
C A N A D I A N  W I L D L A N D  F I R E  &  S M O K E C A N A D I A N  W I L D L A N D  F I R E  &  S M O K E 

SPRING2021SPRING2021
NEWSLETTERNEWSLETTER

DATA CUBES FOR CANADIAN WILDFIRES (DCCW): 
SUMMARIZING A FIRE USING DATA FOR ANALYSIS, 
MODELLING, AND SITUATIONAL AWARENESS
by Xue Yan Chan, Piyush Jain, and Dan Thompson 

WILDFIRE RESEARCH IN NORTH CENTRAL BC
by Evelyn Hamilton

IDENTIFYING AND ANALYZING SPATIAL AND 
TEMPORAL PATTERNS OF LIGHTNING-IGNITED 
WILDFIRES IN WESTERN CANADA FROM 1981-2018
by Olivia Aftergood

MITIGATING WILDFIRE RISK THROUGH MUNICIPAL 
LAND USE PLANNING: ALBERTA SURVEY
by Elise Gatti

GROWTH IN UNPRECEDENTED TIMES: NETWORK 
PROGRESS
by Sandra Kinash

2017 Verdant fire/Parks Canada

https://www.canadawildfire.org/newsletter


2 /  

Identifying and analyzing spatial and temporal 
patterns of lightning-ignited wildfires in Western 
Canada from 1981–2018
By Olivia Aftergood MSc, University of Alberta aftergoo@ualberta.ca

Out of control lightning-caused wildfire burning in the Fort McMurray Forest Area in 2018. Photo taken while assessing the wildfire 
for initial attack operations. Photo credit: Olivia Aftergood.

Wildfires have the potential to be an integral ecological disturbance within biological communities (Rowe 1983); this can result 
from either human induced fire or from an environmental interaction between a lightning strike and vegetation. Climate change is 
transforming the climatic conditions (e.g., temperature, precipitation, and relative humidity) an ecological community experiences. 
This leads to rates of change in ecosystems being faster than species can adapt too (IUCN 1990). Increases in lightning strike 
densities are theorized (Romps et al. 2014) and changes in the climate may lead to lower fuel moisture content in vegetation through 
less precipitation which leads to severe drought conditions that impacts fire activity (Wotton and Flannigan 1993; Flannigan et al. 
2000; Stocks et al. 2003; Coogan et al. 2018). These small cumulative changes occurring due to climate change can be factors in 
the destructive capacity of wildfires on communities and infrastructure. In 2016, the Horse River fire in Fort McMurray, Alberta 
caused extensive damage to the community; it resulted in insured losses around $3.58 billion dollars (The Conference Board of 
Canada 2017). Fire managers and communities are faced with difficult decisions about mitigation, prevention, and protection of 
communities and values of interest. As the climate continues to be affected, changes in the structure and function of ecosystems can 
render ecological communities and urban areas vulnerable to wildfires events. This reshaping of fire regimes and how fire interacts 
on the landscape is key in understanding how to adapt for the needs of research, management, and policy.  

This study looks to answer: (1) Do lightning-ignited wildfires exhibit distribution patterns over space and time on the Western 
Canada landscape between 1981–2018, and (2) Characterize these spatial and temporal distributions of lightning fires by; i) Specific 
locations of high and low clustering values, ii) Trends associated with these high and low values, iii) Distances (km) of clustering 
occurring in the data, iv) Look at these high and low values in different months of the year?
Methodology

This study only considered wildfire ignition locations in the provinces of British Columbia, Alberta, Saskatchewan, Manitoba, 
the Territory of the Yukon, and the Northwest Territories referred to hereafter as Western Canada. The wildfire location data used 
in this research was obtained from the Canadian National Fire Database (Canadian Forest Service 2020) and sorted as follows. All 
wildfire points that were attributed to either human and or unknown causes were excluded from the analysis. Moreover, only point 
data occurring between 1981 to 2018 were included, and only wildfires that occurred between April 1st to September 30th were used. 
The months of June, July, and August were analyzed for a seasonal component. This analysis will only consider the number of fires 

mailto:aftergoo%40ualberta.ca?subject=CWFSN%20Newsletter%20article
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(NOF). All point data within the prairie ecozone was not considered in this analysis. For the purposes of this research, each hexagon 
(hereafter hexel) was 30 km wide (77900 ha) and all hexagons together generated a hexagon vector grid (Figure 2.3) using the tool 
“Repeating shapes for ArcGIS” (Jenness 2012). To assess distribution patterns over space and time, the nearest neighbors (ANN), 
K-function, Moran’s I, Mann-Kendall and the Getis-ord Gi* statistics were employed. Spatial data preparation and analysis was done 
using ArcGIS 10.7.1 (ESRI 2020) and R 3.1.1 (Team 2005).

Figure 1: Getis-ord statistic computed for lightning-ignited wildfires in Western Canada 1981-2018 (All years, June, July, August) red 
indicates significant (>90% confidence) clustering of hot spots, blue indicates (>90% confidence) clustering of cold spots, and grey 
indicates not significant clustering.
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Figure 2: Mann-Kendall statistic computed [All years, June, July, August] per hexel based on the Getis-Ord Gi* z-scores for the 
number of lightning-ignited wildfires in Western Canada, per year, 1981-2018. Hexels are represented by the SD of the z-score 
where orange is a positive (increasing trend) st. deviation of z and blue is a negative (decreasing trend) SD of z. Grey hexels 
are no trend detected. Dots show statistical significance based on p-values (0.05).

Results
The Getis-ord statistic, which displays spatial clustering of data, was computed per hexel and is mapped in Figure 1. The Mann 

Kendall statistic, which displays temporal trends, in the data was computed and is displayed in Figure 2 & 3. The map is displayed by 
the standard deviation of the mean of each hexels z-score, where these maps are detecting temporal trends in the hexels, but do not 
make any inferences about the spatial clustering components of the hexels and therefore do not indicate whether the increasing or 
decreasing hexels are hot (clustering) or cold (dispersal) spots (Figure 2). We found that for the entire study area, the NOF showed 
an overall non-significant decreasing trend over time (Figure 3). The inhomogeneous Kinhom(r) K-function of a non-stationary 
point pattern, which assesses the data’s spatial pattern, was calculated and then graphed in Figure 4. The median Kinhom(r) statistic 
for all years is 227.5 km. The highest value was 270 km in 1996 and the lowest values was 165 km in 2000 and therefore clustering 
is occurring between 165-270 km. All years showed a deviation from complete spatial randomness indicating spatial clustering 
occurring within the data for each study year. The nearest neighbour statistic we found clustering from 104 km to 271 km for 
lightning-ignited fires in Western Canada from 1981-2018. We found that for Moran’s I spatial autocorrelation statistic for all years 
(1981-2018) lightning-ignited wildfire intensities are significantly spatially auto correlated.
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Figure 3: Mann-Kendall trend statistic computed for number of 
lightning-ignited wildfires in Western Canada between 1981-
2018. The dark red line indicates the number of fires per year 
and the blue dotted line indicates the trend line. This statistic 
was computed with a theil-sen slope. The tau computed was 
-0.17, bootstrap p-value 0.05, z-score -1.5 and the sen slope 
-20.44.

Figure 4: Kinhom(r) function for Western Canada lightning-
ignited wildfires by year, 1981-2018. In each graph, the grey 
lines represent the upper and lower limits of the envelope based 
on 1000 simulations under the assumption of an independent 
distribution. The red line is the estimated Kinhom(r) function, 
while the black line represents the observed Kinhom(r) function.

Discussion
This study has illustrated that lightning-caused wildfires 

vary over a broader spatial and temporal scale in Western 
Canada from 1981-2018. We found evidence to support that 
lightning fires are spatially clustering between 104-270 km. 
Moreover, we found that over the thirty-seven-year period, 
Northern Alberta, parts of Saskatchewan and British Columbia 
experienced consistent hot spot clustering of lightning-ignited 
wildfires. Specifically, Northern Alberta saw an increase in 
the trend of hot spot clustering. August and July saw hot 
spot clustering of lightning fires in British Columbia, while 
June and July saw an increasing trend in hot spot clustering 
in Northern Alberta.  Overall, there is a non-significant 
decreasing trend for the total NOF as well as for the months of 
June, July, and August. 

Further research is needed to answer questions about what 
variables are contributing to this clustering and how this 
clustering will be affected by climate change. As a broad scale 
study, looking at broad scale factors such as global weather 
phenomena (i.e., El Nino), forest cover and topography could 
provide interesting information on reasons behind lightning 
fire occurrences. This is especially relevant and important 
as lightning densities are projected to increase (Romps et al. 
2014; Veraverbeke et al. 2017) and move further north, into 
regions where wildfires have the capacity to be destructive for 
ecosystems and communities (Masrur et al. 2018).  

References
Canadian Forest Service. 2020. CWFIS Datamart. Nat Resour 

Canada.
Coogan S, Cai X, Jain P, Flannigan MD. 2018. Seasonality and 

trends in human- and lightning-caused wildfires ≥2 ha in 
Canada, 1959-2018. Int J Wildl Fire.:11–42.

ESRI. 2020. ArcGIS Desktop: Release 10.7. Redlands CA.
Flannigan MD, Stocks B, Wotton BM. 2000. Climate change 

and forest fires. Sci Total Environ. 262(3):221–229. 
doi:10.1016/S0048-9697(00)00524-6.

IUCN. 1990. 18th General Assembly. In: Global Climate 
Change. p. 1–2.

Jenness J. 2012. Repeating shapes for ArcGIS: Jenness 
Enterprises.

Masrur A, Petrov AN, DeGroote J. 2018. Circumpolar spatio-
temporal patterns and contributing climatic factors of 
wildfire activity in the Arctic tundra from 2001-2015. 
Environ Res Lett. 13(1). doi:10.1088/1748-9326/aa9a76.

Romps DM, Seeley JT, Vollaro D, Molinari J. 2014. Projected 
increase in lightning strikes in the united states due to 
global warming. Science (80- ). 346(6211):851–854. 
doi:10.1126/science.1259100.

Rowe JS. 1983. Concepts of Fire Effects on Plant Individuals 
and Species. Role Fire North Circumpolar Ecosyst.
(1973):135–154.

Stocks BJ, Mason JA, Todd JB, Bosch EM, Wotton BM, Amiro 



6 /  

IDENTIFYING AND ANALYZING SPATIAL AND TEMPORAL 
PATTERNS OF LIGHTNING-IGNITED FIRES

Workshop Connects Practitioners 
Friday mornings this past February were filled with learning and discussions on the topic of fuels measurements. Over 

130 researchers and practitioners met online to discuss the current and future state of fuels measurement. In a four-week 
Fuels Friday — A Canadian Wildfire Management and Science Workshop series — participants gathered with an overall 
objective of determining what parameters should be measured. 

In the first session, a panel of practitioners discussed their questions, needs, and frustrations related to fuels information 
including missing information and implementation difficulties. Speakers in the second part of this session focused on the 
physics of fire behaviour and touched on current modelling frameworks including the Fire Behavior Prediction (FPB) System 
and Canadian Forest Fire Danger Rating System (CFFDRS). They also spoke about fluid dynamics modelling like FIRETEC.

In the second week, standard measurement methods were reviewed and some new directions and applications of 
emerging technology were highlighted. Presenters shared short videos on different methods and technology like surface 
fuels sampling, challenges with measuring fuel weight and bulk density, and using LiDAR to characterize and measure fuels.

In week three, participants joined smaller discussion groups. They addressed how to make the connection between fire 
behavior, the needs of fire practitioners, and information. Participants weighed if sufficient relevant information is currently 
collected. They met to better understand the needs and gaps at the flame, fire, and region/regime scale. 

Discussions in week four centred around a future decision guide for the most appropriate fuel measurement techniques. 
Breakout groups assessed the most relevant topics to find the top priorities in fuels measurements. 

The information generated in Fuels Friday is being compiled as a summary report, through Canada Wildfire. The report 
will be made public in the upcoming months.

Participants of Fuels Friday recognized a need to continue working together to find standards for fuels measurements 
as well as provide direction to meet people’s needs. A working group of over twenty practitioners and researchers has 
formed and had an initial meeting to help provide direction. They are discussing the idea of a fuels hub and will meet 
regularly.

Canada Wildfire thanks all presenters and participants involved in Fuels Friday. A special thank you goes out to the 
organizing committee:

• Jen Beverly, Assistant Professor (Wildland Fire), Department of Renewable Resources, University of Alberta
• Laura Chasmer, Assistant Professor, Department of Geography and Environment, University of Lethbridge
• Sandra Kinash, Knowledge Translation & Mobilization Specialist, Canada Wildfire
• Dave Schroeder, Prescribed Fire Program Coordinator, Alberta Wildfire
• Dan Thompson, Forest Fire Research Scientist, Canadian Forest Service
• Brian Wiens, Managing Director, Canada Wildfire
For those who didn’t attend Fuels Friday and would like direct updates, please fill out this form.
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The (NSERC) Canada Wildfire Strategic Network (the Network) is working towards discovering new solutions to better equip 
Canada to respond to future wildfires. In the past year, the COVID-19 pandemic has impacted progress. Despite this, progress was 
made in the first year of the Network.

Team 1 (University of Western Ontario) – Lead: Doug Woolford
Kevin Granville is studying the impact of guidelines aimed at the prevention and reduction of wildland fires caused by industrial 

forest operations. Granville and Woolford are collaborating with Colin McFayden at the Ontario Ministry of Natural Resources 
(MNRF) and Charmaine Dean (University of Waterloo). Knowledge exchange happens through meetings with McFayden and 
MNRF fire management personnel, with a planned high-level written summary report of this work for distribution to staff. Granville 
presented this work in the February 2021 CIFFC (Canadian Interagency Forest Fire Centre) National Conversation. Granville is also 
studying interpolation methods and fire season durations.

Shiyu He developed a new methodology for studying the length of a fire season, including a case study examining lightning-caused 
fires in Alberta.

Manjia Zhao examined diagnostic performance measures for response for several fire management subsystems, including the 
initial attack system. This collaborative work is ongoing with Robert McAlpine, University of Western Ontario, and Colin McFayden, 
MNRF. Woolford and McAlpine gave a presentation on this work to MNRF staff in January 2021.

Oluwatitomi Adebajo conducted an exploratory data analysis of fire-weather forecast uncertainty and hopes to present that work 
at the upcoming Statistical Society of Canada Student Conference. Woolford and Flannigan (University of Alberta) are connecting 
with partnering agencies to compile a data set of short-to-moderate term fire-weather forecasts. 

Xinyi Zeng will begin a fire risk project as part of her MSc starting in summer 2021. 
Team member Jen Beverly, University of Alberta, along with MSc student, Richard Mo, are studying predicting fire control 

locations using a rich dataset of fire polygons with pre- and post-fire vegetation data through a collaboration with David Andison 
(University of Alberta).

Due to delays in funding, work by team member Steve Cumming (Université Laval) was partially delayed. However, some progress 
has been made regarding causal inference for fire suppression effectiveness and Cumming is organizing a group of researchers to 
discuss studying this at the national level. 

Team 2 (University of Alberta) – Lead: Mike Flannigan
Jessica Zerb is examining the role of climate oscillations in patterns of fire activity in Canada. Zerb has obtained four types of 

oscillation data: El Niño–Southern, Pacific Decadal, Arctic, and Atlantic Multi-decadal. She is using fire activity dates, locations and 
and area burned for Canada from 1979 to the present. 

The skill of fire weather forecasts from Numerical Weather Product outputs is progressing. Bo Lu is working on the validation and 
interpretation of the North American Ensemble Forecast System and its prediction of fire danger in Canada.

Growth in Unprecedented Times: Network Progress
By Sandra Kinash, University of Alberta skinash@ualberta.ca

Differential peat combustion is shown in a peatland of the 
Parry Sound 33 wildfire.

Sean Coogan completed an analysis of lightning fires in 
Canada. It shows an increasing trend in lightning-caused 
fires, in parts of western and northern Canada. The team has 
fuel moisture data for all of Canada which they will use to 
determine how much of the increase is due to changes in fuel 
moisture and how much is caused by changes in lightning 
activity.

Team 3 (McMaster University) – Lead: Mike 
Waddington

Collaborating with Athabasca University, this team 
conducted local research on the Boreal Shield landscape and 
is analyzing a lab experiment on flammability thresholds. This 
work suggests that temperature may be used to indicate the 
moisture of duff (soil) leading to the probability of ignition. 
From this, a duff moisture stress metric was developed.

Peat depth of burn from the Parry Sound 33 wildfire 
(2018) was analyzed and compared to the adjacent unburned 
peatland water table and soil moisture at the time of the fire. 

mailto:skinash%40ualberta.ca?subject=Canadian%20Wildland%20Fire%20and%20Smoke%20article
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This showed that shallower peat deposits experienced higher peat burn severity and that deeper peat deposits experienced little 
impact from wildfire.

The team collected soil samples from the Stony Mountain Headwater Catchment Observatory (SMHCO) near Fort McMurray, 
AB. These measurements will help determine the spatio-temporal variability in organic soil moisture and contribute to model 
simulations.

Waddington’s team also conducted an initial assessment of smouldering fire risk. Working with Canadian Forest Service and 
Alberta Wildfire, they are considering how to generalize this approach for other peat-dominated Canadian regions so it can be used 
by local and regional fire management planning and operations.

Team 4 (University of Toronto) – Lead: Patrick James
This team experienced delays so several projects used already available data. The team plans to collect field data this summer, 

specifically measuring fuel abundance at different points in time after the first insect outbreak. Field data collected will also look at 
how insects and wildfire affect forest changes and caribou and lichen abundance and diversity. 

Clara Risk is considering how to improve the spatial interpolation of Fire Weather Index (FWI) metrics. Using Landsat data, she 
will measure defoliation caused by spruce budworm (SBW). This work will model the influence of insect outbreaks on fire size across 
the boreal forest.

Jared Haney will assess fuel development following jack-pine budworm (JPBW) defoliation. This work will model the effect of 
past years’ defoliation on the risk of fire ignition. He is assessing the effects of fire and insect outbreaks on caribou habitats.

Jack Goldmang is evaluating how spatial and temporal variations affect insect outbreaks on wildfire severity across the boreal 
forest. He is investigating the effects of insect outbreaks on forest changes and stand development.

Kennedy Korkola is determining the influence of past SBW defoliation on the probability of fire escape from initial attack.

Team 5 (University of Lethbridge) – Leads: Laura Chasmer and Chris Hopkinson
Though fieldwork was delayed, the team completed all scheduled fieldwork including post-fire carbon measurements, biomass 

fieldwork, and processing across NWT. Assessment of post-fire regeneration and soil analysis associated with short and long fire 
return intervals in central Alberta was completed. Kailyn Nelson is examining soil carbon loss from boreal peatlands using pre- 
and post-fire LiDAR-based depth of burn and measurement of carbon in the soil. Linda Flade is investigating post-fire change in a 
permafrost environment. All fieldwork was completed with 1D, 2D, and 3D biomass equations calculated for short-statured trees 
and shrubs in NWT. The second part of this work iincludes separating component parts into leaves, branches, and stems to develop 
equations for carbon accounting in changing permafrost environments. Emily Jones, MSc, is working on fire return intervals. 
This work will measure how fire frequency and burn severity conditions impact different post-fire rates of vegetation regrowth in 

Photographing and measuring regenerating vegetation following 
the Kenow Wildfire at Waterton Lakes National Park summer 2020. 
Sam Gerrand (left), Chinyere Ottah (centre), and Jesse Aspinall 
(right). Photo credit: Laura Chasmer.

peatlands and transition zones.
Two articles were published on shrub and short stature 

tree allometrics and C partitioning in NWT by Flade, and a 
literature review on fire impacts on peatlands by Nelson was 
published in Science of the Total Environment. Emily Jones 
completed a 3-month internship on national burn severity 
mapping with Ellen Whitman at the Canadian Forest Service - 
Northern Forestry Centre from January through March 2021.

Using the Kenow wildland fire (2017), graduate student 
Jesse Aspinall and undergraduate Sam Gerrand, collected 
measurements of post-fire regeneration at Waterton Lakes 
National Park where they also took soil carbon, adventitious 
roots measurements, and tree biomass measurement and 
coupled it with LiDAR. Post-fire regeneration at Cameron 
Valley is being examined using LiDAR.

In east-central Alberta, student Humaira Enayetullah has 
identified and measured shrub and tree species in peatlands 
and transitional areas along burned and unburned seismic 
lines. Humaira has used a machine learning method to 
identify deciduous shrubs and conifer trees using remotely 
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Lori Daniel’s research team is ready for field season 2021. They 
are assembling into four research pods and are pictured masked 
and distanced for a forest hike to identify trees and plants and 
discuss safety planning

sensed data. The team wants to determine how seismic line characteristics affect the regeneration of trees and shrubs located close to 
the seismic lines. LiDAR surveys were conducted across a fire chronosequence to examine the cumulative effects of seismic lines and 
fires on peatlands and ecotones.

South of Fort McMurray, graduate student Chinyere Ottah is using pre- and immediately post-fire LiDAR data to quantify what 
burns in boreal forest and peatland ecosystems. In the oil sands region, the team is investigating wetland change. All students will 
present their research at the Canadian Symposium on Remote Sensing online conference in June 2021.

Team 6 (University of British Columbia) – Lead: Lori Daniels
This team is focused on understanding the desirable and undesirable effects of fire on forests and resilience. They are 

characterizing the magnitude and spatial variation of past and recent wildfires in British Columbia, focusing on dry forests in the 
interior mountain ranges. 

Using historical fire records, Jen Baron is documenting the transition between historical and modern fire regimes in south-eastern 
British Columbia (BC). This will provide important context for modern conservation, restoration, and management decisions that 
will influence the next 100 years of wildfire. In parallel, Kira Hoffman is examining wildfire regimes in sub-boreal forests of north-
central BC along with the Bulkley Valley Research Centre (BVRC). Hoffman is assessing historical disturbance regimes relative to 
current forests, fuel structure, and wildfire threat and determining how past forest management practices impact the incidence, 
spread, and severity of wildfires. 

Research on contemporary fires uses remote sensing combined with field data and statistical modelling. Kaitlyn Wise has 
characterized the severity of the 2017 Elephant Hill wildfire, showing that high fire severity dominated modelled maps and had 
the largest patch size and core area. In collaboration with Ellen Whitman (CFS), the team is investigating the contribution of fuels, 
topography, and fire weather on wildfire severity. At the provincial scale, Yangqian (Frederick) Qi is using remote sensing to assess 
within-fire severity from the 1980s to the present to determine if the 2017 fire severity was unusually high in BC. Marcos Riquelme 
and Chris Stockdale (CFS) are investigating interactions between mountain pine beetle and wildfires across BC. This will determine 
if recent fire occurrence and severity were impacted by the timing or amount of beetles along with how forests were managed after 
outbreaks including salvage logging.

Using the 2018 and 2019 field data, the team is quantifying fire effects and forest recovery following the 2017 wildfires in BC. 
Kate Kitchens is investigating synergies between fire and subsequent bark beetle outbreaks. She measured the response of wood-

boring insects based on forest characteristics and tree-level 
fire injury and modelled the potential for post-fire beetle 
outbreaks. With post-fire vegetation recovery, Arial Eatherton 
and Sarah Dickson-Hoyle have collected tree, plant, and fuel 
data plant species across fire severity classes and forest types. 
Using data on plant composition, they are working alongside 
archeologists and ethnobotanists from the Bonaparte and 
Skeetchestn First Nations to understand the impacts of fire on 
culturally important food and medicinal plants. 

This team is also assessing proactive management 
strategies, including thinning strategies, prescribed fire, 
and cultural fire to reduce hazardous fuels and increase the 
resilience of dry forests to future wildfires. Sarah Dickson-
Hoyle and Kelsey Copes-Gerbitz reported on interviews with 
24 community forest managers across BC to understand 
their perspectives on proactive wildfire management. Using 
data collected from dry forests in southern BC, the team 
is considering the impacts from past fuels treatments on 
predicted fire behaviour. They evaluated analytical tools 
recommended for practitioners to measure fuels treatments’ 
changes and found treatments altered forest structure. 
Though varying, the probabilities of crown fire initiation 
and occurrence decreased but were highly sensitive to fire 
weather. 
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Team 7 (University of Toronto) – Lead: Dave Martell
This team focused on delivering innovative fire management solutions with two primary areas of interest: 1)Fire improvements to 

operational response; and 2) improvements to planning.
The researchers that are leading projects in this theme are: David Martell in the Institute of Forestry and Conservation at the 

University of Toronto; Jennifer Beverly in the Department of Renewable Resources; and Ilbin Lee in the School of Business at the 
University of Alberta; Mark Crowley in the Department of Electrical and Computer Engineering, and Kate Larson in the Cheriton 
School of Computer Science at the University of Waterloo.

Jennifer Beverly is collaborating with Amy Kim in the Department of Civil Engineering at the University of British Columbia on 
strategic fire response and emergency response planning to develop an evacuation decision support tool. MSc student Abdullah AL 
Zahid developed an evacuation simulation model via a community-scale transportation network. Hinton, Alberta, is the first case 
study community used with plans to expand to other communities. Through this, evacuation trigger points will be identified by 
merging biophysical aspects of wildfires with the transportation model.

Due to delays in funding, Mark Crowley and Kate Larson’s projects have been delayed. Crowley’s project will use reinforcement 
learning for strategic fire management and prediction and analysis. Larson’s project is on fire management resource demand 
modelling. In Winter 2021, an undergraduate student research assistant was hired to update and finalize a software package for 
an extensible forest fire simulator for reinforcement learning algorithms. This simple tool is created in a way that will be familiar 
to researchers in Artificial Intelligence and Machine Learning (Al/ML). They will release the package online this summer as an 
open-source library to be used, and extended, by the research community. In collaboration with Canadian researchers in forest fire 
management, Crowley and Sriram Ganapathi Subramanian, PhD student, co-authored a paper along with some other members 
of the network in the Environmental Reviews journal. They reviewed the relevance of various ML algorithms to the domain and 
exhaustively surveyed and analyzed the existing research using ML for forest fire management. Subramanian was also selected to be 
a Vector Institute Postgraduate Affiliate starting in 2021. This is a prestigious selection that will give him greater visibility in the AI/
ML community.

Ilbin Lee is working on initial attack resource dispatching and backfilling to improve operational response. This work is partially 
delayed due to organizational changes, and Lee is assessing if data from the Alberta government, used for another related project, 
can be used for this. 

Dave Martell is working on air tanker management and fire suppression resource sharing. Nick Fellini, an undergraduate research 
assistant, spent part of the summer of 2020 exploring how stochastic integer programming models could be used to develop and 
evaluate daily airtanker deployment strategies.

Administration
Brian Wiens, managing director of Canada Wildfire, is creating formal processes and structures for the Network. The Network’s 

Board of Directors and Scientific Advisory Committee were established with formal terms of reference. Both committees have met, 
and will continue to meet, twice per year. 

To provide accessible Network data, Wiens is initiating a data management plan which will adapt to emerging needs. Working 
with key training contacts across Canada, he is leading the development of a training curriculum for highly qualified personnel 
(students and post-doctoral fellows). This will help learners acquire a general knowledge of wildland fire outside their specific area of 
expertise.

Sandra Kinash, Canada Wildfire’s knowledge translation and mobilization specialist, is developing a Network knowledge 
translation plan. She is working with Network lead researchers to develop plans that will align with their work and feed to an overall 
strategy. Network lead researchers are meeting with her on a regular basis.

Updates
Canada Wildfire will provide regular Network updates in 2021. Follow @CanadaWildfire on Twitter to learn more as the project 

progresses. 

https://twitter.com/CanadaWildfire
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Communities embedded in wildfire-dependent landscapes are encouraged to become fire-adapted and ‘co-exist’ with wildland 
fires rather than rely on fire suppression as a means of protecting lives and property (Tymstra et al. 2020). The reason for this shift 
in thinking is in part a reaction to the escalation of wildfire suppression costs as more and more people migrate to the wildland-
urban interface. Furthermore, a century of wildfire suppression at the landscape scale combined with the effects of climate change 
on forest ecology and weather patterns are likely to increase the frequency of fires in certain regions of Canada, most notably in the 
West (Calkin, Thompson, & Finney, 2015; Coogan, Robinne, Jain, & Flannigan, 2019).   

Co-existing with fire starts with being aware of risk, and extends to being prepared for potential wildfire impacts such as 
smoke and contact with fire. For 40 years, the Partners in Protection’s FireSmart program (now under the helm of the Canadian 
Interagency Fire Forest Fire Centre) has guided community stakeholders—residents, businesses, landowners, industry, and local 
government—to proactively reduce wildfire risks by engaging in critical domains of mitigation and preparedness activities. Known 
as the seven “FireSmart disciplines”, these are: Public Education, Emergency Planning, Vegetation Management, Legislation, 
Development, Interagency Cooperation, and Cross-Training (FireSmart Canada, 2021). The Legislation and Development disciplines 
focus on protecting or hardening a community’s brick and mortar structures. Legislation is about steering development away from 
hazardous areas, regulating land uses near higher risk areas, and setting density limits through land use policies. Development refers 
to creating standards for road networks and access to water for evacuation and firefighting, and guidance regarding fire-resilient 
buildings and landscaping.

Several studies suggest land use planning and development regulations are effective at reducing wildfire losses (Fox, Carrega, 
Ren, Caillouet, Bouillon, & Robert, 2018; León & March, 2017; Mobley, 2019; Syphard, Brennan, & Keeley, 2014). This fact was 
recognized by the authors of the Fort McMurray disaster review who concluded that, while voluntary FireSmart measures had likely 
reduced overall impacts, the program “would have [had] a greater protective impact if built into Wood Buffalo’s statutory [planning] 
documents” (Kovacs, McBean, McGillivray, & Pulsifier, 2019, p. 26). Mitigating wildfire risk through planning is also cost-effective, 
as evidenced by a national U.S. benefit-cost ratio analysis of compliance with the International Wildland Urban Interface Code 
(IWUIC). Researchers found that $4 could be saved for every $1 spent on additional construction and maintenance costs related to 
IWUIC standards (Multihazard Mitigation Council, 2018). The savings were mostly attributed to the benefits of reduced property 
loss but also included lowered costs related to insurance overhead and profits, deaths and injuries, and evacuations. Conversely, 
building according to conventional norms and then retrofitting to increase resilience to wildfire can be costly. A study from Australia 
found that the average cost to retrofit already built homes for wildfire resilience was $24,000 CAD (Penman, Eriksen, Horsey, Green, 
Lemke, Cooper, & Bradstock, 2017).

While a comprehensive approach to FireSmart is recommended, limited research on FireSmart activities indicates that 
communities seldom take action in all seven FireSmart domains (deScally, deScally, & Senese, 2018; Harris, McGee, & McFarlane, 
2011: Labossière & McGee, 2012). Most FireSmart activities tended to be voluntary in nature, and focus on public education, 
emergency planning, and vegetation management. The least adopted FireSmart measures were those based on the Legislation and 
Development disciplines. A recent analysis of the Forest Resource Industry Association of Alberta (FRIAA) FireSmart Program 
found that 50% of all projects funded since the program’s inception in 2014 focused on vegetation and fuel management (Gatti 
& Braid, 2021). A quarter of grants went to initiatives to develop FireSmart Community Plan documents, such as the Wildfire 
Hazards and Risk Assessment, Wildfire Preparedness Guide, or Wildfire Mitigation Strategy, and 19% went to public education 
projects. Three grants were awarded to efforts that could be classified as addressing land use planning or the built environment 
more generally. These findings echo those from studies conducted in jurisdictions with similar land use planning frameworks such 
as Australia and the United States. Researchers consistently find that communities tend to focus on education and outreach around 
voluntary measures targeting residents and private property, vegetation management on public lands, and emergency response 
capacity (Kocher & Van Butsic, 2017; Muller & Schultz, 2011). Little research has examined reasons for this disparity (Gatti, McGee, 
& Yusefi, 2019).

With this knowledge gap in mind, researchers from the University of Alberta’s Human Dimensions of Hazards Research Group, 
led by Dr. Tara McGee, partnered with Alberta Agriculture and Forestry and FireSmart Alberta to survey municipalities across the 
province to discover to what extent they were engaging with the Legislation and Development FireSmart disciplines. A secondary 
objective was to discover municipal planning and development professionals’ perceptions of potential barriers to a land use 
approach to wildfire risk mitigation. In this contribution to Canada Wildfire and Smoke Newsletter, a summary of the findings 
regarding the primary objective is provided. The full report of survey findings can be accessed on the Research page of the Barriers to 
FireSmart Development Project website (www.eas.ualberta.ca/wildfire).

By Elise Gatti, PhD Research Manager, Barriers to FireSmart Development Project, Human Dimensions of 
Hazards Research Group, University of Alberta, gatti@ualberta.ca

Mitigating Wildfire Risk Through Municipal Land Use 
Planning: Alberta Survey

mailto:gatti%40ualberta.ca?subject=Canadian%20Wildland%20Fire%20and%20smoke%20Article
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From March to July 2020, an online questionnaire was distributed to all cities, towns, counties, municipal districts, and 
specialized municipalities in the Province of Alberta (N = 194). For methodological reasons, we excluded villages, summer villages, 
special areas, and Indigenous communities. Despite the emergent pandemic, 114 municipalities completed surveys. Surveys were 
completed by municipal land use planning and development staff with knowledge of their community’s plans and policies. Our 
sample represent 59% of municipalities in Alberta, well above the acceptable rate for institutional surveys (Baruch & Holtom, 2008). 
As a result, to our knowledge, this study is the first generalizable survey about municipal wildfire mitigation actions conducted in 
Canada.

The study sample included 39 Forest Protection Area municipalities (referred to in this article as “FPA municipalities”), totaling 
33% of our study sample. Three quarters of all FPA municipalities completed our survey. A third of municipalities reported a history 
of wildfire evacuation and/or structural loss due to wildfire since 2000 (“Wildfire History municipalities”). About half (54%) of 
Wildfire History municipalities were also FPA municipalities. The majority of study participants (76%) perceived wildfire to be a 
potential threat to their community in any given year (97% from Wildfire History municipalities, 92% from FPA municipalities).
FireSmart encourages communities in fire-prone regions to complete FireSmart Community Plan documents. The first step is to 
complete a Wildfire Hazards and Risk Assessment. If warranted, the next step is to complete a Wildfire Preparedness Guide and a 
Wildfire Mitigation Strategy. These relate to land use planning as follows: In order to regulate land use and development to mitigate 
wildfire risk, it is important to identify areas of high wildfire hazards. And if wildfire hazards and risk are assessed, then land use 
planning and development regulation measures are typically recommended in the Wildfire Mitigation Strategy. Our results indicate 
that 32% of municipalities in Alberta had completed an Assessment, and 21% had completed a Strategy. Although Wildfire History 
municipalities were more than twice as likely to have completed a document as were those without a history of wildfire, nearly half 
of Wildfire History municipalities (46%) did not report having completed a Wildfire Hazards and Risk Assessment in spite of their 
recent exposure to wildfire. While 53% of municipalities with wildfire evacuation experience (n = 17) had completed a Wildfire 
Preparedness Guide, 37% of municipalities that reported structural or infrastructure loss due to wildfire (n = 35) had completed a 
Wildfire Mitigation Strategy.

Nearly all municipalities (98%) had completed a newly provincially mandated Municipal Development Plan (MDP). Such plans 
are used to set a community’s values and vision, and to guide more precise planning regulations and standards. Less than a third 
(30%) of Municipal Development Plans addressed wildfire as a natural hazard. The proportion was higher (46%) among Wildfire 
History municipalities. 

We collected data on 23 recommended planning and development-related wildfire risk mitigation measures. These were derived 
from the literature, in particular a paper from Australia (Gonzalez-Mathiesen & March, 2018) and the recently released Planning 
the Wildland-Urban Interface, a guide for planning professionals published by the American Planning Association (Mowery, Read, 
Johnston, & Wafaie, 2019). Highlights from the results are in Table 1. Key findings include:

• The two most common measures, regulating fire hazards on private property (68%) and restricting development on steep 
slopes (53%), are measures that are not strictly related to mitigating wildfire risk.

• Measures that sought to avoid wildfire risk by controlling where development occurs in relation to identified hazards were the 
least adopted measures (<12% of municipalities). 

• Policies aimed at protecting critical sites and municipal infrastructure from wildfire, and avoiding exposure to wildfire 
through controlling where development occurs, had low adoption rates, even among Wildfire History municipalities: 4% of 
municipalities reported prohibiting development in wildfire hazard areas; 4% incentivized development outside of wildfire 
hazard areas; and 4% restricted residential density in wildfire hazard areas.

• Thirty-nine percent of municipalities adopted roadway designs affecting emergency vehicle access during wildfire 
emergencies while 32% adopted standards for availability of water. However, these standards only applied to new 
developments. Less than half (14%) required existing developments to be retrofitted for water access during a wildfire 
emergency. Among the 17 Wildfire History municipalities with evacuation experience, just four specified roadway designs for 
evacuation of residents during wildfire emergencies.

• Although Alberta has not granted municipalities the authority to require fire-resistant building materials on private buildings, 
municipalities are free to lead by example by applying their own wildfire resilience design criteria to municipal buildings. 
However, we found that just 19% of municipalities required fire-resistant materials on all new or significantly renovated 
public buildings. A quarter of municipalities recommended fire-resistant materials on privately-owned buildings.

• Six percent of municipalities provided at least one publicly accessible wildfire shelter in the event that residents cannot 
evacuate. Just 3 of the 37 Wildfire History municipalities had this policy in place.

MITIGATING WILDFIRE RISK
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Table 1. Municipal planning measures used to mitigate wildfire risk (N = 114) 

Questionnaire Item # % 

1 Regulates fire hazards such as fire pits, general burning, and accumulation of 
combustible material on private property (e.g., wood piles, gas tanks)* 

77 68% 

2 Restricts development on steep slopes* 60 53% 

3 In new developments, specifies roadway design standards or guidelines for 
access and egress of emergency vehicles during wildfire emergencies 

45 39% 

4 Requires a minimum distance between residential dwellings and combustible 
materials stored on private property (e.g., firewood, oil tanks)* 

41 36% 

5 In new developments, specifies standards for availability of water for firefighting 
in the event of a wildfire emergency 

37 32% 

6 Recommends fire-resistant materials on new or significantly renovated privately-
owned buildings 

29 25% 

7 Requires fire-resistant materials on all new or significantly renovated 
municipally-owned buildings 

22 19% 

8 In new developments, specifies roadway design standards or guidelines for 
evacuation of residents during wildfire emergencies 

22 19% 

9 In existing developments, retrofits infrastructure in order to ensure availability of 
water for firefighting in the event of a wildfire emergency 

16 14% 

10 Requires larger setbacks between buildings and heavily vegetated areas (e.g., 
forest, urban greenway or park) in new developments 

15 13% 

11 Recommends fire-resistant species of vegetation to be used on private property 15 13% 

12 Recommends fire-resistant species of vegetation to be used on public property 13 11% 

13 In new developments or redevelopments at high risk of wildfire, requires that 
utility infrastructure be placed underground** 

12 11% 

14 Requires larger setbacks between buildings in wildfire hazard areas** 9 8% 

15 In wildfire hazard areas, requires fuel breaks (defined as linear areas of land in 
which vegetation is substantially reduced in order to more easily control the 
spread of wildfire)** 

8 7% 

16 Restricts subdivision of lands adjacent to wildfire hazard areas** 7 6% 

17 Provides at least one publicly-accessible wildfire shelter in the event that 
residents cannot evacuate during a wildfire emergency 

7 6% 

18 Provides land use planning guidance for rebuilding should your municipality 
experience a wildfire disaster 

7 6% 

19 Limits or discourages construction of critical infrastructure and/or public facilities 
(e.g., schools, hospitals, police stations) in wildfire hazard areas** 

6 5% 

20 Prohibits development in wildfire hazard areas** 5 4% 

21 Directs growth away from wildfire-prone areas by incentivizing development 
outside of wildfire hazard areas** 

4 4% 

22 Restricts residential density in wildfire hazard areas** 4 4% 

23 Policy to gradually remove existing residential development from wildfire hazard 
areas (e.g., buy-back scheme)** 

0 0% 

* Not solely used for wildfire risk reduction 
** Relies on availability of hazard and risk information 

 
Table 1. Municipal planning measures used to mitigate wildfire risk (N = 114)
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An important limitation of this research is that we were unable to analyze the results according to each municipality’s wildfire risk 
profile since Alberta does not currently publish wildfire hazard and risk information — an issue raised by the 2020 Auditor General’s 
evaluation of Alberta’s disaster risk-assessment plan, which ultimately recommended that the province implement a provincial 
hazard assessment program (Alberta Municipal Affairs, 2020).

Nevertheless, the study delivers concrete data regarding the types of actions being taken under the guide of FireSmart Legislation 
and Development and provides insights into the level of fire-adaptedness in Alberta. For example, the data regarding the FireSmart 
Community Plan highlights that there are still municipalities in the Forest Protection Area or with a history of wildfire that have 
not conducted a FireSmart Community Plan. As a result, those communities are unlikely to adopt land use planning policies 
and development regulations to respond to unknown wildfire hazards and risks. Wildfire was addressed in 46% of Municipal 
Development Plans in Wildfire History municipalities, meaning more than half have yet to incorporate wildfire as a hazard into their 
core planning statutory document despite their wildfire experience. Relatively few municipalities control where development occurs 
in relation to wildfire hazards, likely due to lack of hazard and risk information. As such, development is likely being approved in 
areas of wildfire risk. Our survey indicates that municipalities are more likely to focus on fuel management on private properties 
and a lesser extent on roadway and water standards for emergencies, particularly in older neighbourhoods. In addition, municipal 
buildings and critical infrastructure may also be unduly vulnerable to wildfire.

This short article provided an overview of one component of the results from our survey of 59% of municipalities in Alberta. Our 
survey also explored why communities may not be leveraging land use planning and development as tools to mitigate wildfire risk. 

The findings from this research point to several intervention opportunities for FireSmart Alberta and provincial agencies, as well 
as gaps in knowledge that can be addressed by human dimensions wildfire researchers.
The full report of survey findings can be accessed on the Barriers to FireSmart Development Project website www.eas.ualberta.ca/
wildfire.
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Wildfire research in North Central BC 

In 2017 and 2018, British Columbia (BC) experienced unprecedented wildfire seasons. Over the course of both wildfire seasons, 
approximately 2.6 million hectares of forest lands burned. The majority of fires in 2017 burned in the south-central regions of BC, 
while the 2018 fires burned primarily in the north-central regions. Research into the impacts of these large fires is underway to 
better understand how combined effects of disturbances such as insect infestations, decades of fire suppression, and a warming 
climate affected fire behaviour, as well as to document post-fire effects. 

The research is being conducted through a collaboration of the Bulkley Valley Research Centre with the University of British 
Columbia, and the University of Northern British Columbia, with funding from the Government of British Columbia (Forest Carbon 
Initiative and BC Wildfire Service) and the Government of Canada (Emergency Management Strategy Program) and other sources.

 Research in northern BC, undertaken by the Bulkley Valley Research Centre, is focused on sub-boreal and montane landscapes. 
The Research Centre seeks to answer several questions:

1. How have recent fires responded to fuel type differences associated with forest management history and natural variation 
inforest composition? 

2. How does the current forest/fuel structure and wildfire threat relate to historical fire activity and past forest management 
practices, and what practices could reduce wildfire risk?

3. What is the post-fire impact on carbon dynamics in planted and naturally regenerating stands?
4. What are the effects of fire on ecosystem components and plant species of particular interest? 

Much of our current research on effects of forest management practices on wildfire resilience focuses on 14 fires that burned from 
2017 and 2018 situated in BC’s north-central Interior. Other work on implications for carbon and ungulate browse is being done 
in 20 fires that burned from the 1960s through to 2015 for post-fire carbon and ungulate browse research. Our research to better 
understand the response of ecosystem components of particular interest to wildfire includes a central and northern BC meta analysis 

By Evelyn Hamilton, Wildlife Research Program Team Leader, Bulkley Valley Research Centre, 
ehhamilton16@gmail.com

Bulkley Valley Research Centre wildfire research team on a field tour with the Northwest Fire Centre staff in 2020.  Photo credit: 
Dawn Hansen.

mailto:%20ehhamilton16%40gmail.com?subject=CWFSN%20newsletter%20article
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WILDFIRE RESEARCH IN NORTH CENTRAL BC

of existing information; new work on culturally important plants is being done on the Shovel Lake Fire. 
Landscapes in the region are characterized as gently rolling plateau country consisting of a wide range of managed and 

unmanaged forest stands, dominated by different combinations and ages of lodgepole pine, Engelmann spruce, hybrid white spruce, 
subalpine fir, trembling aspen, and small amounts of Douglas-fir. 

A focus of some of our current research is to better understand the implications of past forest management activities from a 
number of sources. These include — but are not limited to — historic silviculture practices (broadcast burning, thinning, disc 
trenching, etc.), landscape features, fire weather indices and fire spread, and the state of the forest surrounding plantations.

Initial analysis of the influence of past forest management practices on wildfire burn severity has been completed and more 
analysis is underway. Evidence from the 2017 and 2018 wildfires suggests some forests were not as susceptible to fire as others or 
burned with lower severity. Lower severity fires typically do not kill trees, which fosters greater landscape resilience. Future analyses 
will examine the management techniques that may have contributed to lower fire severity and may assist with informing strategic 
land-use and silviculture planning. 

Research to determine whether different forest cover types (i.e., conifer vs broadleaf) are more resistant to fire than conifers 
is focus of some research. Sam Coggins and Phil Burton’s team gathered on-the-ground burn severity estimates to compare with 
satellite-derived information. Approximately 150 plots were located within four fires in north-central BC. Data were recorded in 
accordance with the Composite Burn Index1  protocol, which uses visual estimates of disturbance in each of the strata. 

Other aspects of fire research program are filling in gaps in the documentation of the extent and effects of historical burning, 
including Indigenous Fire Stewardship. Kira Hoffman, who is leading the historical fire regime component, and her field assistant 
took photos of the landscape from 14 fire lookout locations to compare with historic images and compiled archival images (RBCM, 
Library and Archives Canada). She also collected fire scars for aging to determine fire history. Kira is currently drafting a review 
manuscript assessing barriers and risks to re-engaging in prescribed fire in BC. We anticipate that increasing the practice of 
prescribed burning will enhance land stewardship, reduce wildfire risk, and assist with creating more wildlife habitat. Results from 
this research will be presented at conferences and published in peer-reviewed journals during 2021 and 2022. 

1 Key, C.H., & Benson, N.C. (2006). Landscape Assessment (LA): Sampling and Analysis Methods.  In: Lutes, D.C., Keane, R.E., Caratti, J.F., Key, 
C.H., Benson, N.C., Sutherland, S., & Gangi, L.J.  FIREMON: Fire Effects Monitoring and Inventory System. Gen. Tech. Rep. RMRS-GTR-164-CD. 
USDA Forest Service, Fort Collins, CO. pp. LA-1-55. Available online at https://www.fs.fed.us/rm/pubs/rmrs_gtr164/ rmrs_gtr164_13_land_assess.
pdf

Photos show landscape change in the central interior of BC. 

https://www.fs.fed.us/rm/pubs/rmrs_gtr164/ rmrs_gtr164_13_land_assess.pdf
https://www.fs.fed.us/rm/pubs/rmrs_gtr164/ rmrs_gtr164_13_land_assess.pdf
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Work is also underway to examine the impacts of wildfire 
and post-fire reforestation activities on forest carbon and 
the quantity and quality of ungulate browse. This work will 
help determine where and when reforestation of wildfires is 
necessary. Alana Clason is leading this research to determine 
which sites in the sub-boreal would most benefit from planting 
from a carbon balance perspective. She sampled wildfires 
that occurred from the 1960s to 2015 to determine the forest 
structure, composition, and carbon balance of these stands. A 
literature review on tree recruitment after wildfire was written. 

Information from existing studies on the effects of fire on 
ecosystems in BC’s interior was compiled and analysed in the 
Burning Questions project led by Evelyn Hamilton (db2020.
net). This included data on the response to burning of ecosystem 
components, groups of plants (e.g., wildlife and livestock forage, 
invasives) and specific plant species (e.g., culturally important 
medicinal berry species and intermediate hosts for pine rusts). 
We found that post-fire plant community composition was 
most highly related to long-term fire history/fire climate and 
local site moisture and nutrient gradients.  Differences in 
species composition between recently (past 20 years) burned 
and unburned sites were relatively small, suggesting that these 
ecosystems are broadly resilient to fire.  

Irene Ronalds is working with UNBC graduate student 
Stephanie Wilford and the Society for Ecosystem Restoration 
in northern BC (SERNbc) on the Shovel Lake Fire. The team is 
engaged with the Nadleh Whut’en and Stellat’en First Nations 
to help develop capacity to identify priorities for the proposed 
special restoration zone.   

More information on the BVRC’s fire research initiative can 
be found at bvcentre.ca. Bev Ketlo, Lands Manager with the Nadleh Whut’en First 

Nation, at a huckleberry site in Shovel Lake Fire.  Photo by 
Irene Ronalds.

CIFFC began delivering on FireSmart Canada projects on April 1st , and has completed the transfer of all 
assets by the end of April. Under this agreement, FireSmart Canada will continue as the national public-
facing brand encouraging individual Canadians, Communities, and Industries to take action to make 
their homes, properties, and assets more resilient to wildfire. This agreement will also ensure stability and 

sustainability for FireSmart Canada, its outreach and mitigation programs, and its expanded focus on the 
prevention of unplanned wildland fires.

Longstanding FireSmart Canada initiatives, such as Wildfire Community Preparedness Day, the 
Neighbourhood Recognition Program, the Local FireSmart Representative Workshop, and the Home Partners 

Program, will remain active and vibrant. Learn more about FireSmart at www.firesmartcanada.ca/

FIRESMART CANADA JOINS CIFFC FAMILY

http://db2020.net
http://db2020.net
http://bvcentre.ca
http://www.firesmartcanada.ca/
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Data Cubes for Canadian Wildfires (DCCW): 
Summarizing a fire using data for analysis, modelling, 
and situational awareness
By Xue Yan Chan, Fire Research Analyst, Canadian Forest Service
Piyush Jain, Fire Research Scientist, Canadian Forest Service
Dan Thompson, Fire Research Scientist, Canadian Forest Service, daniel.thompson@canada.ca

Abstract
A description of the natural and human environment surrounding a spreading wildfire is often divided amongst many differing 

information sources, making difficult the real-time or after-action summary and context of a wildfire’s spread.  A model for wildfire 
data “cube” and documentation is presented, integrating not only the standard fuels, weather, and topography inputs used in 
fire growth models, but also important additional data sources such as fire remote sensing, additional fuels information, as well 
as additional atmospheric and environment inputs.  A framework for a standardized data summary of large wildfire events is 
presented, which will assist in wildfire analysis and ultimately prediction.

Main
In fire growth prediction and modelling, the four required inputs consist of an ignition point or line, fuels (a map of fuel types), 

weather (Fire Weather Index System values), as well as topography (a map of slope and aspect derived from a topographic map).  
Predictions produced by fire growth modelling software such as Prometheus or Burn-P31 utilize these essential inputs.  Models using 
these inputs provide an idea of the idealized or potential spread of a fire based on the best available data at the time of a prediction. 
In reality, numerous other factors including suppression by ground crews or aircraft, but also rapid changes in weather, can alter a 
fire’s actual spread as compared to a forecast.

Software such as Prometheus is a powerful and robust space-time calculator for wildfires, allowing for the deterministic 
prediction of fire spread out for days at an hourly scale, dependent on accurate weather predictions.  But such models are a one-way 
street, without the ability to consider yesterday’s previously forecasted versus observed fire spread, in order to help inform today’s 
predictions.  For instance, if a fire spreads far more than predicted consistently in the prior days, then the prudent action for any 

Figure 1. Data model for the DCCW framework.  Data are sorted into themes, and then further grouped.  Datasets in italics are not 
yet readily available for incorporation into the framework.

  1 See firegrowthmodel.ca

http://firegrowthmodel.ca
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user of the Prometheus software is to apply an upwards correction to any predicted spread based on observations from the past 
days.  While such practice is commonplace for those having spent multiple days working on a single fire, this gap between model and 
reality may not be as obvious for those: (1) having just started modelling a fire (with limited briefing), (2) working at a service-desk 
type central fire growth modelling service, or (3) in semi-automated modelling environments, where manual interventions in fire 
growth modelling are limited due to built-in software environments involved in running fire growth modelling software.  

Within the American FARSITE modelling environment (broadly comparable to Prometheus), data assimilation schemes have 
been developed to incorporate prior fire spread observations into forecasting2, with newer schemes even incorporating aspects of 
satellite fire monitoring3.  Data needed to run data assimilation models are not readily present on a single platform for Canadian 
wildfires and nor for those internationally using the Canadian Forest Fire Danger Rating System.  Persons tasked with fire growth 
modelling on fire incidents are unlikely to have the time to gather information scattered across multiple data sources and websites, 
even if such a standard list was available. While data such as weather, satellite fire detections, fuels, and other information are 
gathered on a national basis4 , no consideration is made for single wildfire event-specific summaries or subsets of the relevant data 
that are more easily accessed and downloaded.  Summaries of fire location (either by airborne mapping or else satellite retrievals) 
and fire weather are not located in the same data repository as other important information such as upper atmosphere data, smoke 
detection by satellite, or forest biomass information.  In this project, Data Cubes for Canadian Wildfires (DCCW), we provide a 
template for multiple data sources to be aggregated for single wildfires (or a complex of nearby wildfires) to support real-time 
modelling, quantitative situational awareness, and post-fire analysis of potential vs actual spread.  The first output of this DCCW 
project is a data model, which is a description of the “data catalogue” for an individual wildfire, and the relationships and groupings 
of differing data layers.  The exact technical computer science link between various data sources is not the concern here, but rather 
the goal is to compile a list of relevant data required for gathering a better picture of the entire environment around a fire. Secondly, 
we provide examples of human-readable data summaries that can assist in situational awareness and reporting on the timeline of a 
fire’s growth in relation to weather and fuels over the course of days to weeks.

The main pillars of data in the DCCW framework are: (1) fire incident information, such as incident name, type, and control 
status; (2) weather, both surface weather stations as well as gridded outputs from numerical weather models and the Fire Weather 
Index values calculated therein; (3) fuels, including not only fuel types, but also fuel load (tree heights and density) raster data, and 
value-added fuels data such as maps of historical wildfire perimeters and forest harvest data; and (4) fire detection data, including 
conventional MODIS and VIIRS twice daily detections, but also geostationary fire detections and smoke plume observations.

Fire Incident information forms the backbone of the DCCW, as a fire’s formal identification by a wildfire management agency is 
the unique identifier across all databases.  For instance, the 2016 Fort McMurray fire is formally named AB-MWF-009-2016, where 
MWF is the district within Alberta (AB), and 009 is the sequential fire number for the district within a year.  While larger, significant 
fires have names (“Horse River Fire” in this case), not all fires are given a colloquial name in addition to an ID.  Associated with 
a fire ID on a given day is the formal fire status: Out of Control, Being Held, Under Control, or Out (extinguished)5 . Additional 
information such as ignition cause (human vs lightning) and whether the fire is being fully suppressed is also associated with this ID.  
Other incident information, such as data related to firefighting resources (such as mechanical fire control lines as well as air tanker 
drops of water or retardant) have timestamps and location data and can be associated with specific fires.  All of the above data is very 
useful in highlighting fires with large suppression effort and therefore potentially more deviation from fire growth models that do not 
incorporate suppression activities.

Hourly fire weather data collected at nearby stations is the backbone of fire growth modelling and analysis: no other data source 
provides the certainty in critical data like wind speed and precipitation amounts.  However, in fires with no nearby weather station, 
or where fires extend over large areas, re-analysis products can be helpful to provide weather information across the entire domain.  
Re-analysis products such as ERA5 use standard weather models, but assimilate weather station data as well as weather balloons, 
radar, and other information to provide a best picture on past weather.  Such data are available often within a 5-day lag from real-
time, and can be used for post-fire reconstructions of fire weather at an hourly scale.  For real-time applications, similarly gridded 
weather data from a purely forecasting model can be used.  Regardless of whether point or grid data is used, fire growth models 
require hourly calculations of Fire Weather Index variables for calculating fire spread rates.  The DCCW framework incorporates not 
only the standard 1992 Canadian Forest Fire Danger System equations, but is capable of incorporating newer fire danger inputs such 
as the Grass Fuel Moisture Code as well as any number of fire danger metrics that incorporate higher-altitude winds.

Fuels are increasingly recognized as not simply a map of the 16 Canadian FBP fuel types, but rather an entire catalogue or “stack” 

  2 Mandel et al 2008, https://doi.org/10.1016/j.matcom.2008.03.015
  3 See Udahemuka et al 2020: https://doi.org/10.3390/rs12101661

4 See the Canadian Wildland Fire Information System: https://cwfis.cfs.nrcan.gc.ca/
   5 See https://ciffc.ca/glossary for more details on fire status terms

https://doi.org/10.1016/j.matcom.2008.03.015
https://doi.org/10.3390/rs12101661
https://cwfis.cfs.nrcan.gc.ca/
https://ciffc.ca/glossary 
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of mapped forest and fuel attributes including fuel loading (such as Crown Fuel Load), but also dynamic attributes such as greenup 
(for deciduous forest) and curing (for grasses, shrubs, and crops).  Time since the last fire also has a major impact on fuel loading, 
structure, and fire behaviour, and can easily be incorporated into the fuels information catalogue in DCCW.  Other fuels impacts 
such as forest harvest and insect and forest health data can also be added as considerations in fire spread models (either qualitative 
or quantitative).  With the relevant fuel structure information, derived values such as in-stand Wind Adjustment Factor can be 
computed across the entire area of interest.

Polar orbiting satellites such as the two MODIS sensors (since 2002) and VIIRS (since 2012 with a second sensor since 2018) 
provide at least twice-daily overpasses at approximately 1 p.m. and 1 a.m. local time.  At higher latitudes, additional overpasses are 
possible at the edges of overlapping images, providing at times additional data within hours of the normal overpass time.  This data 
is available at 375 m for the VIIRS sensor, thus providing a benchmark fire location with reasonable precision.  Given the twice-daily 
overpass, information on the hourly rate of spread is not possible; instead, other sources such as geostationary GOES fire detections 
provide data at a high scan rate with 10-minute intervals6 .  While this data has a low spatial resolution on the order of 2–4 km, it 

6 For more information on the GOES satellites, see O’Neill, S., and S. Raffuse (2021), Advances in satellite data for wildfire smoke forecasting, Eos, 
102, https://doi.org/10.1029/2021EO155076. Published on 26 February 2021.

Figure 2.  Example output of after-the-fact fire mapping and 
analysis using the McMillan fire that impacted the communities 
of High Level and the Paddle Prairie Métis Settlement, northern 
Alberta, 2019.  Twice daily VIIRS 375 m resolution hotspots are 
mapped by passover time (colour from light to dark) and fire 
radiative power (FRP, as a proxy for fire intensity) by size of 
symbol.  Burned area increment, fuel type information, and basic 
Fire Weather Index data is also shown to aid in interpretation.  
Note the very high FRP at 3:57 a.m. local time on 2019-05-30, 
indicating intense and rapid overnight fire spread.

provides a detailed timeline of fire activity at the whole-of-fire 
scale.  Additional fire detection and information on the rate of 
spread and intensity of fires may come from airborne infrared 
scanning, and in the case of post-fire analysis, from geotagged 
photos from personnel in aircraft or on the ground photography 
of fire behaviour.

Taken together, the above data allows for the comparison on 
predicted versus observed fire behaviour.  Given the limits of 
fire perimeter observation, comparisons between fire models 
(with often 1-hour time steps at the resolution of the fuel grid, 
typically 100 to 250 m) are limited to periodic fire observations 
that cannot match the space and time scale of models.  Future 
work will focus on the assimilation process itself, and the best 
methods for updating predictions based on prior observations of 
the same fire.  

By accumulating the relevant “data story” of a wildfire, the 
DCCW framework allows for simplified summaries of the entire 
fire environment, allowing for automated reporting on fire size, 
intensity trends, and observed weather.  Examples of these data-
driven wildfire summaries are given in Figures 2 and 3. 

The past decade of wildfire in Canada has brought a 
continuous stream of new record fire years across many 
jurisdictions, alongside numerous community evacuations.  
These record fire years and significant evacuation and Wildland-
Urban Interface (perhaps better called Landscape-Community 
Interface in most of Canada) events often lead to after-action 
reviews that require a rapid and thorough summary of the 
timeline of a wildfire.   It is hoped that this DCCW framework 
provides streamlined access to the wealth of data and 
information on a wildfire.  With faster access to such data, the 
community of wildfire practitioners and those living in wildfire-
prone areas can more quickly harness the information required 
to learn from past events and improve wildfire response and 
management across Canada.

Currently, the DCCW framework is undergoing further testing 
before being released as an open source code resource for the 
larger wildfire community.  Stay tuned to the Canada Wildfire 
website and social media feeds for release information in 2021.

https://doi.org/10.1029/2021EO155076
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Figure 3. Example of GOES geostationary on the same McMillan fire as Figure 2, showing the 10-minute 
data acquisition interval at the coarse resolution.  Sub-hourly fire activity over broad areas is captured as a 
sum of Fire Radiative Power (FRP) during rapidly changing weather.
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