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E X E C U T I V E  S U M M A R Y 

 
Fire is a natural and essential ecological process in most of 

Canadaõs forests. Balancing the potential benefits and risks of 

wildland fire is a complex task, one that will become more 

challenging as a result of climate change and increased 

development. 

 

In February 2009, the Future Forest Ecosystems Scientific Council 

of British Columbia, Parks Canada and the BC Ministry of Forests 

and Range Wildfire Management Branch sponsored a three-day 

Climate Change and Fire Management Research Strategy Forum 

in Victoria, BC, to identify knowledge gaps related to wildfire 

management and climate change, and to recommend priorities 

for research. 

 

The forum, developed by an interdisciplinary planning 

committee, allowed researchers and fire operations managers to 

work together to recommend research priorities that can help 

strengthen land and fire management in light of climate change. 

Participants were asked to focus on research priorities or 

projects with results that could be put into immediate use, which 

meant activities had to be operational rather than theoretical. 

 

The 70 people involved represented many disciplines ð some with international expertise ð and they worked 

in teams to propose research priorities, which the planning committee later incorporated into three broad 

themes:  

     - Adapting Wildland Fire Management  

     - Balancing Management Options 

     - Putting Science into Practice for Community Resilience 

 

At the forum, participants looked at each issue being addressed, the kind of research required, the expected 

outcome and the general timeframe. Time was spent identifying which projects would most likely achieve 

widespread results. 

 

Forum participants were asked to list potential organizations that might have a role to play in executing the 

research ð providing support or resources, or participating ð and those most likely to benefit from the 

research initiative or make changes as a result. In addition, they identified any additional gaps or research 

for consideration.  
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C O N T E N T S 

This document includes summaries of  the research opportunit ies proposed by forum part icipants. 

There are three broad themes identi f ied by letters A, B and C, fol lowed by eight sub-themes 

ident if ied by Roman numerals, and 16 research summaries identif ied by numbers. Appendix 1 

includes a number of  other potent ial  research topics ident if ied at the forum. 
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Climate Change and Fire Management Research Summaries 
 

I N T R O D U C T I O N 

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 part because these factors 

depend on future emissions scenarios.   

On average, wildland fire threatens about 20 communities and 70,000 people annually in Canada, and fire 

management costs Canada about $700 million a year. Both the area burned and costs will rise as a result of 

climate change. In British Columbia, fire records show that the wildfire 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 accurate and forward-looking 

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 climate change, 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/innovative science and 

technology, a Canadian FireSmart Initiative, and enhanced wildland fire preparedness and response 

capability.  

In order to accelerate 

implementation of the wildland 

fire strategy, the CCFM 

established a Wildland Fire 

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 implement a 

national fire research plan, with 

input and advice on where 

work is needed. 

British Columbia is playing a 

lead role in the Canadian 

Wildland Fire Strategy, and 

has also developed its own complementary strategy. BCõs Wildland Fire Management Strategy looks at how 

the province will effectively restore the natural role of fire in ecosystem processes and improve its ability to 

continue providing a world-class level of response when unwanted fires occur. This will result in healthier forest 
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and range ecosystems; communities that are at less risk from fire and smoke; and a more cost-effective fire 

suppression program.   

British Columbia is already experiencing the impact of climate change through the mountain pine beetle 

infestation, which has the potential to have widespread impacts across Canadaõs boreal region. The epidemic 

has led to widespread social, environmental and economic impacts, for communities in the interior and across 

the province.  

After the devastating 2003 wildfire season in British Columbia, it was estimated that about 685,000 hectares 

of high-priority areas of forest adjacent to homes potentially require fuel treatment to reduce the threat of 

wildfire on communities ð and much of this is in areas affected by the mountain pine beetle. This raises 

questions 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. These events have received much public attention, strengthening the social 

licence and imperative for action. 

Climate change, pests, disease, alien species, shifting demographics, development within the wildland-urban 

interface and public policy on land use and land 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 factors ð from conflicting demands on the resource base to a growing 

population in the wildland-urban 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. 

 

THE CLIMATE CHANGE AND FIRE MANAGEMENT RESEARCH STRATEGY FORUM 

In February 2009, the Future Forest Ecosystems Scientific Council of British Columbia, Parks Canada and the 

BC Ministry of Forests and Range Wildfire Management Branch sponsored a three-day Climate Change and 

Fire Management Research Strategy Forum in Victoria, BC. 

Participants worked in teams to identify knowledge gaps and propose research priorities to help strengthen 

land and fire management in light of climate change, focusing on activities that could be used immediately. 

The interdisciplinary planning committee, which organized the event, categorized the resulting research 

summaries into three broad themes:  

     - Adapting Wildland Fire Management  

     - Balancing Management Options 

     - Putting Science into Practice 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 executing the research ð providing support or resources, or participating ð and those most likely to benefit. 

They also identified any additional gaps or research for consideration.  

This document offers strategic direction for research and adaptation work related to potential 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 research topics 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 and fire effects. 

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 the relationship between weather and forest flammability 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 other parts of the 

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/ territorial governments, forest industry, First Nations, FPInnovations-

FERIC, insurance companies, international users of the Canadian Forest Fire Danger Rating System, local 

governments, military, Natural Sciences and Engineering Research Council, non-governmental agencies 

involved with land management (e.g. The Nature Conservancy), Pacific Climate Impacts Consortium, Partners in 

Protection, policy makers, public health agencies, public safety and emergency preparedness agencies, 

resource managers, science community, 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 wildland fire ð 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, land managers, local governments, non-

governmental agencies, policy makers, provincial/territorial governments, the research community, resource 

managers, planners and users, science community, and utilities. 

 

I. Improving Fire Weather and Fire Behaviour Forecasting  

òWeõre exceeding thresholds all the time. Weõd better start acting soon.ó 
Mike Flannigan, Research Scientist, Canadian Forest Service 

Fire behaviour is the foundation for decisions, strategies, and activities selected by fire managers, land 

managers and local government ð 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 regularly is essential to set the right priorities. 

The need to improve this and other current systems used in Canada will become more urgent if conditions are 

altered by climate change. 
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1.  OPTIMIZING THE MONITORING AND FORECASTING OF FIRE WEATHER PARAMETERS 

 

Weather forecasting is a complex science with a great deal of variability and some inherent uncertainty; 

however it maintains a direct link to wildland fire occurrence, behaviour and response. Accurate forecasting 

depends on monitoring of actual conditions and sophisticated mathematical forecast model outputs, 

interpretation and analysis.   

There is need for a process of continuous improvement for short-, medium- and long-range fire weather 

forecasting. Weather forecast models could be improved by incorporating tested and 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. 

British Columbia 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 of value to many 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, 

solar 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 advantages for 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 weather stations, and to increase the measurements of solar radiation. 
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òFrom knowns around climate change, we need to develop practical must-dos that can be 

implemented quickly within current realities (such as budgets, research gaps, succession issues).ó 

Forum participant comment 

 

2.  FORECASTING THE IMPACTS OF A CHANGING CLIMATE ON FIRE WEATHER 

 

There is a need to monitor, track changes and identify trends in local and regional weather to characterize 

the climate 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 and the values that need to be protected.  

Expanding ongoing research into climate change and the impact 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 improvement, preliminary 

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, and to maximize spatial resolution. 

 

3.  DEVELOPING DECISION-MAKING 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 

decision-making processes while 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 drafts could be completed in two years. 

Tools that could enhance the information transfer process include: relevant summaries; visualization of key 

parameters; 3-D winds indexes/spatial mapping; data layer display; animated time series; 

probabilistic/ensemble forecasts used to provide a range of possible 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 and resource values. 
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òWe need to develop and validate models 

for fire arrival and spread under various 

climate change scenarios.ó 

Forum participant comment 

 

4.  IMPROVING FIRE BEHAVIOUR PREDICTION SYSTEMS 

 

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 would allow more 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 complexes resulting from or modified by 

disturbances such as insect outbreaks, fuel management and climate change. An improved fire behaviour 

prediction system is expected to include variable fuel parameters (such as stand density) versus the fixed fuel 

types that are currently 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 could take 10 to 15 years to complete due to its scope and complexity, a modular 

approach providing gradual improvements is possible.  

 

5.  ASSESSING HOW THE FIRE THREAT COULD CHANGE 

 

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 ecosystem restoration. 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 for 

long-term planning purposes. 

There is a need to improve, validate and possibly 

adapt tools and techniques to assess fire threat at 

various temporal and spatial scales while considering 

elements such as fire behaviour potential, fire risk, 

values at risk, and suppression capability, and how 

these fluctuate/change under climate change at various 

temporal and spatial scales. 

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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6.  IMPROVING FIRE 
OCCURRENCE PREDICTION 

SYSTEMS  

 

Currently, fire managers across 

Canada have access to a 

variety of systems to help them 

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. 

If global temperatures rise one or two degrees over the next 50 years, this would have an impact on fire 

behaviour ð 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 adaptable fire occurrence 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 patterns, and 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 project involving research and fire management agencies. 

 

II. Understanding the Changing Needs of Wildfire Response 

 

òWhether we like it or not, weõre going to have fire ð and maybe a lot more of it. Fire 

managers would prefer to be in the driverõs seat.ó 
Brian Simpson, Director, BC Ministry of Forests and Range, Wildfire Management Branch 

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 total area burned. Climate change 

research indicates that the incidence and severity of wildfires will greatly increase 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. They are 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.  
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Current fire suppression resources and 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 efficient approaches. 

 

7.  QUANTIFYING THE IMPACT OF CLIMATE CHANGE ON FIRE SUPPRESSION  

 

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 long-term wildfire suppression resources 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 future ð and this information may become less reliable with a changing climate 

There is 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 change lens ð linking projections of climate 

change impacts on fire characteristics to models of 

fire management resource use. This work would 

enable fire management agencies across Canada 

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 need for science-based 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 a future where the demand for suppression resources could increase. 

They must start re-examining their approach and capacity in relation to current and future fire environment 

and management objectives.  

A national study of workload and cost/benefit analysis is likely 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 protection priorities, 

including infrastructure and community water supplies, as well as new considerations such as carbon 

sequestration projects.  

This project would provide an opportunity to look at demographics, liability, inter-agency and 

interdisciplinary options and issues, extreme events, innovative prevention and preparedness work, as well as 

cost-effectiveness of fire fighting operations while ensuring the safety of responders and the public. The 

session notes, posted at http://bcwildfire.ca/Weather/Climate/index.htm, include additional research 

opportunities related to this topic. 

http://bcwildfire.ca/Weather/Climate/index.htm


Climate Change and Fire Management Research Strategy 

 

 

9 

III. Managing Forest and Rangeland Fuels to Mitigate Impacts 

 

òResearch into ecosystem restoration may lead us to the development of key performance 

indicators for fuels management.ó 
Forum participant comment 

The historical and current management objectives and suppression efforts in some regions of Canada have led 

to a shift to older, denser forests. This change in fuel structure and composition could lead to fire intensities 

outside the natural range of variation for these vegetation types. Changing 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 quantities 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 expertise, there is a need for broader 

integrated land management involving many individuals and organizations. 

 

8.  ASSESSING THE EFFECTIVENESS OF FUEL TREATMENTS 

 

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 to high-intensity fires. Changing forest conditions may also 

lead to more severe insect outbreaks, which in turn, may alter fuel conditions. There is a need to involve land 

managers, and broaden responsibility for managing forest and range fuels. 

As interest in forest and rangeland fuel treatments increases, there is a need to better understand how 

effective these treatments are over time ð at the stand and the landscape level, and under both current and 

climate change scenarios. 

Tools and models that can evaluate fuel treatments at the stand and landscape level would help to focus 

resources on the right 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 could be based on scientific evidence. 

This research could start immediately, and take five to 10 years, using tools and models that show how 

different fuel treatments can alter fire threat over time. Researchers could simulate different treatments and 

model fire behaviour 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 THE FIRE HAZARD ASSOCIATED WITH POST-HARVEST FOREST RESIDUE 

 

In light of climate change and changing harvest 

patterns, it is important to have a science-based 

understanding of the fire hazard associated with post-

harvest forest residue, especially near communities. 

Currently, post-harvest fire hazard assessments are not 

consistent, and a science-based approach is needed to 

better assess the potential fire behaviour and threat to 

values at risk from fire in harvested areas.  

A starting point could be to look at where fires have 

occurred and the kinds of fuels involved, and compare this 

with the outcome of current harvest methods and patterns. 

A related research opportunity would be to look at the 

fire hazard related to harvest and mechanical treatments 

that aim to preserve and/or enhance understory 

vegetation, especially in beetle-affected stands in British 

Columbia. 

This project could take approximately two years to 

complete, and would result in a current, consistent, and 

science-based fire hazard assessment for post-harvest 

forest residues. The work would need to be revisited and 

validated periodically.  

 

IV. Strengthening the Operational Uptake of New Science 

 

òWe need to identify and get over existing barriers that limit our ability to move forward 

around climate change such as social impacts, legal liability, research gaps, knowledge 

transfer, decision and monitoring tools, and extreme weather events.ó 
Forum participant comment 

This is not a time for business as usual. Wildland fire managers need to use all the tools available so they can 

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 must be strengthened so both are able to gain from the knowledge and expertise 

each can offer. 

 




