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into the broader context of planning 
and policy development. For many 
communities, the challenge is in 
sourcing the necessary information, 
knowledge, and insights needed 
to develop integrated disaster risk 
reduction strategies that are robust 
enough to meet the requirements 
of sustainable community 
development—where regulatory 
requirements for public safety and 
the security of public assets must be 
balanced against competing demands 
for economic growth, social equity, 
and environmental integrity. For 
others, there are political challenges 
in considering investments in longer-
term risk reduction measures that 
threaten to draw scarce resources 
away from what appear to be more 
immediate public policy concerns.2, 3 

While our understanding of natural 
hazard processes has increased 
significantly over the last few 
decades, the ability to assess likely 
impacts and consequences of future 
disaster events (i.e., risk) is often 
limited by access to an equally 
comprehensive understanding of 
who and what are situated in harm’s 
way and the underlying physical 
and social determinants of risk 
at a given location. Public Safety 
Canada and Defence Research and 
Development Canada have embarked 
on a multi-year project to address 
these challenges by increasing our 
understanding of natural hazard 
impacts and by enhancing capacities 
that will be needed to transform this 
knowledge into actionable strategies 
for disaster risk reduction.4, 5 Initial 
stages of the National Risk Profile 
(NRP) are focused primarily on the 

INTRODUCTION

Natural hazard threat occurs in areas 
of the built environment where earth 
system processes have a potential to 
cause loss of life, injuries, property 
damage, and/or socioeconomic 
disruption. The severity of threat 
varies from place to place based 
on the physical susceptibilities 
of people and critical assets to 
natural hazard processes, and on 
intrinsic social vulnerabilities that 
may limit the capacities of certain 
population groups to anticipate, 
withstand, and respond to the 
negative impacts of future disaster 
events. As communities continue to 
expand and densify in response to 
the pressures of urban growth, so too 
do corresponding trends in natural 
hazard threat.

Adoption of the UN’s Sendai 
Framework for Disaster Risk Reduction 
2015–2030 in Canada has shed light 
on the critical role that disaster risk 
information can have in promoting 
community resilience and sustainable 
development strategies at local and 
regional scales.1 Nonetheless, there 
remain significant challenges in 
establishing the evidence, incentives, 
and resources that are required to 
incorporate disaster risk information 
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remote settlements has increased by 
a factor of only ~1.3 over this same 
period.10, 11 As it turns out, many of 
these larger metropolitan regions are 
situated in areas that are exposed to 
significant levels of natural hazard 
threat (Figure 2).

There are ~1.2 million buildings in 
BC, with an estimated replacement 
cost of $1.42 trillion.i Nearly three 
quarters of all buildings (74%; 
~881,000 structures) are single-
family urban and rural residential 
homes, with the remainder being 
represented by multi-story buildings 
in higher-density multi-family 
residential neighbourhoods (~17%; 
202,000 structures) and mixed-use 
neighbourhoods (~9%; 112,000 
structures). More than half of the 
population in BC lives in multi-family 
buildings of various types (54%; 2.5 
million people) with ~45% in single-
family homes (2.1 million people) 
and ~1% in mixed-use commercial 
and industrial buildings. Although 
representing a relatively small 
proportion of the total building stock, 
non-residential buildings account 
for ~41% of the total capital asset 
value ($587 billion), followed by 
multi-family buildings (30%; $426 
billion) and single-family homes 
(28%; $404 billion). The number and 
types of buildings at a given location 
provide important insights on where 
the impacts of future hazard events 
are likely to be the greatest, and also 
provide a framework for assessing 
both who and what will be most 
affected for different locations within 
a particular community or region.

i All values in Canadian dollars.

and the remaining 40% (107,600 
people) live on designated First 
Nations reserve lands.9 

negative impacts of flood, wildfire, 
and earthquake hazards in Canada.

Natural Resources Canada contributes 
to the broader mandate of increasing 
disaster resilience at the community 
level through fundamental research 
on natural hazard processes (e.g., 
earthquakes, tsunamis, volcanic 
eruptions, floods, landslides, space 
weather, wildfire) and through the 
development of analytic methods 
that are used to assess both current 
levels of threat and the potential 
for disaster risk reduction through 
proactive investments in mitigation, 
adaptation, and emergency planning. 
The following sections summarize 
highlights of a national assessment of 
natural hazard threat in Canada6, 7 with 
a focus on the underlying physical 
and social determinants of risk that 
are specific to BC. Model outputs are 
accessible through an open-science 
data platform (OpenDRR) designed to 
support disaster resilience planning in 
Canada.8

THE BUILT 
ENVIRONMENT

BC encompasses ~8% of the total 
developed area of Canada (9,950 
km2) and is home to more than 4.6 
million people, or approximately 13% 
of the national population. There are 
~269,000 Indigenous people living in 
BC, of whom ~64% are First Nations, 
33% are Métis, and 0.6% are Inuit. 
Most Indigenous people (60%; 
161,400 people) live in cities, towns, 
and villages throughout the province, 

The share of people 
living in these 
higher-density 
population centres 
is estimated to have 
nearly doubled over 
a forty-year period 
(1975–2015) while 
growth in rural and 
remote settlements 
has increased by a 
factor of only ~1.3 over 
this same period.

Regional patterns of human 
settlement in BC are controlled 
primarily by a rugged western 
coastline, steep mountainous terrain 
throughout much of the interior region 
of the province, and a limited supply 
of privately owned land for residential 
and commercial development (see 
Figure 1). Settled areas in rural and 
remote settings represent more 
than half of all developed lands in 
BC (52%; ~5,200 km2) and account 
for more than 11% of the total 
population (~537,000 people). 
More densely settled metropolitan 
regions encompass a smaller overall 
development footprint (48%; ~4,800 
km2), yet account for more than 88% 
of the total population (~4.1 million 
people). The share of people living 
in these higher-density population 
centres is estimated to have nearly 
doubled over a forty-year period 
(1975–2015) while growth in rural and 
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Figure 1: Patterns of human settlement and regional profiles of physical exposure in BC (Graphic: Murray Journeay).
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in Figure 3, areas of considerable, 
high, and/or extreme levels of 
physical susceptibility to natural 
hazards are concentrated primarily 
along southwest coastal regions of 
the Lower Mainland and southern 
Vancouver Island; interior mountain 
valley sections of the Thompson-
Okanagan, Kootenay, Cariboo, and 
Nechako regions; and North Coast 
regions of BC. Collectively, these areas 
of more severe physical susceptibility 
affect more than 90% of the total 
population in BC (~4.2 million people). 
Regional hazard threat profiles are 
controlled primarily by extensive 
ground shaking and coastal inundation 
hazards associated with earthquake 
and related tsunami events along the 
active plate margin of western North 
America, and by the combined effects 
of more localized flood, landslide, 
and wildfire events that occur on a 
more regular basis along river valleys 
and major transportation corridors 
throughout BC. 

By intersecting hazard footprints with 
historic patterns of human settlement 
derived from national census data we 
are also able to measure escalating 
trends in physical susceptibility 
related to rapidly evolving patterns of 
growth and urban development that 
have occurred since 1975.22 As shown 
in Figure 4, regional profiles of flood 
and tsunami hazard threat in BC have 
increased at rates of 71% and 73% 
respectively over a forty-year period 
and are comparable but lower than 
overall trends in population growth 
(76%). Wildfire and landslide hazards 
have increased at much lower rates 
(42% and 61%, respectively), while 
those associated with catastrophic 

damage scales that relate the overall 
resistance of buildings and other 
engineered structures to measured 
hazard intensity levels at a given 
location. Damage scales include 
the Modified Mercalli Index for 
earthquakes,18, 19 generalized depth-
damage functions for riverine floods,20 
and the Wildland Urban Interface 
(WUI) fire hazard index.21 

Hazard footprints for each of these 
perils are intersected with built-up 
areas of human settlement to assess 
mean hazard intensity, and the 
corresponding number of people, 
buildings, and value of financial assets 
that are susceptible to corresponding 
levels of damage (i.e., very low, low, 
moderate, considerable, high, and 
extreme). The combined hazard threat 
for all perils at a given location is 
evaluated by multiplying an aggregate 
hazard intensity score by the number 
of people who are likely to be affected 
over a 24-hour period. As shown 

PHYSICAL 
SUSCEPTIBILITY 
TO NATURAL 
HAZARDS

Our analysis of physical susceptibility 
to natural hazards in BC (Figure 3) 
is based on available open-source 
hazard assessment information. These 
include probabilistic models that 
predict spatial patterns and intensity 
levels for earthquake, tsunami, and 
flood events that are likely to occur 
over a ~500-year period,12-15 and 
stochastic models that assess wildfire 
hazard intensity and the potential for 
landslides based on seasonal weather 
and land cover conditions.16, 17 The 
analysis of physical susceptibility 
considers both the overall exposure 
of people and critical assets to each 
of these hazards and the potential for 
negative impacts based on empirical 

Figure 2: Metropolitan areas around the province are exposed to various natural hazard threats 
(Photo: iStock / Sen Yang).
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Figure 3: Physical susceptibility to natural hazard threats in BC (Graphic: Murray Journeay).
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community or region is an important 
step in identifying and prioritizing 
actions that can be taken in advance 
to reduce levels of disparity and to 
improve the overall prospects of 
disaster resilience.

SOCIAL 
VULNERABILITY

Certain population groups often 
bear a disproportionate share of 
the physical impacts and related 
socioeconomic consequences when a 
disaster strikes. Those most affected 
by underlying social, economic, 
and political factors that increase 
levels of social vulnerability include 
lower-income households, recent 
immigrants, racially marginalized 
populations, and other groups whose 
rights and needs are not always 
fully considered in the context of 
community planning or disaster risk 
management.24-28 Understanding 
the patterns and underlying causes 
of social vulnerability within a given 

earthquake hazards have increased by 
more than 90% over this same period. 
Lower rates of growth for wildfire 
and landslide hazard threats may be 
related to the relocation of people 
from rural and remote communities 
into more densely settled 
metropolitan regions. More rapid rates 
of growth for earthquake threats are 
attributed to a corresponding increase 
in the numbers of people moving into 
densely populated urban centres that 
are situated in areas exposed to more 
severe ground shaking hazards. Based 
on population projections by Statistics 
Canada, it is anticipated that these 
trends will likely continue over the 
next forty years.23

Figure 4: Correlations between growth and development over a forty-year period (1975–2015) 
and corresponding profiles of natural hazard threat in BC (Graphic: Murray Journeay).

Certain population 
groups often bear 
a disproportionate 
share of the physical 
impacts and related 
socioeconomic 
consequences when 
a disaster strikes. 
Those most affected 
. . . include lower-
income households, 
recent immigrants, 
racially marginalized 
populations, and 
other groups whose 
rights and needs 
are not always fully 
considered in the 
context of community 
planning or disaster 
risk management.

Our assessment of social equity in 
BC is based on theoretical principles 
established by the Hazards of 
Place model,29, 30 which highlights 
spatial interactions between social, 
economic, and physical dimensions 
of vulnerability that exist within a 
given community or region. System 
interactions are evaluated using 
a blend of statistical analysis and 
geospatial modelling to assess how 
patterns of vulnerability vary from 
one place to another as a function of: 
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between 1.3 and 1.9. Contributing 
influences include overcrowded 
housing, higher than average levels of 
unstable employment, and additional 
financial stresses related to higher 
shelter costs and reduced capacities 
for household maintenance by 
homeowners who are either younger 
than 25 years or older than 65 years.

DISASTERS BY 
DESIGN

Disasters are the predictable outcome 
of ongoing growth and development in 
areas where both physical systems of 
the built environment and the complex 
network of interconnected social, 
economic, and political systems that 
define the essential fabric of cities, 
towns, and rural communities are 
periodically overwhelmed by the 
forces associated with natural hazard 
events.31, 32 If disasters are predictable, 
why is it that the most vulnerable 
members of society continue to 
be situated in areas that are both 
more susceptible to the physical 
impacts of future disaster events and 
disproportionally affected by land 
governance decisions that limit their 
capacity to weather the downstream 
socioeconomic consequences? May 
and Deyle33 suggest the answer to 
this thorny question may lie at the 
intersection of a central conflict 
in public policy agendas where 
“common good” goals of public 
safety, economic security, social 
equity, and environmental justice 
are systematically overshadowed 
by the more immediate concerns of 
promoting growth and maximizing 

(SVI) by multi-hazard threat scores 
at a given location. Results of our 
assessment are summarized in Figure 
5.

Mean threshold scores in BC are 
equivalent to or exceed national 
average values across all dimensions 
of social vulnerability for each of the 
major settlement types in Canada. 
Although levels of disparity are 
highly variable from place to place, 
results of our assessment show 
that people living in densely settled 
multi-family residential and mixed-
use neighbourhoods in BC are more 
likely to experience higher levels of 
social inequity compared with those 
living in single-family neighbourhoods. 
Those most affected include: 1) 
recent immigrants and newcomers 
from other parts of the country living 
neighbourhoods with high levels of 
housing insecurity; 2) lower-income 
families and individuals from diverse 
ethnic and cultural backgrounds with 
limited access to resources and social 
support networks; and 3) those living 
in areas with higher concentrations of 
unaffordable and/or insecure rental 
housing. 

There are also significant disparities 
between people living on designated 
First Nations reserve lands and 
those living in equivalent settlement 
types governed under provincial 
jurisdiction. Differences in mean 
levels of vulnerability are relatively 
small in the major urban centres of 
southwestern BC but increase in rural 
and remote settings where measures 
of vulnerability for Indigenous 
communities exceed those of the 
general population by a factor of 

1) social inequities that are intrinsic 
to a particular community or region; 
2) levels of physical exposure and 
susceptibility to natural hazards that 
are controlled by geographic setting; 
and 3) human adjustment behaviors 
that have the potential to either 
amplify or lessen the outcomes of 
disaster events over time. 

Profiles of social vulnerability are 
evaluated using a hierarchical 
framework of composite indices 
that measure both absolute levels 
of disparity for specific settlement 
types at a given location and the 
relative contributions of underlying 
socioeconomic factors that are 
known to influence the capacities of 
community members to withstand, 
cope with, and recover from disaster 
events. These include characteristics 
of family structure, housing 
conditions, the capacity of individuals 
to make decisions that will affect 
their own wellbeing, and the financial 
resources needed to weather both 
the physical impacts and downstream 
economic consequences of a disaster 
event. Fundamental patterns of 
social vulnerability are assessed by 
tallying the number of instances 
where indicators at a given location 
exceed values that are typical for 
a corresponding settlement type 
(mean + 1sd). Relative degrees of 
social vulnerability (low, moderate, 
considerable, high, and extreme) 
are evaluated by categorizing the 
distribution of threshold exceedance 
scores into statistically significant 
groupings. Levels of integrated 
hazard threat are then assessed by 
multiplying social vulnerability indices 



9

1.1 Hazard Overview: A Profile of Natural Hazard Threat for BC

Figure 5: Regional disparities in social equity and corresponding profiles of social vulnerability in BC (Graphic: Murray Journeay).
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the underlying causal factors that 
systematically disadvantage the most 
vulnerable in our communities, and 
strategic opportunities for increasing 
capacities for functional recovery at 
the neighbourhood level. 

the shorter-term economic benefits of 
developing privately owned lands at 
the community level. 

[There is a] central 
conflict in public 
policy agendas where 
“common good” 
goals of public safety, 
economic security, 
social equity, and 
environmental justice 
are systematically 
overshadowed by 
the more immediate 
concerns of 
promoting growth 
and maximizing 
the shorter-term 
economic benefits of 
developing privately 
owned lands at the 
community level.

While there is an obvious need 
to measure the potential physical 
impacts of natural hazards and how 
they vary from one location to another 
to help guide strategic investments 
in disaster risk reduction, it is equally 
important to understand who is in 
harm’s way, cultural perceptions of 
risk, and potential issues of social 
inequity that may be associated with 
the spatial distribution of hazard 
threats within a given community or 
region. The integration of social and 
physical dimensions of hazard threat 
provides important insights on who 
is likely to bear the greatest burden 
of risk following a disaster event, 
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