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Impacts of wildfires in the wildland 

urban interface (WUI)

• Globally, communities are being impacted by 

wildland fires year-round 

• In Canada, several communities had many 

structures destroyed by fires: Fort McMurray, 

Alberta (2016), or Lytton, British Colombia (2021)

• Many have also been affected by smoke or 

evacuation orders

• There is a need to better identify areas at risk 

of being impacted by wildfires, in order to 

better plan actions (e.g., 

adaptation/mitigation, evacuations, and 

suppression) https://www.thecanadianencyclopedia.ca/fr/article/fort-
mcmurray

www.lapresse.ca/actualites/2021-07-07/incendies-en-
colombie-britannique/les-residants-de-lytton-ont-du-fuir-
en-vitesse.php



Wildland fire risk to residential structures

Fill the knowledge gap of quantitative assessment of wildfire impacts on residential 

structures at the wildland urban interface (WUI):

1. By developing a methodological framework for simulating spatial wildfire risk 

assessment of residential structures;

2. By developing empirical response functions representing expected structure loss rates 

at the community scale as a function of fire intensity and distance from fire edge.

Objective



The structural wildfire risk framework (SWRF)



The empirical response functions
Based on data from the literature

Distance from fire edge – DFE (m)

Distance from fire edge – DFE (m)

LR(%) = -14.22 Ln(DFE) + 93.15

NLR = -0.21 Ln(DFE) + 1.37

Direct exposure pixels (Intermix) Indirect exposure pixels (Interface)

LR ≈ 20%

Abo El Ezz et al., (2022), Fire Safety Journal



FireLossRate: an R package for computing 

wildfire impacts on structures at the WUI

• To facilitate the use of the response functions and their implementation into the developed 

framework

• This package uses spatial information on forecasted fire line intensity and residential structure 

inventory data

• To compute a loss rate for each pixel containing at least a structure, namely a Pixel with 

Structures (PWS)

• The following impacts indicators can then be produced: 

1. Number of exposed structures, i.e., the count of PWS with a non-negative loss rate.

2. Number of lost structures, multiplying the structure count of each PWS by the associated loss 

rate.

3. Average exposure loss rate, dividing the number of lost structures by the number of exposed 

structures.

4. Average community loss rate, dividing the number of lost structures by the number of total 

structures.

5. Number of times a PWS was exposed, i.e., within a defined maximum distance from the fire’s 

edge.

6. Number of times a PWS was damaged by fire, i.e., with a loss rate ≥50% following Federal 

Emergency Management Agency guidelines (FEMA, 2010). 



Case-study results of impact modelling for 

deterministic events

Abo El Ezz et al., (2022), Fire Safety Journal

Impact indicators Scenario A Scenario B

Number of exposed structures 133 255

Number of lost structures 28 101

Average exposure loss rate 21% 34%

Average community loss rate 7% 25%



Probabilistic framework (Nicoletta et al., submitted to MethodsX)

Wildland fire risk
Hazard              &      Vulnerability

• A more comprehensive wildland 

fire risk assessment of residential 

structures at the scale of a 

community or region

• Thousands of fire simulations with 

the BurnP3 software



Probabilistic framework 

Case-study

52,488 ha



Probabilistic framework

Results

Number of times PWS were damaged over 5,000 fire iterations

FireID
Total 

structures

Exposed 

structures

Lost 

structures

Average 

exposure 

loss rate

Average 

community 

loss rate

1 7923 0 0 0.00% 0.00%

2 7923 0 0 0.00% 0.00%

3 7923 0 0 0.00% 0.00%

4 7923 0 0 0.00% 0.00%

5 7923 0 0 0.00% 0.00%

6 7923 181 5 2.76% 0.06%

7 7923 8 0 0.00% 0.00%

8 7923 1 0 0.00% 0.00%

9 7923 9 0 0.00% 0.00%

10 7923 204 18 8.82% 0.23%



• The single fire incident case study, shows how the package enables 

the calculation of potential impacts to structures, as a function FLI 

and DFE. 

• The package also enables probabilistic fire growth modelling as 

exemplified by the multiple fire incidents case study. 

• Offering a comprehensive assessment of fire risk to structures 

through the inclusion of fire occurrence and likelihood derived from 

a simulation-based burn probability model. 

• The FireLossRate package summarizes of a suite of statistics in 

tabular and graphical formats that can be useful for a range of 

stakeholders including public safety and land managers. 

• Mapping areas with higher risks to structures offers insights to a 

range of concerned parties, e.g., from governments to homeowner, 

on where to prioritize structural retrofitting or mitigation efforts.

• Such information can support the design of new neighborhoods and 

housing developments that are less exposed to fires. 

• Given the flexibility of the FireLossRate package, we encourage 

users to explore novel approaches to output their results according 

to their specific uses or applications that may not be limited to 

residential structures.

Concluding remarks



Thanks!
jonathan.boucher@nrcan-rncan.gc.ca

https://twitter.com/LFCFireLab

https://app-firehawk-web-cwfis-dev.azurewebsites.net/en/
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