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information on relevant federal programs, and b) to provide insights on gaps and
recommendations that will help build pathways to resilience in BC.
This article belongs to Chapter 1 Understanding and Managing Climate and
Disaster Risk: Hazard Threat. To read all articles in the report, see DRRPathways.ca.
The Resilience Pathways Report is a project of Natural Resources Canada.

1 .1

HAZARD
OVERVIEW:
A PROFILE
OF NATURAL
HAZARD
THREAT FOR
BC
BY:
Murray Journeay, Natural
Resources Canada
Phillip LeSueur, Natural
Resources Canada

EDITORS:
Sahar Safaie, Sage On Earth
Consulting
Shana Johnstone, Uncover
Editorial + Design

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

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 longerterm 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
2
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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,

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

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

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 singlefamily 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 singlefamily 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.
3
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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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Figure 2: Metropolitan areas around the province are exposed to various natural hazard threats
(Photo: iStock / Sen Yang).

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

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 depthdamage 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

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 ThompsonOkanagan, 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
5
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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.

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).

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

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

Certain population
groups often bear
a disproportionate
share of the physical
impacts and related
socioeconomic
consequences when
a disaster strikes.
Those most affected
. . . include lowerincome 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:
7
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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

(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 mixeduse 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

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
8
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Figure 5: Regional disparities in social equity and corresponding profiles of social vulnerability in BC (Graphic: Murray Journeay).
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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.

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.

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,
10
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ABOUT SNOW
AVALANCHES
DESCRIPTION
Snow avalanchesi are rapid, gravitydriven mass movements of snow that
start on slopes of sufficient steepness
(Figure 1). Large avalanches can
encompass more than 10,000 tonnes
of snow and run for kilometres with
speeds up to 200 km/h and impact
pressures on the order of 1,000 kPa.1
Avalanche release is determined by
complex interactions between terrain,
the sequence of weather events that
produced the local snowpack, current
weather conditions, and the triggering
mechanism. The most fundamental
and constant indicators for assessing
whether a slope with sufficient snow
cover has the potential to release
avalanches are slope incline and forest
density. Avalanches typically require
relatively open slopes steeper than 25
degrees to start and accelerate, but
the most common slope angles are
between 30 degrees and 45 degrees.
Once released, large avalanches travel
downslope along the avalanche track
until they reach the runout zone where
the terrain is consistently less than 15

degrees steep. It is in this area where
the avalanche debris decelerates
and is deposited. However, the exact
runout distance of an avalanche
depends on the total amount of snow
released and the specific terrain
characteristics of the entire path.
While avalanches typically do not
release on densely forested slopes,
they can run into forested terrain and
destroy mature timber. This means
that most mountainous terrain in
BC with sufficient snowfall is either
capable of producing avalanches or
potentially threatened by avalanches
from above. In addition to natural
avalanche terrain, human-made
structures such as roofs, dam faces,
and steep cutbanks are also able to
produce avalanches.
People and assets located in
avalanche paths can be damaged or
destroyed by avalanches. Examples
of threatened assets include
occupied structures, transportation
infrastructure including vehicles
and occupants, critical energy or
communication infrastructure, and
natural resources and associated
development infrastructure. In
addition to these direct impacts,
avalanches can also have secondary
impacts. Examples include
transportation or production delays
as well as financial, legal, and
reputational impacts. Short- and
long-term psychological impacts
from avalanche accidents have been
documented but are not routinely
monitored.2,3

All mentions of the term “avalanches” in this
article refer to snow avalanches.
i
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95% of the 458 avalanche fatalities
in Canada involved backcountry
recreationists, and 72% of these
individuals perished in BC. At the
time of this writing, an average of ten
individuals are killed in avalanches in
Canada every year and eight of them
typically occur in BC.

DRIVERS OF RISK

Figure 1: An explosive controlled avalanche at the Galore Creek Project located in northwestern
British Columbia, Canada (Photo: Wayne Ball).

AVALANCHE THREAT
AND PAST EVENTS

unknowingly exposed themselves to
the hazard.

There has been a distinct evolution in
the nature of avalanche accidents in
BC.4 Prior to about 1970, avalanche
accidents primarily involved
transportation infrastructure, resource
industries, or buildings. Examples
of some of the most noteworthy
accidents during that period include
the railway accident on Rogers
Pass on March 4, 1910 (58 railway
workers killed), the Granduc Mine
accident on February 18, 1965 (26
mine workers killed), and the North
Route Café accident on Highway 16
west of Terrace on January 22, 1974
(seven stranded motorists killed).5 All
of these accidents occurred during
major winter storms that resulted
in widespread avalanche activity.
They caused substantial property
damage and killed individuals
who involuntarily and possibly

Since 1970, the majority of avalanche
fatalities have involved winter
backcountry recreationists who
voluntarily exposed themselves and
accidentally triggered avalanches
while travelling in mountainous
terrain. The shift from industrial to
recreational accidents was due to a
combination of improved avalanche
risk management in non-recreational
settings (i.e., highways, railways,
mines, developments, etc.) as well
as the growing popularity of winter
backcountry recreation. Most of
these post-1970 accidents resulted in
single or double fatalities, but larger,
multi-casualty accidents have also
occurred (e.g., Canadian Mountain
Holidays Bay Street with nine fatalities
on March 13, 1991; Connaught Creek
with seven fatalities on February 1,
2003; Harvey Pass with eight fatalities
on December 28, 2008).6 Since 1981,

The main anthropogenic driver of
recent changes in avalanche risk is
increased exposure to avalanche
hazard. While there are no systematic
observations of more people in
uncontrolled (backcountry) terrain,
indirect indicators (e.g., sales of
backcountry recreation equipment)
show that the popularity of winter
backcountry recreation has increased
tremendously over the last decades,7
as have traffic volumes on mountain
roads and highways. Natural
resource extraction and associated
infrastructure developments are also
pushing further into mountainous
terrain, and wildfires and construction
activities such as deforestation, slope
or rock cuts, or the construction of
dam faces can create new avalanche
terrain. At the same time, avalanche
risk has been mitigated through
improved avalanche planning,
expanded public safety programs
and resources, advances in avalanche
safety and rescue equipment,
tightened worker safety regulations
and land-use policies, continued
development and enrollment in
training programs for recreationists
and avalanche professionals, and
advancements in understanding and
forecasting of avalanche hazard.
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UNDERSTANDING
RISK
WHAT SOURCES
HELP US
UNDERSTAND
HAZARD AND RISK
Avalanche risk is the probability
or chance of harm resulting from
interactions between avalanche
hazard and specific assets, and it is
determined by the exposure of those
assets and their vulnerability to the
hazard.8 To describe how avalanche
hazard and risk are assessed, it is best
to distinguish between long-term
avalanche planning and short-term
operational avalanche forecasting
as they use distinct techniques and
information sources. However, in both
contexts, the risk assessment process
consists of identification, analysis, and
evaluation.

surveys including tree-ring analysis.ii
This direct evidence is complemented
with the output from numerical
avalanche models, which estimate
the maximum runout distance and
simulate the flow characteristics of
potential avalanches. Estimates of
frequency and magnitude are then
combined with estimates of the
exposure and vulnerability of the
assets to determine the risk level.
OPERATIONAL AVALANCHE
FORECASTING
Operational avalanche forecasting is
used in situations where permanent
protection from avalanches is
either impractical (e.g., for mobile
assets such as backcountry users)
or economically not meaningful
(e.g., too expensive for the given
exposure, such as on roads with
low traffic volume), or it is used to
Tree-ring analyses aim to estimate return periods
for destructive avalanches by estimating the age of
growing trees and the age of trees that were felled
by avalanches as well as identifying and dating
damage to trees inflicted by avalanches (e.g.,
scaring, tilting, decapitation).
ii

AVALANCHE PLANNING
Avalanche planning aims to assess
the long-term potential for avalanches
to impact a specific asset at a defined
location. After confirming that the
location of interest is threatened
by avalanches based on a basic
terrain and snow supply analysis,
the risk analysis process starts with
estimating the local return periods
for avalanches and their destructive
potential. Methods for determining
long-term avalanche hazard include
analysis of historic avalanche records
and identification of vegetation
damage through analysis of air photos
and satellite imagery as well as field

manage residual risk after suitable
long-term mitigation has been
applied.9 In these cases, the focus is
on assessing the current (e.g., daily)
level of avalanche hazard to direct
and implement short-term mitigation
measures, such as temporary
closures or the use of explosives to
proactively trigger avalanches before
or when they become threatening.
Avalanche forecasters assess the
nature and severity of the current
hazard conditions based on a
qualitative synthesis of available
weather, snowpack and avalanche
observations, and their knowledge
of the local terrain. Forecasters
address the natural uncertainty
associated with observations with
targeted sampling and by assimilating
evidence incrementally over time.
While deductive methods are used to
analyze some data, the assessment
process is dominated by inductive and
abductive logic and uses experiencebased heuristics. The Conceptual
Model of Avalanche Hazard (Figure
2) describes the essence of the
qualitative forecasting process as a

Figure 2: Conceptual Model of Avalanche Hazard used for day-to-day operational avalanche
forecasting. Avalanche hazard is often represented as a range of values for both likelihood of
avalanche and destructive size, representing variability and uncertainty.
4
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systematic workflow that answers
four sequential questions: 1) What
type of avalanche problem exists? 2)
Where are these problems located
in the terrain? 3) How likely is it that
avalanches will occur? and 4) How
big will these avalanches be?10
Operational avalanche forecasting
programs are common in BC and
exist in many different contexts.
Examples include mountain highway
passes and railway lines, mine and
construction sites with associated
access roads, winter backcountry
recreation operations, and ski areas.
In most circumstances, the avalanche
risk is assessed and managed
in situ by a team of avalanche
safety professionals who collect
detailed weather, snowpack and
avalanche observations to assess
the local conditions throughout
the winter season. To ensure a
high degree of awareness about
developing conditions, avalanche
safety operations in BC share their
observations and assessments via
InfoEx, a private and confidential
information exchange managed by
the Canadian Avalanche Association.
In addition, avalanche forecasting
programs utilize remote automated
weather stations and mountain
weather forecasts. Numerical
snowpack models that simulate
the evolution of the seasonal snow
cover can be used as an additional
information source in areas that are
otherwise data sparse.

PUBLIC AVALANCHE
WARNING SERVICES
Public avalanche warning services are
special types of avalanche forecasting
programs that inform the general
public about current avalanche
conditions and help self-directed
winter recreationists make informed
decisions about when and where to
travel in the backcountry. Agencies
involved in public avalanche safety
in BC include Avalanche Canada,
a non-government, not-for-profit
organization dedicated to public
avalanche safety, and Parks Canada.
Together, these agencies publish daily
avalanche hazard forecast bulletins
for approximately twenty regions
that range in size from roughly 1,000
km2 to more than 50,000 km2. While
smaller forecast regions are fieldbased, where forecasters go into the
field to collect their own observations
for writing the forecast (e.g., Glacier
National Park), the programs for larger
forecast regions are typically officebased, where forecasters primarily
rely on observations collected
and shared by others (e.g., InfoEx,
Mountain Information Network,
dedicated field teams) and the
conditions are assessed remotely. This
is currently the approach for most
Avalanche Canada forecast regions.
While Avalanche Canada maintains
an avalanche incident database
that is searchable by the public, it
does not have an official mandate
to investigate avalanche accidents.
However, Avalanche Canada and the
Canadian Avalanche Association
assist the BC Coroners Service to
ensure it has the necessary avalanche

expertise when investigating fatal
avalanche accidents. Since there
is no legal requirement to report
or investigate non-fatal avalanche
accidents, the available avalanche
accident information primarily focuses
on fatalities for which reliable records
exist. While these reports provide
insightful case studies, the lack of
dependable exposure information
(i.e., the number of recreationists who
use the backcountry every winter)
prevents the calculation of meaningful
accident rates. An exception is the
mechanized skiing industry, where
the number of skier days has been
recorded systematically since the
1970s.11 Information on other impacts
of avalanches (e.g., property damage,
economic impact of road closures) is
currently not collected systematically.

CURRENT PRACTICE
IN HAZARD AND RISK
ASSESSMENT
Since the early 1980s, the Canadian
Avalanche Association has published
guidelines and standards that have
shaped how avalanche hazard and
risk is assessed and mitigated in BC.
The most recent editions of these
documents include Technical Aspects
of Snow Avalanche Risk Management –
Resources and Guidelines for Avalanche
Practitioners in Canada (TASARM)12
and Observation Guidelines and
Recording Standards for Weather,
Snowpack and Avalanches (OGRS).13
The TASARM document provides
a comprehensive overview of best
practices in the technical aspects
of snow avalanche hazard and risk
assessment and mitigation and
suggests guidelines for acceptable
5
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risk and typical assessment processes
and mitigation options. The risk
management concepts presented
in TASARM are firmly grounded in
the International Organization for
Standardization risk management
standard known as ISO 31000
Risk Management — Principles and
Guidelines.14 The OGRS document
describes the terminology, techniques,
and data codes for making and
recording avalanche, snowpack, and
mountain weather observations. This
long history of standard documents
has resulted in a high degree of
harmonization in the data collection
procedures and hazard and risk
assessment practices and has been
crucial for the industry-wide exchange
of avalanche safety information in
Canada.

REDUCING RISK
PRACTICE AND
CAPABILITIES
Avalanche risk mitigation (or risk
acceptance) decisions are always
based on a risk evaluation where
the assessed risk level is compared
against risk acceptance levels.
These evaluations and the resulting
avalanche risk reduction practice,
policy, and capabilities depend heavily
on context. Most approaches focus
on managing exposure to the existing
hazard, while approaches that modify
the hazard (e.g., avalanche control)
or decrease the vulnerability of assets
(e.g., avalanche rescue training and
equipment) are typically of secondary
importance.

Figure 3: Canyon and truck (Photo: Mark Austin).

INVOLUNTARY RISK
EXPOSURE
Actions taken to reduce risk
to facilities, infrastructure, and
individuals who involuntary expose
themselves to avalanche risk are
typically a combination of long-term
planning and short-term operational
avalanche risk management. While
regulatory standards for worker and
public safety are well defined (see
Table 1), risk acceptance benchmarks
for non-human assets are context
dependent and typically defined by
the risk owner based on a mitigation
cost-benefit analysis that aims to
reduce the residual risk to “as low
as reasonably practical” (ALARP).
Location planning (i.e., considering
avalanche hazard when evaluating
location options) is often the first step
taken to reduce risk to fixed facilities
or infrastructure. Avalanche hazard
zoning, with associated bylaws and
access policies, is typically used to
restrict development of occupied
structures in avalanche areas. If

relocation is not an option, then
engineered avalanche protection
is considered. Currently, avalanche
hazard zoning in BC is conducted
on a case-by-case basis for new
developments with updated hazard
zone mapping, using modern methods
for some communities with existing
zoning (e.g., Stewart and Fernie).

This long history of
standard documents
has resulted in
a high degree of
harmonization in
the data collection
procedures and
hazard and risk
assessment practices
and has been crucial
for the industrywide exchange of
avalanche safety
information in
Canada.
6
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If these protection measures cannot
reduce the risk to an acceptable level
or are economically not feasible,
seasonal closures are considered
except in situations where long
closures are unacceptable (e.g.,
highways, ski areas, active work sites).
In these circumstances, avalanche
professionals will use short-term risk
reduction actions (e.g., temporarily
restricting access to exposed areas
during periods of elevated hazard)
based on operational avalanche
forecasting. In industrial situations
where the threat from avalanches
is infrequent and relatively low, risk
reduction actions have also been
based on regional hazard assessments
published in public avalanche
bulletins. Risk management at work
sites typically includes avalanche
safety training and rescue equipment
for workers with ongoing avalanche
hazard assessment by an avalanche
professional. If deemed cost-effective,
artificial avalanche triggering (e.g.,
explosive avalanche control) can be
used to proactively reduce the hazard
and minimize closure times.
VOLUNTARY RISK
EXPOSURE
While the responsibility for the
risk assessment and mitigation
actions in the above contexts resides
with avalanche professionals and
ultimately the risk owner, avalanche
risk management practices for
self-directed backcountry recreation
depends on the initiative and selfreliance of the involved public.15 Key
components of backcountry avalanche
safety include recreational avalanche
safety training, detailed trip planning,

route finding, group management,
and avalanche rescue equipment
(e.g., avalanche transceivers, probes,
shovels, air bags) as a last resort.
Most actions taken to reduce risk are
short-term measures that are applied
on a day-to-day basis. This includes
using up-to-date avalanche condition
information when planning trips,
continuously monitoring conditions
when in the field, choosing terrain that
matches risk tolerances, and following
safe travel practices (e.g., spreading
out and only exposing one person at
a time).
INFRASTRUCTURE,
TECHNOLOGY, AND TOOLS
Existing infrastructure, technology and
tools that support the management of
avalanche risk in all contexts include
information exchange platforms
such as Canadian Avalanche
Association’s InfoEx (avalanche
professionals only), Association of
Canadian Mountain Guides’ Mountain
Conditions Report (information
from avalanche professionals that is
publicly available), and Avalanche
Canada’s Mountain Information
Network (public information)
where avalanche professionals and
recreationists can share information
about current avalanche conditions. In
addition, several networks of remote
automated weather stations provide
real-time weather data that are used
extensively by professional avalanche
forecasters and self-directed
recreationists for assessing current
avalanche conditions, and historical
weather data from these networks
are used by avalanche consultants
and researchers for climate

characterizations.
EVOLUTION OF PRACTICE
The evolution of avalanche safety
practices in BC and Canada has
largely been driven by practice reviews
and recommendations following fatal
accidents. The standard for avalanche
safety on highways, for example, was
shaped considerably by the North
Route Café accident on Highway 16 in
1974, which resulted in the formation
of the BC Ministry of Transportation
and Infrastructure’s Avalanche
Program and associated regulations
for occupied structures, as well as the
Five Mountain Parks Highway Avalanche
Study commissioned by Parks Canada
in 1993.16 The recommendations in
a BC Coroners Service report that
examined a fatal heli-skiing avalanche
accident that killed seven skiers in
1979 were the initial impetus for
creation of InfoEx.17

The evolution of
avalanche safety
practices in BC and
Canada has largely
been driven by
practice reviews and
recommendations
following fatal
accidents.

In terms of public avalanche safety,
the Parks Canada Backcountry
Avalanche Risk Review18 that examined
the 2003 Connaught Creek avalanche
accident where seven high school
students were killed, led to the
7
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establishment of a national centre
for public avalanche safety, now
known as Avalanche Canada, as
well as the development of new
public backcountry avalanche safety
tools such as the Avalanche Terrain
Exposure Scale19 and the Avaluator.20
Similarly, BC Coroner Service
responded to the record number of
mountain snowmobiling fatalities in
2009 with a rare death review panel,
whose recommendations21 provided
a roadmap for enhancing public
avalanche safety initiatives in BC and
mobilized increased funding from
local, provincial, and federal sources.

Table 1 lists general or specific
organizations involved in avalanche
risk management with any associated
legal mandates and current roles and
key programs.
CLIMATE IMPACTS
Due to the tight link between weather
and avalanche hazard, it is reasonable
to expect that climate change will
have a substantial impact on the
nature of avalanche activity in BC.
Direct research on the effect of
climate change on avalanche hazard
in BC is limited,24, 25 but snow science

principles and research from other
mountain regions26 offer valuable
insight. At lower elevations close to
the freezing level, we expect that
rising temperatures will result in a
substantially reduced and eventually
disappearing snowpack. While this
will cause avalanche initiation to
ultimately cease at these elevations in
the long term, we might see a higher
prevalence of wet snow avalanches
during the transition period and the
occasional winters with sufficient
snow. Furthermore, avalanches can
start above and threaten areas below
with little or no snow on the ground

Table 1: Organizations involved in avalanche risk management 22 23
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(i.e., there can be an av hazard in
areas with no snow). At higher
elevations where snow remains
abundant, changes in avalanche
hazard will primarily be determined
by how climate change will affect
the intensity and sequence of winter
weather events that determine the
nature and severity of avalanche
conditions.
Since long-term avalanche risk
management planning relies heavily
on historical weather, snowpack,
and avalanche occurrence data,
climate change adds considerable
uncertainty to predicting future
avalanche hazard characteristics,
such as long-term frequency and
magnitude relationships and extreme
runout extent. To account for this
increased uncertainty, avalanche
professionals typically use a factor of
safety when planning avalanche risk
mitigation measures.27 Since day-today operational avalanche forecasting
decisions are based on the weather
and not long-term climate trends,
climate change is not expected to
overly affect existing risk management
approaches. However, higher yearto-year variability in conditions
will result in more unusual winters
that make judgements informed by
previous experiences less reliable.
Furthermore, more common extreme
weather events may result in more
frequent extreme avalanche cycles
that have the potential to overwhelm
the existing mitigation practices and
emergency response plans.28

GAPS
While we judge the level of
understanding of avalanche risk in BC
to be relatively high, there are several
gaps in the available information and
knowledge that prevent the risk from
avalanches in BC from being managed
more effectively.
Since avalanche hazard is spatially
and temporally highly variable, one of
the most significant limiting factors
for accurate and timely avalanche
forecasts is the general sparsity of
high-quality weather, snowpack, and
avalanche observations across much
of BC’s mountain ranges. While the
use of numerical snowpack models
can partially address the lack of direct
observations, these simulations rely
on accurate weather forecasts.29
Possible approaches for addressing
this issue include developing
better precipitation forecasts,
expanding the existing network of
high-elevation weather observation
sites, and providing ongoing support
for research on how to best use
snowpack modelling and advance
satellite-based remote detection of
avalanche deposits.30, 31
Another significant limiting factor
for using existing avalanche planning
practices to their full potential is
the lack of high-resolution, publicly
available terrain and forest cover
datasets. Existing research highlights
that digital elevation models and
landcover information with a spatial
resolution of at least 10 m is necessary
to reliably identify potential release
zones using GIS algorithms32, 33

and accurately model the runout
of extreme avalanches. In addition,
the lack of mountain range–specific
calibrations for numerical avalanche
dynamic models further limits their
effective use in BC. Addressing
this data gap would allow for more
detailed and widespread avalanche
terrain mapping across all types of
avalanche risk management contexts.
This includes the computation of
impact-based hazard maps for
land-use planning and the use of
automated algorithms to generate
avalanche terrain exposure maps for
recreationists.

A significant limiting
factor for using
existing avalanche
planning practices
to their full potential
is the lack of highresolution, publicly
available terrain and
forest cover datasets.

With respect to public avalanche
forecasting, the large size of many
forecast areas naturally limits the
precision and amount of detail that
can be included in avalanche bulletins.
Hence, having the resources to
decrease the size of forecast regions
or temporarily adjust their boundaries
would allow bulletins to be more
specific. However, avalanche bulletins
describing the existing hazard
conditions need to be complemented
with terrain guidance products to
provide recreationists with tangible
advice on what type of terrain choices
10
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are appropriate under different types
of hazard conditions.34 To design
these types of products in an informed
way, a better understanding of the
desires, needs, existing capabilities,
and expectations of the increasingly
diverse backcountry community
is required. While there have been
several exploratory research projects
on this topic,35, 36 more work is
needed to better understand the
users and design a more inclusive
and integrated avalanche awareness
education system. And while the lack
of accurate information on trends in
backcountry recreationists prevent
the calculation of accident rates, a
meaningful collection of backcountry
use numbers across BC is challenging
and likely extremely costly.37

Though the lack of well-grounded
understanding of the effect of climate
change on future avalanche conditions
adds substantial uncertainty to
existing practices and thresholds, we
perceive a more significant climate
change vulnerability: the lack of
coordinated disaster planning for
large-scale avalanche cycles (i.e.,
intense avalanche activity across
substantial parts of BC for multiple
days in a row) coming from the more
frequent occurrence of extreme
weather. Large-scale avalanche
cycles would result in widespread
avalanche activity running beyond
historic paths, multi-day closures of
every transportation corridor in the
province, disruption of critical power
transmission lines, and communities

isolated for extended periods of
time.38 Targeted interagency disaster
planning is necessary for responding
to such a disaster in a meaningful way.

OPPORTUNITY
RECOMMENDATIONS
Avalanche safety in BC has largely
been a success story, yet there are
many opportunities to improve the
system. While the gaps described
in the previous section primarily
relate to information and knowledge
challenges, the recommendations
listed in Table 2 target higher-level
systems improvements.

Table 2: Recommendations
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THE CHALLENGE
While the avalanche risk management
safety systems in BC are well regarded
around the world, it is important
to point out that they suffer from a
fundamental economic vulnerability
that many decision makers might
not be aware of. Avalanche Canada’s
public avalanche bulletins and, by
extension, InfoEx have been critical
components of the WorkSafe
BC–legislated avalanche safety plans
of many businesses and government
agencies. The provision of this critical
information by not-for-profits differs

considerably from approaches
taken for managing other natural
hazards, such as where government
agencies play a more central role
in the collection and interpretation
of the hazard information and the
dissemination of warning messages.
Relying exclusively on not-for-profits
and private businesses for the
provision of these essential services
for local economies comes with
substantial societal risks.
To enhance BC’s resilience to
natural hazards, it is important
that avalanche risk management

strategies are considered at the same
level as other natural hazards and
included in the planning process for
the economic development of the
province. The first step to addressing
this challenge is to raise awareness
about the seriousness of avalanche
hazard in BC and the vulnerability
of the current safety systems. Once
this awareness is established, key
stakeholders should collaboratively
investigate feasible long-term models
to safeguard existing avalanche
safety systems. Integrating avalanche
risk management into a broader
geohazard strategy might offer a
12
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promising pathway for improving
the sustainability of the existing
safety system and strengthening BC’s
avalanche risk resilience.

To enhance BC’s
resilience to
natural hazards,
it is important
that avalanche
risk management
strategies are
considered at the
same level as other
natural hazards
and included in the
planning process
for the economic
development of the
province.
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ABOUT
LANDSLIDES
DESCRIPTION
Landslides are the downward
movement of soil, rock, or other
earth material under the influence of
gravity.1 In BC, these hazards are most
common in mountain areas but also
can occur in river valleys, lakes, fjords,
off the coastline, or in terrain modified
by human development (Figure 1).
Thousands of landslides occur each
year in BC, although most are small
and located in remote areas.
Landslides occur when the factors
that destabilize a slope overcome
those that hold it in place. Complex
interactions between slope
topography, geologic conditions,
vegetation, and human development
create the conditions where landslides
might arise, while triggers are external
factors that can cause landslides to
release.2
In BC, most historical landslides have
been triggered by an increase in the
supply of water to slopes.3 This is
typically due to rainfall or snowmelt,
but can also be from anthropogenic
causes, like irrigation.4 Other common

landslide triggers include freeze-thaw
cycles,5 terrain modifications from
land or resource development,6 or
river erosion.7 A less commonly
occurring trigger of landslides in BC
is earthquake. While these events are
relatively infrequent, they could cause
widespread slope failures. In the past
century, no earthquake has triggered
multiple landslides near a population
centre in BC; however, recent events
around the world indicate that
impacts could be significant.8,9
Landslides can be classified as fast
moving or slow moving.10 Common
fast-moving landslides in BC include
debris flows, debris avalanches,
rockslides, and rockfalls; these
mainly cause impacts in runout
zones and can cause life loss and
secondary hazards like tsunami
waves or landslide dams.11,12 Common
slow-moving landslides include
earthflows and earthslides;13 these
cause progressive ground deformation
that can lead to high economic
loss due to long-term maintenance
costs. Both fast and slow landslides
cause economic loss from property
destruction, infrastructure damage,
and road and utility service disruption.
Climate change is anticipated to
increase the frequency of landslides
across much of BC.14,15,16 These
changes will mainly be driven by
more frequent and intense weather
systems, such as the atmospheric
The recommendations provided are solely the
opinion of the authors and not the contributors or
their organizations. The contributors provided very
helpful insights and feedback to develop content
in the article, but ultimately the authors developed
the content and recommendations based on their
understanding and opinion.
i
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Landslides appear to be particularly
problematic along linear infrastructure
(Figure 2).22 Commonly traversing
long distances, linear infrastructure
can be exposed to multiple landslide
hazards at once. Impact from any one
event can cause direct damages that
require repair and mitigation as well
as interruption of business services
that can exceed direct damage
costs.23 People travelling along linear
infrastructure can also be injured or
killed,24 with over half of all reported
landslide fatalities in BC taking place
along roads or rail lines.25 Debris
flows and debris floods also pose
notable risks; these hazards terminate
on alluvial fans, which form gently
sloped areas among mountain terrain
and have historically been favorable
for residential development. Debris
flows have historically caused almost
90% of reported landslide fatalities in
residential areas.

Figure 1: Landslide susceptibility in BC and the percentage of buildings, peoples, roads, and
railways exposed to moderate, high, and very high levels of landslide susceptibility. Landslide
susceptibility data is from NASA’s global landslide susceptibility model;17 the count of buildings
and people in settlements are from NRCan;18 railway centrelines are from GeoBC;19 road
centrelines are from BC Ministry of Transportation and Infrastructure;20 and fatal landslide
events are from NRCan.21

river which led to widespread flooding
and landslides across southwestern
BC in November 2021, more
frequent wildfires, which can remove
surface vegetation and increase the
susceptibility to landslides, and faster
deglaciation, which can expose and
debuttress landslide-prone slopes.

LANDSLIDE THREAT
AND PAST EVENTS
In BC, landslides mainly pose risks to
public safety, infrastructure, resource
development operations, forest
harvestable land, agriculture, and
fisheries. It is currently unclear who or
what is most at risk from landslides,
but there are a few apparent trends.

Between 1880 and 2019, there have
been 390 recorded fatalities caused
by 123 landslide events in BC.26 Most
of these resulted in a single fatality,
five events caused 10 or more
fatalities, and the highest-fatality
event was a rock avalanche in 1915
that killed 54 people living in a mining
camp near Britannia Beach. Landslide
events kill one person per year on
average in BC.27
The total annual economic cost of
landslide events in BC is unknown,
but it is likely within the hundreds
of millions per year.28,29 To provide
context, the costs from 32 fastmoving landslide events in BC from
1885 to 2012 have been estimated at
$9 billion (2009), with most events
3
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Figure 2: Assessing damage at Ruby Creek and Highway 7 after mudslide closes the road,
November 15, 2021 (Photo: flickr/Ministry of Transportation and Infrastructure).

costing below $50 million (2009).30
The most expensive event was
estimated to cost $8.2 billion (2009)
and included a rockslide in 1914 that
dammed the Fraser River causing
considerable impacts to salmon
stocks and BC’s salmon fishery. The
slow-moving Ten Mile Landslide has
been impacting Highway 99 and a CN
railway line since the late 1980s. It has
cost the BC Ministry of Transportation
and Infrastructure (MoTI) between
$240,000 and $2.3 million annually
and has a total mitigation expenditure
of $83 million dollars.31

DRIVERS OF RISK
Development within landslide
hazard areas leads to landslide risk.
Development can cause landslides by
undercutting slopes with excavations,
overloading slopes with fills, removing
vegetation, and increasing the water
level within the slope. For example,
logging and road building has been
attributed to a ten-fold increase in

landslide activity in coastal BC.32
In residential areas, such as on
Vancouver Island and in North
Vancouver, construction of nonengineered retaining walls on slopes,
decades’ worth of yard waste disposal,
and poorly controlled discharge of
stormwater from roof drains onto
slopes make up common causes for
development-related slope failures.33
On a larger scale, suburbanization
is affecting groundwater levels in
many areas of the Interior, which
has partly led to several landslides in
the Kelowna area and several slowmoving landslides in both Quesnel
and Kamloops. Development also
increases the exposure to landslides
when buildings, roads, utilities, and
other infrastructure are placed in
landslide hazard zones and when the
volume of traffic increases on existing
roads in landslide terrain.
In most cases, the above issues can
be managed using best practices
for landslide risk management. For
example, over the past 60 years,

BC’s average landslide fatality
rate has dropped from five to one
fatality per year, despite a five-fold
population increase. This suggests
that the evolution of landslide
risk management has outpaced
development pressures and the
associated potential increase in
landslide risk.34 However, given
that it was not until the late 1970s
that landslide assessments were
commonly used to support land and
resource development projects,35,36 a
considerable amount of development
was constructed within landslideprone terrain without consistent
consideration of landslide hazard.
There is ongoing demand for scarce
resources to manage landslide risk at
these development sites.

UNDERSTANDING
RISK
Current practice to understand
landslide hazard and risk assessment
can be grouped into three broad
categories: risk identification, risk
analysis, and risk evaluation.37,38

RISK IDENTIFICATION
Landslide risk identification primarily
includes identifying and characterizing
landslide-prone terrain or confirming
that a potential landslide risk
exists;39 these are commonly used as
screening tools to inform the scope
of further study. Common practice
includes using one or all of these
approaches: geomorphic mapping,
landslide susceptibility mapping, and
priority ranking systems of landslide
hazard sites.
4
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Geomorphic maps are factual in
nature and show the landforms in
an area, including landslides and
landslide-related features.40 Mapping
practices in BC have traditionally been
based on air-photo interpretation and
field visits,41 but have since evolved
to include interpretation of a variety
of remotely sensed data.42 While
there are many forms of geomorphic
mapping carried out in practice,
terrain mapping, which uses a terrain
classification system specifically
developed for BC,43 is by far the
most common. Terrain mapping is
publicly available for several areas

Over the past 60
years, BC’s average
landslide fatality rate
has dropped from
five to one fatality
per year, despite a
five-fold population
increase. This
suggests that the
evolution of landslide
risk management
has outpaced
development
pressures and the
associated potential
increase in landslide
risk. However . . . a
considerable amount
of development [is]
within landslideprone terrain
without consistent
consideration of
landslide hazard.

of the province at various scales but
there are still considerable gaps in
coverage. Comprehensive guidelines
for practitioners to complete terrain
mapping include the Guidelines and
Standards to Terrain Mapping in British
Columbia published by the Resources
Information Standards Committee.
Landslide susceptibility maps show
areas prone to landslides.44 Common
mapping practices use geographic
information systems (GIS) along with
available digital terrain and earth
science data to estimate landslide
susceptibility in the source and
runout zones. There are many forms
of landslide susceptibility mapping
to identify source zones, ranging
from slope mapping to quantitative
multivariate assessments,45,46 with
terrain stability mapping being
the most common in practice.
Terrain stability maps have been an
integral part of forest and resource
development planning for several
decades in BC. Most publicly available
terrain stability mapping covers areas
used for resource development47
and is not often detailed enough for
site-specific landslide assessments.48
Guidelines for terrain stability
mapping include Mapping and
Assessing Terrain Stability Guidebook49
and Terrain Stability Mapping in British
Columbia: A Review and Suggested
Method for Landslide Hazard and Risk
Mapping.50 Mapping runout areas
susceptible to landslides (i.e., those
at the bottom of slopes) is commonly
based on simple empirical methods,51
but more advanced terrain-based
modelling techniques are starting
to be used.52,53 Maps that delineate
landslide runout zones in BC are

relatively scarce.
Priority rating includes creating
a ranked inventory of landslide
hazard sites, with the purpose of
informing resource allocation and
risk management actions. Priority
rating systems have been used in
planning and management of linear
infrastructure in BC for decades,54,55,56
and recent studies have used this
approach to prioritize landslide
hazards across some regional
districts.57 Landslide rating systems
commonly used in BC are often
semi-quantitative, are hazard- or
risk-based (i.e., consider both hazard
and consequences), and are typically
tailor-made for specific projects
or stakeholders. One of the main
drawbacks is that creating priority
rankings to meet the needs of
multiple stakeholders simultaneously
is challenging and sometimes not
practicable.

RISK ANALYSIS
Landslide risk analysis involves
estimating the level of hazard or
risk from a landslide58 and is used
to gather information required for
evaluating whether risks can be
tolerated and for implementing risk
reduction measures. In this step,
hazard analysis involves estimating
factors related to landslide occurrence
(e.g., landslide mechanisms, the
likelihood or probability of the
landslide, frequency-magnitude
relationships, the slope factor of
safety, slope activity) or landslide
runout (e.g., runout extents, landslide
flow depth and velocity). Risk analysis
involves estimating the probability of
5
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certain consequences from landslides
(e.g., the probability of fatality).
There are a variety of approaches
that can be used to assess landslide
hazard and risk and several resources
are available for practitioners (see
Resources section). The level of effort,
type of assessment, and assessment
outcomes depend on the project
objectives, landslide characteristics,
available background information, and
level of exposure.59 In many cases,
estimating landslide risk is not needed
nor is carried out in current practice,
and risk management decisions can
be based on hazard assessments
alone.
Landslide hazard and risk analyses
are routinely performed by
qualified professionals (engineers
and geoscientists) as part of the
application processes for proposed
land development, forestry, and other
resource use projects60 or to inform
landslide risk reduction where existing
development is exposed. Engineers
and Geoscientists of British Columbia
(EGBC) publishes guidelines for
professionals carrying out landslide
hazard or risk assessments in BC,
such as the Legislated Landslide
Assessment for Proposed Residential
Development in BC.61,62 However, there
are ongoing challenges in current
practice. For example, qualified
professionals conducting these
studies are not always landslide
specialists, so assessments can lack
consistency and important aspects
of professional practice guidelines.
Also, understanding the magnitude
of very-low-probability events, the
mechanisms of large slow-moving

landslides, and the impacts of climate
change on landslide frequency and
magnitude are challenging and prone
to considerable uncertainty.

RISK EVALUATION
Landslide risk evaluation includes
comparing the estimated level of
hazard or risk to tolerance criteria. In
BC, governments and infrastructure
owners define these criteria; it is not
the role of landslide professionals.
For land development planning,
qualified professionals are responsible
for evaluating if a development is
“safe” from the effects of landslides;
however, no defined level of
landslide safety has been adopted
province wide. A few incorporated
jurisdictions have defined landslide
safety standards, and MoTI provides
guidance for unincorporated areas,
but there are differences between
regulations that have been adopted.63
As examples, the Fraser Valley
Regional District has used a hazardbased standard since the early
1990s that depends on hazard type
and size of development,64 and the
District of North Vancouver uses a
risk-based standard that considers
the probability of death of a person
in individual homes.65 Despite the
lack of broad regulatory guidance
on landslide hazard or risk tolerance
criteria, current practice in risk
analysis seems to be trending away
from fundamental geomorphological
interpretation and experience-based
judgment and towards quantitative
risk assessments. Quantitative risk
assessments are powerful tools to
support landslide risk management
decision making, but can also be

complex, expensive, and in some
cases no more effective than simpler
approaches at leading to good risk
management decisions.

REDUCING RISK
WHAT SOURCES
HELP US REDUCE
RISK
In BC, there is no single entity
responsible for coordinating
and overseeing landslide risk
management. Instead, the province,
local governments, infrastructure
owners, and resource development
companies are responsible for
managing landslides on their own
lands or that pose a risk to their assets
or to worker and public safety. Many
entities are involved to support risk
management activities (Table 1).
There are benefits and drawbacks
with the current governance model
for landslide risk management in BC.
Different organizations can adopt
plans, policies, and risk reduction
strategies that are suitable to their
context and based on resources
available. However, issues related
to consistency, coordination, and
disparity in available resources for
landslide risk management arise
between different organizations and
jurisdictions.

PRACTICE AND
CAPABILITIES
Landslides impacts are the result of
a chain of events where a landslide
occurs, reaches an element (e.g.,
6

1.3 Landslides

Table 1: Organizations involved in landslide risk management (overview)

asset, person), and causes a
loss depending on the element’s
vulnerability. Interventions in this
event chain will reduce landslide risk.
Interventions include: 1) reducing
exposure to landslides, 2) reducing
the potential for a landslide to
release, 3) controlling the landslide
impact zone, and 4) reducing the
vulnerability of elements to landslide

impacts. Many methods are used
to achieve these outcomes, which
can be implemented individually
or in combination. The appropriate
risk reduction strategy for a
particular landslide risk is highly
specific, depending on the type
of consequence (e.g., loss of life,
service disruption, or economic
loss), landslide characteristics (e.g.,
fast moving or slow moving), risk

reduction objective (e.g., tolerable
life-loss risk, economic loss reduction,
infrastructure protection, or economic
risk transfer), and available resources.
REDUCING EXPOSURE TO
LANDSLIDES
Methods that reduce exposure to
landslides aim to prevent elements
from being within the path of a
7
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landslide should one occur. Common
approaches include landslide hazard
zone avoidance and landslide
monitoring and evacuation systems.
Landslide avoidance is applicable
to all landslide types, consequence
types, and risk reduction objectives,
and is the first line of defense
against landslide hazards. Avoiding
landslide hazard zones is achieved by
prohibiting development, restricting
certain types of development, setting
back infrastructure from landslide
hazard zones, or relocating existing
properties and infrastructure away
from identified hazard zones. In
residential development, landslide
hazards are avoided through
community planning and the
subdivision approvals process.66
Approving authorities rely on qualified
professionals to: prepare maps that
help define landslide development
permit areas (DPAs); assess landslide
hazards and risks if a proposed
development or subdivision falls
within a landslide DPA; and declare
that development areas are “safe
for the use intended” in landslide
DPAs. However, the definition of
“safe” remains undefined in many
municipalities, and landslide hazard
maps that can be used to define
landslide DPAs are inconsistent and
not widely available. In jurisdictions
where landslide mapping is
unavailable, simple rules are used to
identify landslide DPAs (e.g., based
on slope percentage or degree), but
these often do not capture the full
extent of landslide-prone terrain.67
Acquisition of existing property and
sterilization of land in developed

landslide hazard areas has been rare
in BC and is often neither practical nor
economically viable.68
Landslide monitoring (e.g., using
rainfall, groundwater pressure, or
slope displacement) and evacuation
or road closure systems are used
to remove people and elements
from harm’s way when a landslide
appears likely to occur. As such, they
can reduce safety risks and some
economic risks, such as those related
to pipeline spills, but do not reduce
economic risks related to repair
and service disruption. While these
approaches are often the only feasible
methods of risk reduction from
low-probability, high-consequence
landslides (e.g., rock avalanche),
they are challenging to implement
due to technical uncertainties about
landslide triggers, a commonly high
rate of false alarms, and concerns
about legal liability to the entity that
owns the monitoring equipment and
signals the evacuation.69 Furthermore,
evacuations tend to be incomplete,
imperfect, and require a population
that is well educated in how to
respond to an evacuation notice.70
Regional landslide early warning
systems can be useful tools for
improving situational awareness and
are less prone to issues associated
with site-specific systems described
above,71 but cannot be used to detect
an imminent landslide.
REDUCING POTENTIAL
LANDSLIDE RELEASE
Methods that reduce the potential for
landslide release aim to increase slope
stability. Methods include: following

best design and construction practices
for development in landslide terrain;
protecting existing vegetation and
promoting growth of new vegetation
in landslide terrain; and designing and
constructing measures that stabilize
slopes or reduce displacement rates
(e.g., drainage systems, erosion
protection, buttresses, anchors,
removal of destabilizing loads, and
head scarp stabilization).72,73 These
methods are employed by qualified
professionals. Best practices for
design are defined in local government
design standards, professional
practice guidelines prepared by
EGBC, and informal guidebooks from
various Canadian and international
government agencies, such as the
Forest Road Engineering Guidebook74
and the Washington State Department
of Transportation, Geotechnical Design
Manual.75 These methods for reducing
the potential for landslide release
are generally successful at reducing
landslide risk from engineered
slopes and from land development,
except when the designers lack
sufficient experience and expertise.
It is generally not feasible nor cost
effective to fully stabilize large natural
slopes and large existing landslides,
although drainage measures and
re-vegetation can improve some
landslide types (Figure 3).
CONTROLLING THE
LANDSLIDE IMPACT ZONE
Methods that control the landslide
impact zone aim to stop or redirect
a landslide away from harm after
it has released. These methods are
applicable primarily to fast-moving
landslides like rockfalls, debris flows,
8
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and debris avalanches that tend to
pose life-loss and service disruption
risk. Methods include rockfall barriers
and nets (commonly used along
highways and railways), debris flow
barriers, basins, diversion berms, and
engineered channels.76

Local governments
have a political
mandate to protect
citizens, yet they
often lack the
financial resources
to undertake large
engineering design
and construction
projects and to
pay the long-term
operation and
management costs.

Highways and railways tend to
have the land tenure and allocated
resources needed to protect against
high-frequency landslides, particularly
at sites with a documented history of
landslide activity. Local governments,
however, particularly in rural areas,
struggle to design and construct large
protection structures that reduce
landslide risk to “safe” levels,77 despite
such structures being technically
feasible. Local governments have
a political mandate to protect
citizens, yet they often lack the
financial resources to undertake large
engineering design and construction
projects and to pay the required
long-term operation and maintenance
costs. Local governments compete for
funding of capital costs from a variety
of provincial and federal grants, but
the grants can take years to secure
without a guarantee of success and
often have a maximum value that is

Figure 3: Church Road slide at Highway 97, May 17, 2021. The spring freshet resulted in flooding
and damage at over 90 road sites in the Cariboo (Photo: flickr/Ministry of Transportation and
Infrastructure).

insufficient and unrelated to the cost
of reducing risk to a tolerable level.
Winning a grant is a function of many
factors (e.g., number of applicants,
timing of submittal, availability of
grant money, quality of application)
that are unrelated to the urgency of
need for a particular community, and
ultimately there is not enough funding
to meet the requests of all applicants.
Although funding is available through
Emergency Management BC for
imminent landslide threats during and
following disasters, historically this
funding stream has not been available
for construction of proactive landslide
protection measures.
REDUCING VULNERABILITY
TO LANDSLIDES
Methods that reduce vulnerability
to landslides aim to reduce the level
of consequence that could arise if
a landslide were to encounter an
element. Commonly used methods
include constructing impact-resistant
structures and proactive emergency
response and recovery planning.

Winning a grant is
a function of many
factors . . . that are
unrelated to the
urgency of need
for a particular
community, and
ultimately there is
not enough funding
to meet the requests
of all applicants.
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Potential physical damages caused
by landslides can be reduced by
impact-resistant construction.
Owners of linear infrastructure like
pipelines, powerlines, roads, and
railways have many methods for
reducing physical damage caused
by landslides, such as using heavy
walled pipe, changing the depth of
burial, using lightweight backfill, or
using erosion-resistant materials for
road surfacing and subgrades.78 These
practices are well established in BC
and regularly applied. For residential
development, physical damages can
be reduced with elevated construction
levels, reinforced walls, careful
window and door placement, and
building-specific protection berms
and barriers. Although common in the
European Alps, few landslide-resistant
buildings have been constructed in
Canada. Restrictive covenants and
indemnity covenants are used by
local governments to establish design
requirements under which a property
can be safely developed (e.g., flood
construction level on a debris flow
fan) and to provide a waiver of liability
in favour of the local government or
the Province.79 The requirements can
reduce physical damages that occur
due to a landslide, but the waiver of
liability transfers the financial risk
from the government to the property
owner. The liability transfer may be a
necessary means of limiting liability
exposure for governments and
third-party consulting firms. Landslide
insurance may offer homeowners
some protection from the related
financial risks; unfortunately, landslide
insurance is not currently available
in BC. From the insurance industry’s

perspective, it is not practicable to
insure a relatively small group of
potential high-risk policy holders.80
Proactive emergency response and
recovery planning can reduce nonphysical vulnerabilities to landslides.
For economic risks, this can be done
by reducing the duration of service
disruption and optimizing the recovery
and repair method by, for example,
writing contracts with maintenance
and repair contractors, establishing
detours, developing maintenance
designs in advance, and staging
equipment. For safety risks, this can
be done by developing emergency
response plans, improving response
coordination, and increasing public
awareness of landslide hazards.81
Local authorities in BC lead response
activities in their jurisdictions and
receive support for significant events
through Emergency Management
BC.82 As soon as local authorities, the
Province, and/or qualified engineers
and geoscientists become aware
of existing developments within
landslide hazard areas, they are
required to notify leaseholders or
landowners of the landslide risk.83

Province-wide
guidance on the level
of tolerable landslide
risk is not available,
and government
authorities are
developing their own
definitions of “safe.”

GAPS
While considerable strides have been
made to reduce landslide risk in BC,
gaps in practice remain, including:
1. Hazard event record keeping
– Records of landslide events
that include information such as
impact intensity, duration, lives
lost, injuries, service disruptions,
direct economic losses, and
indirect economic losses (e.g.,
business interruption losses) are
limited, incomplete, or privately
held by infrastructure owners. The
lack of publicly available records
introduces large uncertainties
into consequence estimation for
risk assessments, which impedes
accurate risk estimation, the
use of cost-benefit assessment
for resource allocation, and
comparison of risks between
hazard types and hazard sites.
2. Education of professionals – In
BC, there are examples of
landslide risk management
projects completed by practicing
engineers and geoscientists that
do not meet important aspects of
professional practice guidelines.
Continual education of practicing
engineers and geoscientists,
as well as knowledge sharing
within the community, is ongoing
through EGBC and is important
for maintaining and improving
professional practice standards.
3. Public awareness of landslide
hazards – A lack of public
awareness about landslides has
10
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led to landslide damages in BC.
For example, non-engineered
slope modifications have caused
landslides in the past, and people
have been killed by landslides
due to inappropriate reactions
to events. Improving public
awareness of landslide hazards is
important for helping individuals
manage their own landslide risk.
Public education of landslide
hazards has been an important
part of landslide risk management
within the District of North
Vancouver for years and provides
a good example of the associated
benefits and challenges.
4. Landslide susceptibility mapping
– Landslide susceptibility mapping
in BC is not available for much of
the province, including in many
developed areas. Understanding
the location of areas prone to
landslides is one of the first
steps in managing landslides, as
it provides a basis for land-use
regulation, development planning,
and risk reduction planning.
5. Landslide risks in context –
Currently, it is unclear which
hazard types pose the highest
risk, and which risks can be
tolerated in BC. Furthermore, it
is unclear which landslide sites
pose the greatest risk relative
to other landslide sites within
BC. Comparing all hazard sites
(regardless of hazard type) in a
common risk-based framework
would facilitate communication
and better resource allocation
decisions.

6. Guidance on landslide safety
levels – Province-wide guidance
on the level of tolerable
landslide risk is not available,
and government authorities are
developing their own definitions
of “safe.” In the absence of
overarching guidance, BC is
becoming a patchwork of different
policies that challenges the
consistency of provincial reporting
and planning. Establishing
provincial guidance on landslide
safety levels will be a difficult
task that requires dedicated
resources and collaboration
between governments, qualified
professionals, and the planning
community. There are many
challenges to overcome,
including: developing guidelines
for different development
types (e.g., existing/proposed,
developments of different sizes),
managing inconsistency between
jurisdictions that have existing
policies, and implications for
development in existing landslide
hazard zones. These challenges
will be easier to overcome the
sooner they are addressed.
7. Unavailable landslide insurance
for private property owners –
There is currently no means to
insure properties against landslide
hazards in BC. Landslide insurance
could provide the incentive for
implementing risk reduction
measures through rate control and
could help distribute economic
risks more evenly. The business
case for landslide insurance in
Canada is likely only practical
if risk from multiple hazards is

pooled. New Zealand and Norway
have functional multi-hazard
insurance schemes available for
homeowners that cover landslides.
8. Information sharing – Most
information that describes, or
that could be used to understand,
landslide hazard and risks in BC
is not publicly available. This is
primarily information collected
by consultants for individual
homeowners or the private sector,
but also includes information
collected by public agencies or
university researchers. There are
legal and practical barriers to
sharing this information, such as
copyright and limitation of liability,
which are reducing public access
to this information.
9. Coordinated risk management
activities – Landslide risk
management decision making and
resource allocation is currently
spread among many entities,
including multiple provincial
government agencies, local
governments, private companies,
and individual professionals.
Coordination between the entities
can improve consistency, data
sharing, and resource allocation
as well as reduce potential
duplication.

OPPORTUNITY
RECOMMENDATIONS
The gaps described above
are opportunities to improve
the efficiency of landslide risk
11
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Table 2. Recommendations84
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management practice and
reduce landslide risk in BC. The
recommendations in Table 2 are
more immediate steps that can be
taken to address those gaps. The
recommendations provided above
are solely the opinion of the authors
and not the contributors or their
organizations.

THE CHALLENGE
When considering gaps listed in this
article, overcoming informationsharing barriers presents a complex
challenge with no clear path forward.
In the current context, sharing
information about landslide hazards
and risks can lead to litigation,
economic damages, or opportunity
losses for the parties involved.
In extreme cases, this has led to
situations where owners of different
infrastructure that cross the same
landslide hazard zone won’t share
data. There are also cases where data
collected by researchers through
publicly funded grants is not shared
due to limitations in data sharing
infrastructure, is only shared to obtain
co-authorship rights, or is not shared
at all. Overcoming data sharing
challenges will likely require specific
legislation or significant changes to
provincial organization and input from
many groups, including professional
engineers and geoscientists, the legal
community, all levels of government,
researchers, and the private sector.
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ABOUT
VOLCANOES
DESCRIPTION
Volcanoes are complex systems
with multiple potentially destructive
interacting hazards. The types and
characteristics of hazards depend
on eruption magnitude, intensity,
style (explosive or non-explosive)
and duration, and may include
explosions of tephra (volcanic ash,
lapilli, blocks and bombs), pyroclastic
density currents (PDCs: hot flows
of gas, ash and rock that travel
downslope at high speeds), lahars
(volcanic debris flows), lava flows,
gas emissions, landslides, outburst
floods, earthquakes and tsunamis
(at volcanoes beside or beneath
water). Volcanic hazard footprints
vary in space and time: For example,
lahars may travel tens of kilometres
downstream in valleys, while ash
and gas may be carried thousands
of kilometres downwind (Figure 1).
Some hazards occur only during
eruptions, while others may continue
long afterwards (e.g., resuspension
of loose ash by wind). Landslides are
common at many volcanoes, even in
the absence of volcanic unrest, due
to steep, fractured rock altered and
weakened by interaction with heated

acidic fluids. Some hazards (e.g., ash)
are unique to volcanoes.i

VOLCANO THREAT
AND RISK
All of Canada’s potentially active
volcanoes are in BC and Yukon,
though most (326 of at least
348 vents, distributed across 28
complexes or fields) are in BC. The
annual probability of an eruption
is at least 1/2001; this estimate is
based on a count of the total number
of eruptions in Canada over the last
10,000 years. Annual probabilities of
eruptions at most individual volcanoes
are poorly known. Canadian volcanoes
have been ranked for threat2 using a
semi-quantitative system developed
by the United States Geological
Survey3; this threat is not synonymous
with quantitative risk (which cannot
be assessed because of insufficient
information on the probability of the
hazard) but instead evaluates the
qualitative risk to people and property
by scoring each volcano on a series
For definition of all volcanogenic hazards, see
Resources: Hazard Information Profiles.
i

All of Canada’s
potentially active
volcanoes are in BC
and Yukon, though
most are in BC. The
annual probability
of an eruption is at
least 1/200. Five BC
volcanoes pose “high”
to “ very high” threat
levels.
2
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of geology and exposure factors,
thus allowing identification of the
volcanoes most likely to harm people
or damage property.

Figure 1: Eruption column produced during the May 18, 1980, eruption of Mount St. Helens,
WA. Explosive eruptions produce tephra (rock fragments). While the largest fragments are
deposited near the volcanic vent, the smallest material, ash (particles less than 2 mm across),
is easily carried upwards within the plume and then carried downwind for very long distances
(hundreds or thousands of kilometres). Due to its small size, abrasiveness, and widespread
distribution by wind, ash can cause major damage to buildings, transportation networks, water
treatment systems, power supplies, communications, machinery (including aircraft), and
agriculture and may also pose health hazards to people and animals. (Photo: A. Post).

Five BC volcanoes pose “high” to
“very high” threat levels. Although
Canadian volcanoes are virtually
unknown and are commonly
overlooked in tabulations of natural
hazards, it should be noted that these
are significant threats that merit
mitigation. The “very high” threat
classification, into which Mounts
Meager (Qw’elqw’elústen) (Figure
2) and Garibaldi (Nch’ḵay’) fall, is
the same category that includes
numerous US volcanoes widely
recognized as dangerous, including
Mount Baker and Mount St. Helens
in Washington. Mounts Cayley
(Sxel’tskawu7), Price, and Edziza
fall within the “high” threat category
(which includes Mount Adams
in Washington and Yellowstone
in Wyoming). Four of Canada’s
highest-threat volcanoes (Meager,
Garibaldi, Cayley, and Price) are
located in southwestern BC’s Sea to
Sky corridor (in the area of Highway
99, from south of Squamish to north
of Pemberton) (Figure 3), which
has more than 33,000 permanent
residents and lies on busy air traffic
corridors of western North America.
US volcanoes may also produce
ash fall or (for Mount Baker) lahars
or floods that may impact Canada,
particularly Southwest BC, which
includes Metro Vancouver.
Depending on the location and nature
of an eruption, many types of assets
may be exposed. Landslides, lahars,
and PDCs may bury or destroy people,
3
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buildings, and infrastructure. Lava
flows destroy buildings but typically
move slowly enough for people to
escape easily. Volcanic ash can cause
roof collapse, reduce visibility, make
surfaces slippery, damage machinery
(including heating and ventilation
systems, telecommunications, and
aircraft), damage power transmission
lines, affect water treatment, damage
crops, contaminate soils, harm
animals, and pose respiratory health
risks.
The dynamic multi-hazard nature of
volcanoes means risks, vulnerabilities
and impacts are complex. Remote
volcanoes may pose ash risks to
regional air corridors or settled areas
hundreds of kilometres downwind.
Buildings on low ground near rivers
may be more at risk from lahars than
those on high ground, while buildings
directly downwind may be more at
risk of ash fall than those upwind.
Roof construction affects building
vulnerability to ash deposition, while
wetting of ash by rainfall makes all
buildings more vulnerable. Remote
communities may have greater
risks of disruption of transportation
or power infrastructure, which is
commonly located in valley bottoms
at risk of lahars and PDCs. Potential
impacts could be significant for those
Indigenous communities whose
populations and cultural resources
are located near a volcano. Cascading
impacts are also probable (e.g., ash
fall on transportation corridors limits
access and evacuation and may
disrupt supply chains; cleanup of ash
is necessary but time consuming,
costly, and labour intensive, and thus

Figure 2: Mount Meager, showing Plinth Peak and the Job Glacier, including fumaroles (hot gas
vents) that melted through the ice and were reported in 2016. (Photo: R. Warwick).

Figure 3: Location of Canadian volcanic vents (grey triangles), and the volcanic complexes or
fields that have been ranked according to threat level (red triangles). Modified after Wilson and
Kelman, 2021.
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may interfere with other components
of crisis response).
The nature of many volcanic hazards
makes recovery difficult, as lava, PDCs
and lahars may completely destroy or
bury infrastructure. Volcanic eruptions
also differ from other natural hazards
in their timelines because unrest prior
to an eruption may last days to years,
and lahars and ash remobilization by
wind may continue for years after an
eruption. Unrest does not always lead
to eruptions, and even under the best
conditions of intensive monitoring
at well-understood volcanoes, there
will be uncertainty in forecasting the
outcome of unrest. This can result in

lengthy periods of uncertainty and
crisis linked to unrest, whether or not
an eruption actually occurs (Figure 4).
Climate change may affect hazards
and risks at glaciated volcanoes
because melting of glaciers (which
may be significant) removes support
from unstable slopes and may lead
to higher pore pressure in ground
water, increasing the probability of
landslides. Climate change may also
impact crisis response, since extreme
weather, wildfires and other hazards
linked to climate change may divert
needed resources and make access
difficult if they occur simultaneously
with volcanic crises.

PAST EVENTS
At least 49 eruptions in Canada have
been identified in the geological
record since the last ice age. Many
were highly destructive. The eruption
of BC’s Mount Meager around 2,400
years ago scattered ash across
central BC and Alberta and caused an
outburst flood and lahar traceable 65
km downstream in the Lillooet valley.
Only one historical eruption is well
documented, but it gives an idea
of the level of destruction possible
from a relatively small-volume
eruption: The Tseax Cone eruption
in northwestern BC, around 1700
CE, caused up to 2,000 deaths
in the Nisga’a Nation, and lava
flows modified the course of a
river.4 Landslides occur at many
BC volcanoes, especially at Mount
Meager: Its 2010 landslide of 53
million m3, conditioned by glacier
retreat and triggered by hot summer
weather that increased ice and snow
melting and led to heightened pore
water pressure,5 was the largest
historic slide in Canada, and a 1975
landslide at Mount Meager killed
four people.6 Worldwide, there
is substantial evidence for the
destructiveness from eruptions; even
unrest not followed by eruptions has
had, in some cases, socioeconomic
impacts.

DRIVERS OF RISK

Figure 4: Comparison of the event timelines of natural hazards. Volcanic eruptions typically
have a much longer warning phase before the onset of eruption, and eruptions can last much
longer than other natural hazards. Modified from USGS.

Volcanic risk varies with eruption
magnitude, style (explosive or
non-explosive), and hazards, but is
generally linked to proximity to the
volcano, particularly in low-lying
5
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areas. Infrastructure development
along river valleys is a significant
driver of risk: Along the Lillooet valley
near Mount Meager, the landslide
threat exceeds international risk
tolerance thresholds for loss of life7
and continued development increases
the exposure to this hazard. Similarly,
development in Squamish and along
Highway 99 increases exposure
to volcanic hazards, especially
landslides.
Increases in air traffic, infrastructure
development, and population also
drive increases in risk from volcanic
ash. The moderately sized 2010
Eyjafjallajökull eruption in Iceland
caused about US$5 billion in losses to
aviation and businesses globally,8 and
the recent 2022 eruption of Hunga
Tonga–Hunga Ha‘apai in Tonga shows
the wide reach of volcanic hazards
across the Pacific basin.9 There is
clearly significant potential for losses
in BC from explosive eruptions both
within and outside the province.

UNDERSTANDING
RISK
WHAT SOURCES
HELP US
UNDERSTAND
HAZARD AND RISK
The key information needed for
volcanic disaster risk reduction is
identification of the highest-threat
volcanoes, hazard mapping and risk
assessment, and monitoring data.
Volcano monitoring is the systematic
collection, analysis, and interpretation

of data about seismic activity, ground
deformation, gas emissions and other
phenomena, and is the only scientific
basis for short-term (hours to weeks)
forecasts of volcano behaviour.
Natural Resources Canada (NRCan)
is the lead federal government
geoscience agency in Canada. Its
mandate includes informing natural
hazard risk reduction, and it conducts
research and monitoring of multiple
natural hazards, including volcanoes.
However, a large proportion of volcano
research and monitoring comes from
universities, industry, and government
agencies. International collaborations
and Canada’s Indigenous communities
are a major potential source of
knowledge and expertise, although
these have not yet been explored in
detail through effective engagement
and partnerships. Data platforms such
as the Federal Geospatial Platform
and the numerous satellite geodata
platforms may also be used to support
evidence-based assessment and
planning for volcanic risks; most
available information is qualitative.

GAPS IN RISK
INFORMATION
Significant gaps in the information
needed for volcanic risk reduction
exist in Canada. The Canadian
Disaster Database does not include
volcanic eruptions, there is no publicly
available eruption database, and
knowledge about volcanic risk in
Canada is minimal. Canada has no
guidelines for volcanic hazard and risk
assessment.ii
Globally, guidelines for volcanic hazard and
risk assessment and data collection are being
ii

These information gaps limit
understanding of long- and short-term
volcano behaviour through cycles of
dormancy, unrest and eruption. The
highest-threat volcanoes have been
identified, an activity which is key
to prioritizing limited resources for
risk reduction, but the lack of basic
geological information of even these
highest-threat volcanoes limits the
capacity for hazard assessment.
Only two preliminary volcanic hazard
assessments10,11 and one volcano
landslide risk assessment12 have been
done. The lack of hazard assessments
is the most significant information
gap because hazard maps present
information about location, type,
magnitude, and frequency of hazards,
and thus are key to fully informed
land use, emergency planning and
monitoring as well as a prerequisite
for any risk assessment. The lack
of information about Canadian
volcanoes has led to a perception
of minimal to insignificant risk
not commensurate with available
evidence.
A second critical information gap
in Canada stems from the lack of
continuous dedicated monitoring
initiated while volcanoes are
dormant. Eruptions are almost always
preceded by days to years of unrest,
including small earthquakes, ground
deformation, and gas emissions.
However, lack of monitoring means
that these warning signals may be
developed (e.g., Global Volcano Model),
and numerous databases exist, notably, the
Smithsonian Global Volcanism database, the
Volcano Global Risk Identification and Analysis
Project (VOGRIPA), and WOVOdat (a database of
precursors to eruptions).
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missed entirely or not detected
within a time frame that allows for a
meaningful scientific interpretation
and a practical emergency response.
Volcano monitoring data inform
the understanding of a volcano’s
structure, hydrothermal systems,
and potential hazards, thus also
improving the quality of hazard
assessments. The ability to detect
unrest and track the course of unrest
is a key component of volcano early
warning systems, including short-term
forecasting of behaviour (over hours
to weeks).
Canada’s monitoring resources are
distributed across government,
academia, and industry, and thus are
not easy to locate and integrate when
needed. Volcanoes lie within NRCan’s
regional seismic network, but this
network is not optimized to detect and
locate the numerous tiny earthquakes
characteristic of volcanic unrest.
NRCan has resources for infrasound
and GPS monitoring of ground
deformation, as well as landslide
expertise, though these resources are
not currently deployed for volcano
monitoring. An InSAR (Interferometric
Synthetic Aperture Radar) ground
deformation monitoring program
is under development by NRCan.
Local universities, in partnership with
NRCan, have monitoring equipment
and expertise that has been applied
most recently to Mount Meager,
and landslide detection and alerting
systems are being developed in
collaboration with corporate partners.
Many satellite platforms are available
to acquire various types of volcano
data that may indicate unrest.

Almost all monitoring is done only
in response to perceived or potential
unrest (often discovered by chance),
routine funding is minimal, and most
collaborations are informal. If unrest
were to be detected at a Canadian
volcano, it would be challenging
to interpret, because of the lack of
baseline (non-unrest) monitoring
data, and because of the paucity
of geologic knowledge (about rock
types, faults, groundwater, and other
features that may influence unrest
signals and eruptions). It would also
likely be challenging to try to install
sufficient monitoring equipment
during an escalating unrest crisis.
In Canada, there has been no
coordinated approach to prioritizing
the most urgent volcanic risk
reduction activities, and the scope of
any given activity depends largely on
funding availability. The inability to
provide information about long-term
volcano behaviour (through hazard
mapping) hinders risk management
through land-use planning. The
inability to provide information
about short-term volcano behaviour
(through monitoring) means early
warning systems are effectively
nonexistent.

REDUCING RISK
PRACTICE AND
CAPABILITIES
The current practice of volcano risk
management in Canada is shaped by
the lack of volcano risk governance
and paucity of information. Volcanic
risk reduction requires a number

In Canada, there has
been no coordinated
approach to
prioritizing the most
urgent volcanic risk
reduction activities,
and the scope of
any given activity
depends largely on
funding availability.
The inability to
provide information
about long-term
volcano behaviour
(through hazard
mapping) hinders
risk management
through landuse planning. The
inability to provide
information about
short-term volcano
behaviour (through
monitoring)
means early
warning systems
are effectively
nonexistent.

of key activities: identification of
threatening volcanoes, hazard
mapping and risk assessment at
the most threatening volcanoes,
and monitoring of parameters (like
earthquakes, deformation, and gas
emissions) that may indicate unrest.
Without these basic information
provision activities, higher order
risk reduction activities like landuse planning and emergency
preparedness planning (including
evacuation planning) are impossible.
7
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Volcano risk reduction activities in BC
and Yukon are not comprehensive or
consistent and occur only where they
are driven either by research interests
unrelated to hazards or by specific
events. For example, the geology
and structure of Mount Meager
are comparatively well-understood
due to geothermal exploration and
development there. Similarly, the
fortuitous discovery of fumaroles
under the Job Glacier at Mount
Meager in 2016 led to investigations
of its gas emissions. However, other
threatening volcanoes, such as Mount
Garibaldi and Mount Cayley, have
been less thoroughly investigated. In
addition, the role of climate change in
volcanic risk is only beginning to be
explored.
The Emergency Management Act
outlines the federal policies and roles
of stakeholder agencies in promoting
public safety for hazards, while in
BC, the Emergency Program Act,
currently being updated, provides the
legislative framework for management
of disasters. However, inclusion of
volcanoes within a generalized risk
management framework does not
necessarily facilitate the assembling
of the resources and interagency
cooperation needed to complete
basic risk reduction activities.
Multiple agencies (e.g., Emergency
Management BC) have roles in public
safety with respect to volcanoes but
their ability to fulfill them depends on
the provision of scientific information
from NRCan and its partners. Thus,
many emergency plans include
volcanoes on lists of hazards but
not in detailed emergency planning.

Available public education resources
about Canadian volcanoes are few
and general awareness of volcanic risk
is low.
A key strength is Canada’s ability to
deal with airborne volcanic ash. The
Volcanic Ash Advisory Centre (VAAC)
in Montreal conducts volcanic ash
transport and dispersal modelling
and ash forecasting in concert
with the other VAACs worldwide.
The Interagency Volcanic Event
Notification Plan (IVENP) ensures
rapid and effective communication of
information to the aviation community
(and other key agencies) about the
sudden onset of volcanic eruptions
within or near Canada. Events like
the 2010 Eyjafjallajökull eruption in
Iceland show that moderate eruptions
adjacent to critical transportation
networks can have widespread
impacts.

GAPS IN RISK
REDUCTION
PRACTICE
The main gap in volcanic risk
reduction practice in BC is the lack of
a volcanic disaster risk governance
framework: a system of institutions,
mechanisms, policies, legal
frameworks, and other arrangements
that guides, coordinates, and oversees
volcanic disaster risk reduction. The
governance framework should be
transparent, inclusive, collective,
and efficient in order to reduce the
existing risks and avoid creating new
risks. Without such a governance
framework, a systematic approach to
understanding and managing volcanic
risk is impossible.

The other significant gap is the lack
of guidelines for volcano hazard and
risk assessment and monitoring.
Such guidelines should be informed
by international examples but
adapted to fit the Canadian setting.
Threat-based monitoring guidelines
similar to those developed for the
US National Volcano Early Warning
Systems (NVEWS)13 could be created
for Canada. As Canadian volcanoes
are now ranked by threat with the
same system used in the US, there is
justification for the recommendation
of similar monitoring levels for
Canadian volcanoes of similar threat
levels. Guidelines for long-term risk
reduction (through land-use planning
and emergency response planning)
would also be beneficial, but such
guidelines will not be meaningful
unless agencies that engage in these
activities have the basic scientific
information they need for rational
decision making, which can only be
provided through basic geological
research, volcanic hazard and risk
assessment, and monitoring.

OPPORTUNITY
RECOMMENDATIONS
Three key activities will substantially
improve the understanding of volcanic
risk and the practice of volcano risk
reduction in Canada. Development of
a volcano risk governance framework
would significantly facilitate their
implementation (Table 1).
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Table 1: Recommendations

THE CHALLENGE
The most challenging aspect of
reducing volcanic risk in Canada
is dealing with the risk from longdormant volcanoes with limited
or no historic unrest—a challenge
common to some other high-impact,
low-frequency hazards. Volcanoes
may be dormant for many hundreds
or thousands of years (e.g., the last
known eruption of Mount Meager
was 2,400 years ago), and many
large eruptions worldwide have

occurred at volcanoes perceived
to pose negligible risks or to be
extinct. Because of the lack of
personal or institutional experience
of eruptions in Canada, people tend
to underestimate their probability
and potential consequences. The
long recurrence intervals of Canadian
volcanoes greatly exceed the length
of program funding cycles or political
administrations, so mitigation
activities may be deferred indefinitely
and repeatedly in order to fund risk
management activities for frequently

occurring hazards that are more likely
to occur during a given time period.
Volcano risk reduction is also hindered
by perceptions that there are few or
no mitigation options, that mitigation
is too costly to justify, or that a
volcanic crisis can be successfully
mitigated by adding monitoring
equipment after unrest has begun.
There is a lack of understanding that
the most fundamental actions to take
to support volcanic risk reduction
are hazard and risk assessment and
9
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long-term monitoring. Early warning
systems for volcanoes effectively
consist of monitoring (in order to
understand what a volcano will do
over time frames of hours, days, or
weeks) and the capacity to convey
this information effectively to those
who need it (such as emergency
management agencies, civil
authorities and the public). There
is also a lack of understanding that
higher order risk reduction activities
(e.g., emergency response planning
and land-use planning) require the
information from hazard and risk
assessment and monitoring in order
to be effective.
These misperceptions make
designing risk reduction actions
difficult. Because all actions carry at
least some cost, if quantitative risk
information is lacking, there is no
cost justification for any action, and
it is likely that there will be no actions
taken or that only low-cost actions
will be taken. The issue needs to be
approached from the perspective of
needing to provide the basic hazard
and risk information required to do
land-use and emergency planning at
volcanoes.
The above challenges can be better
addressed in Canada by creating a
volcano risk governance structure that
identifies roles and responsibilities of
all agencies and stakeholders clearly
and includes guidelines for hazard
risk assessment and monitoring. It
would also be advantageous to find
synergies with other scientific work
and to emphasize the positive benefits
of volcano risk reduction activities,

These challenges can
be better addressed
in Canada by creating
a volcano risk
governance structure
that identifies roles
and responsibilities
of all agencies
and stakeholders
clearly and includes
guidelines for hazard
risk assessment and
monitoring.

some information about potential
unrest, and future system upgrades
might be planned in order to provide
more information about volcanic
activity. Identifying and taking
advantage of these synergies may
help to reduce the risk from both
volcanoes and other hazards.

such as informed development and
the ability to provide ongoing volcano
status, which will increase public
confidence and awareness.
Learning about volcanoes has many
areas of overlap with other sciences
and arenas of hazard and risk
knowledge: Geologic research for
hydrothermal or mineral exploration
provides information key to evaluating
volcanic hazards, while studies of
glaciers may reveal information useful
to assessing volcanic landslide hazard
and risk. Many types of monitoring
provide information relevant to
volcanoes: For example, stream
gauges and other river monitoring
can provide information relevant
to volcano-related flooding and
lahars, while satellite platforms used
to monitor weather systems and
pollution may be used to monitor
volcanic ash and gas. Other natural
hazard risk reduction work has
benefits for volcanic risk reduction
too. For example, Canada’s existing
seismic network provides at least
10
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RESOURCES
1. A description of each of hazard information profiles (HIPs), developed using a
consultative process by scientists and experts across the globe:
UNDRR-ISC, Hazard Information Profiles: Supplement to UNDRR-ISC Hazard
Definition & Classification Review — Technical Report (2021): 203–237.
Accessed February 28, 2022. https://www.undrr.org/publication/hazardinformation-profiles-supplement-undrr-isc-hazard-definition-classification
2. International network of institutions and organizations with the aim of creating
a sustainable, accessible information platform on volcanic hazard and risk:
Global Volcano Model network. Accessed March 3, 2022. https://wovo.
iavceivolcano.org/news/5-global-volcano-model-website
3. A proposed United States national-scale plan to ensure volcano monitoring at
levels commensurate to their threats:
National Volcano Early Warning System. Accessed March 3, 2022. https://www.
usgs.gov/programs/VHP/national-volcano-early-warning-systemmonitoring-volcanoes-according-their-threat
4. The USGS Volcano Hazards Program is aimed at enhancing public safety and
minimizing social and economic disruption from volcanic unrest and eruption:
USGS Volcanic Hazards Program. Accessed March 3, 2022. https://www.usgs.gov/
programs/VHP
5. A resource provided by Natural Resources Canada to inform the public about
volcanoes and volcanic hazards in Canada:
Volcanoes Canada, Natural Resources Canada. Accessed March 3, 2022. https://
chis.nrcan.gc.ca/volcano-volcan/can-vol-en.php
6. This project aims to provide systematic information on global volcanic activity,
hazards and vulnerability to identify locations at high risk from volcanism and
gaps in knowledge about hazards and risk:
Volcano Global Risk Identification and Analysis Project (VOGRIPA). Accessed March
3, 2022. https://www2.bgs.ac.uk/vogripa/
7. A comprehensive global database on volcanic unrest aimed at understanding
pre-eruptive processes and improving eruption forecasts:
World Organization of Volcano Observatories (WOVOdat). Accessed March 3,
2022. https://www.wovodat.org/
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ABOUT
WILDFIRES
DESCRIPTION
Wildfires can occur anywhere there
is flammable wildland fuel. In BC this
includes about 65 million hectares
of forest and grasslands. However,
wildfire hazard—understood as
the probability of a severe wildfire
fire event at a particular location
in a specified time period—varies
over an order of magnitude in BC,
depending on the prevalence of hot,
dry, and windy weather conducive
to the drying of forest fuels and fire
spread, the incidence of lightning and
human ignitions, and vegetation and
topographic conditions.
Wildfires can be ignited in wildland
vegetation (natural or modified forest,
grassland, or shrub fuels) by lightning
strikes or human causes (such as
sparks from vehicles and equipment,
friction from machinery, electrical
arcing, downed power lines, campfires
and other open burning, discarded
matches and cigarettes, and arson)
when the moisture content of surface
fuel particles drops to ⪅15%. Once
wildland fuel particles are ignited,
the heat generated by combustion
can dry, heat, and ignite adjacent
fuel particles resulting in fire spread;
a wildfire will continue to spread as
a self-sustaining process as long as
there is available fuel. The rate of fire
spread varies depending on the fuel
and topographic conditions, wind
speed and exposure, and the type of
fire (crown, surface). Spread rates
can reach up to 6 km/hr in coniferous
2
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forest crown fires and 12 km/hr in
open grassland surface fires. The
amount of heat that is released at the
fire front, or fire intensity, depends
on the fire spread rate and the
amount of fuel that is consumed, and
is an important determinant of the
difficulty of control and the severity
of biophysical impacts to vegetation
and soil. Flame lengths, an indicator
of fire intensity, can range from <0.1 m
to 50 m.1
Smoke produced during incomplete
combustion of wildland fuel contains
a variety of chemical components,
including greenhouse gases (CO2,
NOx, CH4), low levels of pollutants
(CO, aldehydes, polynuclear aromatic
hydrocarbons), and fine particulate
matter (<2.5 microns) that pose a
risk to human health. Smoke can
be injected into the atmosphere
in a vertical convective plume and
transported hundreds to thousands of
kilometres, but it can also be trapped
locally under atmospheric inversion
layers, particularly in valleys. Embers
produced by strong convection in
wildfires are lofted in the smoke
plume and transported downwind
where they can ignite flammable
vegetation or structures ahead of
the main fire front. The number and
size of embers deposited ahead of a
fire varies with fuel conditions, fire
intensity and distance; most embers
are deposited within ~100 m of the fire
front, but they can also be transported
two or more kilometres.
In BC’s Northern Interior, boreal
forests typically sustain large
crown fires starting in early spring.

In the Southern Interior, diverse
vegetation from valley bottoms
to upper mountain slopes sustain
mixed-severity (surface and crown)
fires; peak fire season is mid-July to
mid-August. Large wildfires are less
common in coastal forests as marine
influences keep temperatures lower
and humidity moderate, and there
are fewer lightning storms. Severe
coastal wildfires burn during extreme
droughts and can be exacerbated
by offshore outflow events bringing
hot, dry air from the Interior with
high winds. Large landscapes with
similar biophysical characteristics and
potential fire hazard and overlays of
similar human systems of settlement
and land use have been termed
“firescapes.”2 Many precolonial
firescapes had different seasonal
patterns and fire severity due to
Indigenous fire stewardship, which
included intentional cultural burning
practices (Figure 1).

WILDFIRE IMPACTS,
VULNERABILITY, AND
RISK
Forests and grasslands in BC and
their associated ecosystem services
and natural resource values are
directly impacted by wildfires. People,
homes, and infrastructure located
in the wildland-urban interface
(WUI, or landscape community
interface) are potentially exposed
when wildfire spreads from wildlands
to a settlement (Figure 2). The
likelihood of exposure to flame, heat,
and embers increases with fire size
and the length and dispersion of the
settlement edge; most structure
losses are due to ignition by embers.
Because wildfire smoke can be
transported over long distances and
dispersed oved large regions, most
settlements in BC can be affected by
smoke.
Direct, immediate impacts of wildfire
include combustion of vegetation and
damage or destruction of buildings

Figure 1: Fire scars on a western larch from Canal Flats showing an approximate 40-year
historical fire return interval (Photo: Natural Resources Canada).
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Approximately 45% of dwellings in
about 200 Indigenous communities,
154 municipalities, and numerous
unincorporated communities across
28 regional districts in BC are situated
within 2 km of potentially flammable
wildland fuel3 (this is similar to
estimates in Washington and Oregon)
but have differing potential exposure
and vulnerability to wildland fire.
Vulnerability refers to the physical
attributes of a structure, the social
and demographic attributes of a
population, the social and economic
attributes of a community, and
the characteristics and processes
in ecosystems that increase their
susceptibility to wildfire impacts.
Figure 2: Okanagan Mountain Park fire at the wildland-urban interface in Kelowna, 2003
(Photo: BC Wildfire Service).

and fences, cultural resources and
archaeological sites, industrial
structures and infrastructure,
agricultural crops, forest resources,
and critical wildlife habitat.
Wildfires at the WUI can trigger
urban conflagrations where a fire
spreads from structure to structure,
independent of the wildfire. Wildfire
evacuees experience psychological,
emotional, and economic stress,
exacerbated by repeat or extended
evacuations. Exposure to smoke
can have negative health impacts,
particularly in vulnerable individuals.
Smoke reduces visibility, disrupting
road and air transportation, tourism,
and can negatively impact some
agricultural crops.
Longer-term impacts of wildfire can
include physical and psychological
health impacts to people, particularly

for evacuees, emergency services
personnel, and firefighters. Economic
losses result from interruptions to
resource extraction, tourism, and local
businesses. Both direct suppression
costs and costs of recovery from
damage to structures, infrastructure,
and ecosystem services (e.g., drinking
water supply) can be substantial.
Wildfire can contribute to subsequent
disasters or disturbance cascades.
Wildfires reduce the cover of
vegetation and surface organic layers
that shelter soils from the impact
of rainfall. Intense precipitation on
bare, burned soils increases overland
and stream flow and may result in
erosion, debris and mud flows, slope
failures, sedimentation, and degraded
water quality and aquatic habitats in
streams.

Approximately 45%
of dwellings in about
200 Indigenous
communities, 154
municipalities,
and numerous
unincorporated
communities across
28 regional districts
in BC are situated
within 2 km of
potentially flammable
wildland fuel (this is
similar to estimates
in Washington and
Oregon).

Wildfire risk comprises the total value
of the potential loss of life, injury, or
health impacts, destroyed or damaged
assets, ecosystem services and
cultural values, and economic and
business losses from fire events in a
4

1.5 Wildfires

specified time period, as a function of
hazard, exposure, and vulnerability.
Wildfire risk to structures increases
with fire hazard and exposure
and their vulnerability to ignition.
Community wildfire risk varies with
hazard, socioeconomic vulnerability,
and the capacity to plan for, mitigate,
and respond to and recover from
wildfire disasters. The likelihood of
multiple structure losses and large
evacuations is greater in larger
communities with a high density of
structures at the WUI edge. However,
smaller communities in remote rural
locations surrounded by forests may
have limited egress routes, thereby
increasing the need to evacuate while
the route remains open. Indigenous
communities face unique risks where
evacuation, fire suppression, and
recovery measures are not culturally
appropriate or impact cultural values.
Smaller communities face significant
barriers accessing expertise and
funding to develop wildfire response
and mitigation plans and to treat
hazardous flammable fuels in the
WUI. Forest-dependent communities
are at economic risk to reductions
in timber harvest or destruction
of industrial infrastructure due to
wildfires.

IMPACT OF PAST
EVENTS
An average of 1,350 wildfires burn in
BC each year, with extreme events and
fire seasons driving large ecological,
social, and economic impacts.
There were 55,696 wildfires in the
1980–2018 period (Figure 3); 313 of
these events (~0.6%) resulted in the

Figure 3: The recorded area burned by wildfire in BC between 1920 and 2021 is approximately
15 million hectares. Three of the largest fire years in the past 100 years in BC have occurred
since 2017 (Map: Natural Resources Canada).

evacuation of approximately 176,500
people (some for multiple events in
a fire season, some multiple times
over different fire seasons), and 39
events destroyed 625 structures.4 The
areas burned in 2017, 2018 and 2021
(1.22, 1.35, and 0.87 million hectares,
respectively) were the three largest
years in the past century. Smoke from
these wildfires resulted in prolonged
periods of reduced air quality over
extensive areas of BC, triggering
advisories and recommendations
for mitigation. Provincial states of
emergency were declared in each of
these years and direct suppression

costs were from $565 million to $645
million per year. Several personnel
were killed in wildfire response
operations between 2004 and 2020
and two people perished in the 2021
Lytton fire. Fires that have caused
multiple fatalities in similar firescapes
in the western US in recent years, as
well as historically in BC in the late
1800s and early 1900s (Barkerville,
Vancouver, Fernie), provide a further
reminder that deadly wildfires can
occur in BC.
Evacuations and structure and
business losses have led to ongoing
5
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and long-term social, psychological,
and financial impacts to individuals,
families, communities, and regions.
Post–fire season reviews have resulted
in administrative tools such as
community wildfire resilience plans
(see Practice, Policy, and Programs).

DRIVERS OF HAZARD
AND RISK
Wildfires are a natural and important
ecological process in many
ecosystems in BC. However, land
management practices, including
fire suppression, timber harvesting,
livestock grazing, and the disruption
of Indigenous fire stewardship,
have altered forest and grassland
composition, biomass, density,
and continuity, and have increased
potential fire severity over substantial
portions of BC, particularly in
ecosystems with shorter natural fire
cycles. At the same time, humancaused climate change is resulting
in more extreme fire weather in
BC5 and western North America,
as elsewhere,6 including increases
in daytime high and overnight low
temperatures, concurrent decreases
in daytime and overnight relative
humidity, increased vapour pressure
deficits, and prolonged droughts.
These changes translate to increased
fuel flammability and larger and
more severe wildfires that are more
difficult to suppress. Climate change
can also influence fire hazard by
altering vegetation dynamics (growth,
mortality, and regeneration) in
wildlands. A legacy of the mountain
pine beetle epidemic (which is partly
attributed to climate change) is

approximately 19 million hectares of
forest containing various proportions
of dead lodgepole pine. Extreme
heat and drought may increase plant
and tree mortality and fuels in some
ecosystems as well as reduce the
success of vegetation regeneration,
delaying ecosystem recovery. Wildfire
activity in BC is projected to continue
to increase over the next century.
Over time, and coupled with a warmer
climate, this may lead to loss of
closed forest cover and increases in
grasslands and shrublands in portions
of the Interior “drybelt.”
We have known for several decades
that wildfire risk in BC has been
increasing as the built environment
has expanded into fire-prone
wildlands, exposing vulnerable homes,
communities, infrastructure, and
other assets to changing wildfire
hazard.7 Because relatively few homes
and communities in Canada have
been constructed to be resistant to
wildfire, some experts claim that this
is not a fire problem, but a structure
ignition problem. Furthermore,
half of all fire ignitions are caused
by human activity; these are
concentrated around settlements and
transportation corridors.

UNDERSTANDING
RISK
WHAT SOURCES
HELP US
UNDERSTAND
HAZARD AND RISK
Wildfire hazard and risk varies from
place to place, from the level of the
individual property to the scale of
the province, over time. Short-term
wildfire hazard varies over hours
to days with changing weather
conditions, while medium- and longterm wildfire hazard and risk varies
between firescapes and over years to
decades with differences in terrain,
climate, fuel conditions, the likelihood
of ignition, suppression and other risk
control capacities, and the exposure
and vulnerability of assets at risk.
Wildfire hazard and risk assessments
are based on data and knowledge
of the likelihood and severity of
wildfires, the potential exposure of
people, structures, and other assets
to wildfires, and the vulnerability of
communities, structures, and other
assets to wildfires.
DATA SOURCES

Some experts claim
that [increasing
wildfire risk] is not
a fire problem, but
a structure ignition
problem.

Primary data on weather and climate,
vegetative fuels, topography, the
built environment and infrastructure
helps us understand wildfire hazard
and risk (Table 1). Data on past fire
events and post-fire damage and
loss also helps us understand risk.
BC reports statistics on the number
of fires and area burned each year,
based on operational mapping, and
6
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Table 1: Data sources used in wildfire hazard and risk assessment

BC Wildfire Service, Pacific Climate Impacts Consortium, Environment Canada and Climate Change, Natural Resources Canada, Integrated Cadastral Information
Society
i
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assesses changes in forest properties,
including timber volume. Natural
Resources Canada maintains an
evacuation database that records the
location, time, and duration of wildfire
evacuations, the number of evacuees,
and the number of structures
damaged or destroyed. These data are
gathered mainly from media reports.
Detailed information on health
impacts and vulnerability factors of
evacuees, or the characteristics of
structures damaged in wildfires, are
not collected systematically, excepting
that insurance industry groups track
insured losses.
Knowledge also comes from
observations and experience, from
Indigenous Knowledge Keepers,
from case studies of significant
or unusual events,8 and from
experimentation and adaptive
management. A guidance document
was recently developed to encourage
case studies of WUI fire events.9
Many communities rely on external
professionals to conduct wildfire
hazard and risk assessments.
INFORMING DECISION
MAKING
Wildfire data and knowledge are
used to develop information systems,
quantitative models, qualitative rating
schemes, and best practice guides,
which inform short- and mid- to
long-term wildfire risk management
decisions.

Information on short-term wildfire
hazard:
• The Canadian Forest Fire Danger
Rating System, including the
Canadian Forest Fire Weather
Index and the Canadian Forest Fire
Behaviour Prediction Systems, is
used to portray short-term fire
hazard. These systems indicate
the flammability of different fuel
components in relation to weather
and the potential fire behavior
(e.g., spread rate, intensity) in
relation to fuel flammability and
wind speed, should a fire occur.
Outputs are portrayed nationally
in the Canadian Wildland Fire
Information System (CWFIS)23 and
provincially in Fire Danger Rating
classes.24
• The locations, size, and status of
active fires or the Current Wildfire
Activity.25 Estimated fire spread
rates can be used to project the
growth perimeter expansion of
these active fires.
• Satellite (MODIS/VIRS) hot spot
mapping (e.g., Fire Information for
Resource Management System
US/Canada26; CWFIS27).
• Short- and medium-term weather
forecasts (ECCC, Spotwx.com,
other platforms).
• Estimates of fire growth and fuel
consumption are coupled with
atmospheric models to project
smoke transport in the BlueSky
Canada28 and FireWork29 smoke
models.

• BC Environment air quality
advisories and Smoky Skies
Bulletins.
• Short-term fire behaviour
and weather forecasts during
Emergency Management BC
Coordination Calls. These calls
occur during wildfire season
and enable the coordination of
federal and provincial response
organizations.
• Indigenous and local knowledge
holders who have expertise in local
climate and weather patterns,
snow level and stream flow, fuel
conditions, and access and egress.
Information on mid- to long-term
wildfire hazard:
• The Provincial Strategic Threat
Analysis30 provides a qualitative
rating of wildfire hazard (threat)
across BC. The threat rating for
a particular location includes the
historical lightning- and humancaused fire density, the potential
fire intensity for the local fuel
conditions and ground slope on
a day with extreme fire weather
(more severe than 90% of days in
the fire season), and the potential
for ember spotting based on fire
intensity and fuel conditions.
• Wildland Urban Interface Risk
Class Maps31 portray the wildfire
threat within 2–2.75 km of
settlements mapped as Wildland
Urban Interface over the province.
• Burn probability maps (the
long-term annual expectation of
8
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a fire burning a location) are in
preparation for BC and Canada.
• First Nation’s Emergency
Services Management Tool for
comprehensive, integrated,
spatial, structural, community, and
landscape-level risk information
to support planning and design of
fuel treatments, and the Lightship
decision-support tool to integrate
Home Ignition Zone assessments
for Indigenous communities.

CURRENT PRACTICE
IN HAZARD AND RISK
ASSESSMENT
The current guidelines for
conducting wildfire hazard and risk
assessments in BC are aimed mainly
at homeowners, local authorities, and
forest professionals.
Hazard and risk assessment guides
for homeowners, local authorities,
and First Nations:
• BC FireSmart assessments32
• Wildfire Exposure Assessment
outlines the steps in carrying
out an assessment of home and
community exposure to fire.
• Score cards to rate the
vulnerability of homes and critical
infrastructure.
• Home Partners Program
• Hazard, risk, and vulnerability
analysis (HRVA)33

• National guide for WUI fires34
Hazard and risk assessment
guides for forest professionals and
industrial and commercial operators:
• BC Wildfire Service tools for
fuel management and wildfire
assessment35
-- 2020 Wildfire Threat Assessment
Guide and Worksheets
-- Determining Wildfire Threat and
Risk at a Local Level
-- Procedures for measuring
downed woody fuel are
included in the Field Handbook
for Prescribed Fire; these
measurements can be used to
calculate surface fuel loading in
FuelCalcBC
-- Fuel Management Stocking
Standards Guidance Document
• A Guide to Fuel Hazard Assessment
and Abatement in British Columbia
(for logging and land clearing
debris)36

explicit data on the value of assets.
This makes quantitative comparisons
of risk with other natural hazards
difficult. There is potential for sharing
or the interoperability of some inputs,
such as structure and infrastructure
data and LiDAR, and to learn from an
all-hazards approach.

Linkages between
quantitative
estimates of wildfire
hazard and exposure
and potential
losses are poorly
developed in Canada.
This is because
of incomplete
methodologies to
quantify aspects of
hazard and exposure,
an absence of
quantitative damage,
loss, and impact
functions, and
incomplete spatially
explicit data on the
value of assets.

• CSA ISO 31000:18 framework for
risk management37
The BC FireSmart Committee
coordinates a provincial approach to
wildfire hazard and risk assessment.
However, linkages between
quantitative estimates of wildfire
hazard and exposure and potential
losses are poorly developed in
Canada. This is because of incomplete
methodologies to quantify aspects of
hazard and exposure, an absence of
quantitative damage, loss, and impact
functions, and incomplete spatially

GAPS IN
UNDERSTANDING
RISK
Short-term wildfire risk information
and guidance in BC consists mainly of
qualitative and quantitative measures
of fire danger and behaviour and
smoke concentrations, while mid- to
long-term risk information is focused
on qualitative estimates of fire threat
and structure exposure. Information
is held by different agencies, leading
9
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to a silo effect, and some information
is not readily or publicly available.
Comprehensive hazard and risk
assessments and methods are
needed that are applicable to and
linked across property, community,
and landscape levels as well as time
scales, to support the four pillars of
emergency management (prevention,
mitigation, response, recovery).
Furthermore, methods are needed to
project changing hazard and risk in
future decades, while assessments
need to be accessible to different risk
managers and stakeholders. We need:
• Better understanding of the types
of wildfire exposure, vulnerability,
and impacts, such as potential
fire spread and ember transport
into and through communities
(e.g., structure-to-structure
ignition) and spread in WUI
fuels; health impacts of smoke on
vulnerable groups; social, cultural,
psychological determinates of
vulnerability to wildfire impacts,
particularly evacuations; and postfire impacts such as contaminated
soils and erosion.
• A common portal for integrated
spatial databases of landscape-,
community-, and property-level
hazard, exposure, and vulnerability
data and assessments. This
portal needs to be accessible to
the public and local government
decision makers and include
high-resolution data and maps
of fuels and structures derived
using new technologies (LiDAR,
unmanned aerial vehicles) around
settlements.

• An enhanced common operational
picture (COP) of active fire
incidents that includes fire
position, status, and potential
growth, the location and
vulnerabilities of infrastructure,
and the position and status of
resources to enhance situational
awareness among agencies and
whole system resilience.
• Enhanced knowledge transfer,
targeting elected officials, to
develop a common understanding
of risk at local, regional, and
provincial scales, including the
limits of suppression.
• Pathways to incorporate
Indigenous and local knowledge
to inform wildfire hazard and risk
assessment.

Information is held
by different agencies,
leading to a silo
effect, and some
information is not
readily or publicly
available.

REDUCING RISK
Wildfire risk management provides
the policies, strategies, plans, and
actions to reduce the likelihood and
severity of wildfires. It also reduces
the exposure to and vulnerability of
structures, communities, people, and
sensitive ecosystems to fire events
and impacts and/or enhances their

recovery from damaging wildfires
(Figure 4).
A large number of government and
non-government organizations and
private entities are responsible for,
or have an interest in, preparing and
responding to and recovering from
immediate threats and mitigating
longer-term threats on public and
private lands in BC (Table 2).

PRACTICE, POLICY,
AND PROGRAMS
GUIDELINES FOR ACTION
Forest and fire practitioners and
Indigenous Knowledge Keepers
have experiential and Traditional
Knowledge that can guide the
reduction of wildfire risk. The
experience of practitioners as well
as research findings are captured in
the following information sources
and guides targeted at audiences
that have a primary wildfire risk
management responsibility.
Wildfire risk reduction guides
for homeowners or farmers/
ranchers, business owners, building
professionals, builders, developers,
local authorities, and First Nations:
• FireSmart BC Tookit38 (Figure 5)
-- Firesmart BC Homeowner’s Manual
-- Firesmart BC Landscaping Guide
• FireSmart BC resources
-- The Farm and Ranch Wildfire Guide
and Workbook39

10

1.5 Wildfires

-- Open Burning Practices for Farmers
and Ranchers40
-- FireSmart Critical Infrastructure
Guide41
-- FireSmart Last-Minute Evacuation
Checklist
• FireSmart Canada resources42
-- FireSmart Begins at Home Manual
-- Firesmart Canada Home
Development Guide
-- FireSmart Guide to Landscaping,
Second Edition
-- Wildfire Resilience Best
Practises Checklist for Home
Construction, Renovation and
Landscaping

Figure 4: Duhamel Creek fire near Nelson, 2015 (Photo: Adrian Wagner Studio).

-- Protecting Your Community from
Wildfire
-- FireSmart Guide for the Oil and
Gas Industry
-- Blazing the Trail: Celebrating
Indigenous Fire Stewardship
• Emergency Management BC’s
Wildfire Preparedness Guide43
• National Research Council’s
National Guide for Wildland Urban
Interface Fires44
• Institute for Catastrophic Loss
Reduction Resources
-- Development Permits: An
Emerging Policy Instrument for
Local Governments to Manage
Interface Fire Risk in a Changing
Climate45
-- Open for Business Guide46

Figure 5: A property in Kamloops with FireSmart landscaping and construction features (Photo:
FireSmart Canada).

• National Fire Protection
Association Standards47

Land Development in Wildland,
Rural, and Suburban Areas

-- NFPA 1140 -Standard for
Wildland Fire Protection

-- NFPA 1142 -Standard on Water
Supplies for Suburban and Rural
Firefighting

-- NFPA 1141 -Standard for Fire
Protection Infrastructure for

-- NFPA 1143 -Standard for
Wildland Fire Management
11
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-- NFPA 1144 -Standard for
Reducing Structure Ignition
Hazards from Wildland Fire
• First Nations Wildfire Evacuations: A
Guide for Communities and External
Agencies48
• Heath Canada’s Guidance for
Cleaner Air Spaces during Wildfire
Smoke Events49
• Canadian Red Cross’s Fire Recovery
Guide50

Wildfire risk reduction guides for
forest professionals and industrial
and commercial operators:
• BC Wildfire Service Tools for Fuel
Management51
-- FLNRORD Standard for
Developing Tactical Plans for
Wildfire Risk Reduction
-- Wildfire Risk Reduction Best
Management Practices
-- BCWS Fuel Management
Prescription Guidance
-- Fuel Management Stocking
Standards Guidance

-- Fuel treatment design wildfire
intensity tool (worksheet)
-- ABCFP Interim Guidelines –
Fire and Fuel Management
(guidelines for professional
practice)
• A Guide to Fuel Hazard Assessment
and Abatement in British Columbia52
(for logging and land clearing
debris)
• “Fire-smart forest management: a
pragmatic approach to sustainable
forest management in firedominated ecosystems,” in Forestry
Chronicle.53

Table 2: Organizations involved in wildfire risk management54
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LEGISLATION AND POLICY
There is no overarching,
comprehensive strategy guiding
wildfire hazard and risk reduction
in BC. Rather, wildfire risk and risk
management are influenced by a
variety of local, provincial and federal/
national legislation and policies
(Table 3). Some noteworthy policy
developments include:
• While the actions of individual
property owners to mitigate
wildfire risk on private land have
been mainly voluntary, some
municipalities have introduced
bylaws, such as those that define
Wildfire Development Permit
Areas in official community plans,
in which FireSmart measures are
required for new developments.
However, municipal councils

face pushback to approve
developments in the WUI without
requiring FireSmart provisions
because of increased development
and building costs.
• In 2021, the Government of BC
passed Bill 23, the Forest Statutes
Amendment Act, which included
provisions to strengthen shared
decision-making opportunities
through forest landscape planning
and to expand provisions for
wildfire management and practices
within Wildland Urban Interface
Areas, including the addition of
wildfire as a forest management
objective.
• In 2020, the federal government
initiated the Emergency
Management Strategy for
Canada to coordinate sharing

of responsibilities between
federal, provincial, and territorial
governments and other partners.
INSURANCE
Insurance practices also influence and
are influenced by risk management
practices. Individual property owners
reduce their financial losses by
purchasing insurance. While insurance
policies can be purchased for physical
damage or financial losses from
business interruptions, the issuing of
new policies is typically suspended
when active wildfires threaten a
home or settlement. As well, wildfire
insurance or expectations of post-fire
recovery funding from governments
may inadvertently encourage
development in areas at risk of
wildfire, or may be a disincentive for
property owners to take measures to
reduce wildfire risk around homes and
16
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Table 3: Legislation and policy framework for wildfire hazard and risk reduction
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buildings. Similarly, overestimation
of the true effectiveness of wildfire
suppression may be a disincentive to
mitigating risk as well as a cultural
tendency to disregard worst case
scenarios.57 Increasingly, insurance
underwriters include an assessment
of community wildfire preparation and
fire department response capacity in
fire ratings for home insurance. This
trend may incentivize the public to
put pressure on local governments to
demonstrate preparedness.
FUNDING PROGRAMS
The BCWS and the ThompsonOkanagan Interface Committee began
building awareness and promoting
fire smart principles in the 1990s;
these programs have been expanded
provincially through FireSmart BC and

FireSmart Canada. However, on-theground progress has been slow and
limited by funding.
The catastrophic wildfire seasons
of 2003, 2017, 2018, and 2021
directly impacted tens of thousands
of British Columbians through
evacuations and property loss, while
prolonged smoke exposure across
the province increased awareness
of wildfire in larger urban centres.
These events were catalysts of
change. Following 2003 and 2017,
high-level reviews influenced policy,
practice, and generated new funding
programs. Firestorm 2003 prompted
the Strategic Wildfire Prevention
Initiative (SWPI), administered by
the Union of BC Municipalities. This
matching-funds program aimed to
address WUI risk through grants to
support development of community

wildfire protection plans, now
called community wildfire resilience
plans, and implementation of fuel
treatments in forests surrounding
municipalities.
In 2015, the Forest Enhancement
Society was created to provide
funding for landscape-level wildfire
risk reduction, low-value fibre
utilization, and rehabilitation of stands
damaged by wildfire—programs
that complement and reinforce WUI
treatments. In parallel, fuel mitigation
(Figure 6) on First Nations reserves
was funded by Indigenous and
Northern Affairs Canada’s On-Reserve
Forest Fuel Reduction Treatment
Program and facilitated by the First
Nations Emergency Services Society
of BC. As of 2019, Indigenous Services
Canada’s Emergency Assistance
Program also provides five-year
18
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impacts on expected changes in
burn probability and other relevant
measures are needed across relevant
spatial scales.60
To address these limitations, the BC
Climate Preparedness and Adaptation
Strategy61 emphasizes the importance
of implementing wildfire adaptation
options. The 2022–2025 goals
include:

Figure 6: A fuel reduction treatment near Kimberley (Photo: Natural Resources Canada).

funding for FireSmart projects on
reserves. BC’s Ecological Restoration
program also uses mechanical
thinning and prescribed burning in
grasslands and dry forests, in many
cases contributing to fuel hazard
mitigation and wildfire risk reduction.
Following the extreme 2017 and
2018 wildfire seasons, SWPI was
replaced by the Community Resiliency
Investment (CRI) program, with
three funding streams to address risk
across scales. To date, more than 300
community plans have been prepared;
nevertheless, fuel treatments remain
incomplete for all communities in BC.
Nevertheless, funding for wildfire
remains asymmetrical—with
significant resources for fire
response in emergency situations
but constrained investments in
wildfire prevention and proactive
management. An incomplete
understanding of the cost and benefits
of mitigation may hinder investment
in programs that avoid future losses.

DISASTER RISK
REDUCTION GAPS
CLIMATE CHANGE
Wildfire hazard and risk are projected
to continue increasing in BC due to
climate change. The BC Preliminary
Strategic Climate Risk Assessment58
rated severe wildfires as having the
highest expected consequences
across all climate risk events by 2050.
Projections include severe wildfire
seasons in which one million hectares
burn, increasing in frequency, with a
return period decreasing from 1 fire
in 50 years to 1 in 10 years. Recent
research suggests that annual area
burned may increase by 1.5 times by
2050 in the southern and interior
Cordillera.59 Nevertheless, climate
change is not included in current
provincial-scale wildfire threat
assessments. The uncertainties
inherent in climate models pose
challenges when projecting local
temperature, relative humidity,
precipitation, and wind that determine
specific wildfire behaviour and
effects. Projections of future climate

• Improving the provincial response
to extreme heat and wildfire smoke
for unhoused and housing-insecure
populations.
• Enhancing predictive services and
early warning capacity, to bring
the future climate into forecasting
droughts, water scarcity, and
wildfires.

Funding for
wildfire remains
asymmetrical—with
significant resources
for fire response in
emergency situations
but constrained
investments in
wildfire prevention
and proactive
management.
An incomplete
understanding of
the cost and benefits
of mitigation may
hinder investment in
programs that avoid
future losses.

19

1.5 Wildfires

RESEARCH PRIORITIES
The Blueprint for Wildland Fire Science
in Canada (2019–2029),62 the Climate
Change and Fire Management Research
Strategy,63 and contributors to this
article have identified a number of
additional research priorities, many of
which relate to disaster risk reduction,
as follows:
• Better understanding of what
makes a wildfire-resilient
community (planning,
construction, access/egress),
informed by:
-- Models of integrated risk, from
landscape to community to
home, to guide planning and
prioritize mitigation.
-- Quantitative models of WUI
hazard, exposure, and impact
in built environments, including
ember exposure, pathways of
fire progression, flammability
of WUI fuels (e.g., landscaping,
roadside weeds and brush) and
structural vulnerability.
-- Community-scale sociopolitical
factors that influence
perspectives on wildfire risk and
preferences for action.
-- The efficacy of fuels treatment
and other mitigation options,
across varied landscapes and
geographic areas.
-- Cost-benefit analyses of tradeoffs and co-benefits for various
response and risk mitigation
scenarios.
• Formal monitoring or a database

of risk reduction treatments
to help inform subsequent risk
assessments.
POLICY AND PRACTICE
INTEGRATION
The key word for practitioners
is integration. There is a need to
integrate policy, plans and practice
for mitigation, preparedness,
response, and recovery—from the
landscape, through the WUI and into
communities—through meaningful
collaborations across organizations
that affect decision making on the
land base, including First Nations,
municipalities, regional districts,
provincial authorities, and the
private sector (e.g., forest industry,
developers, insurers). Specifically,
there is need for:
• Policy support and best practices
for local governments , fire
departments, and First Nations
that carry the majority of the
burden for WUI management and
community wildfire preparedness,
including:
-- FireSmart standards for new
construction and development
in wildfire-prone areas, including
requirements for access or
egress routes and turnaround for
new roads.
-- Preplanning of wildfire
suppression, structure
protection, and evacuations (e.g.,
preparedness levels, defensible
locations, water sources, safe
refuges, fire-specific evacuation
plans, fire-safe routes, public
notification).

-- Tools to aid the design of fuel
mitigation treatments and a
streamlined approval process for
prescriptions.
• Policy support for innovative
practices that have proven
effective in other jurisdictions,
including use of prescribed
(Figure 7) and cultural fire led by
Indigenous practitioners.

There is a need to
integrate policy,
plans and practice
for mitigation,
preparedness,
response, and
recovery—from the
landscape, through
the WUI and into
communities—
through meaningful
collaborations across
organizations that
affect decision
making on the land
base, including
First Nations,
municipalities,
regional districts,
provincial authorities,
and the private
sector.

CAPACITY BUILDING
The following resources are needed
to enhance capacity to execute policy
and practice:
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• Long-term, sustained, committed
funding for fuel and other
mitigation treatments at
community and landscape scales.
• Enhanced support for local
governments who are responsible
for initiating wildfire recovery.
In addition to remediating and
rebuilding public infrastructure,
local governments may have to
deal with removing debris and
remediating contaminated soil on
private properties if owners are
uninsured or underinsured and not
eligible for government disaster
assistance. Disaster assistance
for wildfire losses is often not
available where fire insurance is
available. This is a substantive
administrative and financial burden
for small communities.
• Continuing education to enable
forest practitioners to gain
expertise integrating forest and fire
management planning.
• Professional certification programs
for developing prescriptions to
mitigate hazardous fuels, including
application of prescribed and
cultural fire.
• Projection of relevant measures
of potential fire activity with
climate change at planning scales;
downscaling climate scenarios and
local climate change visioning.64
• Evidenced based, cost-effective
development and building
standards to reduce structure
ignitions from wildland fires,

Figure 7: Prescribed fire to restore wildlife habitat in the Vaseux-Bighorn National Wildlife Area
in the southern Okanagan, 2013 (Photo: Tree-ring Lab at UBC).

commensurate with hazard.
• A credible community-level
preparedness rating scheme for
insurance underwriters.

OPPORTUNITY
Wildland Urban Interface fire has
been recognized as a coupled socioecologic system,65 where a rapid
increase in fire activity will challenge
the resilience of both human
communities and ecological systems.
It is important to think beyond basic
resilience or maintenance of the

status quo in order to adapt and
transform the systems be more
resilient to future conditions.66,67
Many prevention, mitigation,
preparedness, response, and recovery
“risk controls”—including vegetation
and fire management, community
planning, construction, and capacity
building—are available to mitigate
wildfire risk and increase resilience
within this socio-ecologic system. It
is critical to integrate efforts between
institutions, levels of government,
residents and property owners, and
research disciplines to advance risk
management, adaptation, mitigation,
and resilience.68
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RECOMMENDATIONS
Although there has been a significant
effort to develop wildfire risk
assessment and risk management
tools in BC, it is evident that if we
continue with the same wildfire risk
management approach we will get the
same impacts.69 Furthermore, wildfire
requires that we work together
across jurisdictions and at different
scales, incorporating expertise and
best practices from Indigenous

and local communities, public and
private sector fire managers and
forest professionals, and that we
connect with other provinces, federal
programs, and national strategies.
A comprehensive understanding
of wildfire risk and risk reduction is
needed among the many participants
and risk managers, and continued
efforts are needed to:

• Create more fire resilience in
communities.
• Develop more resilient fire
and emergency management
organizations.
We recommend a number of potential
actions to advance these goals in
Table 4.

• Enhance fire resilience in
wildlands.

Table 4: Recommendations
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THE CHALLENGE
The challenge in BC is for the whole of
society to recognize that: 1) wildfires
may not be quickly controlled during
periods of extreme fire weather;
2) there is an increasing likelihood
that communities and properties in
fire-prone areas will be exposed to
extreme fire weather and damaging
wildfires; and 3) we need to learn to
live with and respect wildfires. This
may require a cultural shift from our

focus on reducing the immediate
wildfire risk to adapting to wildfire risk
over time.71
RISK PERCEPTION
Risk perception is a key limiting factor
in our willingness to invest in risk
reduction. BC experienced several
decades of moderate, declining fire
activity in the latter half of the last
century,72 a period when severe
damaging fires were often viewed as

unpredictable “Black Swan” events.i
However, while the drivers of wildfire
risk in BC (an expanding WUI and
changing fuel and climate conditions)
have accelerated over the past
decades, we have yet to accept that
BC has entered a different fire era
where damaging WUI fire events are
inevitable.

A Black Swan event is an unexpected outlier that
results in unprecedented extreme impacts at the
time that it occurred, but which seems explainable
and predictable after the fact.
i
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Risk perception is a
key limiting factor
in our willingness
to invest in risk
reduction. . . . We have
yet to accept that BC
has entered a different
fire era where
damaging WUI fire
events are inevitable.

“TOTAL CHANCE” WILDFIRE
RISK REDUCTION
An integrated “total chance” risk
reduction approach is needed to
prevent WUI fire damage during
extreme burning conditions.ii It is
increasingly recognized that neither
long-term mitigation measures, such
as fuel reduction and building more
wildfire-resilient structures, nor shortterm wildland or community-based
fire response measures, are sufficient
on their own. Instead, wildfire
suppression and emergency response
actions, including burning off wildland
fuels adjacent to settlements, are
enhanced by managing fuels around
communities, which, along with
building more fire-resistant structures,
allows for safer and more effective
structure protection.
Whether firefighters can safely protect structures
from wildfire depends on the degree to which a fire
spreads near structures and potentially exposes
both structures and firefighters to embers, radiant
heat, or flame, and whether multiple structures
are ignited simultaneously. Thus, opportunities
to reduce fire hazard, structure exposure, and
vulnerability and opportunities for communitylevel wildfire pre-suppression planning should be
considered together to maximize the total chance
that structures or other assets will survive wildfire.
ii

DIFFUSE OR FRAGMENTED
GOVERNANCE AND
RESPONSIBILITY
An integrated approach remains
challenging because wildfire risk is
“everyone’s problem and no one’s
problem.” As fires spread from
wildlands to settlements, different
risk reduction options fall within
the jurisdiction of different levels of
government, or are the responsibility
of private property owners along a
fire’s path from the hillside to the
doorstep. No single stakeholder
or risk manager can influence all
aspects of hazard, exposure, and
vulnerability. Furthermore, wildfire
risk has economic, sociopolitical, and
ecological dimensions, as well as
interactions and feedbacks with other
challenges and hazards, including
Indigenous land governance, flooding
and landslides, extreme heat events,
and resource industry stability.
Collaboration and integration among
participants is a major challenge,
as they have different incentives,
capacities, and barriers to engage in
proactive risk mitigation; this can lead
to moral hazards (free-riding) if an
entity defers its responsibility for risk
reduction in the belief that another’s
actions will provide protection.
Voluntary engagement of residents in
risk reduction (e.g., making changes
to existing buildings, maintaining
home ignition zones) is an ongoing
challenge for many reasons including
financial constraints, issues of trust
in government, and because many
of us believe “it will never happen to
me.” Code development processes are
exceedingly slow and conservative73—
it may be decades before community

and structure ignition measures are
widely incorporated into buildings
and communities. There are no
guidelines and few examples of
effective collaboration to plan, design,
and implement wildfire risk reduction
activities across different jurisdictions
or with different groups. One
important example are the lessons
learned from the joint recovery
process undertaken after the 2017
Elephant Hill fire, with 30 calls to
action to help advance First Nations’
leadership and partnerships in all
phases of emergency management.74
A WHOLE OF SOCIETY
APPROACH
Wildfire management and risk
assessment, and emergency
management and disaster risk
assessment, have largely developed as
separate disciplines. It is essential that
we shift to a multi-disciplinary, multiparticipant approach, to collectively
identify and address gaps in wildfire
risk management knowledge and
practice following the four pillars of
emergency management, where we
learn from different kinds of expertise
(Indigenous, local, government,
others) and train upcoming
generations to successfully manage
wildfire risk. These efforts must be
better connected to other risks to
understand where risk reduction
efforts may benefit more than
one hazard risk (e.g., wildfires and
landslides). Mitigation measures
need to be placed-based, depending
on the socio-ecological context—a
common vision of what wildfire
resilience looks like for communities in
different firescapes is needed. Strong
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leadership will be needed to move BC
towards greater cultural acceptance
of fire and to motivate and coordinate
efforts between disciplines and
participants and across jurisdictional
boundaries—a comprehensive wildfire
risk reduction, communication, and
outreach strategy could be a good
next step.
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ABOUT COASTAL
FLOODS
DESCRIPTION
British Columbia is a coastal province,
with the majority of people and
infrastructure situated in coastaI
regions. The ways of life of coastal
Indigenous Peoples have been
intertwined with the sea in this region
for millennia. For instance, salmon has
deep cultural significance to Coast
Salish peoples, beyond its practical
significance as a food source. Today,
people in BC remain dependent on
proximity to the coast for economic
and sociocultural reasons, including
needs and desires related to
shipping and transportation, tourism,
recreation, and connectivity with
nature. BC coasts are also home to
some of the most unique and sensitive
ecosystems in the world, and the
coast is arguably the most biologically
diverse region of the province.
Coastal flood hazards in BC originate
from a variety of sources and
combinations of sources, including
tides, storm surges, waves, regional
fluctuations in sea levels (e.g., due
to El Niño–Southern Oscillation),
seiches (sloshing of water in bays
and inlets), rainfall, river flows and

tsunamis. However, in this article, we
limit our definition of coastal flooding
to inundation of coastal lands driven
primarily by elevated sea levels and/
or waves; precipitation-driven flooding
(such as the floods associated with
the damaging November 2021
atmospheric river events) can impact
areas much further inland.
Coastal flooding is a natural process
contributing to ecosystem function;
for example, the disturbances
resulting from storms are integral
in creating “patchiness” (e.g., in
shoreline morphology, sediments,
and habitat type) in coastal zones,
which supports biodiversity. Risk only
arises when there is an intersection of
vulnerable people, infrastructure, and
other valued assets with coastal flood
hazards (Figure 1).
The most damaging coastal flooding
events in BC’s recent history have
tended to occur in fall or winter when
spring tides coincide with storm
surges and/or high waves, sometimes
superimposed on sea levels that are
already regionally elevated by El Niño
events. The extra-tropical storms that
are the predominant drivers of storm
surges and high waves also commonly
bring intense and prolonged rainfall
to BC coastal regions upon landfall,
which can lead to jointly occurring
fluvial (riverine) and pluvial (rainfalldriven) flood hazards. Storm surges
in BC are primarily the result of the
inverse barometer effect, which is
the rise in water level accompanying
a fall in sea-level pressure, such as
occurs during the passage of storms.
Storm-driven winds, currents, and
their interactions with shorelines
2
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Figure 1: Rescue at the White Rock Pier, December 20, 2018 (Photo: Tim Shields).

and bathymetry contribute to locally
elevated surges. Progressive or
storm-driven erosion can create new
pathways for flood hazards to reach
people, infrastructure and valued
assets. The presence of debris (e.g.,
logs and trees) in BC coastal waters
can exacerbate flood hazards. Over
time, coastal flooding is expected to
become more frequent and severe in
many parts of BC due to relative sealevel rise, which is the combined result
of rising global sea levels and vertical
land motion (subsidence or uplift).

COASTAL FLOODING
THREAT AND PAST
EVENTS
Coastal floods resulting from elevated
sea levels and/or wave effects have
tended to be relatively localized
events in BC (compared, for example,
to the widespread, predominantly
rainfall-driven flooding in mainland BC
in November 2021). However, there
have been damaging events in recent
history. In 1982 (a strong El Niño

year), storm surges caused significant
flooding damage in parts of the Fraser
River delta.1 A report prepared for
the Adaptation to Climate Change
Team at Simon Fraser University
documented coastal flooding events
and near misses in Metro Vancouver
from the late 1800s through 2011.2
Damaging coastal flood events
have not been limited to the Lower
Mainland; for example, a storm surge
event on the coast of Haida Gwaii in
2003 resulted in erosion of a highway
and extensive coastal flooding, which
damaged buildings and transported
driftwood onto roads and properties.3
However, the major threats from
coastal flood hazards in BC lie in the
coming decades, with the looming
threat of sea-level rise.

DRIVERS OF RISK
Coastal development, population
growth, and historical failures in
coastal zone management practices
are contributing to increased exposure
and risk. For example, many parts
of the densely populated Lower

Mainland coastal region are located
at or below mean sea level, protected
by sea dikes. These dikes are generally
vulnerable to seismic hazards (ground
shaking and liquefaction) and, in the
event of a damaging earthquake,
there may not be sufficient time to
repair the entire network of flood
protection infrastructure before a
coastal storm impacts the region.
Without intervention, large swaths of
urban and high-value agricultural land
in this region (located in Vancouver,
Surrey, Richmond, and Delta)
are projected to be at high risk of
coastal flooding even for non-storm
scenarios by the end of the century.
Many First Nations communities
at risk of coastal flooding are not
protected by sea dikes and will be
disproportionality impacted by
sea-level rise. Extensive historical
development in areas of moderate
to high hazard limits or restricts the
range of adaptation options that are
feasible or palatable. Low awareness
of risk among the general public has
also led to increased vulnerability
and perpetuation of planning and
development practices and policies
that contribute to increased flood risk
over time.
Nationally, critical infrastructure
that forms part of the Asia-Pacific
Gateway and Corridor passes through
the coastal floodplain in BC. Though
predominantly driven by intense
precipitation (as opposed to elevated
water levels and/or wave effects),
the flooding events in BC’s Interior
in November 2021 highlighted
infrastructure and supply chain
vulnerabilities and economic ripple
effects that could materialize in the
3
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event of widespread coastal flooding.
Climate change effects such as
sea-level rise,4 and, possibly, changes
in the frequency and intensity of
storms,5,6 combined with land
subsidence in some areas, are
contributing to escalating hazards
over time. Economic activity,
population growth, demand for
waterfront property, and failures
in urban and land-use planning
practices have resulted in significant
development in coastal floodplains.
Risk management practices to date
have not kept pace with the increasing

hazards and floodplain development,
resulting in increased flood risk.
Without intervention or improvement
of risk management practices, these
risks are projected to continue to
increase over time.

UNDERSTANDING
RISK
The collective understanding of
coastal flood hazard risk in BC
is largely based on flood hazard
mapping commissioned by local

governments, sometimes supported
by provincial or federal government
funding. Most of this mapping has
involved static mapping of water
levels and wave runup allowances
onto coastal topography to assess
the inland extent of exposure for a
single, extreme event. Only a few
municipalities have been able to
muster the resources needed to apply
advanced modelling techniques or
approaches that consider risk in all its
dimensions, including the change in
risk over time and the vulnerability of
people, communities and ecosystems.
Even where sophisticated mapping

NEAR MISS, WHITE ROCK PIER COLLAPSE
Coastal flood hazards can develop with little to no warning, and a hazardous situation during a coastal storm can result in
rapidly cascading impacts putting human life at risk. An example of a near miss involving human life safety took place at
the White Rock Pier on December 20, 2018. High waves during a large tide and storm surge overtopped the White Rock
breakwater, a structure intended to shelter several sail boats moored to the dock at the end of the 470-metre-long pier. During
the storm, dock broke free resulting in several boats striking the pier, visible in Figure 2, causing the collapse of one segment
and leaving one person stranded. Waves overtopped remaining sections of the pier. A Canadian Forces Cormorant helicopter
was dispatched from CFB Comox to assist. Highly trained search and rescue technicians were able to rescue the stranded
individual, returning them safely to shore.
Reopening of the pier took place
on September 21, 2019, following
approximately $16 million in repairs and
upgrades, while the moorage facilities
have not yet been replaced. Many local
businesses were impacted from the
reduced tourist and recreational activity
during the pier closure. While the pier
has not been raised to accommodate
sea-level rise, the section that was
replaced has been made to be flexible to
accommodate raising in the future.

Figure 2: White Rock Pier Collapse, December 20, 2018 (Photo: Tim Shields).

With sea-level rise, life safety, property
and infrastructure are expected to be
impacted more frequently with greater
consequences during storm conditions
in the future. There have been at least
five other events documented in the
Canadian Disaster Database since 1933
for this area.
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has been undertaken, communication
and dialogue surrounding risk has
often been lacking, resulting in a poor
collective understanding.

Economic activity,
population growth,
demand for
waterfront property,
and failures in
urban and land-use
planning practices
have resulted
in significant
development in
coastal floodplains.
Risk management
practices to date have
not kept pace . . .
resulting in increased
flood risk.

The absence of a province-wide
hazard or risk mapping program,
alongside inconsistent mapping
approaches and technical guidance
that lags behind international
best practices, have contributed
to a generally poor understanding
of coastal flood hazard risk.
Encouragingly, the provincial
government has acknowledged the
need to prioritize the development
of clear, consistent, up-to-date flood
maps and has committed to working
with other levels of government to
achieve this. In March 2022, the
federal government committed over
$63.8 million to a new national flood
hazard identification and mapping
program. It remains to be seen how

these commitments from multiple
levels of government will materialize
and be implemented and how they
will contribute to an improved
understanding of coastal flood risk.

WHAT SOURCES
HELP US
UNDERSTAND
HAZARD AND RISK
The provincial government has
published guidelines for the mapping
of coastal flood hazards and
establishment of setback distances
and flood construction levels (Flood
Hazard Area Land Use Management
or FHALUM guidelines),7 high-level
guidance on sea-level rise adaptation,8
and prescriptive guidelines for
implementing structural flood control
structures. The National Research
Council published coastal flood risk
assessment guidelines for building
and infrastructure design applications9
in 2020, and the federal government
is continuing to work on updating
and improving federal flood mapping
guidelines, with several publications
relevant to risk-based analysis for
coastal zones expected in 2022.
Detailed risk assessments depend
on the availability of supporting data
(including local datasets) and are
often prohibitive due to resource and
capacity constraints, or inaccessible
to wider audiences due to restrictions
arising from confidentiality.

CURRENT PRACTICE
IN HAZARD AND RISK
ASSESSMENT
Coastal flood hazard assessment
practice in BC has mainly followed

the provincial FHALUM guidelines.10
These methods have provided
the basis for establishing setback
distances and flood construction
levels by many local governments.
However, the guidelines have not
been regularly updated to keep pace
with international best practice and
emerging climate change projections,
nor do they align with risk-based
or all-hazards approaches (as per
the Sendai Framework for Disaster
Risk Reduction) or facilitate options
appraisal to guide strategies for
flood risk management (e.g., naturebased solutions, managed retreat,
property-level resilience measures).
The extent to which other guidelines,
such as federally developed guidelines
or those developed by professional
associations (e.g., Engineers and
Geoscientists BC), have been used in
practice is unclear. Coastal flood risk
assessments, in the strict sense (i.e.,
where consequences and likelihoods
of a variety of flood events are
assessed), are extremely rare.

Only a few
municipalities have
been able to muster
the resources needed
to apply advanced
modelling techniques
or approaches that
consider risk in
all its dimensions,
including the change
in risk over time and
the vulnerability of
people, communities
and ecosystems.
5
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GAPS IN
UNDERSTANDING
RISK
There are gaps in the data needed to
support decision making surrounding
coastal flood risk management,
particularly in the context of a
changing climate. Data collection
is often ad hoc, short term, and
reliant on the limited fiscal capacity
of municipal governments. Lessons
learned during post-disaster recovery
are often forgotten, not finding their
way into planning and preparedness
activities.

BC is in need of an integrated, longterm, open access coastal monitoring
system that would provide baseline
information needed to support a range
of coastal flood risk management
activities. At present, data coverage
(such as water level and wave
records) is scarce and managed by
various government departments and
academic or non-profit institutions.
Sustained, long-term federal and/
or provincial investment in a
monitoring program is needed to
support effective coastal flood risk
assessment.
Flood hazard maps are not available

for many coastal communities, and
for communities where maps exist,
many are out of date. Information
on vulnerability to, or consequences
of, different types of flood events
is rarely communicated, which is
a major barrier to understanding
risk. Mapping methodologies and
approaches have been inconsistent,
owing to highly variable capacity,
expertise, and supporting datasets.
These studies vary in quality and
emphasis depending on the strengths
of the organization undertaking the
work. More recently, collaborative
efforts at the regional and subregional levels have been undertaken.

SEMIAHMOO NATION’S FLOOD STORY
An emerging practice in coastal flood risk management in BC is to include Indigenous oral history along with published data
sources early in the process of planning for and understanding risk. Flood events documented following European settlement
of the Salish Sea represent a comparatively shorter history than that of First Nations’ oral history; such oral history can provide
greater context to complement modern data sources.
In 2016, City of Surrey convened various
possible partners in risk reduction to
a tour of the coastal floodplain. Each
jurisdiction was invited to speak to the
group and Semiahmoo First Nation
provided its perspective, including an
oral history of past floods. Later in the
process, Chief Chappell of Semiahmoo
First Nation agreed to share his Nation’s
Flood Story as part of a Classrooms
to Community event for local
schoolteachers, as shown in Figure 3. It
has been made available on the City of
Surrey’s YouTube account.

Figure 3: Chief Chappell speaking on May 4, 2018, at a Classrooms to Community event
(Photo: City of Surrey).

Inclusive planning with Indigenous
Peoples, such as in the case of Surrey, has
helped to build trust and cooperation
that is ultimately improving coastal risk
reduction. Implementation of specific
projects requires additional knowledge
exchange that continues to build on the
initial planning work.
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Workshop-based approaches such
as PIEVC, Circle Tool, and BARC
Program have been employed but in
inconsistent ways. These workshopbased assessments typically help to
build a framework to prioritize more
technical, focused works. However,
resources and organizational
mandates to comprehensively
maintain and publish the results have
not emerged.

REDUCING RISK
WHAT SOURCES
HELP US REDUCE
RISK
Flood damage in Canada has become
the costliest insured loss.11 While
avoidance is generally the preferred
risk reduction strategy for coastal
flooding, and is the strategy supported
by FHALUM guidance, buildings
and infrastructure can be designed
or retrofitted for enhanced flood
resistancei or resilience to further
reduce residual risk. Unfortunately,
the National Building Code of Canada
(the model code on which the BC
Building Code is substantially based)
is largely silent on flood resistance
and resilience measures. In 2021, the
National Research Council published
two reports providing guidance and
best practices for increasing the flood
resistance of buildings in Canada.12,13
However, it is not clear if or when
such measures might be incorporated
In this context, “resistance” is taken to mean the
ability to prevent flood water ingress and flood
damage, whereas “resilience” refers to measures
that ensure faster and more economical recovery
following a flood event.
i

in model National Building Codes or
mandated by provincial jurisdictions
like BC. Applied research and
guidance is needed on how to
design and retrofit other types of
infrastructure to enhance flood
resistance and resilience.

The National Building
Code of Canada
(the model code
on which the BC
Building Code is
substantially based)
is largely silent on
flood resistance and
resilience measures.

RISK REDUCTION
PRACTICE, POLICY,
AND CAPABILITIES
Coastal flood risk management
practice and policy in BC is affected
by a complex history and governance
context. Pre-contact, many Indigenous
coastal communities relied on oral
histories, Traditional Knowledge and
seasonal migrations to coexist with
flooding. Post-contact, decisions
by federal, provincial and municipal
governments related to flood
management and land use have
disadvantaged many First Nations
communities or ignored or minimized
the role and perspectives of First
Nations in managing flood risk.
Today in BC, as is the case across
Canada, responsibilities for flood risk
management are distributed across
multiple levels of government.

The fragmented governance
context has in some cases locked
in decisions of regret (e.g., the need
to continue raising dike levels).
Recently, there have been some
moves towards collaborative, “whole
of society” approaches to coastal
flood risk management with efforts
by municipalities (e.g., City of
Surrey14) and non-profit groups (e.g.,
Fraser Basin Council, Living Dike
Roundtable), as well as the provincial
government’s recognition of the need
for a province-wide flood strategy, but
more is needed to ensure flood risk is
managed in a more sustainable way
going forward.
While recent flood management
decisions have had limited First
Nations involvement or engagement,
there are signs this is beginning to
change. Several examples signaling
this shift include establishment of
an Emergency Planning Secretariat,
First Nations representation on
the Leadership Committee of the
Fraser Basin Council, inclusion of
First Nations in local planning, and
commitments from the provincial
government to bring all provincial
laws into harmony with the UN
Declaration on the Rights of Indigenous
Peoples Act. Through the Federal
Disaster Mitigation and Adaptation
Fund (DMAF), several projects with
First Nations and local government
partnerships have been established,
and several First Nations are partners
in coastal flood risk assessment
and management-focused research
projects funded by the Canadian
Safety and Security Program.
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Despite (and hindering) efforts to
work towards collaborative wholeof-society approaches, fragmented
jurisdiction results in uncertainty
and difficulty implementing
projects. Conflicting regulations, and
regulations that do not keep pace
with emerging science (e.g., failing
to contemplate the effects of climate
change, or to recognize trade-offs
between short-term impacts and
long-term benefits of nature-based
solutions), make it difficult for
proponents to proactively adapt. In
other cases, the proponent is caught
between conflicting legislation such

as surface water rights and fisheries
protection, resulting in sub-optimal
solutions. The complexity of
regulatory processes and the funding
landscape also hinders timely design
and implementation of coastal
flood risk management strategies,
particularly for smaller communities
or those that lack the resources to
navigate them.
Land-use planning and regulation
of development in areas prone to
flooding has primarily remained the
responsibility of local governments
since the province devolved authority

in 2003. However, local governments
are required to consider provincial
FHALUM guidelines (first published
in 2004, with the most recent
amendment in effect since 2018)
under the Local Government Act.
Under the Emergency Program Act,
local authorities are also responsible
for developing emergency response
plans, with provincial funding
assistance.
A significant portion of BC’s coastal
population and infrastructure is
protected from coastal flooding by
sea dikes. A range of entities have

PARTNERSHIPS REDUCE COASTAL FLOOD VULNERABILITY
Over a period of four years, the City of Surrey worked to engage various stakeholders to co-develop a Coastal Flood Adaptation
Strategy (CFAS) to reduce coastal flood risk and adapt to one metre of global sea-level rise. Figure 4 depicts a portion of the
coastal floodplain in Surrey. A four-phase approach to develop CFAS assisted the City of Surrey in strengthening relationships
with various stakeholders and all orders of government.
The first intake of the Infrastructure Canada Disaster Mitigation and Adaptation Fund (DAMF) required a minimum project
size of $20 million (to access federal funding of 25% to 75%) to increase community resilience to natural hazards and
climate change. DAMF provided the
opportunity for the City to build upon the
relationships developed in CFAS through
new partnerships with Semiahmoo First
Nation, the Province of British Columbia,
and Southern Railway to reduce coastal
flood risk by implementing win-win
solutions to adapt to sea-level rise.

Figure 4: Coastal Floodplain in Surrey, BC (Photo Credit, City of Surrey).

Within the City of Surrey organization,
innovative projects have also been
developed because of the DMAF
opportunity, including nature-based
solutions involving deep collaboration
between various departments. Access
to federal funding and a shared
desire to maximize the evaluation
criteria provided the environment to
improve the proposal and ultimately to
accelerate implementation of complex
infrastructure projects to reduce coastal
flood risk.
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taken responsibility for maintaining
the dikes. The province has enacted
legislation dating back to 2002
to transfer the responsibilities
to maintain and upgrade dikes
throughout the region to local
governments.15 The limited fiscal
capacity of some local governments
to tackle these responsibilities in the
face of escalating risks and aging
infrastructure is a problem yet to be
resolved.
To support local governments
engaged in flood management, the
provincial and federal governments
sporadically provide a portion of
capital funding and some technical
tools and support. In the event of a
damaging flood whereby a state of
emergency is established, financial
assistance is provided by the federal
and provincial governments under
a cost-sharing arrangement. A
succinct list of federal government
departments and their role in flood
risk management is provided by
Golnaraghi et al.16
Federal funding for coastal flood
risk management in BC is provided
through various programs. For
example, funding for large-scale
infrastructure projects to help
communities better manage the
risks of disasters triggered by coastal
flooding is available through the
DMAF. While large government
funding programs have traditionally
focused on structural flood mitigation
projects implemented by a single
organization, DMAF has encouraged
a broader range of approaches and
explicitly encourages innovation,

partnership and nature-based
solutions.
Indigenous Services Canada
provides funding for flood protection
infrastructure, mitigation and
preparedness in First Nations
communities, and BC-region officials
work closely with Indigenous
leaders to support emergency
response when flooding occurs.
The federal government generates
and disseminates data often used
to support coastal flood hazard or
risk assessment and management
(e.g., Fisheries and Oceans Canada
maintains a network of permanent
tide gauges, and the Canadian
Hydrographic Service surveys and
disseminates bathymetric data).
A number of federal government
departments and agencies are also
engaged in funding or conducting
fundamental and applied research
on topics related to coastal flood and
erosion risk management, including
Natural Resources Canada, Fisheries
and Oceans Canada, Defense
Research and Development Canada,
and the National Research Council of
Canada.
The BC Storm Surge Forecasting
System was developed as a joint
program between the BC Ministry
of Environment and Fisheries and
Oceans Canada. The system provides
six-day forecasts of storm surge and
total water levels at several coastal
sites in southern BC. The system is
described as a research tool, and it
uses a predictive numerical ocean
model and real-time measurements
to generate bulletins for Victoria,
Vancouver and Campbell River. Long-

term financial support to maintain
operation and improvement of the
system has been lacking, with funding
provided by various contributors
including Fraser Basin Council, Port
of Vancouver, and the municipalities
of Vancouver, Richmond, Surrey and
Delta. In 2019, the federal government
invested $4.9 million over five years
for Environment and Climate Change
Canada to improve Canada’s ability to
predict coastal floods and to develop
early warning systems; but at the
time of writing, there is no federally
operated real-time coastal flood
forecasting system in use in BC.

GAPS IN REDUCING
RISK
GUIDANCE AND
GOVERNANCE
While high-level provincial guidance
for sea-level rise adaptation
planning exists, there is no provincial
guidance for implementing naturebased solutions or strategies such
as planned or managed retreat
(Table 1). The federal government
has recently published reports to
highlight case studies and the needs
and gaps on these topics,17,18,19 and
international guidelines on natural
and nature-based features for flood
risk management were published in
2021.20 However, existing guidance
lacks the granularity and technical
detail needed for local governments
to implement these solutions.
Government programming, policies
and mechanisms to implement
planned retreat strategies have yet
to be established and are needed for
proactive implementation in BC.
9
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Table 1: Organizations and industries involved in coastal flood risk management
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There is no
provincial guidance
for implementing
nature-based
solutions or strategies
such as planned or
managed retreat.
. . . Existing [federal
and international]
guidance lacks
the granularity
and technical
detail needed for
local governments
to implement
these solutions.
Government
programming,
policies and
mechanisms . . . are
needed for proactive
implementation in
BC.

The complex, disjointed governance
context has been criticized for
contributing to a lack of coordination,
imbalances in the distribution
of resources for managing flood
risk, stilted or absent dialogue,
and disincentives for effective risk
management. For example, in 2003,
the provincial government devolved
land-use permitting for flood hazard
areas to local governments. However,
many local governments lack the
fiscal capacity and support needed
to assume this burden. Since many
municipalities are reliant on taxes
from high-value waterfront properties,
an obvious conflict arises when it

comes to permitting development
in coastal areas. Moreover, there
is limited incentive or opportunity
to proactively consider flood risk
management options like planned
retreat, particularly when liability
for flood damages is shared with
provincial and federal governments.
Harmonization and coordination
of governance, regulations and
approaches to flood risk management
across all levels of government
(including Indigenous government)
is needed to remove confusion,
blind spots and inconsistencies that
currently plague coastal flood risk
management practice.
Organizational mandates to reduce
risk driven by climate change are
missing. Having clear, well-defined
organizational mandates will direct
staff to be more open about releasing
information that will ultimately
support better decision making and
public support.
INCLUSIVE PLANNING AND
RECOVERY
Often, those who bear the costs of
flood are not aligned with or involved
in risk management decisions. Home
financing, for example, is rarely
subject to restrictions that depend on
coastal flood risk. As well, federal and
provincial disaster assistance does not
incentivize “building back better,” and
there is limited guidance or direction
to private homeowners on how best
to manage their risk or participate
in risk reduction on a system-wide
basis. A crucial prerequisite for
strengthening governance is increased
recognition of the role, rights and

self-determination of First Nations in
accordance with the UN Declaration
on the Rights of Indigenous Peoples
(UNDRIP) and the Sendai Framework
for Disaster Risk Reduction 2015–2030,
and support (and adequate funding)
for meaningful involvement of
First Nations in decision making
surrounding coastal flood risk
management. Improving First Nations
involvement in flood resilience
decision making has been identified
as a priority action by the provincial
government as it works towards
a flood strategy, following the BC
Declaration on the Rights of Indigenous
Peoples Act in 2019 (DRIPA). However,
some local governments have called
for guidance on how best to work
with local First Nations to implement
DRIPA and UNDRIP.
SUSTAINABLE FUNDING
Fiscal capacity and resources at the
front lines of implementation for
coastal flood risk management (i.e.,
local government level) are rarely
commensurate with needs. Funding
by federal and provincial governments
has been criticized for being reactive
(e.g., Disaster Financial Assistance
Arrangements (DFAA)) and difficult
to access, owing to myriad and
complex funding programs. The
sustainability of DFAA funding has
also been called into question by
the escalating number and scale of
extreme weather-related disasters
across Canada. Funding for proactive
disaster risk reduction measures has
been less readily available (compared
to post-disaster assistance) and
previously focused on structural
solutions. Following strong and
12
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growing advocacy for nature-based
solutions by First Nations, researchers,
and (mostly non-profit) groups
like Stewardship Centre for British
Columbia, Municipal Natural Assets
Initiative, Fraser Basin Council, Living
Dike Roundtable, and Living with
Water initiative, federal government
funding agencies are beginning to trial
and implement funding programs for
green infrastructure.
RECOVERY PLANNING
The lack of clarity on roles and
responsibilities at different levels of
government is a barrier to enhancing
disaster preparedness and recovery.
The flooding in BC’s Lower Mainland
in November 2021 (driven by
extreme precipitation) highlighted
vulnerabilities and gaps in emergency
response coordination and the extent
of supply chain disruption that could
result from widespread coastal
flooding. Many communities reported
a lack of early warning, and delays
in receiving support and assistance.
Early warning is of particular
concern for coastal flooding events
when without sustained, long-term
funding to support development and
maintenance of operational flood
forecasting systems. Sustained and
increased investment is needed
to support the modernization of
forecasting tools and dissemination
techniques (e.g., social media,
mapping) so that they can guide
preparedness and response. While
emergency response planning is
conducted by local governments
with provincial funding assistance,
post-flood recovery planning is

virtually non-existent. Building back
better requires planning in advance
for recovery following a damaging
event (during which resources are
always stretched) and dedicated,
rapidly accessible funding programs
for post-flood improvement works (in
parallel to DFAA).
EDUCATION
A shortage of highly qualified
professionals with coastal flood
risk assessment and management
expertise has contributed to a lack of
consistency and innovative practice
in understanding and managing risk.
There are few programs or institutions
where individuals can receive inprovince post-secondary training
in coastal flood risk management
concepts and practice; such programs
would support the development of a
homegrown network of expertise and
innovation. Governments and privatesector firms are therefore heavily
reliant on attracting professionals
from elsewhere and often struggle
to retain talent, resulting in a
transient professional community.
This transience limits the extent to
which local knowledge, and First
Nations’ Traditional Knowledge
in particular, is applied in coastal
flood risk management practice.
Professional associations are slow
to recognize needs for dedicated,
specialist designations to raise
technical standards, instead relying
on publishing professional practice
guidance that is often underfunded
or conflicting with other technical
guidance. Recently, a number of
academic and government research
institutions, led by the University of

Windsor, have proposed to establish
a nation-wide coastal careers training
network. If funded, such an initiative
has potential to be a game-changer
in training and developing the
next generation of skilled, multidisciplinary coastal hazard and risk
professionals.

OPPORTUNITY
RECOMMENDATIONS
A range of actions are needed (Table
2) to reduce coastal flood risk that
involve the organizations listed
in Table 1. The recommendations
are grouped to align with the four
priorities of the Sendai Framework.

THE CHALLENGE
A key challenge is moving beyond
coastal flood risk management
strategies that are based solely on
protecting the most valuable assets
indefinitely. Funding programs and
risk assessments in BC have focused
on monetary valuation of cost-tobenefit, with limited evaluation of
environmental and social impacts
or benefits, and have prioritized
structural flood protection measures.
This has incentivized municipalities
and others applying for coastal
disaster risk reduction funding to
develop proposals that prioritize
reducing risks to the most valuable
infrastructure and urban land but
ignore or de-emphasize the inherent
(if perhaps less tangible from a
monetary perspective) value of other
assets and land uses (e.g., natural
assets, farmlands, heritage, cultural
13
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Table 2: Recommendations
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sites). More balanced methodologies
for options appraisal are needed to
ensure risk reduction plans better
reflect community values—such
as the expectation of food security
and recreational opportunities—and
are more equitable. Shoreline
management plans can provide
an effective platform for options
appraisal on a whole-of-society
basis and facilitate discussion on
difficult strategies like planned or
managed retreat (in a proactive rather
than reactive way); such strategies
are increasingly being adopted by
communities across Canada.
Moving forward, greater incentives
must be offered to avoid decisions of
regret. For example, a transportation

mandate to construct or widen a
highway within a coastal floodplain
is not currently subject to any
provincial requirements for flood risk
assessment or flood risk mitigation
measures. By contrast, infrastructure
investments funded by the federal
government require a climate lens
assessment21 to align investments
with acceptable risk.
Perhaps the greatest challenge is to
overcome the barriers create by the
fragmented governance of coastal
flood risk management in BC, which
hinders coordination and progress.
This will require whole-of-society
dialogue and political will to adapt to
changing flood hazards.
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RESOURCES
BC AND CANADA
1. High-level coastal planning and engagement for the Fraser River Foreshore area
that identifies community values:
City of Vancouver. Vancouver Coastal Adaptation Plan – Fraser River Foreshore. 2018.
https://vancouver.ca/files/cov/coastal-adaptation-plan-final-report.pdf
2. A master plan for a coastal community on Vancouver Island that sets out shortterm actions to advance the vision for the waterfront:
Town of Qualicum Beach. Waterfront Master Plan. 2020. https://www.
qualicumbeach.com/waterfront-master-plan
3. An action plan for a coastal community on Vancouver Island that prioritizes key
actions to year 2050:
City of Campbell River Sea Level Rise Action Plan. 2020. https://
www.campbellriver.ca/docs/default-source/default-documentlibrary/sealevelriseactionplanfinal---w-copyright-no-watermark.
pdf?sfvrsn=4c026b08_0

INTERNATIONAL
1. A state-wide coastal adaptation plan that prioritizes projects, updated on a fiveyear cycle.
Coastal Protection and Restoration Authority of Louisiana. Louisiana’s
Comprehensive Master Plan for a Sustainable Coast. 2017. http://coastal.
la.gov/wp-content/uploads/2017/04/2017-Coastal-Master-Plan_WebSingle-Page_CFinal-with-Effective-Date-06092017.pdf
2. A comprehensive international guide to conceptualizing, planning, designing,
engineering, and operating nature-based solutions for flood and erosion risk
management in coastal and riverine settings:
Bridges, T. S., J. K. King, J. D. Simm, M. W. Beck, G. Collins, Q. Lodder, and R. K.
Mohan, eds. International Guidelines on Natural and Nature‑Based Features for
Flood Risk Management (Vicksburg, MS: U.S. Army Engineer Research and
Development Center, 2021). https://ewn.erdc.dren.mil/?page_id=5630
(Overview document: https://ewn.erdc.dren.mil/?page_id=5698)
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3. The first of two volumes of technical guidance for developing shoreline
management plans in England and Wales:
Department for Environment, Food and Rural Affairs. Shoreline management
plan guidance – Volume 1: Aims and requirements (London, 2006). https://
assets.publishing.service.gov.uk/government/uploads/system/uploads/
attachment_data/file/69206/pb11726-smpg-vol1-060308.pdf
4. Part of a series of guidelines on national disaster risk assessment, compiling
useful international examples and resources for coastal erosion hazard and risk
assessment:
UNISDR. Words into Action Guidelines: National Disaster Risk Assessment Hazard
Specific Risk Assessment, 7. Coastal Erosion Hazard and Risk Assessment. 2017.
https://www.unisdr.org/files/52828_07coastalerosionhazardandriskasse
ss.pdf
5. One of a series of books by international experts on water management,
specifically providing guidance on strategic flood risk management techniques
that enable longer-term, system-wide approaches.
Sayers, P., Y. Li, G. Galloway, E. Penning-Rowsell, F. Shen, K. Wen, Y. Chen, and T.
Le Quesne. Flood Risk Management: A Strategic Approach (Paris: UNESCO,
2013). http://www.sayersandpartners.co.uk/uploads/6/2/0/9/6209349/
flood-risk-management-web.pdf
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ABOUT
EARTHQUAKES
Earthquakes can occur almost
anywhere, but they are primarily
located along tectonic plate
boundaries, where pieces of the
earth’s crust rub against one another.
In BC, tectonic plate boundaries
include the Cascadia Subduction
Zone and the Queen Charlotte Fault
offshore of Haida Gwaii. Earthquakes
occur along these boundaries and
also in the subducting Juan de Fuca
slab, the deep portion of the Cascadia
Subduction Zone, and as relatively
shallow earthquakes in the North
American plate. The earthquake
hazard is generally higher in coastal
areas of BC. Damaging earthquakes
do not occur frequently in BC, but
when they happen, impacts can be
extremely damaging and widely felt.
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DESCRIPTION
Large, damaging earthquakes are part
of the overall earthquake threat in BC
and can impact people, structures,
infrastructure, and cultural and
environmental sites. On average, there
are several thousand earthquakes
recorded in BC annually (Figure 1), of
which approximately 50 earthquakes
are felt. Three types of earthquakes
can occur in Southwest BC: 1) large
megathrust earthquakes along the
plate boundary off Vancouver Island
with magnitudes up to about 9.0;
2) deep intraslab earthquakes with
magnitudes up to about 7.5, and 3)
shallow crustal earthquakes with
magnitudes up to about 7.5.

Shana Johnstone, Uncover Editorial + Design
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level rise makes the impacts of
coseismic subsidence and tsunamis
more severe.
IMPACT ON BUILDINGS

Figure 1: Distribution of recorded earthquakes (Graphic: Natural Resources Canada).

When a fault ruptures, seismic
waves are propagated through the
earth, causing the ground to shake.
This shaking causes buildings or
infrastructure to vibrate, potentially
becoming damaged or collapsing.
Intense ground shaking can last from
seconds to minutes and may be
followed by numerous aftershocks.
Secondary effects can include
landslides, liquefaction, floods,
and fires. In addition, aftershocks,
particularly from shallow crustal
and megathrust earthquakes, are
of concern as they exacerbate
the impacts. Damage to critical
infrastructure can cause disruption of
services and have indirect impacts on
lives, livelihoods, and the economy.
Damage to industrial facilities from

earthquake shaking can lead to
cascading impacts such as release of
chemical hazard substances that harm
human health and the environment.
Tsunamis can be triggered by local
and distant earthquakes. If the
earthquake triggers land or submarine
slides, these can create tsunami
waves. Combined with sea level rise,
this can put some communities in
coastal areas at higher risk.
With the increase in intensity and
frequency of hydrometeorological
events, such as floods, wildfires, and
extreme temperatures, there is a
greater likelihood that a damaging
seismic event will be followed by a
meteorological hazard that intensifies
the impact of the initial event. Sea

BC has the highest concentration of
assets at earthquake risk in Canada.
Of the 1.2 million buildings in BC,
more than 500,000 buildings1 have a
10% in 50 years probability of being
exposed to strong shaking (>MMI
VIIi or “very strong shaking”) that can
cause moderate structural and heavy
non-structural damage. Earthquakeresistant buildings designed to
withstand strong lateral forces will
fare better than older buildings
without seismic design elements,
such as unreinforced masonry and
non-ductile concrete. In addition,
buildings with structural irregularities
such as a soft storeyii will not perform
as well during earthquake shaking.
Structures built on water-saturated
granular soils can liquefy and have
their foundations give way, causing
structures to collapse. Seismic waves
can be amplified where sediment
has accumulated in great thickness
(sedimentary basins), dramatically
increasing the shaking experienced
by structures built in such areas.
This is the case in parts of the Lower
Mainland, where development built on
the thick sedimentary deposits of the
Fraser River delta are more vulnerable
to ground shaking.
MMI is the Modified Mercali Intensity scale. “VII”
on the scale represents “very strong shaking.” The
degree of structural damage is dependent on the
design and construction of the structure.
i

“Soft-storeys” are multi-storey buildings with
large openings such as windows, often on the
lower floor. Such storeys and are weaker and more
flexible than the storeys above.
ii
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IMPACT ON
INFRASTRUCTURE
Earthquake ground shaking and
secondary effects can damage
infrastructure, disrupt services, and
cause secondary impacts. Examples
include:
• Dams and other structures, such
as dikes and retaining walls, may
be vulnerable, putting people
and assets at risk from floods or
landslides.
• Vulnerable linear structures, such
as older, brittle water and sewer
pipes, can be damaged or outright
broken.

• Weakened telecommunication
systems can be overwhelmed
even if they don’t fail outright,
jamming local and regional
communications.

highways that support a significant
portion of Canada’s imports and
exports.
IMPACT ON PEOPLE
Damaged buildings can lead to loss
of life, injury, and the displacement
of large numbers of people from their
homes as well as result in significant
direct and indirect social, cultural,
and economic losses within days,
months, and years after a major
earthquake. Vulnerable people
will be further challenged to cope
with and recover from a damaging
earthquake. Vulnerable populations
include children, seniors, and people
with chronic mobility, sensory, or
cognitive disabilities. People with low

• Outfall from sewer lines that break
can spill into sensitive ecological
areas, and debris can overwhelm
waste management systems.
• Damage to transportation
corridors may limit access to
damaged areas and inhibit
response and recovery.
• Impacts to port infrastructure
can cause major disruption to
the transportation of goods
and services along rail lines and

INSIGHTS FROM 2011 CHRISTCHURCH EARTHQUAKE FOR BC

Figure 2: Demolishing of a building destryoed by the earthquake of 2011 in Christchurch, New
Zealand (Photo: KiraVolkov/istock).

The impacts of the 2011 earthquake in
Christchurch, New Zealand, can provide
insights into what we could anticipate
in some of the larger communities in
BC, such as Victoria and Vancouver. In
Christchurch, a city of nearly 400,000
people, roads and bridges were
damaged, which hampered rescue
efforts. Liquefaction and surface flooding
were prevalent, and road surfaces were
damaged by liquefaction. Cars and buses
were crushed by falling debris. Damage
occurred to many older buildings built
before stringent earthquake codes were
introduced. As of 2015, 1,240 buildings
were demolished as a result of the
damage inflicted by the 2011 quake
(Figure 2). Following the quake, the
downtown core remained cordoned
off for three years, impacting economic
activity and growth in the area.4
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incomes are also more vulnerable and
will have a harder time to recover.
Individuals and communities who
are disadvantaged and face social
barriers (racism, classism, sexism,
ableism, etc.) are likely to experience
disproportionate impacts from
disasters, including earthquakes.2
These communities are more likely to
live in seismically vulnerable buildings,
have less access to government
support, fewer resources, and less
adaptive capacity to survive and
recover from disruptions.3
IMPACT ON ECONOMY
In addition to direct losses, overall
economic activity will be significantly
impacted by a major earthquake due
to interruption of utilities, services,
and supply chains supporting the
movement of goods and services
locally, regionally, and nationally.

EARTHQUAKE
THREAT AND PAST
EVENTS
The top five damaging earthquakes
that have impacted BC5 include events
in 1700, 1929, 1946, 1949, and 2001.
They ranged in magnitude from 7.0 for
the 1929 Haida Gwaii earthquake (at
the time known as Queen Charlotte
Islands) to M9.0 for the 1700
Cascadia megathrust earthquake.
The M8.1 earthquake in 1949 in
Haida Gwaii is the largest earthquake
recorded by instruments in Canada.
Some of these events caused
damage. First Nations oral histories
indicate coastal communities lost
many lives, structures, fishing

boats, the destruction of a village
near Pachena Bay, and more in the
1700 earthquake and tsunami. The
earthquakes from the 1940s were
reported in newspapers of the time:
the 1946 earthquake damaged
a school and other structures in
Courtenay, knocked down 75% of the
chimneys in the nearest community,
triggered more than 300 landslides,
and ultimately caused two deaths;
the 1949 earthquake caused damage
to communities on Haida Gwaii. An
earthquake in 2001 was widely felt in
southwestern BC but caused minor
damage, such as broken windows,
pipes, and chimney damage.
The relatively low frequency of
damaging earthquakes in BC affects
the perception of risk and leads to
less opportunity for action (as such
opportunity is usually created after an
event). Most of BC’s earthquakes have
been in remote areas or in the distant
past, making our society relatively
complacent to earthquake risk,
leading to inadequate funding and low
political will to reduce the risk.

DRIVERS OF RISK
Physical and social vulnerabilities
in society are the leading drivers of
seismic risk in BC. An overwhelming
majority of structures in the existing
building stock were designed and
constructed using building codes
with low levels of seismic provision.
Limited funding options to update
infrastructure to a higher standard
beyond saving lives, and the lack of
lived earthquake experience among
residents, contribute to this physical
risk. For example, in Vancouver, over

half of the city’s 90,000 buildings
were built prior to 1974 and have no
or little seismic resistance, leaving
residents and workers vulnerable to
disruption, displacement, and injury or
loss of life. In Vancouver, as in much of
the province, this building vulnerability
is the primary driver of seismic risk.
With an increasing population and
expansion of the built environment
in areas of high seismic hazard,
seismic risk increases. High seismic
hazard zones are areas in the province
susceptible to ground failures,
liquefaction (where the soil turns
to quicksand and cannot support
structures), increased shaking, and
earthquake-induced landslides.

UNDERSTANDING
RISK
WHAT SOURCES
HELP US
UNDERSTAND
HAZARD AND RISK
A wide range of data and information
types contributes to understanding
earthquake threat and risk in BC.
Below is an overview of available
data and information on earthquake
hazard and risk. There are also private
consulting and insurance companies
that routinely model earthquake risk.
REAL-TIME HAZARD DATA
Real-time seismic data can be used
for warning systems at the regional
level or site level. This is useful for
better understanding earthquake
hazards in an area and their use
5
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in building codes. Earthquakes are
detected in real-time through an
array of sensors and integrated into
the Canadian National Seismograph
Network. The British Columbia Smart
Infrastructure Monitoring System
(BC SMIS) collects information at or
near critical infrastructure locations,
such as public schools, government
offices, fire halls, ambulance stations,
and bridges. In the offshore regions,
Oceans Network Canada records and
detects ground motion.
HAZARD ASSESSMENT
Seismic hazard assessment
defines the extent and severity of
ground motions and likelihoods. A
probabilistic assessment refers to
analyses that consider all possible
earthquakes that could affect a
region over a period of time. The
Canadian Seismic Hazard Model6 is
the authoritative source for federal
information on earthquake hazard,
generated by Natural Resources
Canada and updated every five
years, most recently in 2020. The
assessment is considered by the
National Building Code (NBC)
for the seismic provisions in the
code. Subsequently, provinces and
territories use the NBC as the basis
for building codes, such as the 2018
British Columbia Building Code.
Higher resolution studies,
including local seismic sources
and site conditions, can be used
by communities to refine risk
assessments that account for local
geological conditions. Earthquake
hazard scenarios developed by

Natural Resources Canada have
recently become publicly available.7
Other fundamental hazard
research is undertaken by federal
scientists, academic institutions,
and joint working groups (e.g.,
Cascadia Coastal Hazards Research
Coordination Network8).
RISK ASSESSMENT
Earthquake risk assessments in the
form of damage and loss estimations
are an important source of risk
information. Robust methods have
been developed to quantitatively
assess risks associated with
earthquakes. Most earthquake loss
estimations focus on physical damage
to buildings and direct impacts such
as injury, loss of life, displacement,
and economic loss. Only a few
communities have completed an
earthquake risk assessment in
Canada, including the District of
North Vancouver,9,10 University of
British Columbia,11 City of Victoria,12
and City of Vancouver.13
A provincial earthquake risk
assessment was jointly developed
between Emergency Management
BC and Natural Resources Canada,
although this is not available publicly.
A new national earthquake risk model
developed by Natural Resources
Canada using OpenQuake14 software
provides results at the neighbourhood
scale.15 The new public-facing
website and the publication of the
national earthquake risk model will
be released in the fall of 2022 and
will make earthquake risk information
more widely accessible across

Canada. The national earthquake risk
assessment is based on aggregate
building information and will be
updated regularly in alignment with
the national earthquake hazard
assessment.
ASSETS (EXPOSURE)
DATASET
The National Human Settlement
Layer16 and the National Social
Vulnerability17 dataset provide
geospatial details about people,
buildings, and assets across Canada.
As new models become publicly
available, feedback and guidance
from practitioners will guide how
risk information can guide business
owners, financial analysts, emergency
managers, community planners, and
the public to become more resilient to
earthquakes.
POST-DISASTER DAMAGE
ASSESSMENT AND DATA
COLLECTION
BC Housing is tasked to carry
out post-disaster rapid damage
assessments of buildings. This has
been conducted for other hazards,
including wildfires and floods, but
not tested for earthquakes due to
the paucity of recent damaging
earthquakes in BC. Private modelling
companies and insurance and
reinsurance companies compile
post-event data. Public agencies also
compile data and publish bulletins,
such as Public Safety Canada’s
Canadian Disaster Database18 or the
international EM-DAT database.19 The
Canadian Association for Earthquake
Engineering conducts reconnaissance
after damaging earthquakes and
6
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publishes findings in a report to
document lessons learned and their
applicability to engineering practice in
Canada.iii
OTHER RESEARCH
PROJECTS AND DATASETS
Ongoing academic research within
BC is conducted to develop tools that
quantify and mitigate earthquake
risk. Multiple open-source tools
exist to assess the performance
and functionality of buildings
following an earthquake, including
a tool (TREADS)20 developed at
the University of British Columbia.
Other efforts at UBC include the
development of Canada-specific
fragility and vulnerability functions,
which enhance the accuracy and
reliability of seismic risk assessment
results. This work builds upon the
Disaster Risk Reduction (DRR)
Pathways project (2019–2021) that
focused on decreasing systemic risk
through evidence-based disaster
risk management, evaluating
socioeconomic incentives for
investing in disaster risk reduction,
and the governing of risk information
and risk management practice in BC.
GUIDELINES AND TOOLS
FOR HAZARD AND RISK
ASSESSMENTS
There are no guidelines or standard
approaches defined for conducting
quantitative earthquake hazard and
risk assessments in Canada and BC.
When conducting a risk assessment,
In the US, EERI, GEER, STEER, EEFIT, and other
organizations study earthquakes in the immediate
aftermath, using funding made available through
agencies like the National Science Foundation.
iii

ongoing community engagement is
essential to provide an understanding
of associated risks. It is essential
that First Nations and Indigenous
communities be included in all
engagements.
Natural Resources Canada recently
became a member of the Global
Earthquake Model. This platform
provides access to open-source tools
that can assess earthquake hazards
and risks.21

REDUCING RISK
Emergency Management BC
developed the BC Earthquake
Immediate Response Plan22 in 2015,
which is currently being updated.
The plan lays out a shared and
coordinated responsibility for
sustained response and recovery.
As of now, there is no provincial
earthquake risk management strategy
outlining priorities and requirements
for earthquake risk reduction in the
province. In 2018, BC became the
first province to adopt the Sendai
Framework for Disaster Risk Reduction,
which encourages identifying and
mitigating seismic risk. This, along
with the ongoing Emergency Program
Act Modernization in BC, provides an
opportunity for implementing policies
aiming to reduce earthquake risk in
BC.
In BC, detailed earthquake mitigation
plans can be found in the District of
North Vancouver (Earthquake Ready
Action Plan)23 and in the City of
Vancouver (Earthquake Preparedness
Strategy24 and Resilient Vancouver

Strategy). Integrated Partnership
of Regional Emergency Managers
(IPREM) and Metro Vancouver
have developed a disaster debris
management plan25 and regional
temporary provision of drinking water
guideline to support earthquake
recovery.

PRACTICE AND
CAPABILITIES
Managing physical risk from
earthquakes is commonly approached
by retrofitting existing buildings
and developing building codes
and standards for new buildings.
It should be noted that financial
losses from physical risk can never
be fully eliminated and remaining
losses should be managed by risk
transfer mechanisms through
insurance, reinsurance, and/or
government funding. Social impacts of
earthquakes are managed by building
social capital through community
networks, community resilience hubs,
and community support programs—
especially for marginalized and
vulnerable groups.
SCHOOL SEISMIC UPGRADE
PROGRAM AND GUIDELINES
A successful initiative in reducing
existing earthquake risk is the
provincial Seismic Mitigation Program
(School Seismic Upgrade Program)26
led by the Ministry of Education,
working with Engineers and
Geoscientists of BC with support from
the University of British Columbia
Civil Engineering Department. The
program, started in 2004, aims to
reduce the seismic risk of public
schools through several mitigation
7
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measures, including retrofitting
school buildings. Since launching
the Seismic Mitigation Program, the
Ministry has spent over $1.9 billion to
complete high-risk seismic projects
throughout the province. The program
includes the development of seismic
assessment tools and guidelines
for the performance-based seismic
retrofit of school buildings.27
EXISTING BUILDINGS
RETROFIT PROGRAMS
Currently, the only program
supporting retrofit of existing
buildings is from the City of Victoria,
which offers a Tax Incentive Program
(TIP)28 to eligible owners of heritagedesignated commercial, industrial,
and institutional buildings. Guidelines
exist for those interested in voluntary
retrofits to aid homeowners.29,30
BUILDING CODES
Building codes in Canada have evolved
since the first National Building Code
(NBC) was released in 1941. The
seismic provisions are periodically
updated to reflect new scientific
knowledge. Risk tolerance levels have
also evolved over time, from the first
probabilistic ground motions with
a 100-year return period (~40%
chance of exceedance in 50 years) to
the current 2,475-year return period
(or 2% chance of exceedance in 50
years), reflecting a lower tolerance
for risk of collapse in modern editions
of the NBC. In Canada, the building
code is developed at the national
level, and each Province either adopts
the code as is or modifies it, at which
point the building code becomes law.

One exception to this is in the City of
Vancouver, which has its own unique
bylaw.

“very high” to “high” seismic risk, and
34% were at “high” to “moderate” risk
of failure and subsequent flooding.32

High-importance buildings, such as
schools and hospitals, are designed
for higher loads and more stringent
requirements. The BC Building
Code, however, does not contain
specific requirements for the seismic
assessment of existing buildings, nor
does it set minimum requirements
beyond life safety. Safety design
guidelines for critical structures, such
as high- or extreme-consequence
dams, are based on hazard intensities
with less frequent but more severe
earthquake events.

Liquefaction is the most significant
factor contributing to the vulnerability
of dikes. In 2021, professional
practice guidelines were developed
by Engineers and Geoscientists BC
to guide the seismic assessment
and design of dikes in the province.
The Ministry of Forests, Lands,
Natural Resource Operations and
Rural Development’s Seismic Design
Guidelines for Dikes (Second Edition)
outlines technical requirements
related to seismic assessment and
seismic design of dikes under the
Dike Maintenance Act. However,
since then the Ministry has
identified areas for improvement in
how engineering professionals are
applying the Ministry’s guidelines
and has requested that Engineers and
Geoscientists BC develop practice
guidelines to assist.33

To develop these requirements,
the Building Safety and Standards
Branch has partnered with Natural
Resources Canada and the National
Research Council on a Seismic
Retrofit Guidelines (SRG) Expansion
Project. The SRG Expansion Project
builds upon tools developed for
the provincial school seismic
upgrade program to develop new
recommendations for the screening
and retrofit of privately held buildings.
These recommendations can be
incorporated into future codes and
regulations. A similar project31 being
completed by the National Research
Council is a plan to assess the seismic
safety of existing buildings.
SEISMIC VULNERABILITY OF
DIKES
In a recent assessment of the
vulnerability of dikes in BC to seismic
hazards, more than 50% of the
assessed dikes were found to have

GUIDELINES ON
PERFORMANCE-BASED
SEISMIC DESIGN OF
BRIDGES
Professional practice guidelines in
Performance-Based Seismic Design of
Bridges in BC were developed in 2018
with the support of the BC Ministry of
Transportation and Infrastructure, the
Canadian Association of Earthquake
Engineering, and the Structural
Engineers Association of BC. These
guidelines assist engineering
professionals in carrying out the
performance-based seismic design of
bridges.34
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MANAGING FINANCIAL RISK
Damages to physical assets lead
to financial loss. Parties invested
in physical assets are vulnerable to
financial losses of varying levels.
When an earthquake event happens
in Canada, the losses will be borne
by asset owners, such as personal
or commercial entities, private
and public infrastructure owners,
developers, financial institutions,
pension funds, and other collective
investors. After a disaster, the
Province may declare the event
eligible for disaster financial
assistance. Not every homeowner in
BC knows, however, that earthquake
damage is insurable and, therefore,
not eligible for disaster financial
assistance (DFA).35 Disasters
explicitly mentioned under the
non-eligible section are wildfires,
earthquakes, windstorms, snow
load, sewer or sump-pit backup, and
water entry from above the ground.
To mitigate the risk of business
disruption from a natural hazard
event, businesses can purchase
business disruption insurance.
Earthquake insurance provision in
BC is much higher than elsewhere
in Canada, with up to 70% uptake
among residential properties.36 This
is a vast improvement over places
like Quebec, where insurance rates
remain around 3%–4% despite the
appreciable risk.
By the end of the fiscal year 2022, the
federal Office of the Superintendent
of Financial Institutions and the British
Columbia Financial Services Authority

will require insurers to annually
disclose earthquake exposures and
meet a test of financial preparedness
for the probability of a 500-year
return period or 0.2% likelihood of
occurrence in a given year.

Not every
homeowner in BC
knows, however, that
earthquake damage
is insurable and,
therefore, not eligible
for disaster financial
assistance (DFA).
Disasters explicitly
mentioned under
the non-eligible
section are wildfires,
earthquakes,
windstorms, snow
load, sewer or sumppit backup, and water
entry from above the
ground.

STRENGTHENING
SOCIOECONOMIC
RESILIENCE
Strengthening social vulnerability
and community resilience means
working together across a broad
spectrum of people, but the cobenefits of such social programs and
approaches have a greater effect on
increasing resilience to other shocks
and threats (like earthquakes) than
investing in physical risk reduction
measures alone. Social capital has
proven to be the strongest and
most robust predictor of population

recovery following a catastrophe. For
instance, following the devastating
earthquake in Kobe, Japan, the city
staff developed programs to create
stronger solidarity among survivors,
recognizing that rebuilding the
social capital in a disaster zone is an
essential component of recovery.37
INDIVIDUAL
PREPAREDNESS
Individual protective actions, such as
having an earthquake kit, securing
furniture to the walls, and having
a post-earthquake household
emergency plan are important
and achievable risk management
strategies that many households
can undertake to some degree.
PreparedBC has created extensive
materials39 for the public to use to
assist with preparedness planning and
is actively engaged in outreach.
The Great British Columbia
ShakeOut40 organizes an annual
earthquake drill every October to
practice how to safely respond
immediately to an earthquake using
the drop, cover, hold technique
and how to review or update
emergency kits or plans. Many of the
recommended individual protective
measures may not be feasible for the
most vulnerable community members,
such as people with complex health
conditions, disabilities, or who are
living in poverty and may not have the
financial or physical means to prepare
for an earthquake appropriately. This
is a gap that needs to be addressed.
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CULTIVATING RESILIENT
NEIGHBOURHOODS IN
VANCOUVER

Figure 3: Residents participate in an emergency preparedness exercise organized by
the Dunbar Earthquake and Emergency Preparedness group as part of the Resilient
Neighbourhoods Program Pilot, alongside images of a Needs and Offers board and volunteer
roles and responsibilities (Photo: City of Vancouver).

EARTHQUAKE EARLY
WARNING
Earthquake early warning (EEW) is
the rapid detection of earthquakes,
real-time estimation of the shaking
hazard, and notification of expected
shaking. EEW provides seconds to
tens of seconds of notice before
strong shaking starts. This warning
time can be used to perform actions
that reduce injuries, deaths, and
property losses.
Natural Resources Canada is
developing a national EEW system
(Figure 4) with federal, provincial,
Indigenous and other partners and
the United States Geological Survey.
Alerts will be sent to the public
through the National Public Alerting
System. Tailored alerts will be sent to

critical infrastructure operators and
technical users, with the potential
to trigger automated protective
actions—such as opening doors,
closing valves, sounding alarms, and
diverting traffic. The national EEW
network is focused on the west coast
of BC and in the densely populated
regions of eastern Ontario and
southern Quebec. This national EEW
system is slated to be operational in
2024.
Alert Ready is the public-facing
brand name for the National Public
Alert System. The program allows
government officials to issue public
safety alerts through mobile devices,
television stations, and radio stations
and can be activated during a largescale disaster.41

The City of Vancouver has established
a Resilient Neighbourhoods Program
to reframe and transform the way
communities collectively prepare for
emergencies while integrating efforts
related to community connection,
equity, climate action, and emergency
preparedness. The program takes a
capacity-building approach to build
on services and networks that enable
communities to thrive day-to-day and
consider how these can be leveraged
to address future hazards. The Resilient
Neighbourhoods Toolkit38 was
co-created by the City and community
partners and provides a guide for
evaluating resilience, mapping assets,
and creating neighbourhood resilience
plans (Figure 3).

Other existing monitoring and
warning systems include: Oceans
Network Canada’s offshore seismic
sensor network to monitor subduction
activity along the west coast of
Vancouver Island; UBC’s EEW for
private and public schools and other
facilities, which it has operated since
2014; and EEW services provided by
private companies to institutions like
the Ministry of Transportation (e.g.,
to clear the Lower Mainland’s Massey
Tunnel) and the BC Legislature
building in Victoria.
UBC has been conducting research on
new and more advanced technologies,
such as using a large density of
sensors in urban areas, effective use
of 5G networks, and adaptability of
smart meters for use in a seismic
network, to improve the reliability and
efficiency of EEW.
10
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their resources and seismic risk
mitigation may not be the most
urgent priority.

Figure 4: Natural Resources Canada is developing a national earthquake early warning system.
Information on seismic P waves are collected before the damaging S waves to provide advance
warning (Graphic: Natural Resources Canada).

ORGANIZATIONS
INVOLVED IN
EARTHQUAKE RISK
MANAGEMENT
Organizations involved in earthquake
risk management are summarized in
Table 1.

GAPS IN REDUCING
RISK
While considerable strides have been
made to reduce earthquake risk in BC,
gaps in practice remain, including:
1. Community-level information,
capacity, and resources — Ideally,
every community should have
an earthquake risk profile with
information about the threat levels
of earthquake and secondary
hazards and the vulnerability of
critical infrastructure, buildings,
and occupants to a damaging
earthquake. Such information
would help government and
stakeholders, including the public,

to understand: who and what are
vulnerable to earthquakes; the
likely impacts and consequences
of a major earthquake; and how
to design and target mitigation
activities to reduce the risk and
build resilience. However, very
few communities have such
information available for use in
earthquake risk management.
There is a severe lack of funds
to quantify risk and address
seismic risk mitigation. With
the burden largely placed on
property owners or municipalities,
relatively few buildings have
been retrofitted, even in cities
exposed to potentially damaging
earthquakes high, like Vancouver
and Victoria. In smaller or rural
towns with fewer resources,
there may not be a person who
specializes in seismic hazard and
risk, let alone the opportunity
to enact sweeping seismic risk
mitigation programs. This is in part
because governments and private
citizens face myriad demands for

2. Risk assessment — A publicly
available earthquake risk
assessment for the Province
does not exist. The publication of
Natural Resources Canada’s new
national earthquake risk model
in the fall of 2022 will help fill the
gap. Some government agencies
and communities have developed
earthquake risk assessments for
their specific infrastructure or
location, but these assessments
may not be publicly available
or may be limited in scope. It
is important to note that local
assessments can provide more
detailed and representative
information than the national
model; in such cases, those local
details should be preserved to the
extent possible.
3. Buildings — Building codes do not
adequately address: 1) risk from
aftershocks; 2) duration of shaking
from subduction earthquakes; 3)
seismic resilience of “housing and
small buildings,” although NBC
includes a section on “Housing and
Small Buildings,” which provides
prescriptive requirements that
can be followed without the
involvement of an engineer. There
is a lack of local government
enforcement of seismic provisions
of the building code; most local
governments leave it to engineers
to self-check their seismic design.
The largest gap in the building
code is a lack of specificity on
11
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Table 1: Organizations involved in earthquake risk management
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standards for alterations to existing
buildings. However, Engineers and
Geoscientists BC has endorsed
a number of technical guidelines
for the seismic retrofitting of
schools. Since 2011, three separate
editions of the Seismic Retrofit
Guidelines have been used for the
seismic retrofitting of schools. A
fourth edition for schools has been
completed, along with guidelines
for other types of low-rise
buildings.

The largest gap in
the building code is
a lack of specificity
on standards for
alterations to existing
buildings.

As part of the Existing Building
Renewal Strategy, the Building
Safety and Standards Branch
(BSSB) in BC is exploring updates

to the building regulatory system.
Although current efforts are
specific to seismic risk and the
Seismic Retrofit Guidelines
(SRG), legislative and regulatory
considerations may relate more
broadly to retrofits in existing
buildings. The Province may adopt
new SRG requirements as part
of the BC Building Code or as a
standalone regulation for existing
buildings. The SRG is currently
only for 43 building types—lowrise building construction types
and heights common in schools. If
it is to be used more broadly, it will
need to be significantly expanded.
Developing Canada-specific
building vulnerability functions
has been challenging given the
lack of observed damage data
from past Canadian earthquakes.
To create an inventory of
vulnerable buildings and conduct
risk assessments, more detailed
information on buildings is needed
to better understand these
vulnerabilities.

4. Infrastructure — There is a need
for post-disaster and recovery
standards for critical infrastructure
and financial support to invest
in replacements and upgrades.
Local governments have little
to no budget to do this. Some
infrastructure codes do not
have adequate earthquake
provisions. However, Infrastructure
Canada’s Disaster Mitigation and
Adaptation Fund (DMAF) can be
leveraged to support large-scale
structural projects.
More work is needed to
understand the cascading
impacts on critical infrastructure,
such as how hospitals,iv
telecommunications, and
the flow of supplies will be
impacted by the disruption
of power and transportation.
Scenario development with
multi-sectoral participation
can be an effective approach in
Most BC hospitals run near capacity, and surge
planning is often designed for a maximum of ~30
people (bus crash scenario).
iv
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ADVANCING POLICY FOR SEISMIC RETROFIT IN THE CITY OF VANCOUVER
As part of its Earthquake Preparedness Strategy, the City of Vancouver partnered with Natural Resources Canada and local
experts through the City’s Seismic Policy Advisory Committee to begin work to develop a comprehensive risk assessment of
its 90,000 privately held buildings. This assessment pulls together earthquake modelling results with urban and community
planning efforts to generate a clear and actionable strategy to understand the city’s seismic risk.
This initiative, developed through the City’s first resilience strategy, connects seismic risk reduction in buildings into the City’s
larger resilient-building efforts. The ultimate goals of this ongoing work are to develop a sophisticated understanding of
risk and risk reduction costs and benefits. It is an initiative that develops seismic risk reduction targets and generates policy
options, which will be evaluated by City staff, partners in the community, industry, and all levels of government. From there it
will be possible to decide together how best to act to reduce risk and advance resilience in buildings.

defining and understanding the
interdependencies and impacts
across CI systems, the vulnerability
drivers, and developing risk
management scenarios.

More work is needed
to understand
the cascading
impacts on critical
infrastructure, such
as how hospitals,
telecommunications,
and the flow of
supplies will be
impacted by the
disruption of power
and transportation.
Scenario
development with
multi-sectoral
participation can be
an effective approach
in defining and
understanding the
interdependencies
and impacts across CI
systems.

5. Response and recovery planning
— There is a lack of capacity
and resources in emergency
management teams at the local
level to develop comprehensive
response and recovery plans;
existing planning is limited (most
communities have at most one
emergency planning coordinator
responsible for entire emergency
management programs).
There is also a need for guidelines
and suggested approaches in
developing disaster recovery plans
for all hazards, with specifics on
post-earthquake recovery. FEMA’s
Pre-disaster Recovery Guide for
Local Governments is an example
of steps that can be taken by local
governments and communities
to support recovery following a
disaster, with checklists, estimated
timelinws for recovery steps and
case study examples.42
6. Earthquake science — Given that
few damaging quakes have been
recorded in BC, there is a need to
better understand where future
earthquake sources are located,
the frequency of ruptures, and how

a fault can rupture, including the
direction of rupture (propagation)
and how the seismic wave travels
through the ground or offshore.
For offshore faults, there is a need
to better understand rupture
mechanisms to determine if
a fault may induce damaging
tsunami waves. At a given location,
ground shaking can be intensified
or dampened by the local site
(geological and topographic
characteristics), resulting in
liquefaction and landslides. This
knowledge of expected ground
shaking is necessary to inform
the design of infrastructure
and buildings. High-resolution
geoscience mapping both on land
and offshore (marine and coastal
regions) is required to determine
if there are unknown active faults.
This ongoing research is essential
to build community resilience.
In Canada, instruments have
recorded earthquakes for the
last 100 years, but modern
digital data and a variety of
new datasets (including GPS,
precise seafloor imaging, and
precise mapping using drones
14
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and satellites) are allowing for
much more accurate earthquake
hazard models. There is a need
for ongoing paleoseismology
studies to understand and assess
the frequency of past earthquake
events. The new earthquake early
warning program will introduce
new “strong motion” seismic
instruments across BC to help
advance knowledge of damaging
earthquakes in the region.
7. Managing financial impacts
— BC is doing well in terms of
earthquake insurance uptake
compared to other regions in
Canada. However, gaps still exist
for those who are uninsured,
those who cannot afford their
deductibles, or for managing a
failure of the insurance sector.
Despite high public awareness
that BC is “earthquake country,”
there is a common misconception
that federal or provincial funds
will be available to those who are
impacted by an earthquake. The

Province of BC does not award
financial assistance for insurable
losses,43 even if insurance is
unaffordable to some. Therefore,
earthquake damage is explicitly
not eligible for recovery funds.44

OPPORTUNITY
RECOMMENDATIONS
The key recommendations
for enhancing earthquake risk
management in BC are listed in Table
2.

THE CHALLENGE
One of the biggest challenges
that communities face is that
information and mitigation plans
are often focused on an individual
hazard as opposed to looking at
co-benefits from investments to
address mitigation against the
range of hazards. For example,
retrofitting a building multiple times
to mitigate vulnerabilities for each

hazard individually could negatively
impact resilience to other hazards
(e.g., making the earthquake risk
worse while retrofitting for flood)
and is much costlier than doing the
retrofits all at once in a coordinated
matter. The first step to address this
challenge is developing and providing
communities with information on the
range of hazards that a region can
experience and providing case studies
or examples of mitigation approaches
that can be used to mitigate against a
range of hazards.
Another significant challenge is
for local governments to acquire
appropriate resources for risk
reduction efforts through provincial
and federal grant programs—which,
at the moment, are mostly focused
on climate adaptation. The first step
to address this challenge would be
to provide information on the cost
benefits of investing in mitigation
to make communities and regions
across BC more resilient to a range of
hazards, including earthquakes.

Table 2: Recommendations
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RESOURCES
BC AND CANADA
1. An authoritative source of earthquake information that provides details on
past earthquakes in Canada, seismic hazard values for all parts of Canada,
seismograph viewers for stations, earthquake early warning, and general
information on earthquakes.
Natural Resources Canada. “Earthquakes Canada.” Accessed May 30, 2022.
https://www.earthquakescanada.ca/.
2. The national association that proactively represents Canada’s insurers. Two
earthquake risk scenarios have been commissioned by the Insurance Bureau of
Canada, to help inform earthquake insurance in Canada.
Insurance Bureau of Canada. “Earthquake Insurance.” Accessed May 30, 2022.
http://www.ibc.ca/ns/home/types-of-coverage/optional-coverage/
earthquake-insurance/.
3. A collaborative project that provides and develops maps that depict shaking
amplification due to local geological site conditions, liquefaction, and landslide
susceptibility for communities of the Lower Mainland.
Institute for Catastrophic Loss Reduction, University of Western Ontario,
and Emergency Management British Columbia. “Metro Vancouver
Seismic Microzonation Project.” Accessed May 30, 2022. https://
metrovanmicromap.ca/.
4. An operations plan for Metro Vancouver on disaster debris management for
debris generated during an earthquake in the Lower Mainland.
Integrated Partnership for Regional Emergency Managers. Joint Municipal Regional
Disaster Debris Management Operational Plan For Metro Vancouver region
and members. October 2017. http://www.metrovancouver.org/services/
emergency-preparedness/Documents/2017JMRDDMPlan.pdf.
5. A best-practice example of a plain language report that provides insights on the
possible consequences a damaging earthquake in the District of North Vancouver.
District of North Vancouver. When the Ground Shakes. North Vancouver: District
of North Vancouver. Accessed May 30, 2022. https://www.dnv.org/sites/
default/files/edocs/when-the-ground-shakes.pdf.
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6. News reporter and CBC host provides insights from scientists, engineers, and
emergency planners about earthquakes, disaster response, and resilience from
BC and beyond. The book includes firsthand accounts from people who have
survived deadly earthquakes, explains the science, and asks what we can do now
to prepare ourselves.
Craigie, Gregor. On Borrowed Time. Fredericton: Goose Lane Editions, 2021.

INTERNATIONAL
7. Intended for homeowners in California, this site provides knowledge on seismic
ordinances, assessments, and retrofit requirements for cities across California.
Seismic Ordinances. “Seismic Ordinances of California.” Accessed May 30, 2022.
https://www.seismicordinances.com/.
8. A non-profit organization that provides affordable earthquake insurance
policies for Californian homeowners. The policy includes discounted premiums
for homeowners that retrofit their homes.
California Earthquake Authority. “Prepare your house for an earthquake.”
Accessed May 30, 2022. https://www.earthquakeauthority.com/PrepareYour-House-Earthquake-Risk.
9. An authoritative source of earthquake risk information for funding
opportunities, hazard maps, building codes and standards, publications, training,
and earthquake insurance for the United States.
Federal Emergency Management Agency. “Earthquake Risk.” Accessed May 30,
2022. https://www.fema.gov/emergency-managers/risk-management/
earthquake.
10. NDC, along with experts in the fields of construction, finance, and economics,
estimated retrofit costs, researched best practices in peer cities, examined
economic impacts of retrofits, and studied a comprehensive set of potential
funding sources.
National Development Council. “Funding URM Retrofits: Report to City of
Seattle from National Development Council.” May 2019. https://www.
seattle.gov/Documents/Departments/SDCI/Codes/ChangesToCodes/
UnreinforcedMasonry/FundingURMRetrofitsSummary.pdf.
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11. A guide for local US governments to develop seismic retrofit incentive
programs. The guide includes case studies of US cities that have promoted and
implemented earthquake retrofitting, information on the use of zoning as an
incentive to retrofit, local government finance options, and a description of the
Unreinforced Masonry Buildings (URM) law.
Federal Emergency Management Agency. FEMA 254, Seismic Retrofit Incentive
Programs: A Handbook for Local Governments. 1994.
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ABOUT RIVERINE
FLOODS
DESCRIPTION
Floods are among the most commonly
occurring natural hazards in BC
and account for the second-largest
portion of disaster recovery costs
annually.1 Typically, flooding occurs
from September to February during
the rainy season on the coast and
from May to June during snowmelt
(freshet) in the mountainous regions
and major river basins of the province.
BC is drained by six major rivers:
the Fraser, Columbia, Peace, Skeena,
Stikine, and Liard. A number of
smaller rivers also feed these major
rivers or drain directly to the Pacific
Ocean along the mainland coast,
Haida Gwaii, and Vancouver Island.
Watersheds, also called drainage
basins or catchments, are bounded by
the heights of land. The land channels
rainfall and snowmelt to creeks,
streams, and rivers, and eventually
to outflow points such as reservoirs,
bays, and the ocean. Typically, a
watershed boundary will extend
beyond one administrative/municipal
boundary, requiring a degree of
cooperation, strategic planning and
management.

BC is susceptible to major weather
events, such as atmospheric rivers
originating in the Pacific. As warm,
moist air collides with mountain
ranges, it rises and cools, often
causing heavy precipitation. In the
spring, as temperatures warm and the
snow melts, rivers rise and additional
water from heavy rainfall often causes
them to spill their banks. Heavy fall
and early winter precipitation on
the coast can cause rivers to flood
low-lying regions. Faster-moving
water, especially if it has entrained
materials like rocks or logs, can be
more damaging and can cause erosion
or avulsions, which rapidly change the
course of a river. Similarly, powerful
waves on the shorelines of lakes and
oceans have additional energy that
can cause erosion and damage in the
wave zone.
FLOOD TYPES
Each flood event tends to be unique,
varying in likelihood, severity, and
driving factors. In addition, climate
change is increasing flood risks in
many ways in different regions.
Sea-level rise, changes in precipitation
patterns, and land-use practices
can exacerbate current and future
flood events. When planning for
flood mitigation, it is important to
understand the different types of
floods we face today, as well as in
the decades to come. Characteristics
of different flood types in BC are
described in Table 1.
FLOOD HAZARD
Flood hazards are defined by their
likelihood and magnitude (Figure
2
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1). The magnitude can be further
defined by the flood depth, velocity,
and duration. Nuisance flooding in
a basement is very different from
moderate (>30 cm) or severe (>2m)
flooding, which can cause significant
to unrecoverable damage.

IMPACTS OF FLOODS
Communities, infrastructure,
and buildings can be directly or
indirectly impacted by floods (Figure
2). Impacts are not always just
immediate; they can often persist for a
number of years until the community
has recovered. For instance, impacts

on gas prices, food supplies, housing
values, or fish populations can change
over time as a result of the flood.
These damages can be classified as
tangible, where a dollar value can
be assigned, or intangible, such as
emotional stress, illness, loss of sense
of community, or loss of life.

Table 1: Characteristics of different flood types (rivers and related).
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Figure 1: Frequent small events pose different risks than large events that occur rarely. A 1 in 100-year flood is equivalent to a 1% annual chance
or has a 22% chance of occurrence in a timeframe of a 25-year mortgage (Graphic: Natural Resources Canada).

Figure 2: Communities can face a range of impacts from flooding. Adapted from the federal flood damage estimation guideline4 (Graphic: Natural
Resources Canada with icons from the Noun Project).
4
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DISPROPORTIONATE IMPACTS OF FLOODS ON FIRST NATIONS IN BC
First Nations in BC are typically disproportionately affected by floods. BC Assembly of First Nations states: “Following the
November 2021 floods and landslides, the First Nation Leadership Council called upon the provincial and federal governments
to commit significant financial supports and resources to First Nations. From a pandemic to fires then to floods, First Nations
have been forced to shoulder the impacts of colonial-induced climate extremes while navigating the challenges caused by
COVID-19 without adequate support and resources.”5 As such, the United Nations Declaration on the Rights of Indigenous
Peoples (UNDRIP) must be central to future flood adaptation conversations.

Infrastructure located near waterways
are most at risk, such as wastewater
treatment facilities. During floods,
these facilities can be damaged,
causing wastewater contamination
downstream. Bridges, pipelines,
culverts, piers, roads, rail lines, and
dike structures can all experience
damage during floods. Impacts to
these structures can affect areas
outside directly flooded areas. When
floodwaters remain in contact with
a building for a long time, extensive
damage can occur. Damaged buildings
reinhabited following a flood can
lead to illnesses such as hepatitis A,
salmonella, and respiratory illnesses.2
Fatalities from flooding are not
uncommon. In 2020 alone, there
were seven flood-related mortalities
in BC. Long-term health effects
include impacts on mental health,
loss of employment, displacement
and evacuation, impacts on normal
life patterns, loss of valuables, and the
uncertainty around recovery and who
assumes the financial burden.
Recovery is unequal among people
and populations, with more vulnerable
individuals often facing more
significant disruption and overall
impacts. Floods stretch beyond

the immediate crisis, and the most
impacted often face systemic barriers
to accessing recovery services.
Despite experiencing significant
impacts, communities can also
support one another by providing
unique empathy and collaboration.3

FLOODING THREAT
AND PAST EVENTS
Rivers have always been lifelines for
communities, figuring prominently in
the history of BC. Many First Nations
have stories of major flood events
where people went to the highest
mountains to escape flooding. Due
to our climate and geography, as well
as history and settlement patterns,
many British Columbians must live
with the risk that floods may strike
and disrupt their lives. There is great
variety in how floodwaters interact
with communities and assets in
areas at risk due to the regional and
local geography, community setting,
and the vulnerability of people and
infrastructure (Figure 3).
More than 60 damaging flood events
have been recorded since 1900 in
the Canadian Disaster Database,
with an estimated cost of $1 trillion.
Note that costs for flood events
are not well documented and are

likely much higher than this value.
Multiple agencies, including private
insurance companies, collect flood
impact data, much of which is not
publicly available. Information on
flood impacts allows planners to
address them—allocating resources
for monitoring, mitigation, and
preparedness, and building resilient
communities.
Canadian Disaster Database (CDD)6
identifies some of the impacts
and costs for 40 damaging flood
events in BC. However, a review of
historic damaging flood events in
BC carried out by a research team
at the Geological Survey of Canada
identified 86 damaging flood events.7
Limited information on flooding in
Indigenous communities could be
found in the database.

DRIVERS OF RISK
LAND COVER AND
DEVELOPMENT
The type of terrain and gradient of
land influence how a watershed can
flood. Land cover and channel changes
from aggradation are the most
significant factors. From meadows to
forests to asphalt streets, each surface
has a different level of perviousness or
5
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Figure 3: November 2021, Sumas Prairie flood impacts agricultural areas, roads, and buildings (Photo: Carie-Ann Lau).

inherent ability to infiltrate water into
the soil. Large-scale changes to land
surfaces, such as the loss of wetlands,
deforestation, and forest fires, can
impact land perviousness. In cities,
asphalt roads, rooftops, and pavement
are largely impervious—greatly
limiting the infiltration of water from
rainfall and causing surface runoff.
With heavier rainfall events and aging
infrastructure, runoff can overwhelm
stormwater systems as they channel
the runoff to local creeks and rivers,
leading to localized flooding and

contamination.

DIKES

Densification in floodplains across
BC has led to increased flood risk.
Increasing the projected density in
floodplains will increase this risk. A
recent report looks at communities
across Canada with greater than
10,000 people where a significant
number of buildings are in the
floodplain. At the top of the list is the
BC community of Chilliwack, where
nearly half of the buildings in the city
are located in the floodplain.8

There are over 200 regulated dikes
in BC protecting communities and
infrastructure, and hundreds of
unregulated dikes. A recent report
indicates that approximately 160,000
hectares of land with thousands
of buildings and significant critical
infrastructure are situated behind
dikes in BC communities.9 With more
than a hundred different authorities
that manage these structures across
BC, consistent maintenance is not
carried out.
6
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During severe floods, dikes can
fail due to erosion, overtopping, or
seepage. When the dikes were first
constructed in floodplains, their
presence encouraged development
behind the dikes with the perception
that the area was safe for building in,
or “floodproofed.” But dike failure can
occur without warning and can have
significant impacts. Despite the high
design standards for dikes, there are
almost no dikes (<5%) that currently
meet these standards in BC. A
significant amount of work and money
over many decades is needed to bring
these up to standard. Ultimately,
the construction of dikes in some
locations has had the perverse effect
of putting the community at greater
risk of catastrophic flooding when the
flood eventually does occur.

with productive agricultural lands, the
ALR has played a significant role in
preventing additional flood risk from
development in floodplains over the
last 50 years. However, many critical
agricultural resources remain in the
path of potential floods, creating
the risk of flood damage to BC’s
agriculture industry.

A lack of publicly
available information
and public awareness
on where flood
hazards exist
has contributed
to increased
development in
floodplains across BC.

GOVERNANCE
In BC, floods are governed by several
orders of government and multiple
sectors, ranging from coordinating
roles to protecting and restoring
fish habitat.10 Local governments
manage land-use development, for
instance, by approving subdivisions
and developments, and some of these
are in floodplains. A lack of publicly
available information and public
awareness on where flood hazards
exist has contributed to increased
development in floodplains across BC.
Although not intended specifically
for flood protection purposes, the
Agricultural Land Reserve (ALR) in
BC protects approximately 4.6 million
hectares of agriculturally suitable land
by restricting non-agricultural uses.11
Because many floodplains overlap

CLIMATE CHANGE
In the mountainous regions of BC,
climate change is projected to result
in changes to the snowpack, loss
of glaciers, thawing of the alpine
permafrost, and an upward movement
of the treeline. With an increase in
extreme rainfall events, these changes
are predicted to lead to increased
flooding across the province.
Quantifying the effects of climate
change on floods is challenging and
evolving. Recent guidance is to expect
that floods are likely to increase by
about 20% in BC by the end of the
century, depending on the type of
flood.12 Flood types may also change
from snowmelt-driven floods to less
predictable, winter storm–driven
floods that are likely to coincide with

high ocean levels. Where rivers and
oceans interact, such as in the lower
Fraser River, this can amplify water
levels. Where forest fires occur,
flooding and sedimentation are
expected to increase.

UNDERSTANDING
RISK
WHAT SOURCES
HELP US
UNDERSTAND
HAZARD AND RISK
Due to the recent devastating floods
in November 2021, most people in the
province and beyond are now much
more aware of the potential for flood
risk and the broader systemic risks
associated with flooding, such as the
impacts to the supply chain. Other
recent flood and high-water events
that have occurred throughout BC,
while not as disruptive at a provincial
scale as the November 2021 floods,
have brought the realities of flood risk
home for many people.

Although not intended
specifically for flood
protection purposes,
the Agricultural
Land Reserve (ALR)
in BC protects
approximately 4.6
million hectares of
agriculturally suitable
land by restricting
non-agricultural uses.
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POST-DISASTER DAMAGE
ASSESSMENT AND DATA
COLLECTION
Following a damaging flood event,
information is collected through
a number of means (Table 2).
This information is predominantly
collected to inform financial payouts
and response activities and is not
always publicly accessible.
Post-disaster information is invaluable
in supporting planning efforts
to understand existing gaps and
capacities with current and future
flood management. The Commission
for Environmental Cooperation
recently developed a framework for
use in Canada, the United States and

Mexico to evaluate the economic
impacts of floods. The methodology
captures the costs of direct and
indirect damages and losses following
a flood event and could be more
widely adopted for use in capturing
and sharing post-disaster event
information.13
HAZARD ASSESSMENT

are needed, including high-resolution
elevation data. The Province of British
Columbia provides access to available
open-source LiDAR (Light Detection
and Ranging) datasets through a
web portal, and recently flown LiDAR
data coverage across the province is
continually expanding.17 Data related
to flood mapping can also be found on
the Open Government portal.18

Hazard information is typically
depicted by flood maps, in the form
of either high-resolution engineering
models for use at the building site or
community scale, or low-resolution
national models used for nationwide
planning and insurance. To model and
map flood inundation, extents, depths,
and velocities, a number of datasets

Between 1987 and 2003,19 regulatory
maps were generated by the Province
to designate a 200-year return
period (0.5% annual probability)
floodplain map for many rivers and
lakes. These maps have been used
to establish Flood Construction
Levels. These legacy flood maps are
mapped to a 1 in 200-year probability.

Table 2: Post-disaster data collection for floods in BC.
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Flood maps do not cover the entire
province, and many are decades old.
This is problematic as river flow and
geomorphology can change over time.
In 2003, flood map development was
devolved to local communities. This
has led to the development of a range
of map qualities and formats, many
of which are not easily accessible or
available in a central location.
Historically, flood maps have been
typically based on a single regulatory
or design event, providing a limited
understanding of the range of events
that might occur. On some of the
legacy maps, flood construction
levels (FCLs) and flood setback
areas are established to define
where development can occur. Not
all flood maps show FCLs or flood
setback areas. FCLs also vary between
communities.
Local governments and First Nations
are responsible for but not required
to develop floodplain maps. Those
communities with more resources
may provide online access to some of
these maps. An initiative is underway
to review and possibly compile flood
maps developed under recent funding
initiatives. Given that there are no
standards for the development of
flood maps, it will be challenging
to integrate maps developed using
differing standards. However, these
maps could still be made accessible
even if data sets are not fully
integrated into one layer.
EXPOSURE
A National database on the physical

exposure to natural hazards20
provides information on the built
environment. This dataset provides
information on exposed assets—
aggregate information on buildings
and populations—that can be used
in a risk assessment. Where more
detailed, site-specific community
information exists, the more detailed
information should be used in the
development of community-scale risk
assessments.

and recovery.

RISK AND VULNERABILITY
ASSESSMENT

Risk assessment practice puts hazard
information into the context of
impacts on communities and informs
decision making from a risk-based
perspective. Local and Indigenous
governments are typically responsible
for managing and conducting risk
assessments and carrying out flood
mitigation projects along with
partners. Risk assessment tends to
bridge the disciplines of engineering,
community planning, and emergency
management, and therefore the
current practice is disparate. In BC,
approximately 60 risk assessment
studies have been completed to
date, many of which are focused on
southern BC.25

Risk assessments require a
comprehensive understanding
of the flood hazard, exposure,
and vulnerability and can be a
combination of quantitative and
qualitative models at a regional,
community, or site-specific scale.
Detailed community risk assessments
are typically tailored to the individual
needs of communities. For example,
assessments can assist a community
with: determining a return on
investment of mitigation measures
for use in a funding application;
prioritizing areas within a community
for mitigation; and helping the
community understand the impact of
a hazard.
Funding sources through the National
Disaster Mitigation Program are
currently supporting a number of
flood risk assessments across BC.21
In addition, researchers at several
universities, including the University
of British Columbia,22 Simon Fraser
University23 and the University of
Northern British Columbia,24 provide
a range of expertise on flood impacts

While overland flood insurance has
not historically been available in BC,
since 2013 a number of insurance
providers have developed national
flood risk models to inform insurance
policies that have been applied in BC.

CURRENT PRACTICE
IN HAZARD AND RISK
ASSESSMENT

FLOOD MAPPING AND
MODELLING
A national or provincial geospatial
platform to host all publicly funded
flood models and map outputs
does not exist. A lack of public
information is a liability to all involved
with models; these should be
accessible under the principle that
some information is better than no
information at all. Flood maps should
cover multiple flood frequencies,
9
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resolutions, and precisions to provide
a comprehensive system of hazard
and risk assessment for various
purposes. Modelling a range of flood
scenarios would take into account
current and future flood hazards;
in addition to future population
and mitigation strategies, this can
provide a community with a better
understanding of the range of
potential flooding, from nuisance to
catastrophic flooding to future flood
risks. Natural Resources Canada and
Public Safety Canada are tasked26 with
developing a flood mapping portal
that will aim to fill this gap at the
national level.
A new federal flood hazard
identification and mapping program,27
led by Natural Resources Canada
with support from the provinces
and territories, will build on existing
initiatives to support the development
of flood hazard maps in high-risk
areas across Canada. These products
are anticipated to be part of the
proposed web portal developed by
Natural Resources Canada and Public
Safety Canada that provides access
to information on flood risks and
best practices to protect homes and
communities.28
RISK ASSESSMENT
Few communities in BC have
developed flood risk maps that
indicate who and what is at risk,
and a provincial-scale flood risk
assessment does not exist. Such
an assessment would allow for the
Province to highlight areas of concern
to help support allocation decisions

under funding programs or to identify
communities that are at high risk but
are not applying to funding programs
due to capacity constraints.
There is no single database of
information for the province that
describes the population and built
environment in a way that is suitable
for flood risk modelling, and there
is a shortage of vulnerability curves
to support quantitative flood risk
assessment. Developing such a
database along with high-quality
flood hazard data would provide
the benefits of standardization and
reduce efforts required to model
flood risks on a one-off basis (for
example, every time a study is done
by a consultant on contract to a
community). Although it may also
reduce the opportunity for innovation
in techniques and approaches, the
value of standardized data would
seem to outweigh this potential
drawback while still leaving room
for customization and innovation to
address local idiosyncrasies.
A new open-source tool, CanFlood,29
is available to assist flood risk
modellers in conducting risk
assessments. Rather than focus on a
single design event, this risk-based
approach takes into account the
vulnerability of buildings and the full
range of floods that can impact a
community. Outputs of the CanFlood
model can provide decision makers
with quantitative information to
optimize mitigation options for
their community. Input data on the
flood hazards and exposure needs
to be added to the application. The
CanFlood model was recently used in

a flood risk assessment for the Lower
Mainland; as part of this work, flood
depth damage curves were developed
to assess damage to buildings specific
to the Lower Mainland region, and
these curves are included in the
CanFlood application.
A new report commissioned by the
Fraser Basin Council provides insights
as to the value and approaches for risk
assessment in BC.30

There is no single
database of
information for
the province that
describes the
population and
built environment
in a way that is
suitable for flood
risk modelling, and
there is a shortage of
vulnerability curves to
support quantitative
flood risk assessment.
Developing such a
database along with
high-quality flood
hazard data would
provide the benefits
of standardization
and reduce efforts
required to model
flood risks on a one-off
basis.
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REDUCING RISK
RISK REDUCTION
PRACTICE, POLICY,
AND CAPABILITIES
Historic damaging flood events have
influenced policy and legislation in
BC. For example, the 1948 Fraser River
flood led to the development of the
1948 federal-provincial Fraser River
Board and the 1953 Dike Maintenance
Act. The 1948 Columbia River flood
led indirectly to the 1961 Columbia
River Treaty. At the national level, the
federal National Disaster Mitigation
Program was created following the
2013 Calgary and Toronto severe flood
events.
A draft discussion paper on flood risk

and resilience in BC was developed in
2020 as part of efforts to develop a
provincial flood strategy. This paper
was informed by provincial ministries,
Indigenous engagement, and local and
federal government engagements.
Further dissemination of the report
through a public engagement
process has, however, been delayed
as the province addresses response
and recovery to communities from
the November 2021 floods and
incorporates the lessons learned from
that event.
GOVERNANCE
Many jurisdictions in BC play a role
in flood risk reduction, including
government agencies, critical
infrastructure owners and operators,
insurance companies, businesses,

individuals, and homeowners (Table
3). Provincial legislation, regulations,
and policies set out requirements
and guidance for communities to
manage their flood risk under the
Local Government Act, the Emergency
Program Act, and the Dike Maintenance
Act.
Local government plays an extensive
role in flood management, including
floodplain designation, land-use
planning, bylaws for non-structural
measures, and emergency
preparedness and response. When
a state of emergency is declared,
a higher level of government is
responsible for supporting the
response. These response actions are
coordinated by emergency managers
through Emergency Operation Centres

GUIDELINES TO SUPPORT FLOOD
MAPPING
The Federal Flood Mapping Guideline Series (Figure 4) is
a set of evergreen guidelines that support flood mapping
activities.31 The series includes guidance on the Flood
Mapping Framework (2018), LiDAR Data Acquisition
(2020), Bibliography of Best Practices and References for
Flood Mitigation (2018), Case Studies of Climate Change
in Floodplain Mapping (2018), Federal Hydrologic and
Hydraulic Procedures for Flood Hazard Delineation (2019),
Federal Geomatics Guidelines for Flood Mapping (2019),
and Federal Flood Damage Estimation Guidelines for
Buildings and Infrastructure (2021). New guidelines are
being developed for flood land use and risk assessment
that will be of value to practitioners and the Province of
BC.

Figure 4: Federal Flood Guideline Mapping Series (Graphic: Natural
Resources Canada).

Engineers and Geoscientists of British Columbia provide
professional practice guidelines for flood assessments
and flood mapping.32
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Table 3: Organizations and industries involved in flood risk management.
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at varying levels of government.
Homeowners and businesses are
responsible for managing flood risk
by knowing their flood risk and being
aware, and through mitigation actions
such as buying flood insurance.
Ultimately, private-property owners
are responsible for knowing their own
flood risk in real estate transactions
and for flood defences of their
property.
GUIDELINES
Provincial flood land-use guidelines
provide good guidance on landuse planning and non-structural
measures, including flood
construction levels and setbacks
and how to treat subdivisions versus
redevelopment applications. These
guidelines must be considered when
local governments make bylaws.

35

New stormwater guidelines that
address green infrastructure options
are under development in BC.36 The

benefits of green systems are plentiful
and include improving water quality,
supporting water volume control, and
reducing stormwater runoff.
Guidelines for the management of
flood protection works in BC were
developed in 199937 and provide
guidance on engineered dikes.
INTEGRATED FLOOD
MANAGEMENT
Given the impact of repeat flood
events, some communities in BC
are moving towards integrated
flood and land-use management
planning. This approach supports a
portfolio of mitigation strategies. For
instance, the community of Squamish
has developed an Integrated Flood
Hazard Management Plan (IFHMP),
which supports the development
of structural and non-structural
measures together.38 The community
of Grand Forks is rebuilding postflood using a range of mitigation
approaches.

LAND-USE PLANNING
Land-use planning tools are an
essential component of flood risk
management and should include the
integration of flood considerations
into community plans, guides, and
strategies, including waterfront
revitalization plans, major
infrastructure projects, capital plans,
and open space/recreation plans.
Zoning bylaws and regulations can
prohibit certain building types and
uses allowed within flood-prone
areas. For instance, the District of
North Vancouver has established
development permit areas for creek
areas to minimize flood hazards.39
For local stormwater flooding in urban
areas, reducing the use of impervious
surfaces, limiting urban sprawl, and
decreasing stormwater runoff by
retaining water on site and allowing
it to infiltrate (through rain gardens,
infiltration trenches, green roofs,
porous pavement, and more) are key.
The City of Vancouver established a
14
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REBUILDING GRAND FORKS AFTER THE FLOOD
After devastating floods in 2018, Grand Forks and outlying communities along the Kettle and Granby rivers are building back
stronger using an integrative approach and a combination of mitigation strategies. These include the buyout of 130 properties
in high-risk floodplain areas to create natural floodplains for the river to occupy during floods, and the construction of dikes
to protect other parts of the city. High-priority roads are being raised, floodplains and riparian areas restored, and residents
assisted with relocation. Grand Forks is one of the first communities in BC to establish a buyout program to purchase homes in
high-risk flood areas, leaving a large area of land that can be returned to its natural state.
A risk assessment was required to apply for funding under the Disaster Mitigation and Adaptation Fund. Consultants were
hired to assist the community with completion of the assessment and develop options for a plan to move forward on
consultation with the community.

Rain City Strategy in 2019 to increase
resilience through sustainable water
management and improve natural and
urban ecosystems and water quality.40

Land-use planning
tools are an essential
component of flood
risk management and
should include the
integration of flood
considerations into
community plans,
guides, and strategies,
including waterfront
revitalization plans,
major infrastructure
projects, capital plans,
and open space/
recreation plans.

Subdivision controls can limit
development by preserving riparian
areas, protecting open spaces,
limiting development on steep slopes,
reconnecting rivers to floodplains,
restoring and conserving wetlands,
and establishing flood bypasses and

setback dikes to give the river room to
expand during flood seasons.
Provincially regulated zones, such
as the Agricultural Land Reserve or
conservation easements, are other
regulatory tools that can be used.
Flood risk management guidelines for
locating new infrastructure facilities
set out acceptable flood thresholds for
new infrastructure. Adopting a similar
approach in BC would be invaluable
in limiting the development of critical
infrastructure in floodplains.41
EDUCATING AND
INFLUENCING BEHAVIOUR
The public plays a crucial role
in managing flood risk to their
properties and saving lives with timely
evacuation. A flood preparedness
guide developed by PreparedBC
can assist individuals in setting
up an emergency plan. It provides
guidance on protecting one’s
home and property, understanding
advisories and warnings, preparing
a sandbag dike, rules for evacuation,
returning home after the flood, what
to expect, managing mould and
health risks, psychological care, and

insurance.42 Flood-ready social media
content developed by Emergency
Management British Columbia
can be used by organizations to
communicate with the public on
how to prepare before, during,
and after a flood.43 For agricultural
producers in floodplains, a new Farm
Flood Readiness Toolkit44 has been
developed to increase awareness and
understanding of flood risks, identify
vulnerable areas and components on
a farm, identify measures to protect
farmers’ properties from flooding,
and create a flood preparedness plan.
However, these resources may not be
universally accessible, especially to
vulnerable individuals.
Bulletins and maps produced by the
BC River Forecast Centre on current
and forecast streamflow conditions
provide advisories and warnings to the
public and emergency managers.45
MANAGING FINANCIAL
IMPACTS OF FLOODS
Provincial Disaster Financial
Assistance (DFA) may compensate
individuals, small businesses, farms,
and charitable organizations for
15
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essential uninsurable losses once
a disaster is declared. To receive
compensation, one must occupy the
property as the principal residence
(seasonal or recreational properties
aren’t eligible). Farms must be in
development or established and
owned and operated full-time by a
farmer, where the majority of their
income is derived from the farm.
Insurance deductibles, non-essential
and recreational items, and losses due
to erosion and landscaping are not
covered.
A separate provincial program exists
for Indigenous and local governments
to rebuild or replace essential
public infrastructure to pre-disaster
conditions. This program does not
include preventative measures

to guard against future damages,
enhancements to projects, or eroded
or damaged land except for essential
access routes and the removal of
debris.
When response and recovery costs
exceed the provincial threshold,
the DFA program receives funds
from Public Safety Canada through
the Disaster Financial Assistance
Arrangements program. Eligible
costs include evacuation, repairs,
and restoration to public works,
personal property, farmsteads,
and small buildings. The program
does not support repairs to nonprimary dwellings, repairs eligible
through insurance, damages to
large businesses, loss of income, or
economic recovery.46

DISASTER RECOVERY
FUNDS IN BC BUDGET 2022
Following the damaging floods
and wildfires of 2021, the BC 2022
budget,47 allocated $2.1 billion to
fund disaster recovery and future
responses to wildfires and floods.
The fund supports communities
and critical infrastructure to build
back better; $400 million is to be
invested in 2022–2023 for Emergency
Management BC to support people
and communities, and $1.1 billion is
for contingencies for disaster recovery
costs over the next three years. (This
is in addition to $5 billion allocated
by the Government of Canada to help
response and recovery efforts in BC.)
Of the $600 million for operating
and capital funds, $83 million is to be
invested in a Climate Preparedness

FLOOD-RESISTANT
STRUCTURES
Land-use planning and building
design can allow us to live with water
by allowing space for seasonal flooding
and adapting to “having our feet wet.”
Approaches as diverse as parks and
open spaces in floodplains, bringing
in fill to build communities up beyond
flood construction levels, leaving
basements undeveloped, and requiring
flood-resistant building design and
construction are all effective means to
reduce flood risks.

Figure 5: The Audain museum (Photo: Thomas Cartier/flickr).

Elevated structures, such as the Audain
museum built in the floodplain of
Fitzsimmons Creek in Whistler, are
elevated by one storey above grade to
avoid damage from debris during a
flood (Figure 5).
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