Oulahen, G., L. Mortsch, K. Tang, and D. Harford. “Unequal vulnerability to 
flood hazards: ‘Ground truthing’ a social vulnerability index of five 
municipalities in Metro Vancouver, Canada.” Annals of the Association of 
American Geographers 105, no. 3 (2015): 473–495.

2. Measuring social vulnerability to flood hazards in the context of 
environmental justice, across Canada:

Chakraborty, Liton, Horatiu Rus, Daniel Henstra, Jason Thistlethwaite, and 
Daniel Scott. “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 (2020): 101394.

3. Social vulnerability in national seismic risk model:

Natural Resources Canada is working on a national seismic risk model, which 
incorporates work on social vulnerability in addition to excellent modelling 
work around physical exposure and disaster impacts. This work is ongoing, but 
we hope to have more details about the social vulnerability impact in the near 
future.

INTERNATIONAL 

4. Social vulnerability to environmental hazards; the Social Vulnerability Index 
(SoVI) tool:

Cutter, Susan L., Bryan J. Boruff, and W. Lynn Shirley. “Social vulnerability 
to environmental hazards.” Social Science Quarterly 84, no. 2 (2003): 
242–261. Accessed March 17, 2022. http://research-legacy.arch.tamu.
edu/epsru/Course_Readings/Ldev671MARS689/LDEV671_Readings/
Cutter_socialvuln_hazards_ssq.pdf

5. A review of social vulnerability methodologies:

Willis, I., and J. Fitton. “A review of multivariable social vulnerability 
methodologies: A case study of the River Parrett catchment, UK.” Natural 
Hazards and Earth System Sciences 16, no. 6 (2016): 1387–1399.

6. A review of social vulnerability literature:

Cutter, S. L., Christopher T. Emrich, Jennifer J Webb, and Daniel Morath. “Social 
vulnerability to climate variability hazards: A review of the literature.” 
Final Report to Oxfam America, 5 (June 17, 2009): 1–44. 

provide the necessary context 
and scope needed to guide social 
vulnerability model development 
for a community. It should 
be clear how the information 
provided by the social vulnerability 
assessments will be used to 
inform and adjust local policies, 
with the understanding that these 
needs may change or be clarified 
throughout the process.

2.	 Identifying appropriate 
vulnerability indicators: Indicators 
should be selected to meet 
policy objectives, based on data 
availability and completeness. The 
specific policy objectives should 
guide this process. Census data 
is often a good starting point, 
but other regional and local data 
sources should also be considered. 
Geospatial measures of proximity 
or density may also be appropriate. 

3.	 No silver bullet: There is no single 
approach or set of indicators that 
is ready “out of the box.” This 
process will take time and should 
benefit from the many voices that 
will be involved in and affected 
by policy and planning objectives. 
Social vulnerability assessments 
should be undertaken as part of a 
broader social policy movement 
within a community to be most 
effective.

http://research-legacy.arch.tamu.edu/epsru/Course_Readings/Ldev671MARS689/LDEV671_Readings/Cutter_socialvuln_hazards_ssq.pdf
http://research-legacy.arch.tamu.edu/epsru/Course_Readings/Ldev671MARS689/LDEV671_Readings/Cutter_socialvuln_hazards_ssq.pdf
http://research-legacy.arch.tamu.edu/epsru/Course_Readings/Ldev671MARS689/LDEV671_Readings/Cutter_socialvuln_hazards_ssq.pdf
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