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Wildfires in Spain have oyt in Valencia's Castellon province into Sunday
: ing blazes .
firefighters were still battling been engulfed by the fire.

* Globally, communities are being im; {7 s ooo nectares of and have
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

g * There is a need to better identify areas at risk

win e tee  of being |mpac_ted by wildfires, in order to

CONFERENCE better plan actions (e.g.,
adaptation/mitigation, evacuations, and
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' Wildland fire risk to residential structures -

Objective

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.
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Framework for spatial incident-level wildfire risk modelling to residential
structures at the wildland urban interface

Ahmad Abo El Ezz ™ , Jonathan Boucher *, Anne Cotton-Gagnon ", Alexandre Godbout
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The structural wildfire risk framework (SWRF)

A. Abo El Ezz et al. Fire Safety Journal 131 (2022) 103625

Inventory data:
WUI pixel definition
{intermix, interface), number
of structures, replacement
cost, population

Hazard modelling:
Ignition location, frequency,

Hazard data: )

Fuel grid, weather stream spatial and temporal fire

growth simulations (fireline
intensity, embers density)

i

Exposure modelling:

Fire intensity at intermix Structural vulnerability:
and near interface pixels, HIZ, construction materials,
distance of fire edge to spatial pattern
structures

Suppression &

Impact modelling: defensive actions:
Response functions in Infrastructures supporting

terms of structures loss suppression actions (e.g.,
rate (%) road network, fire hydrants,

electric and water supply)

Risk simulations:
Exposure map, loss rate
map, Impact indicators

Fig. 1. Components and structure of the framework for quantitative wildfire risk assessment to residential structures. The bold blue parameters are included in the
presented case study implementation. The grev boxes represent components focused on modelling compared to the white boxes with components focused on in-
formation and data. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

l * I Natural Resources Ressources naturelies
Canada Canada



>

The empirical response functions

Based on data from the literature
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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
iInventory data

ompute a loss rate for each pixel containing at least a structure, namely a Pixel with
cturesl(MW&)of exposed structures, i.e., the count of PWS with a non-negative loss rate.

o foRoviNng berpddesti adicatoes, oatithang e stoducedount of each PWS by the associated loss -

(o)
rate. )
3. Average exposure loss rate, dividing the number of lost structures by the number of exposed Z
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 250% following Federal
Emergency Management Agency guidelines (FEMA, 2010).
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Case-study results of impact modelling for
deterministic events

1Km

Impact indicators Scenario A Scenario B

Number of exposed structures 133 255
Area Burned Hourly* Average Loss Rate per PWS Land Cover Type
Hour 1 [ Hour 5 0 B 41-80 [ Fuel
o Evoer 40 W10 — el Number of lost structures 28 101
Hour4 [ Hour 8
5
1Km
Average exposure loss rate 21% 349%
Average community loss rate 7% 25%

Abo El Ezz et al., (2022), Fire Safety Journal
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« Amore comprehensive wildland
fire risk assessment of residential
structures at the scale of a
community or region

* Thousands of fire simulations with
the BurnP3 software

Wildland fire risk

Hazard & Vulnerability

Likelihood Magnitude Exposure Susceptibility

Y o

Probabilistic framework

(Nicoletta et al., submitted to MethodsX)
1) Inputs

Simulated fires

2) Loss Rate = f(Fireline intensity, Distance)

Inventory of structures

Fireline intensity (kW/m)

i M

‘ SHEd
Distance (m)

3) Outputs

Average Exposure
Loss Rate (AELR) per fire

Summary outputs from the function for simulated fires

Fire Average
FirelD  size Exposed LOs AELR community

0
(ha) structures structures (%) LR (%)

1 7 0 0 0 0
Mean Loss Rate (LR) for all fires 2 112 0 0 0 0
Number of times structures damaged n 6040 3708 2,163 58 27

<<, >
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Probabilistic framework | \
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Conifer) (Forestry Canada Fire Danger Group, 1992). Figure 3. Median Fire Intensity across the 5,000 iterations of the Burn-P3 simulation.



Land Cover Times PWS

Probabilistic framework
Results

I Fuel 100
Non-fuel 7%
I Water 50
5

o ~\

Average Average

Exposed
exposure communit ) i
structures | structures | structures Io:s . loss rate ¥ Figure 6. a) Number of times Pixels with Structures (PWS) were damaged by fire, assuming that a

0 structure was damaged if the associated loss rate was 250%, and b) zoom of the area shown in
0 the black rectangle. Land cover types were either fuel (forests and grasslands), non-fuel, or water.
0 . . .
0 Number of times PWS were damaged over 5,000 fire iterations
Figure 4. Average e 7923 0
the simulated fire anc 7923 181 5
L 7923 8 0
cover types with eithe
7923 0
7923 9 0
7923 204 18 8.82% 0.23%
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s+ Concluding remarks

* The single fire incident case study, shows how the package enables
the calculation of potential impacts to structures, as a function FLI

and DFE.
L . FIREHAWK
 The package also enables probabilistic fire growth modelling as A Rario Risk EvaLusTar rom WikorIREs i Sausos
exemplified by the multiple fire incidents case study. ooy focramion au Banaca

« 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 3l '
tabular and graphical formats that can be useful for a range of i
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. - e

* Such information can support the design of new neighborhoodsand. ... N
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 P Nt Resouces  Fossuscesraurtes
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Thanks!

jonathan.boucher@nrcan-rncan.gc.ca
https://twitter.com/LFCFireLab
https://app-firehawk-web-cwfis-dev.azurewebsites.net/en/
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