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Executive summary

Wildland fires occur across Canada'’s forests, tundra,
shrublands, and grasslands. They play a critical role in
sustaining ecosystem health and diversity, but also
threaten lives, communities, infrastructure, and cultural
and economic activity. As Canada’s climate becomes
warmer, drier, and more variable, wildland fire seasons
are becoming longer and intensifying. This results in
increased demands on firefighting resources, escalating
fire management costs, broader environmental and
economic impacts, and heightened public safety and
health concerns.

Recent extreme fire seasons have highlighted gaps in
public awareness and understanding of fire risk, as well as
the whole-of-society capacity to prevent, prepare for,
and adapt and mitigate these impacts. These realities
underscore the need for coordinated, proactive wildland
fire risk management that integrates prevention and
mitigation with preparation, response, and recovery;
strengthens inter-jurisdictional collaboration; and equips
decision-makers and the public with timely, trusted data
and information.

Canadian wildland fire risk management is a shared, cross-
jurisdictional responsibility. Federal, provincial, and territorial
governments, together with regional, municipal, and
Indigenous governments and organizations, each play
defined roles. National and international resource sharing
(personnel, equipment, and aircraft) is coordinated through
the Canadian Interagency Forest Fire Centre (CIFFC). The
Canadian Council of Forest Ministers (CCFM) sets pan-
Canadian direction for wildland fire management. CCFM’s
Wildland Fire Management Working Group convenes senior
federal, provincial, and territorial government officials to
provide national leadership and strategic coordination in the
implementation of Canada’s wildland fire management
vision.

In 2015, Canada adopted the United Nations’ Sendai
Framework for Disaster Risk Reduction (2015-2030), a
foundational document describing the need for effective
and comprehensive natural hazard risk reduction
assessments. Following this, many nations created Sendai-
consistent, broad risk-assessment frameworks for natural
hazards (including wildland fire). As a result, the CCFM
spearheaded the development of the Canadian Wildland
Fire Prevention and Mitigation Strategy (hereafter, the
Strategy).

The Strategy sets a cohesive national vision of wildland fire
prevention and mitigation to mobilize collective action and
reduce the negative impacts of wildland fire. It calls for a
united, whole-of-society approach to adapting to and
living with wildland fire. A key target outlined in the Strategy
was the development of a wildland fire risk assessment



framework in collaboration with whole-of-society
partners to help inform future risk planning and
mitigation activities.

This Canadian Wildland Fire Risk Assessment Framework
(hereafter, the Framework) is intended to support
Canadians in evaluating landscape-scale wildland fire
risk by improving our collective understanding of risk
concepts and providing general guidelines on important
things to consider when conducting a wildland fire risk
assessment. This is not a technical document, and as
such, this Framework does not specify what methods,
tools, models, or data should be used, but instead is
intended to guide our collective understanding of
wildland fire risk and how we can work together to
strengthen resilience for all people and communities in
Canada.

The Framework defines wildland fire risk as the
combination of hazard characteristics and the impacts
of wildland fire.

Impacts may be positive, neutral, or negative and are
measured relative to people, resources, and assets
(PRASs) of concern. PRAs refer to values at risk and can
include human lives, health, natural resources, or human-
built structures. Impacts comprise the susceptibility of
a given PRA to being affected by wildland fire and its
exposure, which is when potential fires overlap locations
with PRAs of concern.

The hazard characteristics of fire comprise the likelihood
of fire occurrence at a given place and its associated
magnitude, which is usually defined as the heat release
(i.e. fire intensity) of the fire, although other measures of
fire behaviour can also be used (rate of spread, smoke
production).

A full understanding of wildland fire risk involves
assessing and interpreting each of the 4 risk elements:

» susceptibility of a given PRA
* exposure of a given PRA
¢ likelihood of fire occurrence
e wildland fire magnitude

In the Framework, wildland fire risk assessment is
described as consisting of 5 stages:

e scoping

» data, information, and knowledge gathering
e analysis

* evaluation and communication

* re-assessment

The scoping stage requires assembling a planning team
responsible for engaging in dialogue with relevant parties
to identify the objectives of the risk assessment
process, PRAs of concern, to determine the area and
timeframe of interest, and to select the tools and
methods needed to assess the risk elements.

The data, information, and knowledge gathering stage
requires compiling all the relevant information necessary
for the assessment. Relevant information can include risk
assessments done in neighbouring or similar regions, as
well as locally specific things describing historical fire
occurrence, vegetation cover, weather and climate, and
descriptions of potential impacts to the PRAs of
concern.

In the analysis stage, each of the 4 risk elements are
assessed using the methods, tools, and information
identified in the previous stages.

In the evaluation and communication stage, thorough
documentation of the risk assessment process and
findings are required as well as significant interpretation
and communication of these findings.

In the final stage, a re-assessment should be
undertaken when risk assessment priorities, new or
updated information, or goals change, or when
meaningful changes occur in the region that influence
any of the 4 risk elements. A complete assessment may
not always be necessary.

The Framework is modular, enabling users to identify
their priorities and select components that meet their
needs. It should be emphasized that risk assessment
planning teams should start with the current information
available to them (resources, knowledge, data), and that
the process is iterative and continuous, with insights
often emerging throughout the different stages and not
just the final outcome or results of the wildland fire risk
assessment.



Purpose

The purpose of this guidance document is to present
Canada's first-ever national wildland fire risk assessment
framework. The Framework provides Canadians with a
common understanding of the elements of wildland fire risk,
and key considerations to develop a set of well-accepted
best practices, ensuring both consistency and rigour in the
production of information about wildland fire risk. This
Framework supports the application of local, regional, and
national wildland fire risk assessments that could be
incorporated into mitigation and planning purposes by land
and wildland fire management agencies (e.g., provinces,
territories, Indigenous organizations, and local authorities).

The Framework provides definitions and descriptions of the
different components of wildland fire risk (bolded terms can
be found in the Glossary section). It is meant to provide
common guidance to support Canadians in conducting
wildland fire risk assessments and does not impose any
mandatory reporting to government entities or wildland fire
management agencies.

Although the Framework outlines key elements of a wildland
fire risk assessment, it does not prescribe specific methods
or approaches for how they should be carried out. Similarly,
these risk elements may be examined individually to
expedite evaluation of landscape fire potential; however,
wherever feasible, all 4 risk elements should be considered
to provide a complete picture of risk.

Wildland fire risk assessment in the context of this
document refers to the description and/or measurement
of landscape-scale fire risk as one step of the larger risk
management cycle, which includes conducting actual risk
management activities. This Framework is not intended
for operational purposes, such as the assessment of real-
time wildland fire risk on an active fire in an operational
setting. Other steps of the risk management cycle, such
as evaluating different prevention and risk management
activities, and modified operational response should be
conducted in tandem with risk assessment; however,
these additional stages are largely out of scope of this
document.

This Framework will require ongoing revision and iterations
as new knowledge, tools, and standards are developed in
Canada and internationally.



Why is a Canadian risk
assessment framework for
wildland fire needed?

In the past 2 decades, Canada and many other parts of the
world have experienced an increasing frequency of disasters
caused by wildland fires! Concurrent with the uptick in fire
activity in many regions of Canada, there are increasing
human activities in fire-prone areas that continue to
heighten the vulnerability of Canadians to wildland fire
disasters.

Large-scale fire events underscore the urgent need for
innovation across the full spectrum of wildland fire
management—from preparedness and prevention to
coexistence and loss mitigation. Importantly, our approach
must move beyond a narrow focus on exclusion and
suppression.2 When managed appropriately, wildland fire
plays a critical ecological role, sustaining biodiversity,
renewing landscapes, and maintaining the long-term
resilience of Canada’s ecosystems.® However, this cannot be
achieved without considering all aspects of wildland fire
hazard characteristics and impacts. There is increasing
appreciation for a whole-of-society approach (i.e, involving
multiple perspectives and sources of knowledge) to
understanding and managing risk.* Doing so is critical for
keeping people, communities, and landscapes safe in a
rapidly changing wildland fire environment.

Recent wildland fire disasters have prompted important
discussions among Indigenous communities, fire
management professionals, and other emergency
management partners in Canada. These partners have
highlighted the gap in awareness surrounding wildland
fire risk and the need for nationally integrated guidance
on wildland fire risk assessment (Figure 1).

Examples of fire events leading to the development of risk
assessment guidance include the 2005 Canadian Wildland
Fire Strategy® that was published 2 years after the 2003
Okanagan Mountain Park fire in British Columbia, which
burned 239 homes. The 2 subsequent disasters in Alberta
(the 2011 Slave Lake fire and the 20716 fire in Fort McMurray)
highlighted the urgency to add wildland fire in Canada'’s
Emergency Management Strategy. In addition, the FireSmart
Program originated in Alberta in 1990 through collaboration
with the Canadian Forest Service, the CIFFC, and other
partners® Over 35 years, the FireSmart brand and message
have become foundational to advancing wildland fire
resilience across Canada and shaping community-based
fire management globally by mobilizing collective action to
address identified and prioritized community risks through
proactive wildland fire management. Even today, new
initiatives are being enhanced and devised to address
further risk-related knowledge gaps exposed by the record-
breaking 2023 wildland fire season.




Notable catalysts for the Framework

Fire events

British Columbia fires
Most expensive and devastating
fires in British Columbia’s history

Slave Lake fire
Most costly wildland fire in
Canada

Northwest Territories fires
Largest area burned in a season

Fort McMurray fire
New most costly national disaster

Lytton Creek fire
Burned the village of Lytton and
surrounding Indigenous Nations

2023 fire season
Canada's worst fire season, more than
doubling previous record area burned

Jasper fire

Burned large portion of Jasper
National Park and townsite
Labrador City fire

Largest wildland fire evacuation
in Newfoundland history

2025 fire season

Canada's second-worst fire season,
significantly impacting Manitoba,
Saskatchewan, and the Atlantic provinces

2003

2005

Guiding documents

Canadian Wildland Fire
Strategy

Vision and common goals for
wildland fire management

Canada adopts Sendai Framework
International strategy for reducing
natural disaster risk

Canadian Wildland Fire Strategy:
10-year review

Progress, next steps, and renewed
call to action for fire management

Blueprint for Wildland Fire Science
Framework for building Canadian
wildland fire science capacity

National Guide for Wildland-
Urban Interface Fires

Guidance for fire mitigation
exposure, and hazard assessment

Canadian Wildland Fire Prevention and
Mitigation Strategy

Commitment to mobilizing collective
action on fire prevention and mitigation

Figure 1. Major wildland fire events and policies that identify the need for a Canadian risk assessment framework for wildland fire.
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Through engagement with whole-of-society partners, CCFM
identified a need to mobilize collective action to build
greater resilience to wildland fire. As a result, CCFM
developed the Canadian Wildland Fire Prevention and
Mitigation Strategy, which provided a cohesive vision of
wildland fire prevention and mitigation to mobilize whole-of-
society action and committed to developing this
Framework.?

At present, wildland fire risk assessments in Canada are
conducted across several different federal departments and
multiple Indigenous, provincial, territorial, and municipal
jurisdictions without the benefit of standard methodologies,
common definitions, integrated data, or sufficient
information sharing. Although all risk assessments are
informative, the challenge with a fragmented approach is the
inability to compare geographic areas due to incongruous
data, approaches, and—ultimately—output.

This Framework will provide communities and jurisdictions at
all levels, irrespective of location and resources, with
guidance on what is needed to conduct a wildland fire risk
assessment, serving as a foundation for informed planning
and decision-making. It recognizes differences in geography,
user needs, and community-specific understandings of risk;
therefore, the Framework is adaptable to different contexts,
areas, and user groups.

It recommends to follow 5 stages of wildland fire risk
assessment: (1) scoping; (2) data, information and knowledge
gathering; (3) analysis; (4) evaluation and communication;
and (5) re-assessment.

The scoping stage involves whole-of-society engagement to
identify key PRAs, determine the area and timeframe of
interest, and identify objective-specific tools and methods.
The data, information, and knowledge gathering stage
involves gathering the necessary information required to
conduct the assessment. The analysis stage involves
describing and/or quantifying the 4 risk elements (exposure,
susceptibility, likelihood, magnitude), and summarizing the
overall risk. The evaluation and communication stage
requires a detailed understanding of what each risk element
means, and effectively communicating this clearly to
impacted communities, Indigenous Peoples, and
stakeholders. Finally, the re-assessment phase is necessary
to ensure the analysis remains current and to monitor
changes to risk over time.

1l



Canadian context large wildland fires.2° In 2023 alone, almost 15 million hectares
burned in more than 6,000 individual events, with more

Canada has several unique factors that necessitate a than 232,000 Canadians evacuated from their communities

tailored wildland fire risk assessment framework. In modern  in approximately 290 events.”® Early estimates of carbon

times, Canada has burned an average 2 million hectares dioxide emissions total almost 6.5 billion tons or

every year, with significant interannual variability approximately 4 times Canada'’s average annual fossil

(Figure 2)7 Due to climate change, fire seasons are getting  fuels emissions.”

steadily longer and more severe resulting in more frequent

Area burned (Mha) 15
10
.l.llll.ll--lllllll-.ll.‘-_l "
1990 2000 2010 2020
0
8,000

Number of fires 12,000

Legend

" Forested area

B Pre-1986 fire perimeters
1986-1989

[ 1990-1999

[ 2000-2009

I 2010-2019

B 20202023

Figure 2. Wildland fire activity across Canada is largely contained to forested areas but varies greatly over space and time.
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While most of Canada’s more than 40 million inhabitants  evacuation routes increasing vulnerability to wildland

live in urban areas, most of Canada has very low fire* Indigenous communities are disproportionately
population density, with many people in smaller, often represented in these evacuations and experience
remote, rural communities in wildland fire—prone wildland fire much more often than other communities.
regions.” Many communities lack the resources to invest  These communities are often more exposed to wildland
in sustained wildland fire prevention and mitigation fire and its impacts due to proximity to fire-prone
programs, leaving them vulnerable to wildland fire landscapes, socio-economic inequities, limited access

impacts and recovery challenges (Figure 3).° They may to emergency management funding and resources, and

experience frequent evacuations, with single or limited gaps in critical infrastructure.”®

Wildland fire evacuations
(1980-2024)

Fort McMurray
and Kelowna

When large, less-remote
communities are evacuated, . ",
many people are affected

by a single fire event Fort McMurray

Kelowna

Deer Lake First Nation

Many Indigenous communities
have been repeatedly evacuated:
Deer Lake has been evacuated 7 times

Most evacuations occur
in small remote communities

R e cre _
communities
communities

] 300 600 900 1200
Total evacuation events (1980-2024)

Number of evacuees
" 5000-88,000

O 1,500-4,999

100-1,499
<100

"% =« Eastmain

Some communities have
limited road access and
must be evacuated by aircraft

Figure 3. Evacuations across Canada disproportionately impact remote and isolated communities, which typically refers to
smaller communities that must travel for longer periods to reach a population centre; some communities are not connected.
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Canada’s wildland fire environment has changed
considerably over the past century, with numerous
factors contributing to vegetation change and increased
potential for wildland fire.'® 18192021 Eyropean settlement
brought an end to historical Indigenous burning
practices, which coupled with modern fire suppression
significantly changed the landscape.®?>2® By the late-
1940s, most provinces had strong wildland fire
suppression systems in place,® resulting in considerable
change in fire regimes across the country.?

Other factors have substantially contributed to
increasing the risk of wildland fire. Climate change has
increased the frequency of weather conditions that lead
to extreme fire behaviour.® Population growth and a
growing number of houses, transportation corridors, and
other types of cultural values within fire-prone areas,
known as the wildland-urban interface, increase the
potential for damage from wildland fire events.?® There
are also broad intersections of fire prone-areas with
critical infrastructure and industrial activity (the
wildland-infrastructure interface, approximately

116.5 million hectares). Collectively these are referred to
as the wildland-human interface, or just “the interface.”?®
Approximately 96% of Canada'’s populated places are
included in this interface.?®

Wildland fire is a fundamental ecological process and is
vital to the regeneration and maintenance of many of the
ecosystems, and cultural values of Indigenous Peoples
across Canada and the rest of the world.?”2¢ Although
elimination of all fire is neither possible nor desirable, the
Strategy and this Framework are primarily focused on
reducing the undesirable effects and damage that can
be caused by wildland fires occurring in the wrong place
at the wrong time. Given Canada'’s large landmass with
diverse vegetation and landscapes, the scope of a
wildland fire risk assessment should depend on the user
undertaking the assessment, their jurisdiction, and the
PRAs of concern.

Wildland fire governance and
management in Canada

In Canada, provinces and territories (except for Nunavut)
have the primary responsibility for wildland fire
management, including prevention, mitigation,
preparedness, response, and recovery on Crown (public)
land. Across jurisdictions, fire response policies focus on
protection of human life and communities and other
resources and assets of concern. A thorough review of
responsibilities, roles, and strategies in wildland fire
management in Canada is provided by other resources.?®
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Provincial, territorial and fire management agencies, and
in some cases non-profits, employ response personnel,
operate equipment, and contract with the private sector
and Indigenous organizations to expand capacity. They
cooperate on resource sharing (personnel, equipment,
aircraft) through the CIFFC, which also facilitates national
resource sharing (and international when required).
Numerous compact agreements exist between
provinces and states in the United States that enable
rapid exchange of resources. Numerous federal
departments support emergency response by providing
data, technical advice, scientific research, and policy
leadership.

Municipal and local governments also manage fire
typically through emergency management organizations.
They respond to wildland fires near communities and
rely on the provincial or territorial organization if the local
capacity is exceeded. The federal government engages
as an operational fire agency in national parks and on
lands managed by the Department of National Defense.
On First Nations reserve lands, wildland fire response
and preparedness are cost-shared by the federal
government (Indigenous Services Canada) and may also
be supported through tripartite agreements with
provincial/territorial agencies and Indigenous
organizations, including Tribal Councils, depending on
jurisdiction. Indigenous Peoples’ long-standing history of
fire use includes significant expertise regarding wildland
fire management and wildland fire stewardship. Including
Indigenous science and firefighting knowledge, and using
cultural burning and related practices could contribute
significantly to reduce risk and improve resilience in
populated areas across Canada, benefiting both
Indigenous and non-Indigenous Canadians. Effective
wildland fire risk management clearly depends on
collaboration among many different players.



A Canadian wildland
fire risk assessment
framework

Elements of wildland fire risk

There are many definitions of risk in natural hazards
literature.®® Although these definitions vary in wording
and the way concepts are grouped, they consistently
converge on the same core elements. In this Framework,
we define wildland fire risk as the combination of a fire’s
impacts and its hazard characteristics (Figure 4).

Impacts depend on how exposed something is (exposure)
and how easily it can be affected by fire (susceptibility). The
hazard characteristics of fire depend on the chance of a fire
occurring (likelihood) and its behaviour (magnitude).
Together, susceptibility, exposure, likelihood, and magnitude
compose the 4 elements of wildland fire risk.

Although many definitions of risk begin with the hazard and
then consider its impacts, our approach reverses this order.
We place impacts first because our primary concern is how
fire affects the values at risk on the landscape—namely,
PRAs. Of the PRA acronym, “people” includes lives, injury, and
both physical and mental health. “Resources” refers to things
like timber, wildlife habitat, water, forests, carbon storage, old
growth forests, grazing lands, wild berry patches, and trap
lines. And finally, “assets” indicate human-built structures
such as homes, businesses, power lines, roads, railways,
and pipelines.

RE - gye’
.

This section describes the 4 risk elements, how they group
into impact and hazard, and how to use them in a wildland
fire risk assessment.
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Susceptibility

Hazard
Characteristics

Impacts

Wildland

fire risk

Exposure

@

Magnitude

Figure 4. Wildland fire risk is the combination of hazard characteristics and the impacts of wildland fire.

Impacts

Impacts describe how fire affects PRAs of concern and
show the changes a PRA might go through when exposed
to wildland fire. This depends on how susceptible a PRA is
to being affected by wildland fire, its potential exposure to
the fire, and includes some sort of description of change.

Many ecosystems in Canada have been shaped by wildland
and cultural fire, and numerous ecological goods and
services we depend upon require fire to occur at the
appropriate time, place, and magnitude. As such, not all
impacts are harmful. A fire may have neutral, positive, or
negative effects, depending on the PRA. Where the impacts
are primarily negative, this can be viewed as a threat,
whereas positive impacts can be viewed as opportunities
to use or allow wildland, cultural, or prescribed fires to
occur. In the same location, different PRAs could
experience varied positive or negative impacts from the
same fire event. These impacts can be a mix of direct or
indirect, short or long-term, and can influence the
economy, environment, and people’s daily lives and well-
being. Impacts are determined at the discretion of those
carrying out the assessment and through the combined
assessment of susceptibility and exposure.
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Impacts of fire are not always immediate and may occur or
even accumulate over time. A fire burning in a single location
may also affect PRAs in another, such as through smoke
drift, water contamination, or disruptions to transportation
or power systems.

Hazard characteristics

Hazard characteristics describe the key attributes of a fire
that relate to understanding its contribution to risk, and
these are the chance (likelihood) a wildland fire will happen
in a certain location at a given magnitude (or range in
magnitude). Assessing hazard characteristics requires a
detailed understanding of wildland fire behaviour. This
knowledge can come from fire managers, Indigenous
Knowledge Keepers, subject matter experts, or a mix of
these sources. Hazard characteristic assessments are often
informed by historical observations and data but can also
consider future state changes (e.g., change over time of
fuels’ spatial arrangement, the effect of climate change).



Fire patterns vary considerably across landscapes and
through time. Some areas experience frequent, low-intensity
fires, whereas others face rare but high-severity events.
These different combinations of likelihood and magnitude
define the hazard characteristics of a location.

Accurately describing these characteristics requires an
understanding of the local fire regime, which is shaped
by 5 key components®:

e cause of ignition—lightning versus human, influencing
where and when fires start

e timing—seasonality, or time of year when fires occur,
affecting weather and fuel conditions

e extent—how big fires get

* frequency—how many or how often fires occur

* magnitude—intensity and severity, influencing the
impact of the fire

Fire regime factors are strongly shaped by the level of
suppression expected in a given area. Suppression capacity
varies depending on fire management agency capacity and
the location of the fire, particularly its distance from PRAs of
concern, as well as from suppression infrastructure. In
addition, prevention and mitigation measures, such as fuel
treatments or fire bans, can influence likelihood and
magnitude of fire by altering the conditions that enable
ignition and spread. Therefore, accurately quantifying
hazard characteristics requires a detailed understanding of
these processes to assess where and when fires are likely to
occur and how they may behave across the landscape.

17



Susceptibility

Definition: The propensity of a PRA to experience a change as a result of the interaction with wildland fire
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Non-combustible
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Vinyl or wood
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plants
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Watershed with low
runoff potential

> a0

Watershed with high
runoff potential

Figure 5. Examples of how people, resources, and assets can differ in their susceptibility to wildland fire.

Susceptibility (Figure 5) can be measured in many ways. In
the case of houses, buildings, or infrastructure, the potential
for damage that these PRAs may experience will vary by
different building materials. The impacts may include repair
costs (in the case of a structure being partially damaged),
replacement costs (in the case of destruction), or loss of
income (businesses burning down or a trapline cabin being
burned). Some susceptibility may be indirect, such as the
loss of power due to transmission lines being destroyed or
damaged, which may disrupt people and businesses relying
on that power.

The susceptibility of various ecosystem attributes or natural
resources needs to be assessed differently, and the net
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impact may vary over time. For instance, grazing areas may
have a high susceptibility to negative wildland fire impacts in
the short term but show tremendous benefits from burning
within months or a few years. Some species may be highly
vulnerable to fire in their core habitat, particularly those
dependent on old-growth trees or dense underbrush, yet
still benefit from fire as a mosaic of diverse conditions on
the landscape.

Social susceptibility is more complex and needs to consider
how people’s lives and livelihoods may be impacted by fire
events (Figure 6).323 Numerous physical, social, economic,
and demographic features can affect susceptibility. Human
health is one such area where susceptibility will vary by



individual, such as sensitivity to smoke, which can be
more pronounced in people with asthma or elderly
people. Evacuations can take a psychological toll, and
their impact may depend on factors like demographics,
where people are sent and evacuation processes.®*
Evacuations also have significant economic impacts due
to interruptions to businesses and livelihoods, as well as
the direct costs associated with the evacuation itself.
Importantly, although demographic and socio-economic

Size of
healthcare
workforce

No fixed
workplace

Moved in or
immigrated
recently

Figure 6. Social susceptibility to wildland fire events is influenced by a suite of complex socio-economic and demographic factors.

Social
capital

indicators inform the susceptibility of social PRAs to
wildland fire, they should be treated as descriptions of
how impact may differ among populations and not as
“targets” or “levers” for changing susceptibility. Many
common indicators (such as those in Figure 6) are
proxies for underlying barriers or access to supports,
with susceptibility lessened by providing the supports
required by those more-vulnerable populations,
communities, or regions.

Age of person
maintaining
household

Housing
conditions

Social Susceptibility

Density of
non-residential
housing

Age of
house

Financial
agency

Employment
status

Low-income
households
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Exposure

Definition: The potential contact of a PRA with a wildland fire, which may include flames, embers, heat, and/or smoke.

Low Moderate

High
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moved >1.5 m from
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Lots of combustible
material beside the
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vegetation in
landscape
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Home surrounded by
hazardous vegetation

i .
<
Nearby fuels with

limited potential
for spotting

> A Il

Nearby fuels with
potential for spotting

4
M AN <
Fewer homes

Figure 7. Examples of factors that can increase exposure.

Exposure (Figure 7) can be measured in several ways,
depending on whether the focus is on direct flame contact,
smoke, embers, or radiant heat impacting a given PRA. It
usually requires spatial and/or temporal measurements on
how fire can interact with PRAs. Understanding exposure
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More or closely
spaced homes

includes assessing the fuel types near the PRA (affecting
fire behaviour), the area covered by these fuels (affecting
potential fire size), and how much of the PRA's boundary is
adjacent to flammable fuel types. These measurements
should account for the distance of a possible fire to the PRA,



potential fire intensity, and/or the spotting distance of the
fire (i.e, the possibility that firebrands transported by wind
from the primary fire reach the PRA).

Exposure can be direct or indirect. Direct exposure is where
flames reach the PRA. Indirect exposure, however, can
include things like radiant heat, embers, or smoke travelling
ahead of the fire. PRAs will nearly always have direct and
indirect exposure. For buildings and other PRAs, this means
checking if they could be reached by a flaming front, radiant
heat, or ember spotting, and for what length of time. For
people, impacts to human health caused by exposure to
smoke are affected by both the quantity (concentration)

and its duration. Psychological exposure involves the length
of time or frequency of evacuation events, interruptions of
economic activity, or even fears for ones’ own safety.

Impacts due to exposure can also take time to materialize,
such as post-fire exposure to drinking water that is affected
by wildland fire leading to treatment challenges downstream
several months or even years after the fire. Exposure of
natural and cultural resources and assets can be assessed in
a similar fashion, as exposure is largely about the spatial
relationship between the PRA of concern and potential fire.
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Likelihood

Definition: The chance of wildland fire happening at a given location.

Low
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High
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oo 7
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Figure 8. Examples of elements that can affect the likelihood of wildland fire ignition and spread.

Likelihood (Figure 8) can be described either qualitatively or
quantitatively. In qualitative terms, it can be expressed using
general categories such as low, medium, or high. Other
common descriptors include unlikely to very likely, or rare to
frequent. Quantitative descriptions offer more precise
measures. Likelihood may be expressed as the annual
probability of burning, such as a 2.0% chance compared
with a 0.5% chance per year. It may also be described in
relative terms, such as one location being 4 times more
likely to burn than another. In some cases, it is framed as
a return interval, such as a 1-in-100-year event. There are
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many other valid approaches to quantifying likelihood,
depending on the data and information available, and
context.

Evaluating likelihood includes assessing differences in both
when and where fires may occur. This requires examining
what drives fire behaviour (fuels, weather and climate,
topography, ignition sources) and how variability in these
conditions occur across space and time for the region of
interest.



Magnitude

Definition: The measure of the fire behaviour characteristic of concern, which may include intensity, rate of spread,

and/or smoke.

Resource /Asset

Human life

Human health

Figure 9. Examples of possible ways to measure the magnitude of a wildland fire, depending on the people, resource, or asset

being considered.

Magnitude (Figure 9) describes how much of a given fire
attribute there is. It is commonly measured by intensity (i.e,,
heat given off by a fire) and is a direct result of how much
fuel is available and how quickly that fuel burns. More-
intense fires tend to spread faster, produce more smoke,
carry embers farther, and are harder to control. Intensity

Measure of magnitude

\\\

Fire intensity

Amount of heat or energy released
per unit length of the fire front

Ny
)
%

Rate of spread

Speed at which fire extends
its horizontal dimensions

o

Smoke

Concentration and duration
of particulates emitted from a fire

interacts with impacts, as high-intensity fires can cause
more-extensive damage to timber, buildings, infrastructure,
personal property, and threaten safety of suppression
personnel and the public. More-intense fires also influence
exposure, as increased radiant heat can damage PRAs
further away, and increase ember transport distance.



Although intensity is most commonly used to measure
magnitude, other aspects of fire behavior may be more
relevant to a particular situation. Fuel consumption is
another potential measure of magnitude and can describe
the amount of material consumed by the fire from the forest
floor, downed wood, and tree crowns. Fuel consumption
affects burn severity and can help in assessing wildland fire
risk to watersheds, landslide, or flooding potential, post-
fire regeneration, or subsequent forest health issues.
Alternatively, a fire's rate of spread could be a relevant
measurement. Higher rates of spread can impact more
structures and communities in a shorter period and reduce
the time available for fire managers to make key decisions,
implement evacuations, and take emergency actions to
protect PRAs. Smoke production from fire can also be an
important consideration, particularly if human health is the
PRA being considered.

Wildland fire risk

Determining wildland fire risk requires assessing both the
potential impacts and the characteristics of the hazard.
Although a complete risk assessment includes both
components, there can still be value in assessing either
part in isolation. Even a basic, qualitative assessment can
help identify how changes in any part of the system may
influence overall risk.

Although a qualitative assessment may not require a
tremendous amount of analytical work, it is useful to
understand how overall risk is impacted by a change in
any of the elements by viewing risk as a mathematical
equation:

risk = susceptibility x exposure x likelihood x magnitude.
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Any change in 1 or more of the 4 elements changes the
risk profile of a PRA. If all 4 risk elements have been
assessed, and any of them are absent (i.e., its value is 0),
the overall risk to a PRA is also O. For example, if a PRA is
not exposed to fire, then the risk is null, regardless of the
other factors.

This equation also shows how changes in any one element
can modify risk. For instance, reducing exposure through
fuel breaks or improving building materials to lower
susceptibility can meaningfully reduce risk, even if fire
likelihood remains the same. Similarly, changes to fuel
structure that reduce fire magnitude also reduce overall
threats associated with risk.

If assessing risk across many PRAs, it may be important to
consider their relative importance.®>* This can involve
assigning economic value, different weights, groups, or
rankings to each PRA based on local priorities, values, or
vulnerabilities. Coming up with a list of PRAs and determining
their importance in the risk assessment is a key step. These
decisions should reflect local objectives and be informed by
available financial and human resources.

The following section will detail how to go about describing,
quantifying, and combining these risk assessment elements
in a way that informs meaningful action.



Stages of a wildland fire
risk assessment

Although each element of risk can meaningfully be examined
in isolation, a full risk assessment process requires
consideration of all 4 risk elements: susceptibility, exposure,
likelihood, and magnitude. These building blocks can be
assessed in a variety of ways, which will be driven by the
chosen objectives for the risk assessment. Determining the
objectives of a risk assessment, the methods to be used, the
PRAs of interest, available time and expertise, and whether
the assessment will include some or all the 4 risk elements
are essential. This section provides guidance and key
considerations for conducting a wildland fire risk
assessment (Figure 10).

There are 5 unique stages required to conduct a wildland
fire risk assessment:

* scoping

» data, information, and knowledge gathering
e analysis

* evaluation and communication

* re-assessment

Stage 1: Scoping

The scoping stage of a risk assessment is critical—it
ultimately frames the entire process, and the risk
assessment should be conducted with clear objectives in
mind. The scoping stage is where the team responsible for
conducting the assessment is assembled, whole-of-
society partners are identified, and risk assessment
objectives are discussed, developed, and described. As a
result, the risk assessment will be applicable to the
localized scope and context, enabling effective
management of risk in relation to specific objectives.

Establishing clear and relevant objectives is necessary.
Concern that there may be something “at threat” begins to
set the scope for the risk assessment; however, this may
also be the time to consider the opportunities to realize
positive impacts of wildland fire, depending on the chosen
objectives and PRAs. Objectives likely will be fluid initially
depending on what is identified to be of potential
concern, and the uncertainty around “what might happen.”
Objectives will also depend on who “owns” the risk (i.e,,
people with the accountability and authority for risk
management), along with the opportunities available for
managing and treating those threats and potential
opportunities. Given that fires can ignite in a single
location, but burn across numerous political and
jurisdictional boundaries, ownership of the risk may span
multiple jurisdictions, landowners, and/or rightsholders.
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Specific objectives may also vary between user groups and  with people involved both internally and externally to the
what PRAs are being assessed. A forestry manager tasked risk assessment process may bring to light new sources
with assessing potential direct timber losses from fire will or drivers of risk. Analyses may reveal issues that were
have different objectives than a community group examining not initially considered, and conditions or objectives may
risk to their homes, livelihoods, surrounding landscapes, and  evolve throughout the process. Additionally, if a risk

impacts on the economy and environment. Four of the assessment has been conducted in a nearby region,
major parts of the scoping stage (Figure 10) are discussed in  much of what was learned in that process can be useful
more detail below, but note that scoping is an iterative to consider.

and continuous process. Communication and collaboration

Stage 1: Scoping

Whole-of-society engagement People, resources, Area and timeframe  Tools and methods
and assets

Glg Ay g R X

Stage 2: Data, information, and knowledge gathering

People, resource, People, resource, and Weather and land cover Historical fire data
and asset locations asset rankings
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Stage 3: Analysis
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- Impacts

Wildland
Likelihood fire risk
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Magnitude
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Characteristics
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Documentation Interpretation Communication
Stage 5:

Re-assess risk
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Figure 10. Key stages and considerations for developing a wildland fire risk assessment.
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Whole-of-society engagement

This process starts with identifying the people directly
concerned with PRAs potentially threatened by wildland
fires.2%” This group of people will vary considerably
depending on the area of concern and the objectives. This
can include members of the public such as Indigenous
rightsholders, local governments, fire management agencies
(provincial, territorial, municipal, local volunteer firefighters),
landowners, local businesses, recreational groups, and
industrial operators, among many others.

The needs and concerns of the people should guide the
scope of the assessment. Some people will be on a planning
team, others may be technical experts, and others may wish
to participate to contribute their knowledge and concerns,
or simply to stay informed. Technical experts will likely
be needed whether they are local or from outside the region
of assessment. Uptake and acceptance are increased when
the process is inclusive of a variety of perceptions, world
views, policy goals, interests, cultural values, and
experiences.

People, resources, and assets: Identification

Identifying and characterizing the PRAs of concern is
perhaps one of the most crucial steps. PRAs are anything
of value that could be impacted by a wildland fire. They
may be tangible things easy to measure, count, touch, or
ascribe economic value to (homes, industrial spaces,
hunting grounds, berry patches), or intangible things much
more difficult to quantify (aesthetic value, psychological
stress). Although there may be many PRAs of concern,
limiting the analysis to only those PRAs of greatest
importance will keep the assessment manageable.

Area and timeframe of interest

The area of interest usually will be defined by the area
over which participating members of the assessment have
jurisdiction (i.e, a county, province, or forest management
area) or by where the PRAs of concern are located; an
area of interest may span multiple jurisdictions.
Understanding how large fires can get (or have been
historically) helps to ensure the area is large enough to
assess the hazard component of risk posed by fires that
may start a considerable distance away but have
potential to reach the PRAs of concern.

Landscapes, climate, and PRAs change over time and risk
assessments can become outdated due to changes in any
of these items. The timeframe needs to be long enough to
be useful to the needs of the people involved, but not so
long as to make the results unrepresentative if things have
changed too much since the assessment was completed.
The appropriate timeframe also needs to consider how
impacts from wildland fire can vary over time. Direct wildland
fire effects (such as damage to structures and other PRAs)

usually occur quite rapidly, whereas indirect effects like
impacts on people’s mental health or ability to return to
work may not be apparent immediately. Direct impacts
to PRAs are often the easiest to quantify. Many ecological
benefits of fire are not realized for many years, but these
positive impacts may outweigh the negative short-term
ones.

Tools and methods

Although some parts of a risk assessment may be done
qualitatively, there are numerous tools and methods
available to assess risk elements and create composite risk
indices (for examples, see Stage 3: Analysis section). Hazard
characteristic assessment can be done purely qualitatively
or use advanced tools ranging from statistical models to
stochastic wildland fire simulations to determine spatial
estimates of likelihood and magnitude.®®

Estimates of susceptibility can be expressed qualitatively,
with continuous or categorical response functions,® or with
social susceptibility indices.3*4° Susceptibility for individual
PRAs needs to be described or quantified and often is a

function of magnitude. Similarly, exposure of PRAs often

requires some understanding of the hazard characteristics
of the surrounding landscape. This can range from scoring
systems that describe the presence of more flammable fuels
within a radius of the PRAs to overlays of fire likelihood and
magnitude to find PRA locations within high-hazard areas.

Choosing tools and methods is influenced by objectives,
PRAs, human and financial resources, deadlines, and the
expertise of the assessment team. Consulting with subject
matter experts and conducting literature reviews are often
required. New tools and methods are continually being
created, and new ones can be crafted if local expertise and
resources are available. Taking the time to determine how
each risk element will be quantified in the scoping stage
will save time and influence the information required in the
stage 2: data, information, and knowledge gathering.

Stage 2: Data, information, and
knowledge gathering

Conducting assessments requires extensive gathering,
transforming, and combining multiple sources of information.
The information needing to be gathered to conduct a risk
assessment may include Traditional Knowledge, experiential
information from local people, knowledge from subject
matter experts, spatial and non-spatial data, and relevant
literature from numerous disciplines. Some of this data and
information may be publicly available, whereas other sources
of information and data may require more effort to obtain,
be privately held, and official data-sharing agreements may
be required. Decisions made during the scoping stage
should help guide what types of information will be required.
Engagement with all interested parties can help identify
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existing datasets and the potential for participatory
mapping. Participatory mapping and open-access sources
may not cover all data requirements; therefore, new datasets
may need to be created. Developing data from scratch
requires time, technical skills, financial resources, and
possibly external contractors, so it is important to clearly
define data requirements early in the process.

Ideally, the data, information, and knowledge used should
be local, accurate, and as current as possible. However,
sometimes information will have to be taken as-is or
borrowed from other places if local sources are limited. All
collected information should be openly shared within the
planning team and involved parties, noting that some
information may not be shareable. It is important to discuss
and evaluate the quality and accessibility of the information
and to clearly understand its limits.

This stage also requires careful attention to how different
types of knowledge are treated. Western scientific methods
often struggle to fully include Indigenous knowledge
systems. It is important to approach this work with respect
and openness, making space for other ways of knowing and
ensuring they are meaningfully included in the assessment
process.

People, resources, and assets: Location

As described in the Stage 1: Scoping section, identifying the
PRAs of concern is a key step in assessing risk. Although
these PRAs can be described and identified without turning
them into spatial data products, they need to be mapped in
relation to likelihood and magnitude to be assessed for
exposure and susceptibility.

For cultural resources, especially those identified by
Indigenous communities, it is important to recognize
Indigenous communities may have concerns over how
information provided by them is collected, stored, and
shared. Various protocols, including those developed by
Indigenous and non-Indigenous governments, provide
guidance for respecting Indigenous jurisdiction over
culturally sensitive data."Working collaboratively to address
these concerns helps to ensure that Indigenous knowledge
and values are respected throughout the process

Many types of data are publicly available. Government
agencies often provide datasets of infrastructure and natural
resource locations. For example, building footprints* are
widely available and can help identify areas at risk. However,
different data sources may use different formats or levels of
detail. In these cases, it may be necessary to adjust or
combine datasets to make sure they align properly.

People, resources, and assets: Relative
importance

Not all PRAs in a wildland fire risk assessment are equally
important. If comparing risk across multiple PRAs, assigning
weights to certain elements (such as human lives or critical
infrastructure) will help reflect their relative importance and
allow them to carry more weight in the assessment.3%:3¢

In some cases, weights may be based on economic value,
such as the market value of timber or rebuilding cost of a
house. In other cases, non-monetary approaches may be
more appropriate, especially for cultural or social values that
are not easily measured in dollars. These approaches can
include scoring systems, qualitative rankings, or multi-
criteria evaluations. These choices reflect how much each
PRA matters to the people and communities involved.

Valuation can be done by the assessment team, but it is
often helpful to involve a broader group of people. This
can include community members, Indigenous Knowledge
Keepers, subject matter experts, and others with lived
experience. Workshops or other engagement methods can
be used to gather input and build shared understanding.
This helps ensure that the weightings used in the
assessment reflect a range of perspectives, worldviews,
and priorities.

This step is not trivial. The way PRAs are valued can lead to
very different outcomes across adjacent planning areas.
These differences may affect how risk is interpreted and
could mislead end-users if not clearly explained. It is
essential to document how weights are assigned and to
ensure that the process is transparent.

Weather, topography, and land cover

Weather, topography, and fuel are important drivers of
wildland fire behaviour,*? and thereby hazard (Figure 11).
Land cover data describe the type, quantity, and condition
of burnable vegetation (fuel), from fine grasses to dense
forests. Knowing where fuels are continuous, patchy, or
disturbed helps predict where a fire might spread and how
intense it could become. Topography shapes how a fire
moves through the landscape. Slope, aspect, and elevation
affect wind flow, fuel drying, and heat transfer, often
speeding up or slowing down a fire’s advance. Publicly
available information about vegetation cover, fuel types,
and topography are readily available, but users are
advised to ensure these data are current and accurate.

* For example, see Inuit Tapiriit Kanatami (2018), National Inuit Strategy on Research, the Tri-Council (2022), Policy Statement on Ethical Research Involving Humans (2022),

or the Government of British Columbia’s (2026) Best Practices for Working with Indigenous and Racial Identity Data. Following data governance protocols may be a

condition for working with different Indigenous communities.
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Steep slopes and areas with
more insolation can increase
fire hazard and how quickly

fire can spread

Topography

Hot, dry, and windy weather

increase the potential for fire

ignitions and fires of greater
magnitude

Coniferous vegetation is more
hazardous than deciduous

Figure 11. The key components affecting wildland fire behaviour.

Independent of fuel, the regional climate also influences
wildland fire risk. Fires ignite more easily, spread faster, and
burn with greater intensity when weather conditions are hot,
dry, and windy. The number of days in a fire season that
meets the criteria of “hot, dry, and windy” is an important
consideration in determining hazard characteristics. Fire
weather indices can be derived from historical weather
station data and/or climatic projections to assess potential
fire magnitude and likelihood. Together, datasets of
topography, fuel, and relevant weather data allow for more
realistic assessments of wildland fire behaviour and
potential impacts.

Fire history

Understanding the local fire regime (which includes fire
cause, frequency, seasonality, size, intensity?) is vital to
interpreting wildland fire hazard. Although historical
conditions will never capture every possible permutation of
ignition location, fuel characteristics, and weather, they
provide valuable insight into patterns of ignition, spread, and
fire magnitude. However, historical fire regimes should be
interpreted with caution because they are changing rapidly
due to climate change, shifts in land use, and changes in
forest and wildland fire management. National assessments
of fire regimes may prove useful, but local data should be
used whenever available. Historical fire information including

ignition points, fire perimeters, fire size, and date of ignition
can be downloaded from the Canadian Wildland Fire
Information System Data Catalogue service. Additional
regional data can also be obtained directly from wildland fire
management agencies.

Stage 3: Analysis

Many methods and tools exist to assess risk, from qualitative
analyses based on expert opinion, to quantitative analyses
using measured or modelled data, to rigorous probabilistic
evaluations that require complex simulations. The data and
tools compiled in the previous stages provide the necessary
information for assessing the risk elements. These
components can be evaluated separately or combined into
a final composite index, but in either case, users need to
recognize that none of the elements are completely
independent of the others. As the numerous examples
provided show, changing one risk element often has
cascading effects through the other elements, such as
altering fuel structure to reduce magnitude, which will then
affect fire likelihood, exposure, and susceptibility. The
analysis phase may require the involvement of experts in
wildland fire behaviour, spatial analysis, and risk assessment,
particularly for technical or model-based approaches.

29


https://cwfis.cfs.nrcan.gc.ca/background/summary/fwi
https://cwfis.cfs.nrcan.gc.ca/background/summary/fwi
https://cwfis.cfs.nrcan.gc.ca/en/catalogue

Analyzing susceptibility

The susceptibility of a PRA usually varies by its proximity to a
fire and the magnitude of that fire. The appropriate measure
of magnitude needs to be determined (i.e., flame length,
intensity, smoke exposure, rate of spread, etc.). Susceptibility
is essentially an estimate or measure of how much a given
PRA will be affected by fire (i.e, its net change in value*) and
may be positive, neutral, or negative.

Descriptions of how various PRAs examined by a risk
assessment can be affected by wildland fire (or smoke)
can range from simple categories (i.e., cedar shake roofs
are more susceptible to damage than metal roofs) to
complex mathematical relationships showing the
susceptibility for damage to structures by wildland fire
intensity.** Ecological PRAs also exhibit measurable
susceptibility, but their responses can include both
beneficial and adverse outcomes depending on fire
conditions. For example, low-intensity fires, particularly in
spring, can support native plant growth, suppress invasive
species, and enhance nutrient cycling. When fire severity
exceeds natural variability typical to an ecosystem (which
can be exacerbated by drought), ecological susceptibility
increases and outcomes shift toward damage and long-
term degradation.

These relationships between magnitude and net change
are known as response functions.® Response functions
can be useful to quantify the net change of a PRA to fire
of a given magnitude. These functions can be derived
from existing peer-reviewed literature, researched and
developed, or from consulting experts familiar with the
PRA’s response to different fire magnitudes. This can be
challenging, particularly for intangible assets, or those
that may not have established loss relationships. These
functions can be continuous or categorical and can be
expressed as a percentage, proportion, or integer value
expressing the extent of damage or benefit to a given
PRA exposed to fire of a particular magnitude. Ultimately,
they will need to be translated into a numerical value if
integrating with other elements of the risk analysis.

For susceptibility of social PRAs (e.g., population health,
displacement, continuation of essential services), response
functions do not represent direct physical damage, but
instead pathways in which those exposed are impacted (e.g.,
smoke susceptibility through relationships between
exposure and health outcomes, or evacuation effects as
expressions of the relationship between displacement
duration and disruption metrics [like income loss or mental
stress]). Tools such as a social susceptibility index could be
used to identify demographic groups most at risk.3%4%
Importantly, identification of areas of higher social
susceptibility should foster discussions about preparedness,
emergency response capacity, communication networks,
and other support systems as mechanisms of control.
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Describing the susceptibility of multiple PRAs may require
the development of a common scale to compare their
wildland fire risk. This can be challenging, particularly for
intangible assets, or those which may not have established
loss relationships. The value assigned to each of these
intensity thresholds can be determined through consultation
with experts familiar with how each PRA would respond to
different fire magnitudes.

Analyzing exposure

Exposure is the degree to which PRAs may come into
contact with flames, embers, smoke, or other wildland
fire effects. Exposure typically occurs when PRAs overlap,
border, or are surrounded by flammable vegetation. As a
result, exposure varies seasonally because the relative
flammability of fuels such as deciduous trees or annual
grasses may vary throughout the year.

Analyzing exposure often involves geospatial analysis
and can include*6-5°:

e proportion or area of each PRA within hazard zones

» distance from each PRA to potential ignition points
or hazardous fuels

¢ likely pathways for fire spread or ember travel toward
PRAs

For instance, houses are located within or near a high-
hazard zone; in this case, one can infer that the closer a PRA
is to wildland fire hazard, the higher the exposure for a given
number of houses. Exposure can also be assessed by
examining how far away fires could potentially start to reach
an area of concern, how far embers may be transported by
wind from a flaming front, or how much smoke may reach
an area of concern. Quantifying exposure to flammable
fuels can help users make informed decisions about
reducing wildland fire hazard. Approaches and tools for
evaluating wildland fire exposure at varying scales and
directional vulnerability® can be useful to understand
exposure. Indirect exposure can be much more challenging
to assess than direct exposure given the complex
processes that can influence the spread of wildland fire
by-products (i.e., smoke and other pollutants). It can also
include post-fire hazards, such as contaminated runoff
leading to downstream drinking water challenges for
months or even years after the fire.

Analyzing likelihood

Likelihood is the chance of a fire occurring in a given place
compared with a different place. It reflects where fires start
and how they spread across the landscape, based on an
area’s climate, fuels, and topography.

Analyzing likelihood can vary from somewhat simple to
very complex methods3®°%2



* An analysis of flammable fuels and weather patterns
can provide a quick overview of where fires may be
more likely.

» Expert elicitation can assign qualitative likelihood
(e.g. very likely vs. rare) to different areas based
on experience or under possible scenarios (e.g.,
possible likelihood in a drought year)

» Historical analysis of ignitions or fire regime can
provide baseline probability information about fire
return intervals, intensity, size class distributions,
levels of mortality, causes, timing, and potential
fire behaviour.

» Statistical models can use relationships between
historical ignition and fire data and environmental
variables to predict probability.

* Simulation-based burn probability models run
thousands of hypothetical fires under varied
ignition locations and weather patterns to
generate detailed maps of burn probability based
on carefully constructed input parameters.

Method selection largely depends on the objectives of
the assessment, alongside practical considerations such
as the tools, time, financial resources, and expertise
available.

Analyzing magnitude

Magnitude provides a description of the possible behaviour
of the fire. It can be expressed as the fire's intensity (heat
production), rate of spread, severity, or smoke output. As
with likelihood, these characteristics are driven by the fuel,
topography, and weather, and will vary both seasonally and
by location.

Wildland fire magnitude directly influences impacts
(exposure and susceptibility®):

* High-intensity fires tend to produce longer flames,
which result in contact with more PRAs. Higher
intensity also causes more direct damage simply
due to heat production.

* High-intensity fires can increase ember production,
lofting, and downward deposition, igniting assets
farther from the fire front, and (depending on the
PRA) increase the susceptibility of it being damaged.

* Rapid spread can overwhelm suppression capability,
affect more area (and PRAS) in less time, and reduce
the time available to make key fire management
decisions, implement evacuations, and protect PRAs.

* High burn severity can overcome the resilience of
certain species or ecosystems to fire, leading to
ecosystem transitions.

* Smoke production can degrade air quality across
large regions, with health consequences for vulnerable
populations.

Some method of fire behaviour estimation is vital to
analyzing magnitude and its potential range. Unlike analyzing
likelihood (examining how often fire may occur in one place
vs. another), analyzing magnitude involves assuming what a
fire would look like if it were to happen. Simulation modelling
under representative or extreme weather conditions and the
fuel types and topography of the landscape is a common
way to estimate potential ranges in magnitude. Other
approaches include describing hazardous fuels, analysis of
historical fire behaviour, or mapping the frequency of
extreme fire weather days.

Combining risk elements

Susceptibility, exposure, likelihood, and magnitude may
be examined together to fully understand wildland fire
risk. These elements can be integrated to arrive at a single,
composite measure of wildland fire risk. Measurement can
be done quantitatively, using formulas that combine
probability with the response functions for exposed PRAs,
or qualitatively, through risk matrices.®

An analytical process could include:

1. Map likelihood and magnitude to define hazard.

2. Overlay hazard with spatial PRA layer(s) to determine
exposure and susceptibility.

3. Apply weights for relative importance, if doing so
was identified in the previous stages.

The way these results are displayed will depend on the
methods selected. It can result in a map showing
quantitative risk indices at fine scales (pixel-level maps),
be shown qualitatively in a risk matrix table, or aggregated
to administrative or ecological units. In the latter case,
relativizing the score based on the area'’s size will ensure
that some PRAs do not receive a higher score simply due
to covering a larger area than others.®® Sensitivity analyses,
which test how changes to weights or specific elements
affect the final score, should be done to identify which
components have the most influence on risk.

Although the elements of risk are described as separate
silos, some methods will integrate a few of the elements to
a greater degree than others. The analysis stage is where
considerable consultation and communication will be
required to ensure broad understanding and acceptance
of the findings.

Stage 4: Evaluation and
communication

This stage has 3 critical subcomponents of documentation,
interpretation, and communication. It is important to present
the results of a risk assessment in a way that is understood,
relevant, and useful to all members of the potentially
affected region. Regardless of the methods and tools used
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to conduct a risk assessment, it is bound to generate large
amounts of data, maps, tables, and necessary descriptions
and explanations. How this information is organized,
presented, explained, and understood, and with whom this
information is shared are all fundamental things to consider.

Documentation

All data, knowledge, and information used in the risk
assessment process needs to be properly documented,
stored, and available for review®? (being mindful of data
governance considerations for Indigenous knowledge). If
models have been used to calculate any of the 4 risk
elements, preserve model inputs and outputs and record
the settings, assumptions, parameters, or options chosen
when running the models. Raw data collected early in the
process should be retained in its original form. This allows
any future review or reassessment to see initial inputs, and
how the data has been modified, summarized, aggregated,
or otherwise altered for the analysis. All data processing
steps should be recorded (for example, saving and storing
the relevant scripts or commands used to analyse the
data) so that the analysis can be audited or replicated.
Documentation is also required to describe any constraints
(financial, human resources, data and information, etc.)
that may have contributed to any uncertainties in the
assessment process.

Any risk assessment likely will have had many different
people involved at various steps in the process, and it is
important to note (with their permission) who was involved
at which steps in the process. Not only is this useful in the
event of wanting to better understand the decisions that
were made, but to be able to demonstrate how broad (or
narrow) the team was that developed the risk assessment.

Interpretation

Interpretation is about making sense of the risk analyses
results in light of the project objectives and the interested
parties involved. Experts involved in the process need to
be clear about the key messages they want to convey.
The scoping stage (stage 1) identified the objectives of
the assessment and the people who will have a vested
interest in the outcome. Interpretation of the outputs
needs to be done with these original objectives and
affected people in mind.
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Interpretation helps answer the question of “what do these
results actually tell us?” and can inform prioritization, and
eventual mitigative actions to reduce risk. For instance, if a
certain PRA is found in a zone of high likelihood for wildland
fire and high potential loss, the interpretation phase will flag
this as a priority. In short, interpretation translates raw risk
analysis outputs into an understanding of where the biggest
problems lie. In practice, this means the interpretation phase
might conclude with recommendations like “Risk X is high
and should be addressed” or “Risk Y is low and considered
acceptable,” setting the stage for planners and decision-
makers to consider mitigation options afterward.

Communication

The communication phase is where the technical team
shares the assessment with the whole-of-society partners
identified during the scoping stage (stage 1). An effective
communication strategy recognizes that different target
audiences will have different needs and adjusts the
messaging and details accordingly.®? This may involve
preparing multiple communication products or approaches
for different audience types. Importantly, effective
communication is about continuing the 2-way dialogue
initiated in the whole-of-society engagement step. Rather
than just presenting results, the communication phase
brings people together to learn about the risk assessment,
ask questions, and discuss what will need to be done
next.”5® This could involve holding open-houses, workshops,
press conferences, or presentations to community groups.

A critical element of communication is being open about
uncertainty and assumptions.5#%® Transparency in
communication means not only sharing the conclusions but
also the caveats. Everyone involved in the risk assessment
process should be informed about how confident the team
is in the results. For instance, if a model’s results have a
margin of error, or if certain assumptions (like future weather
patterns) could significantly affect the outcome, these
should be clearly stated.

Ultimately, the communication phase is where whole-of-
society buy-in needs to be achieved, and plans for action
need to emerge. By sharing the findings, this step facilitates
broader participation by interested parties in setting
priorities and identifying activities to manage risk.



Stage 5: Re-assessment

Risk assessment is a cyclical process. Conducting an
assessment takes considerable time, and the results of that
assessment are only valid so long as the landscape itself, the
PRAs on it, the people who live and work there, and the
climate do not change too much. The application of risk
mitigation measures, resulting from the risk assessment,
contribute to modifying the risk rating. Elements
contributing to a wildland fire risk assessment are dynamic
in nature. Community demographics are continually evolving,
influencing PRAs of importance and their relative value.
Environmental and socio-economic changes can reshape
hazard, exposure, and susceptibility (Box 1). New tools,
datasets, and information to quantify hazard, exposure, and
susceptibility will continuously emerge; their integration into
the risk assessment process will be essential. Given this,
wildland fire risk assessments need to be updated on a
regular basis.*®

Although a discussion of potential risk prevention and
mitigation actions is beyond the scope of this report,
typically decisions regarding such actions are underpinned
by an understanding of how they are expected to affect
the inherent risk profile faced by PRAs. Understanding
both the existing risk levels (both in terms of threats and

opportunities) and how they are expected to change in
response to some mitigative action allows for the
development of “what-if" scenarios, supporting risk-
informed decision making.

Deciding how often a risk assessment should be updated is
complex, and the answer will vary across landscapes and
communities. To facilitate an adaptive approach to risk
assessment, it is advisable that the risk assessment
committee do the following:

 establish a timeline for reconvening to revisit the risk
assessment

* define roles for committee members in tracking the
changes of social and environmental conditions that
may affect hazard, exposure, and susceptibility

* identify organizations involved in the development
of tools and datasets related to wildland fire risk
assessment

* maintain regular communication between all affected
and interested parties within a region

If key changes in the elements influencing wildland fire risk

are identified and deemed important by the committee,
then re-evaluation of the risk assessment is required.
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Wildland fire risk is dynamic in nature because the people and the environment they live in undergo constant change. Examples of
environmental and socio-economics changes and how they affect the different elements of risk are presented below.

Environmental changes

Wildland fire hazard (likelihood and magnitude) is directly affected by climate, ecosystem types, vegetation biomass, topography,
and other factors that define the “fire environment.” At the same time, the environment provides services that we value, affecting
the impacts aspect of the risk definition.

As exemplified in the 2023 fire season, climate change is already affecting not only the occurrence of wildland fires, but also the
way in which they burn. Fire seasons are longer, and weather phenomena (such as drought and extreme heat) are becoming more
intense, leaving people, communities, and ecosystems increasingly more exposed to wildland fire loss." Furthermore, fire-
suppression activities designed to protect people and homes may be limited in their effectiveness as days with hot, dry, and windy
weather become more common. Winter conditions may also become more conducive to fires overwintering in deep soil layers,
leading to holdover or overwintering fires,®” which can continue to spread the following year.

Changes in climate also have an indirect effect on wildland fire risk by affecting both the flammable vegetation and the availability,
value, and susceptibility of people, resources, and assets (PRAs). More-frequent insect outbreaks, floods, ice storms, and
destructive wind events alter forests and affect communities for years to decades. For instance, the mountain pine beetle outbreak
of the 1990s and early 2000s in western Canada not only affected the societal and environmental value of some 18 million hectares
of pine forests,*® but also altered forest flammability.>® In large parts of northern Canada, permafrost thaw is transforming
landscapes, altering the distribution of important PRAs and causing unpredictable changes in fire hazard.t°

Socio-economic changes

Social and economic factors form an important component of individual and community risk to wildland fire. Communities are
constantly evolving; changes in demographics and geography (e.g., the shape, population, and size of a town) can influence hazard,
exposure, and susceptibility. Current demographic trends (e.g., population growth, aging, and urban sprawl) have the potential to
increase wildland fire risk and reduce community resilience in the absence of prevention and mitigation efforts.?® However, as
people learn the importance of living with fire, a shift in philosophy will also facilitate mitigation practices that help reduce wildland
fire impacts on Canadian communities. For example, forest management practices (e.g., prescribed burning or thinning to reduce
fuel) around communities—often rejected in the past—are gaining acceptance.?®? Creative solutions that support planning and
development decisions are also being put forward to decrease exposure of assets located at the wildland-urban interface (e.g.,
using public open spaces such as parks to provide breaks between housing developments and the wildland). Policy changes such
as modifying construction standards may further reduce community risk by lowering the susceptibility of buildings to fire damage
or smoke intake. As Canadians gain a greater understanding of the realities of wildland fire risk more conversations around trade-
offs and risk tolerance levels are taking place.

Combined with the expected increase in wildland fire activity, Canadians face challenging choices going forward. Understanding
how the different elements of risk can be managed today and into the future will strengthen wildland fire risk assessments and
mobilize the different actors toward a whole-of-society approach to planning that incorporates the dynamic nature of wildland fire risk.



Incorporating fire risk
assessment into risk
management

Living with wildland fire requires strategies to adapt to,
mitigate, and manage risk effectively. A wildland fire risk
assessment provides the foundation of this work. It
improves understanding of the factors that contribute to
risk, facilitates the measurement and mapping of risk and
its elements, and ultimately supports actions intended to
reduce the risk8® The assessment information assists in
early planning by providing communication materials that
frame the context for community members or other
interested parties. Assessment outcomes offer rigorous and
transparent information that can be directly integrated into
a cost-benefit analysis and guide the planning exercise.®

The overall objective of wildland fire risk management may
be simple (e.g, limit potential losses from wildland fire, and
pursue opportunities to restore fire where appropriate) but
achieving it is usually complex. Efforts must contend with
competing priorities, multiple (and often overlapping) land
ownership and governance, and the inherent uncertainty of
where and when fires may occur.®

Decisions related to risk reduction draw on an understanding
of inherent risk level and how it can change with different
actions. However, broader factors, such as competing
priorities and varying risk tolerance levels, also come into
play:*2 Reconciling these broader factors requires a robust
and consistent process. The Framework provides such an
approach, serving as a tool for risk evaluation and a starting
point for discussion and decision-making.
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The complexity surrounding wildland fire risk calls for a cabin for enhanced fire resistance. However, given a limited
flexible and adaptive approach. Multiple risk-management  budget, prioritization is necessary. Running “what-if”
strategies may need to be combined.®® For example, Figure 12  scenarios prior to initiating management activities helps
highlights options to consider in reducing risk for a cabinin  compare cost and effectiveness, such as comparing

a wildland-urban interface setting. The property owner different fuel-treatment configurations relative to a
might reduce risk through fuel treatments or retrofitting the  baseline (unmodified) scenario.

Consider fire when

E-f developing communities
Strengthen fire m ﬁ

management readiness,
information, and support

M Enhance communication
capacity

Restore ecosystem
function and resilience

g : . [ 8 Control unwanted

human-caused ignitions

Construct homes with
non-combustible
materials

8 '. = Enhance evacuation
; Sl planning and capacity

Remove combustible
material around a house

—
S

T,

Modify hazardous fuels

Likelihood Magnitude Exposure Susceptibility

Figure 12. Examples of risk management strategies for wildland fire. The icons under each strategy indicate the targeted risk elements.

36



The iterative nature of the Framework supports re-
evaluation, allowing managers to monitor and adjust
strategies over time. Cost effectiveness and prioritization are
only part of the decision process. Concepts such as risk
tolerance and risk threshold may help frame options,
particularly for decision-makers. Risk tolerance is the
willingness of individuals, communities, organizations, or
stakeholders to accept a given level of risk towards a PRA,
with or without risk reduction actions. Risk threshold refers
to a limit beyond which risk is treated differently®® This often
applies to human lives and health but may also be relevant
for irreplaceable cultural or spiritual PRAs or critical
infrastructure that cannot be easily replaced.

At some point, decisions about tolerances and thresholds
need to be made, which will vary by both individual and
societal perspectives. Effective understanding of risk
tolerance depends on meaningful engagement from those
who may be impacted. Engagement should occur
throughout the process, from risk assessment to policy or
management action development, to evaluating residual risk
(because risk can rarely be reduced to 0)&” To be effective,
participants need accessible information on risk concepts,
the implications of different choices, and the likely outcomes
of potential actions. These judgements are then integrated
with technical expertise into policy and planning decisions.
Agreement on risk tolerance is not always easy, and clear
processes are needed in advance for resolving differences.

A risk assessment will help determine which management
strategy—or combination of strategies—will maximize
benefits, reduce costs, and guide land management
decisions under uncertainty.*® Risk managers in Canada have
several tools to guide their efforts. The FireSmart Canada
organization provides a wealth of information on risk-
reduction concepts and activities ranging from detailed
retrofitting of houses and infrastructure to landscape-level
fuel treatments.®® Advances in sustainable forest
management practices open a path to integrating forest
management (e.g, harvesting) and fire management to
minimize wildland fire risk across the landscape.

Complementing these approaches, decision-support
methods are being developed to evaluate trade-offs and
maximize investment relative to risk mitigation, timber
harvesting, and ecological conservation. The National Guide
for Wildland-Urban-Interface Fires®® produced by the
Natural Research Council of Canada offers ways to assess
wildland fire hazard and exposure, as well as guidance on
property protection, community resilience, and emergency
planning. Advances in sustainable forest management open
a path to integrating forest management (e.g, harvesting)
and fire management to minimize wildland fire risk across
the landscape.®® In addition to these, decision-support
methods are being developed to evaluate trade-offs and
maximize investment across fire mitigation, timber
harvesting, and ecological conservation.
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Looking ahead: Next steps
for the Framework

The concepts and methods presented in this report
represent the foundation of the Framework and establish
common ground for its application across Canada. This first
edition of the Framework is designed to be adaptive and
evolve as new knowledge, datasets, and tools emerge.

Despite the recent advances in information products,
important data and knowledge gaps related to wildland fire
risk across Canada remain. Future models and tools will
continue to benefit from national initiatives, such as the
overhaul of the Canadian Forest Fire Danger Rating System.”®
Compared with fire hazard, much less is known about the
impacts aspect of fire risk: particularly susceptibility.®® Few
equations exist to describe fire damage to infrastructure (i.e,
response functions) and virtually none exist for non-market
PRAs.2® National-scale susceptibility maps are only available
for a handful of PRAs, although possibilities are emerging as
interest in wildland fire risk grows.

Generally, the science supporting wildland fire risk and
natural hazards is evolving rapidly as priorities, philosophies,
and policies shift. Therefore, the Framework should be
viewed as an initial version that will be improved over time. In
the short term, advances in remote sensing will support new
datasets for mapping PRAs and many of the attributes
required to assess hazard (especially fuel and weather).
Outreach campaigns to raise awareness about wildland fire
risk will help to meet the changing needs of Canadians.



Conclusion

The Framework is a fundamental component of the
Strategy.? It defines the concepts and considerations
necessary to conduct a risk assessment suited to
Canada'’s PRAs and fire environments. The Framework
enables national non-binding guidance to assessment
without prescribing the use of specific tools. It draws on
the global body of risk assessment methodologies for
wildland fire and other natural disasters to identify the
terminology and best practices for risk assessment.

The Framework outlines 5 essential stages for a wildland fire
risk assessment: (1) scoping; (2) data, information, and
knowledge gathering; (3) analysis; (4) evaluation and
communication; and (5) re-assessment. Each stage
includes guidance on process and key considerations. The
aim is to help end-users (such as land and wildland fire
management agencies, municipalities, businesses, and
Indigenous communities) identify and value PRAs, then
apply the most robust risk assessment process possible
with the information, tools, and expertise at hand. Although
this Framework offers a structured approach, it is equally
designed to foster the dialogue required to initiate and
maintain meaningful wildland fire risk assessment among
planners, decision-makers, and the communities they
support.

Importantly, the risk assessment process needs to be
flexible and evolve with changing social values and
environmental context. By engaging with and contributing
to the Framework, all parties can help build a more resilient
Canada in the face of wildland fire.

/ iy iy e - S S
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Glossary

Analysis (risk assessment stage 3)

This stage focuses on analyzing and describing the 4
elements of risk (susceptibility, exposure, likelihood, and
magnitude) and potentially a composite index of risk.

Data, information, and knowledge gathering (risk
assessment stage 2)

This stage focuses on gathering, transforming, and
combining multiple sources of data, information, and
knowledge required to assess risk.

Evaluation and communication (risk assessment stage 4)

This stage focuses on documenting, interpreting, and
communicating the results of a wildland fire risk assessment.

Exposure

The potential contact of a PRA with a wildland fire, which
may include flames, embers, heat, and/or smoke.

Hazard characteristic

The potential occurrence of a wildland fire affecting
specific locations at a given magnitude (or range in
magnitude). Hazard is described by likelihood and
magnitude.

Impacts

Impacts quantify the effects of fire and are described
relative to PRAs of concern (e.g., house, community,
powerline, timber stand, berry patch, watershed). They
indicate a change experienced by a given PRA and may
be neutral, positive, or negative. Impacts comprise the
susceptibility of that PRA to being affected by wildland
fire and its potential exposure to the fire and include
some sort of valuation of the changes.

Likelihood

The chance of wildland fire happening at a given location.

Magnitude

The measure of the fire behaviour characteristic of concern,
which may include intensity, rate of spread, and/or smoke.



People, resources, and assets (PRAs)

Also referred to as “highly valued resources and assets,”
“values at risk,” or simply “values.” PRAs are the things
that may experience fire impacts and can be the focus
of a wildland fire risk assessment. They include human lives;
human health (both physical and mental); tangible things
easy to ascribe economic value to (homes, industrial spaces,
and powerlines); or intangible things much more difficult to
define in terms of money (biodiversity, areas of cultural
significance).

Re-assessment (risk assessment stage 5)

This stage focuses on circling back to the start of a risk
assessment as required or desired should the conditions
or priorities of the risk assessment change. It may not be
necessary to perform the complete assessment process
again, depending on user needs.

Relative importance

Weights that are put on PRAs to assign emphasis for
comparison; part of assessing fire impacts.

Response function

Given a certain magnitude, a response function quantifies
the effect of fire on a specific PRA. It is often used to assess
impacts and can be derived from existing peer-reviewed
equations, calculated from scratch, or derived from expert
opinion.

Risk assessment

A qualitative or quantitative approach to determine the
nature and extent of disaster risk by analyzing potential
hazards and evaluating existing conditions of exposure and
susceptibility that together could result in risk to a PRA.

Scoping (risk assessment stage 1)

This stage focuses on framing the questions being asked
and dictates the context of how the assessment may be
applied. Specifically, it requires engagement, identifying
and characterizing the PRAs of concern, defining the
timeframe and area of interest, and selecting tools and
methods for the risk assessment.

Susceptibility

The propensity of a PRA to experience a change as a
result of the interaction with wildland fire.

Wildland fire risk

The combination of hazard characteristics and the
impacts of wildland fire.
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