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Fire is a natural and essential ecological process in most of
Canadads forests. Balancing
wildland fire is a complex task, one that will beconoge
challenging as a result of climate change and increased
development.

ef it

In February 2009, the Future Forest Ecosystems Scientific CouRie
of British Columbia, Parks Canada and the BC Ministry of Fores
and Range Wildfire Management Branch sponsortéaeeday
Climate Change and Fire Management Research Strategy For
in Victoria, BC, tmlentify knowledge gapselated to wildfire
management and climate changed to recommend priorities

for research

The forum, developed by an interdisciplinary planning
committee, allowed researchers and fire operations managers f
work together taecommendesearch priorities that can help
strengthen land and fire management in light of climate change
Participants ere asked to focus aesearch priorities or

projects with resultsat could be put into immediate use, which
meant activities had to be operational rather than theoretical.

The 70 people involved represented many discipbrssne with international pertised and theyworked
in teams t@roposeresearch priorities, which the planning committee later incorporated into three broad
themes

- Adapting Wildland Fire Management

- Balancing Management Options

- Putting Science into PracticeCommunity Resilience

At the forum, participants looked edchissue being addressed, the kind of research required, the expected
outcome and the general timeframe. Time was spentifying whiclprojecs would most likely achieve
widespread results

Forum participants were asked to list potential organizations that might have a role to play in executing the
researchd providing support or resources, or participatirgnd those most likely to benefit from the

research initiative or make changesassult. In addition, they identified any additional gaps or research

for consideration.
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Forest Technologies Systems enhanced the networking opportunities by sponsoring events at the Royal Britis
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ClimateChange and Fire Management Research Summaries

INTRODUCTION

Climate change is likely to have a major impact on wildland fire across Canada. While the trend is clear and
well accepted, there is uncertainty about the rate and duration of change, in panskbdbase factors
depend o future emissions scenarios.

On average, wildland fire threatens about 20 commuratieis70,000 people annually in Canada, and fire
management costs Canada about $700 million a year. Both the area burned and costs wil resebhof
climate change. In British Columbia, fire records showehaildfire season has been increasing in length by
one to two days a year since at least 1980.

Wildland fire managers need analyses of climate change impacts that are as acautdteveardlooking

as possible so they have the lead time they need to prepare. In 2005, the Canadian Council of Forest
Ministers (CCFM) approved the Canadian Wildland Fire Strategy, which presents an assessment of
current/future problems, including clienaelhange, public safety, economic efficiency and sustainable resource
management. It offers a way forward, but one that requires a major commitment. The strategic objectives of
the Canadian strategy are enhanced public education/awareness, expanded/ivess@encand

technology, a Canadian F8enart Initiative, and enhanced wildland fire pregghvess and response

capability.

In order to accelerate
implementation of the wildland
fire strategy, the CCFM
established a WildlandFire
Management Working Group,
which is working closely with the
Canadian Interagency Forest
Fire Centre (CIFFC), and has
identified two broad themes:
climate change impacts and
adaptation, and industry
transformation. CCFM is looking
to develop and implment a
national fire research plan, with
input andadvice on where

work is needed.

British Columbia is playing a
lead role in the Canadian
Wildland Fire Strategy, and
has al so developed its &ldanddicenpriagementrStradedygks &t howat e gy
the province will effectively restore the natural role of fire in ecosystem processes and improve its ability to
continue providing a woHdass level of response when unwanted fires occur. This will result in healthier forest
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and range ecostems; communities that are at less risk from fire and smoke; and a rreffecinst fire
suppression program.

British Columbia is already experiencing the impact of climate change through the mountain pine beetle
infestation, which has the potentiad have wi despread i mpacts across C
has led to widespread social, environmental and economic impacts, for communitiesriarthadrdcross

the province.

After the devastating 2003 wildfire season in British Calynthwas estimated that about 685,000 hectares
of highpriority areas of forest adjaca to homes potentially requigel treatment to reduce the threat of
wildfire on communiti@&and much of this is in areas affected by the mountain pine beetlmiéss
guestions regarding the social acceptability of treatments and public perceptions about wildfire risk, the
effectiveness and costs of treatments over time, the ecological impacts of treatments, and how land use
practices affect wildfire risks. Thesvents have received much public attention, strengthening the social
licence and imperative for action.

Climate change, pestisease, alien species, shifting demographics, development within the \wiloand
interface and public policy on land useddand management practices all have a major impact on wildland

fire and how it is managed. The complexity has increased rapidly since the 1980s as a result of many social,
economic, political, and ecological factdfeom conflicting demands on the reselbase to a growing

population in the wildlanrdrban interface. There is also an explosion of information that tends to feature the
sensational, negative side of wildland fires, with little recognition of the ecological benefits.

In February 2009, th€uture Forest Ecosystems Scientific Council of British Columbia, Parks Canada and the
BC Ministry of Forests and Range Wildfire Management Bsaoaisored a threday Climate Change and
Fire Management Research Strategy Forum in Victoria, BC.

Participantsvorked in teams to identify knowledge gaps and prop@search priorities to help strengthen
land and fire management in light of climate chargeysing on activities theduld be used imrdately.

The interdisciplinary planning committee, which organized the event, categorized the resulting research
summariemto three broad themes:

- Adapting Wildland Fire Management

- Balancing Management Options

- Putting Science inRyactice for Community Resilience

Each research summary examines the issue being addressed, the kind of research required, the expected
outcome and the general timeframe. Participants listed potential organizations that might have a role to play
in executig the research providing support or resources, or participatand those most likely to benefit.

They also identified any additional gaps research for consideration.

This document offers strategic direction for research and adaptation workl telgtetential changes in fire
regimes, with priorities identified for research areas and projects so available resources can be used most
effectively.
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A. Adapting Wildland Fire Management

Fire behaviour is linked directly to all of the other reseangitd in this report, and weather is one of the
primary factors influencing wildland fire. Temperature, atmospheric moisture, drought conditions and winds
affect ignition potential, fire spread and intensity, and increase suppression difficulty anfbite ef

Improved fire weather forecasting, tailored to the needs of fire managers, will aid in the response to the
anticipated increase in fire activity on the landscape as a result of climate change.

Research into threlationship between weather and farammability resulted in a national system of fire

danger rating that has evolved over the years. The Canadian Forest Fire Danger Rating System is the primary
fire management decision aid used by fire management agencies across Canada and in otbethgarts

world.

Potential research partners for this work include Canadian forest, fire and environmental agencies, Canadian
Forest Service, Canadian Interagency Forest Fire Centre, economists, emergency response organizations,
Environment Canada, federal/provincial/ téorial governments, forest industry, First Nations, FPInnevations
FERIC, insurance companies, international users of the Canadian Forest Fire Danger Rating System, local
governments, military, Natural Sciences and Engineering Research Cogoeirnoental agencies

involved with land management (e.g. The Nature Conservancy), Pacific Climate Impacts Consortium, Partners
Protection, policy makers, public health agencies, public safety and emergency preparedness agencies,
resource managers, scienceroomty, social science/marketing researchers, Social Services and Humanities
Research Council, universities, utilities.

The outcome of the research identified would be of value to any agency, organization, company or individual
impacted by weather or wildnd fire d including fire management agencies (wildland and structural,

Canadian and international), economists, emergency response organizations, First Nations, forest industry,
health and medical communities, homeowners, insurance industry, landspriancabgovernments, ron
governmental agencies, policy makers, provincial/territorial governments, the research community, resource
managers, planners and users, science community, and utilities.

Fire behaviour is the foundation for decisions, strategies, and activities selected by fire managers, land
managers and locgovernmend from fuel treatment and ecosystem maintenance or restoration to
identifying necessary suppression resources. Understanding how climate change may affect fire behaviour
and fire regime, and ensuring related systems are validated regularbgéngal to set the right priorities.

The need to improve this and other current systems used in Canada will become more urgent iacenditions
altered by climate change.
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Weatherforecasting is a complex science with a great deal of varialaiid some inherent uncertainty;
however it maintains a direct link to wildland fire occurrence, behaviour and response. Accurate forecasting
depends on monitoring of actual conditions andistpated mathematical forecast model outputs,
interpretation and analysis.

There is need for a process of continuous improvement fersledlitimand longrange fire weather

forecasting. Weather forecast models could be improved by incorporattad tewd reliable information

from additional sources. Model users would benefit from finer spatial resolution and improved modelling of
topographical effects, relative humidity, smoke dispersal or transport, and precipitation patterns and amounts.

BritishColumbia has been shown to have a meteorological monitoring site density significantly below that
recommended by the World Meteorological Organization. An increase in network density or integration
among agencies and better sharing of data could be ofevedumany agencies along with the

meteorological model community. There is a need for research into optimizing multiple networks, all of which
have different instrumentations and site conditions. Methods to improve observations of winter precipitation,
sobr radiation and conditions over the Pacific Ocean would benefit all of Western Canada. Further research
into the effects of topography on the key weather parameters, such as temperature, relative humidity, winds
and precipitation, would result in advanesgor all fire agencies.

There are also opportunities to develop better methods to interpolate the amount of rainfall in areas between
weather stations, to better utilize and ground truth radar information, to develop models to optimize the
location of veather stations, and to increase the measurements of solar radiation.
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2. FORECASTING THE IMPA OF A CHANGINGIMATE ON FIRE WEARHE

There is a need to monitor, track changes and identify trends in local and regional weather to characterize
the climée and how it is changing so fire agencies can better understand how to respond and plan strategies,
tactics and resources based on the changing fire environment anditsetiat need to be protected.

Expanding ongoing research into climate changdf@dnpact on local and regional weather in British
Columbia could lead to plausible scenarios of future fire weather and fire danger that incorporate variability
in global and regional climate models. Although this work would involve continuous imipioretiméarary

results could become available in two years.

There are also opportunities to consider extreme event modelling, to investigate the timing and frequency of
lightning and precipitation, artd maximize spatial resolution.

3. DEVELOPING DEOISIMAKING TOOLS

In addition to improving weather data and forecasting, enhancing formats and tools so information is more

accessible to wildland fire managers would improve the use of the data, increase efficiency and strengthen
decisiormaking processeaghile being of value to a wide range of organizations. This project would translate

and link existing and improved weather data and forecast model outputs into products that can be used for
fire management. Initial drafteuld be completed in two years.

Tools that could enhance the information transfer process:irelentnt summaries; visualization of key
parameters; 3D winds indexes/spatial mappindata layer display; animated time series;
probabilistic/ensemble forecasts used to provide a rangeoskible outcomes and identify the most likely;
and communication of uncertainty of all products.

Confidence in the data and its value depends on meaningful, and preferably standardized, data quality
control and assurance processes. There would also be value in looking at ways to tap into the knowledge of
specialists, e.g. fire behaviour andoerce alues.

OFrom knowns around ¢ mat e ¢ hang-€dos that €an he

[ i
i mpl emented quickly within current realitie

Forum participant comment
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4. IMPROVING-IRE BEHAVIOUR PRHDIN SYSTEM

It is important to be able to predict fire behaviour through a comprehensive and flexible system that can
adapt to a changing climate and its impact on the fire environment. For this, fire managers need an improved
fire behaviour prediction system that wouldwlmore flexibility in inputs.

This project could facilitate fire behaviour predictions in most fuel complexes, including those located in
complex terrain (leading to fuel moisture issues), or in fuel complex@sgdom or modified by

disturbances such as insect outbreaksniarehgement and climate chanée. improved fire behaviour

prediction system is expected to include variable fuel parameters (such as stand density) versus the fixed fuel
types that arecurrently used.

This improved and flexible fire behaviour prediction system would assist with operational, management, and
research work under climate change, and could contribute to improved safety for responders and the public.
While this project coul@ke 10 to 15 years to complete due to its scope and complexity, a modular

approach providing gradual improvements is possible.

5. ASSESSING HOW THEEETHREAT COULD GBAN

Currently, fire managers have tools and processes to evaluate wildfire threat, and use them to set priorities
for activities such as fire response, fuels and land management, and ecaeststertion. With climate

change, several elements included in the current assessment approach may be modified. This needs to be
considered for future threat assessment work and f
long-term planning purposes.

OWe need to develop

There is a need to improve, validate and filalgs : : .
P plalg for fire arrival and spread undervarious

adapt tools and techniques to assess fire threat at
various temporal and spatial scales while considerin
elements such as fire behaviour potential, fire risk, Forum participant comment
values at risk, and suppression capability, and how
these fluctuate/change under climatarae at various
temporal and spatial scales.

climate change scena

This project could take up to five years, and would lead to an improved fire threat assessment process; one
that fire management agencies, local governments and land managers could use to identify risks and set
priorities. The initiative would be most effective if it involved a collaborative effort with fire management
agencies.
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Currently, fire managers across
Canada have access to a
variety of systems to lpethem
predict fire occurrence.
Changes (e.g., number, location,
frequency) in the ignition
regime have been observed
already, and there is a need to
improve these systems and
adapt them to a changing
environment.

¢AMLOOPS _FIRE _ Wx._
‘ORECAST  SURFACE  MAP oo
‘of: Serele A frTERNOON fy P s

T

If global temperatures rise one or two degs over the next 50 years, this would have an impact on fire
behaviou as well as affecting other factors such as human ignition, synoptic patterns, the proportion of dry
versus wet lightning, and fuel moisture. This project would lead to an addp&abteurrence prediction

system that could determine how many fires are likely to occur spatially and temporally on the landscape as
a function of variables such as observed and forecasted weather, Fire Weather Index System components,
synoptic patterngnd other relevant covariates. Separate models may be needed for lightning and human
ignitions.

It could take three to five years to develop the first version of an improved fire occurrence prediction system,
which should be a collaborative projaotolving research and fire management agencies.

Most wildfires in Canada are contained at less than 200 hectares. However, on average, about three per
cent exceed that size, and these account for 95 to 98 per cent of the tosabareed. Climate change
research indicates that the incidence and severity of wildfires will gneatase over the next century.

The increase in the number of fires and values that need to be protected is a challenge to fire management
agencies. Thegre close to suppression capacity already, and it is eroding as aircraft, facilities, and
equipment age, fire management costs rise, fire management agencies face budget constraints, and trained,
experienced staff retire.



Climate Change and Fire Management Research Strategy

Current fire suppression resosraad practices may not be as successful, and performance objectives may
not be attainable under a warmer and drier climate. There is a need to better model and understand fire
management resource use and effectiveness in order to find more efficiersiciygsro

Many factors, including the length of the fire season and the number, size and severity of fires, and the values
at risk, determine the immediate and ldagnm wildfire suppressioasources required. Currently, fire

management agencies use historical data to plan resources in advance of each fire season and to anticipate
what will be needed in the futueand this information may become ledgble with a changing climate

Theres a great need to quantify the potential impact of climate change on fire suppression to help with this
planning, and to identify future requirements early enough to provide the time needed to develop and bring
on new resources.

It is important to start looking at fire suppression through a climate changdin&imgy projections of climate
change impacts on fire characteristics to models of

fire management resource use. This work would g
enable fire management agencies acrossadan

to plan their workload and resources with greater
accuracy for both immediate and future needs. The
initial work could take two to three years, and it
would need to be updated, validated and revised
as more data becomes available.

There is also a neddr sciencéased projections
of national and provincial/territorial resource
requirements that consider climate change and
support future planning. A related cost/benefit
model would help fire management agencies
consider various options and plan for tufe where the demand for suppression resources could increase.
They must start#&xamining their approach and capacity in relation to current and future fire environment
and management objectives.

A national study of workload and cost/benefit analysikkiely to take about two to five years. The

cost/benefit analysis should consider activities such as fuel management and fire prevention that may reduce
overall fire management costs. This work could look at management objectives and protecti@n prioritie
including infrastructure and community water supplies, as well as new considerationarbiach as

sequestration projects.

This project would provide an opportunity to look at demographics, liabilityageecy and

interdisciplinary options anduss, extreme events, innovative prevention and preparedness work, as well as
costeffectiveness of fire fighting operations while ensuring the safety of responders and th&@ pablic.

session notes, posted it yinclude additional research
opportunities related to this topic.
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The historical and current management objectives and suppresstsnreffiome regions of Canada hded

to a shift to older, denser forests. This change in fuel structurengmasdmn could lead foe intensities

outside the natural range of variation for these vegetation typhanging vegetation conditions could also
encourage insect infestations, which in turn could lead through a feedback mechanism to potentially larger
and more intense fires fuelled by great oui¢ies of dead woody material.

It is essential that land managers understand the impact this will have on their management of forest and
rangelands. While fire management agencies will continue to offer egpéntse is a need for broader
integrated land management involving many individuals and organizations.

The attempted exclusion of fire in some regions of Canada has led to a shift to older or denser forests, and
this change in fuel structure and quantity could lead teimigihsity fires. Changing forest conditions may also
lead to more severe insect owhks, which in turn, may alter fuel conditibhere is a need to involve land
managers, and broaden responsibility famaging forest and range fuels.

As interest in forest and rangeland fuel treatments increases, there is a need to better undevstand ho
effective these treatments are over tidnat the stand and the landscape level, and under both cuarght
climate change scenarios.

Tools and models that can evaluate fuel treatgsrihe stand and landscape level would help to focus
resources on thight priorities and most effective approaches. Fire behaviour models currently do not deliver
the empirical evidence needed to show whether treatments are actually reducing the threat. Rather than
basing decisions on professional knowledge, they coudddml on scientific evidence.

This researatould start immediately, and take five to 10 years, utits and models that show how

different fuel treatments can alter fire threat over time. Researchers could simulate different treatments and
model firebehaviour under different weather conditions, and introduce climate change scenarios. This could
be combined with field experience and studies of wildfires that have occurred to help build greater
understanding.
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9. UNDERSTANDING THEEFHAZARD ASSOEBRWITH POSHARVEST FOREST RESID

In light of climate change and changing harvest
patterns, it is important to have a sciebased
understanding of the fire hazard associated with{post
harvest forest residue, especially near communities.
Currently, pstharvest fire hazard assessments are not
consistent, and a scierdzzsed approach is needed to
better assess the potential fire behaviour and threat to
values at riskrom fire in harvested areas.

A starting point could be to look at where fires have
occurred and the kinds of fuels involved, and compare
with the outcome of current harvest methods and patte
A related research opportunity would be to look at the
fire hazard related to harvest and mechanical treatme
that aim to preserve and/oenhance understory
vegetation, especially in beetldfected stands in British
Columbia.

This project could take approximately two years to
complete, and would result in a current, consistent, an
sciencéased fire hazard assessment for pbatvest
forest residues. The work would need to be revisited af@
validated periodically.

oWe need to identify and get over existling bar
around climate change such as satimpacts, legal liability, research gaps, knowledge
transfer, deci sion and monitoring tool g, and e

Forum participant comment

This is not a time for business as usual. Wildland fire managers need to use all the tools avdiggbtaso t
make the most informed decisions, and they need to incorporate new research and developments, including
climate change information, into best practices. The forum brought together researchers and fire managers,
and this kind of interaction mustdieengthened so both are able to gain from the knowledge and expertise
each can offer.
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