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Executive Summary
In 2005, a Community Wildfire Protection Plan (CWPP) was completed for the RMOW and
since that time substantial new development has occurred. To capture these changes and the
work completed to alter the community’s risk profile, a CWPP update was completed in 2011.
The 2005 CWPP and 2011 update contained a number of recommendations and identified key
areas within the RMOW boundary where fuel management should be undertaken to reduce
wildfire risk to interface areas.
The RMOW has initiated a successful fuel management program on Crown and municipal
lands around the interface since 2004. Fuel management prescription development and
implementation have occurred in high risk areas of the RMOW in close proximity to
development, including Kadenwood, Horstman, Lost Lake, Centennial Trail, Mountainview
Reservoir, Rainbow Housing West and Baxter Creek. However, there are still substantial areas
of hazardous fuel surrounding the RMOW interface and the CWPP‐derived fuel management
program does not address the arguably greater risk to the community posed by a landscape‐
level fire event.
The objective of this study was to enable the RMOW to extend fuel management treatments
beyond municipal lands and work with the Community Forest to establish landscape level
fuelbreaks that will provide greater protection from wildfires. Landscape level fuelbreaks can
be defined as gaps in vegetation or other combustible material that may limit the rate of spread
and growth of wildfire. Fuelbreaks can occur naturally or can be created through vegetation
and fuel management.
A fire behaviour analysis was completed for the RMOW and Community Forest through the
use of fire behaviour modeling, historic fire weather, and previous fire locations. This report
outlines the methods and results of the fire behaviour analysis, which includes fire behaviour
modeling, and recommendations on how fuel management and development of landscape level
fuelbreaks can be used to provide wildfire protection to the Whistler community.
The fire environment (fuels, weather and topography) of the study area supports the notion that
a large, landscape level fire event could occur. In addition, factors such as fuel accumulation
and extreme fire seasons, as experienced in 2003, 2009 and 2010, could result in longer periods
of high fire danger than historically experienced.
This analysis is consistent with the risk assessment completed for the 2005 CWPP and 2012
update, and demonstrates that the landscape is vulnerable to large, catastrophic fires during

RMOW ‐ Fire Behaviour Analysis

i

20/12/2013

extreme fire weather conditions. Fire behaviour illustrated numerous locations where fires have
the potential to ignite and spread quickly, within a 24 hour period. Additionally, some of these
fire locations are not in close proximity to road access, located on steep terrain, and would be
difficult to suppress.
Fire behaviour models illustrated dramatic changes in fire behaviour with changes in wind
direction and wind speed over 24 hours. It is probable that fire perimeters would continue to
grow rapidly beyond 24 hours, increasing risk and reducing the effectiveness of wildfire
suppression efforts. Although model outputs demonstrated that winds of 10 km/hr are more
favourable to fire suppression, the extensive growth of the modeled fires above the threshold of
25 km/hr suggests that suppression would be stressed and likely not successful.
The fire behaviour model demonstrated the following for untreated stands:
•

As expected, fire growth and fire size increase substantially for almost all simulated
ignitions with increasing windspeed;

•

Fire growth and area of fire perimeters is very dependent on wind direction;

•

Westerly and southerly winds are of the greatest concern to the RMOW;

•

Fires originating along the eastern valley slopes north of the Cheakamus River and fires
in the vicinity of Green Lake have the potential to cause significant fire related impacts
within the RMOW;

•

The results validate and support the efforts conducted to date to locate fuel treatments
close to homes and infrastructure along the eastern slopes and at the base of Whistler
Mountain; and

•

Olympic Village resources at the Callaghan are also highly vulnerable to wildfire.

Alternately, for the treated stands which included fuelbreaks (the existing road network in
addition to adjacent thinned stands within 50 m of each side of the road) and fuel type
conversions (which were based on the hazardous fuel types) demonstrated the following:
•

For most combinations of wind speed and direction, fire growth and size can be reduced
by the proposed fuelbreak network and fuel type conversion;

•

The most effective reductions in fire growth were for simulations with northerly winds
which are not that common in the study area;

•

The treated landscape proposed for the bottom of Whistler Mountain, and adjacent to
the Village, is effective in limiting fire growth of ignition #14 which is considered one the
highest risk simulated ignition;
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•

The southeastern slopes of RMOW are still potentially vulnerable to a wildfire with
wind speeds exceeding 20 km/hr even with the proposed treated landscape; and

•

The results of this simulation should be interpreted with caution as no spotting has been
incorporated into the simulations (limitation of Prometheus).

Applying a conservative fuelbreak and fuel type conversion network to the landscape and
remodeling the same scenarios resulted in substantially reduced fire behaviour potential. Model
outputs for the treated landscape support further fuel treatments and the development of a
fuelbreak network around key locations of the RMOW. It is estimated that under the current
funding model and based on the resources of the community, establishment of fuel treatments
similar to those modeled in this analysis, would likely extend over 20 years. With additional
funding and appropriate resources this treatment plan could be accelerated and is
recommended.
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1 Introduction
1.1 History of Fuel Treatments in Whistler
The Resort Municipality of Whistler (RMOW) is one of the top destination ski resorts in North America
and is a world‐renowned winter and summer resort with an estimated daily population of 31,794, which
includes residents, visitors and employees. The RMOW’s permanent population was estimated to be
9,824, according to Statistics Canada (2012).
The area of interest includes the municipal boundary of the RMOW and the Cheakamus Community
Forest boundary. For this fire hazard assessment, the study area includes the RMOW and Community
Forest boundaries with an additional 500 m buffer (Figure 1).
The social, economic and environmental losses associated with the 2003, 2009 and 2010 wildfire seasons
in British Columbia (BC) emphasized the need for greater consideration and due diligence in regard to
fire risk in the wildland urban interface (WUI). WUI fires tend to have the most significant losses
associated with them due to the values at risk in populated areas. The RMOW is 24,375 ha in size and
more than 65% is forested. Based on 2011 Statistics Canada data, 9,239 private dwellings were within the
municipality and 3,900 of those were occupied by permanent residents. The total assessed value of
taxable properties in 2010 was more than $10 billion. In considering wildfire risk in the WUI, it is
important to understand the specific risk profile of a given community, which can be defined by the
probability and the associated consequence of wildfire within that community. The risk of a wildfire on
the landscape is determined by the fire environment (defined as weather, topography and fuels).
Considering weather and topography are beyond human control, fire managers are limited to using fuel
manipulation to substantially alter the fire environment.
A Community Wildfire Protection Plan (CWPP) was completed for the RMOW in 2005 by B.A.
Blackwell & Associates Ltd., and since that time, substantial new development has occurred. To capture
these changes and the work completed to alter the community’s risk profile, Blackwell with the
cooperation of the RMOW, prepared a CWPP update in 2011. This update reflected current conditions in
the community and included an update of the Wildfire Risk Management System (WRMS) which
spatially reflects changes in risk across a landscape. Additionally, the WRMS enhanced priority fuels
mapping to delineate potential fuel treatment areas with some consideration given to operational
feasibility and cost.
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Figure 1. RMOW and Cheakamus Community Forest boundaries and the buffered study area boundary.

RMOW – Fire Behaviour Analysis

8

20/12/2013

The RMOW has initiated a successful fuel management program on Crown and municipal lands since
2004 and includes the interface. Fuel management prescription development and implementation have
occurred in several locations within the RMOW, including Kadenwood, Horstman, Lost Lake,
Centennial Trail and Mountainview Reservoir. However, there are still substantial areas of hazardous
fuels surrounding the interface and located throughout the study area that have the potential to
negatively impact the community. Fuel management prescriptions have also been developed for
Rainbow Housing West and Baxter Creek. Fuel treatment methods include: 1) conversion (e.g.,
coniferous to deciduous); 2) modification (altering the fuel bed structure); and 3) removal. The type and
location of treatments is critically important to manipulating the spread and intensity of fire on the
landscape. The primary focus of the treatments in the RMOW have been fuel removal at localized, small
scale areas next to residences, hotel properties, and community infrastructure that are immediately
adjacent to hazardous fuel types as defined by the CWPP.
The objective of this study is to enable the RMOW to identify and extend potential treatments to a
landscape scale (outside of community), working cooperatively with the Community Forest to provide
greater protection from wildfires that are ignited out of the established community protection area
managed by Whistler Fire. Landscape level fuelbreaks can be defined as gaps in vegetation or other
combustible material that may limit the rate of spread and growth of wildfire. Fuelbreaks can occur
naturally or can be created through vegetation/fuel manipulation. There is no absolute standard for the
width of fuelbreaks; however a minimum of 90 m has typically been specified for primary fuelbreaks
(Agee et al., 1999) to limit the probability of long range spotting (the transmission of fire through embers
carried aloft and deposited on adjacent flammable vegetation or a building). Additionally, wider
fuelbreaks have proven to be more effective than narrower ones (Agee et al., 1999). The objective of
landscape level fuelbreaks, as well as most fuel treatments, is to modify fire behaviour and provide
points of anchor for suppression activities. Generally, larger treated areas more effectively reduce fire
behaviour versus smaller areas (Finney et. al., 2003). A good example of this is the 2002 Hayman fire in
Colorado where the post‐fire case study suggested that large scale fuel treatments were more effective
than small fuelbreaks and under extreme conditions, spotting can easily breach narrow treatment areas
(Martinson, et al., 2003). Principles of fuelbreak design are summarized in Appendix A.
Smaller treatment areas are more common in BC than landscape level fuelbreaks for a number of
reasons including, but not limited to, the associated costs. Most fuel management programs in BC are
administered through UBCM funding and require a municipal contribution. Securing additional
community funds can be difficult and generally limit the amount of fuel management work occurring
within a region.
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The CWPP‐derived fuel treatment program does not address the arguably greater risk to the RMOW
posed by a landscape level fire event, causing an ember shower from a distant fire to rain down on the
community. An ember shower results when burning particles are lofted well ahead (kilometers) of the
fire front by the convection column and wind. This fire behaviour phenomenon is commonly referred to
by fire managers as ‘spotting’. The burning embers land and collect on combustible surfaces, and are the
most common cause of structure ignition during wildfires. Ember showers were responsible for the
catastrophic losses in Slave Lake in 2011 (1.8 billion dollars) and in the City of Kelowna in 2003 (234
million dollars).

1.2 Purpose of the Analysis
In BC, fuel treatments are considered a key tool available to fire managers for community fire protection.
However, it is important to understand that fuel treatments do not stop fires, but lessen the impact of a
fire on an identified area of concern by changing the behaviour of a fire entering a treated area. The
purpose of assessing fuels and fuel treatments at a landscape level is to identify a configuration of
treatment areas that will slow the growth of large fires by reducing fire intensity, crown fire, and mid to
long range spotting.
There are several key questions that need to be answered when considering the type and extent of
treatments that would be effective in a given community, including:
1. What are the likely weather conditions and ignition scenarios that would enable a wildfire
burning in hazardous fuels to pose a threat to property and public safety within the community?
2. What and where are the hazardous fuels on the landscape?
3. What are the key constraints to treating fuels on the landscape?
4. Of those fuels that do pose a potential threat, how much area should be treated in order to
effectively mitigate the risk?
5. What is an ‘acceptable’ level of wildfire risk to property and public safety within the community?
Decision tools such as fire behaviour modelling and spatial risk assessments can be used to answer
questions like those posed above. Others are determined by factors such as government policy,
ownership and available funds.
The purpose of this project is to use fire behaviour modelling, historic fire weather, and previous fire
locations to investigate these questions and to present recommendations on how fuel treatments could
be used to provide cost‐effective wildfire protection in areas outside of the community limits that have
the potential to grow into catastrophic wildfires.
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2 Weather Conditions and Ignition Scenarios
2.1 Climate, Vegetation and Fire History
Climate and vegetation descriptions are from the RMOW’s CWPP Update:
Regional Climate:
Whistler falls within the southern submaritime general climate type (Green and Klinka, 1994). This features an
overall climate that is maritime in nature but is beginning to transition to the more continental climates to the east
because of the distance from the moderating effect of the Pacific Ocean. This increasing continentality is reflected in
wider temperature extremes (warmer summers and cooler winters) as well as less precipitation relative to the more
strongly maritime climates further to the west. Within this general climatic influence, regional climates within the
study area vary primarily along elevation gradients and proximity to upper valley reaches. The RMOW CWPP
study area intersects five different biogeoclimatic units. The majority of development within RMOW is located in
the CWHms1.
The CWHds1 occurs in the lowest elevations in the RMOW and its climate is characterized by warm, dry
summers and moist, cool winters with moderate amounts of snow. Growing season water deficits on average sites
are typical. Forest ecosystems on average sites are dominated by Douglas‐fir, western hemlock, and varying
amounts of western redcedar.
The CWHms1 occurs above the CWHds1 and reflects increasing precipitation and cooler temperatures. Its climate
is characterized by moist, cool winters, and cool but relatively dry summers. Snowfall is relatively heavy,
particularly in upper elevations. Forest ecosystems on average sites are dominated by western hemlock, Douglas‐
fir, and varying amounts of western redcedar, amabilis fir, with the latter species increasing at higher elevations
and cooler aspects. The abundance of Douglas‐fir in the CWHms1 is related to historic wildfires which are
associated with dry summers.
The MHmm2 represents a subalpine climate and occurs above the CWHms1. In the eastern portion of the study
areas, it is restricted to northerly aspects and the ESSFmw occurs on southerly aspects. The MHmm2 is
characterized by long, moist, cold winters and relatively short, cool, moist summers. Snowfall is high and deep
snowpacks can persist into July.
The ESSFmw is restricted to the eastern portion of the study area and only occurs on southerly aspects above the
CWHms1. The subzone is the mildest in the ESSF zone and is characterized by long, cold winters with heavy
snowfall and cool summers. Snowfall is high and snowpacks can persist into June.
These biogeoclimatic subzones represent a particular climate, topography and associated vegetation
types which influence the assemblage of vegetation and wildlife (Figure 2).
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Figure 2. Biogeoclimatic Ecosystem Classification suzbzones within the RMOW and Community Forest study
area.

Fire Environment:
The Canadian Forestry Service developed the Canadian Forest Fire Danger Rating System (CFFDRS) to assess fire
danger and potential fire behaviour. A network of fire weather stations is maintained by the Ministry of Forests,
Lands and Natural Resource Operations (MFLNRO) and Wildfire Management Branch and is most commonly
utilized by municipalities and regional districts to monitor fire weather, determine hazard ratings, and implement
fire bans and closures. Historic fire weather data for RMOW was compiled from eight weather stations that have
operated in the study area for a total of 52 years between 1950 and 2007 (Figure 3). The values extracted were
from noon each day for the length of record. Average temperature data from this record reflects the relatively cool
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summers of the CWHms1. However, in some years temperatures far exceed the average as demonstrated in Figure
3.
The Fire Danger classes provide a relative index of how easy it is to ignite a fire and how difficult control is likely
to be. The BC Wildfire Act [SBC 2004] and Wildfire Regulation [BC Reg 38/2005], which specify responsibilities
and obligations with respect to fire use, prevention control and rehabilitation, restrict high risk activities based on
these classes.
Danger class days for the fire season are dominantly low‐moderate in April and May in the RMOW. The period
from June to approximately mid‐September is dominated by high to extreme fire danger days, with the peak in
extreme fire danger days occurring in August (Figure 4). Fire danger drops steeply in October. These data suggest
that the fire season in the community most often occurs from May through to September. However, July and
August are the months when conditions are most likely to be favourable for extreme wildfire behaviour.

Figure 3. Historic average and maximum temperature by month within the RMOW study area.
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Figure 4. Fire danger class averaged for each month in the RMOW study area.

Fire data (includes ignitions) for the RMOW, was summarized by reported fire cause for the period of
1919 to 2009 with some gaps between years (Figure 5). Approximately 25% of fire ignitions have been
lightning caused and the remainder are attributed to human cause. Fire data for the area suggests that
the RMOW has experienced large wildfire in the past 100 years. In 1926, the largest wildfire in the area
occurred and burned approximately 4,660 ha. Most wildfires have started in the valley bottom and
tended to travel northeast and east towards Pemberton, suggesting that winds from the southwest tend
to drive the growth of wildfires up the valley.
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Figure 5. Number of fires ignitions per year between 1919 and 2010 in the RMOW study area.

Historic ignitions and fire perimeters are illustrated in Figure 6 and Figure 7. The fire history map was
created from fire history data provided in the Canadian National Fire Database1 which was compiled by
the Canadian Forest Service from data provided by MFLNRO. The record shows fire perimeters within
the study area from 1920 – 2010. However, this record may not be complete as it only includes the
available fire perimeters from each provincial or territorial agency. Fourteen fires were due to human
causes whereas the other 10 were attributed to lightning. Fire history is summarized in Table 1. This fire
history summary identifies approximately 2,851 ha burned within the study area boundary between
1920 and 2010. This is approximately 5% of the total study area.

1

http://cwfis.cfs.nrcan.gc.ca/en/historic/ha_lfdb_maps_e.php
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Table 1. RMOW fire history summary from 1920 – 2010.
Fire Cause

Year

Size (ha)

Lightning

2010

0.4

Lightning

2010

0.2

Lightning

2010

0.5

Lightning

2009

31.3

Lightning

2009

2.3

Lightning

1990

8.9

Lightning

1990

0.3

Lightning

1938

31.7

Lightning

1929

8.5

Lightning

1920

14.2

Human

1979

28.7

Human

1970

28.4

Human

1970

61.3

Human

1965

178.7

Human

1952

60.7

Human

1940

302.5

Human

1934

44.1

Human

1931

14.7

Human

1930

19.0

Human

1926

1067.0

Human

1926

722.9

Human

1924

140.2

Human

1922

42.1

Human

1920

42.1

Boundary (ha)

98.3

2,752.4

TOTAL:
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Figure 6. Historic ignitions for the study area.
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Figure 7. Historic fire perimeters from 1920 – 2010. Fires extending beyond the study area are not shown outside
of the study area boundary.
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Fire weather probabilities were summarized between 1931 – 2013 to estimate probability of rainfall and
temperatures greater than 23 0C. The data suggests that at a Provincial level, fire weather in Whistler is
not particularly extreme. However with high summer temperatures, low relative humidity and strong
winds, the landscape around Whistler is capable of supporting large landscape level wildfires. This is
illustrated in the modeling results below. In the summer months (late July – early August) the
probability of precipitation is lowest and the probability of temperatures > 23 0C is highest – this is the
period of time over when the warmest and driest conditions are most likely to occur.

Figure 8. Graph of probability of rainfall and probability of temperatures > 230 C by date in the RMOW.

RMOW – Fire Behaviour Analysis

19

20/12/2013

3 Fuel Types
B.A. Blackwell & Associates Ltd. derived fuel type polygons based on BC Vegetation Resource
Inventory (VRI) data, and then updated the data using ground‐truthing and orthophoto interpretations.
VRI data was obtained from the BC Land and Resource Data Warehouse (LRDW). Fuel typing may
contain some errors due to factors such as recent natural/human disturbance and heterogeneity within
fuel type polygons, but the data accuracy was considered acceptable for the scale of this analysis. Fuel
types that occur in the study area, are listed in Table 2. Figure 9 illustrates the spatial distribution of fuel
types throughout the study area.
Table 2. Canadian fuel types used for the analysis.
Fuel
Type
C2
C3
C4
C5
C7
D1

Description
Moderately dense regeneration to pole‐sapling forest with crowns
almost to the ground.
Fully stocked, mature forest, crowns separated from ground.
Dense, pole‐sapling forest, heavy standing dead and down, dead
woody fuel, continuous vertical crown fuel continuity.
Well stocked, mature forest, crowns well separated from ground.
Open, uneven‐aged forest, crowns separated from ground except in
conifer thickets, understorey of discontinuous grasses, herbs.
Moderately well‐stocked deciduous stands.

O1

Moderately well‐stocked mixed stand of conifers and deciduous
species, low to moderate dead, down woody fuels, crowns nearly to the
ground.
Continuous standing grass

NF

Non‐fuel

M2

TOTAL:

Area (ha)

Percent of Total
Study Area

176

2%

2,449

4%

2,627

5%

25,723

46%

3,651

7%

8,863

16%

1,369

2%

755

1%

9,496
55,109

17%
100%

Hazardous fuel types (C2, C3 and C4) were mapped for the study area and illustrated in Figure 10.
These fuel types represent approximately 11% of the total study area and cover approximately 5,252 ha.
These hazardous fuel types are the priority treatment areas illustrated below (Figure 20) and used with
the proposed fuelbreaks in the fire behaviour modeling.
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Figure 9. Fuel type distribution in the RMOW study area.
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Figure 10. Hazardous fuel types.
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4 Fire Behaviour Modeling
To investigate landscape level risks from extreme fire behaviour in hazardous fuels, multiple fire
scenarios were modelled on a fuels landscape that included a 500 m buffer around the municipal
boundary. Two spatial fire growth models were used to assess projected fire behaviour in fuels adjacent
to the RMOW under specified weather conditions within a 24 hour burning period. Models used to
complete the RMOW fire behaviour analysis included Burn P3 and Prometheus.
Burn P3 (probability, prediction and planning) is a simulation model used to evaluate wildfire
susceptibility over large landscapes and until recently it has been utilized as a research tool. This model
maps wildfire susceptibility, expressed as burn probability (BP), for a given period of fire weather. The
landscape‐level approach of Burn P3 combines smaller‐scale deterministic fire growth modeling (i.e., one
set of inputs produces the same output) with larger‐scale probabilistic model inputs (i.e., inputs are
drawn from a probability distribution according to specified fire regime perimeters). Components of this
model include number of fires per iteration, location of ignitions, weather conditions under which the
fire burns, and number of days that each fire achieves significant spread.2
Prometheus is an elliptical fire growth model that uses both the Fire Weather Index (FWI) values and the
Fire Behaviour Prediction (FBP) calculations from the Canadian Fire Danger Rating System to estimate
changes in the fire perimeter over time. In addition, text files created using a Geographic Information
System (GIS) enable the inputs and outputs to be presented spatially.
Prometheus is a nationally applied inter‐agency sponsored fire growth model in Canada. Prometheus is
accepted as one of the dominant fire growth models used in Canada. Given that the objectives of the
analysis included an investigation of the potential impacts of fire growth in treated and non‐treated fuel
types, it was appropriate to use both the Prometheus and Burn P3 fire growth models.
For this analysis, areas of high probability from BurnP3 were used to identify individual ignition points
for use in Prometheus to model the fire growth of specific ignition points. A number of assumptions
were made in both models to complete this analysis and these will be discussed in the following
sections.

2

http://www.firegrowthmodel.ca/burnp3.html
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4.1 Burn P3
Burn P3 was used to map wildfire susceptibility, expressed as burn probability (BP), for a given number
of fire iterations expressed as the total number of fires or as the number of fires/km2. The landscape‐level
approach of Burn P3 combines smaller‐scale deterministic fire growth modeling (i.e., one set of inputs
produces the same output) with larger‐scale probabilistic model inputs (i.e., inputs are drawn from a
probability distribution according to specified fire regime perimeters). Components of this model
include number of fires per iteration, location of ignitions, weather conditions under which the fire
burns, and number of days that each fire achieves significant spread.3
For this analysis, two Burn P3 runs were completed where only fires that grew to more than 4.0 ha were
included in the probability summary. The two runs were differentiated by 1) historical fire ignition
density (human and lightning caused fires; and 2) random ignitions assigned throughout the study area
with no consideration of fire history.
Once the information on ignition location, season, cause, duration of burning, and fire weather
conditions are determined, fire spread is modeled using the fire growth submodel Prometheus. Areas
burned by each simulated fire are recorded on the rasterized landscape. The burned areas from each
iteration are compiled into a cumulative grid of burned areas where burn probability is calculated.
4.1.1

Model Inputs

Fuel Type Inputs
In this model, the fuel type variable consists of a classification of fuel types that are based on vegetation
attributes. Additionally, each fuel type has a characteristic fire behaviour that differs based on weather
and topography. Pixels (i.e., every given point) that do not burn, such as water or rock, are classified as
non‐fuel.
Weather Zone Inputs
Weather zones are geographical areas that experience distinct fire weather. In Burn P3, this consists of
weather observations and their associated FWI System codes and indices. The weather zones
characterize areas of distinct fire weather conditions and fire growth is simulated for these zones.
Tabular data includes hourly fire weather data and the daily fire weather variable represents the
weather under which fire spread is simulated (e.g., the weather attached to each spread‐event day of
fire).

3

http://www.firegrowthmodel.ca/burnp3.html
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Topography Inputs
Topography changes the fire behaviour by vectoring the wind speed as a function of slope. The
elevation grid represents the altitude (m) and this input is used to compute the foliar moisture content in
the FPB System, and change the wind direction and wind speed as prescribed by the FBP System.
Wind Grid Inputs
The wind grids modify the input wind direction and wind speed as a function of the underlying
topography. To account for the effect of topography, wind direction and wind speed grids were
imported. These grids were created using the WindNinja software which was obtained from the USDS
Forest Service website (http://www.firemodels.org). Wind grids were built for cardinal directions.
Ignition Inputs
The ignition location variable characterizes a spatially‐weighted probability of experiencing an ignition
at any given point on the landscape. These probabilities can vary by season and cause. The ignition
location for each fire is captured from a probability density grid. Ignition locations give the spatial
patterns of ignitions on the landscape and they can be random or non‐random (from ignition grids =
random with no consideration of historic ignitions or from a list of ignition locations = historic ignitions
based on the kernel density for human and lightning caused ignitions combined). It is worthy to note
that the highest density of historic ignitions occurs along the Hwy 99 corridor due to human activity.
Figure 11 illustrates historic human and lightning caused ignitions in the study area and these points
were used to generate the historic ignition density (Figure 12). The total number of fires simulated for
historic human and lightning ignitions equaled 13.1 fires/km2. Fires simulated for the random ignition
function equaled 24.2 fires/km2.
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Figure 11. Burn P3 historic ignitions used to generate ignition density.
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Figure 12. Historic human and lightning caused ignition density.
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Figure 13. Burn P3 random ignitions.
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4.2 Prometheus
The Canadian fire growth model used was Prometheus4, which is based on the CFFDRS5. The CFFDRS
consists of two main subsystems; the Fire Weather Index (FWI) system and the Fire Behaviour
Prediction (FBP) system (Figure 14). With respect to fuels, vegetation must be represented, as defined by
the FBP System.

Figure 14. Diagrammatic representation of CFFDRS and Prometheus

Fire Weather Index:
The FWI system uses dry‐bulb temperature, relative humidity, 10‐meter open wind speed and 24‐hour
accumulated precipitation at noon local standard time as inputs to derive three fuel moisture codes:
1. Fine Fuel Moisture Code (FFMC): Moisture content of litter and fine fuels in a closed forest stand.
2. Duff Moisture Code (DMC): Moisture content of loosely compacted decomposing matter on the
forest floor.
3. Drought Code (DC): Moisture content in deep, compact organic matter.
These in turn are used to derive:
4. Initial Spread Index (ISI): Wind speed with FFMC as an indicator of fire rate of spread.
4

http://www.firegrowthmodel.com/index.cfm

5

http://fire.cfs.nrcan.gc.ca/research/environment/cffdrs/cffdrs_e.htm
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5. Build‐up Index (BUI): A combination of DMC and DC that has a longer response time to changes
in humidity/precipitation. BUI is used to indicate the total fuel available for combustion.
The resulting FWI is:
6. A combination of generalized ISI and BUI indicators used to derive a relative estimate of the
potential intensity of the fire.
The FWI indicates the potential intensity of a fire on level terrain in a stand of mature pine and assesses
relative fire potential (Van Nest and Alexander 1999). Variation in fire behaviour by fuel type is
addressed in the FBP system. More comprehensive technical information on the FWI can be found in
Van Wagner (1987).
Fire Behaviour Prediction System:
The FBP system assesses fire behaviour and uses inputs including topography, fuels, weather, foliar
moisture content and duration of prediction. The FBP system is primarily based on empirical data from
495 observations of experimental and wildfires. Data from observations made during these fires was
analyzed using statistical correlation techniques to derive fire behaviour predictions for 16 generalized
boreal fuel types. Comprehensive technical information on the FBP can be found in the Forestry Canada
Fire Danger Group (1992). Primary outputs include:
1. Rate of Spread (ROS): speed of fire spread usually expressed in metres per second.
2. Head Fire Intensity (HFI): energy output of the flaming fire front usually expressed as kilowatts
per metre.
3. Fuel Consumption (surface and crown): expressed in kilograms per square metre.
4. Fire Description (surface, intermittent and crown): Surface fire burns through surface fuels,
intermittent fire refers to surface fire that periodically switches to crown fire via torching trees,
and crown fire refers to fire burning continuously from the surface to the crown.
Secondary outputs from FBP include:
1. Flank and back fire rates of spread;
2. Flank and back fire intensity;
3. Head, flank and back fire spread distances;
4. Elliptical fire area;
5. Fire perimeter;
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6. Rate of perimeter growth; and
7. Length‐to‐breadth ratio.
4.2.1

Model Inputs

Weather and Fuel Moisture Model Inputs
For weather inputs, existing data on the 95th percentile fire weather for the CWHms1 was utilized
(leading BEC zone in the study area). In other words, these values occur 5% of the time during the April
to October reporting period. This data was originally derived by first estimating the Fire Weather Index
(FWI) and Fire Behaviour Prediction (FBP) at every fire weather station in BC and then developing
percentile interpolations within each biogeoclimatic (BEC) subzone. Observations from the fire season
were used to derive the percentiles. Days with precipitation were excluded. Head Fire Intensity (HFI)
was used to derive the 95th percentile weather values used. The values input into Prometheus are
summarized in Table 3.
Table 3. Prometheus inputs.
Maximum
Temperature (0C)

Minimum
Temperature (0C)

Relative
Humidity (%)

Duff
Moisture
Code

Drought
Code

Fine Fuel
Moisture
Code

Precipitation
(mm)

29

18

35

110

350

93

0

Wind adjustment factors were used in this analysis. Wind speed and direction were modeled using
WindNinja. The burn period modeled was 24 hours for three wind speeds (10 km/hr; 25 km/hr; and 40
km/hr), and weather inputs were maintained as constants for the entire burn period.
Landscape Inputs
Elevation, aspect and slope were derived from a digital elevation model for the RMOW study area. Text
files for input into each of the models were generated using GIS.
Fuel Type Inputs
Fuel types that occur within the study area and which were used for this analysis are listed in Table 2
and Figure 9 illustrates the spatial distribution of the fuel types.
Ignition Inputs
Ignition points were located on the landscape using GIS. Ignition points were selected at locations where
the MFLNRO historic ignition data indicated high densities of fire starts and were placed within fuel
polygons that would burn (i.e., not within deciduous or non‐fuel)
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5 Results
5.1 Burn P3
Burn P3 probability for fires greater than 4.0 ha were calculated for the combined lightning and human
caused ignitions (Figure 15). Additionally, burn probability associated with a random ignition function
for fires greater 4.0 ha is captured in Figure 16.
For the historic ignition function, areas between Callaghan Creek and Daisy Lake demonstrated the
highest probability for ignition and spread of fires greater than 4.0 ha. For random ignitions the
probability outputs highlight extensive areas in the northern portion of RMOW, in the vicinity of Green
Lake. Both Burn P3 runs demonstrated that the valley bottom of the Whistle corridor, particularly along
the eastern slopes had a high probability of fire. Fire probabilities are influenced significantly by fuel
type and topography (steep slopes), but it is the ignition distribution that highlights the major difference
in the two model runs.
The historic ignitions emphasize that the majority of fires have occurred along the highway corridor and
this is a function of human caused fires considering human activity and traffic throughout the area. The
random ignition run illustrates that lightning fires on the upper slopes of the northern portions of
RMOW should be a significant focus in developing fire prevention and control strategies for the
community.
These two runs were used to determine the best locations to simulate individual fire ignitions to explore
fire growth under varying conditions of windspeed and direction under extreme fire weather
conditions. Fourteen individual ignition points were identified on the landscape. The results of these
individual runs under varying conditions were modeled in Prometheus and are documented in the
following sections.
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Figure 15. Burn P3 probability analysis using combined lightning and human caused ignitions for fires greater
than 4.0 ha.
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Figure 16. Burn P3 probability analysis using the random ignitions function for fires greater than 4.0 ha.
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5.2 Prometheus
In total, 14 ignition points for northerly, southerly and westerly wind directions, at 10, 25 and 40
km/hour wind speeds were modeled with and without the combination of fuelbreaks and modified land
(fuel type conversions). Fuelbreaks were the existing road network in the study area which included
thinned stands adjacent to roads. It is important to note that Prometheus fire behaviour modeling does
not simulate spotting of fires; hence modeled outputs are for individual ignition points only. Specific
scenario parameter settings were 3 hour time steps and 90 m distance and perimeter resolution.
Otherwise, default model settings were retained (e.g., 32 starting vertices, acceleration on, BUI effect on,
terrain effect on, green‐up on, smoothing factor 0.4).
5.2.1

Untreated Landscape

The results from the Prometheus model runs for northerly, southerly and westerly wind directions of 10,
25 and 40 km/hr, without any landscape level fuelbreaks are illustrated in Figure 17, Figure 18 and
Figure 19.
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B.A. Blackwell & Associates Ltd.

Northerly winds

Southerly winds

Westerly winds

Figure 17. Prometheus fire behaviour modeling with 10 km/hour northerly, southerly and westerly winds on an untreated landscape.
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B.A. Blackwell & Associates Ltd.

Northerly winds

Southerly winds

Westerly winds

Figure 18. Prometheus fire behaviour modeling with 25 km/hour northerly, southerly and westerly winds on an untreated landscape.
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Northerly winds

Southerly winds

Westerly winds

Figure 19. Prometheus fire behaviour modeling with 40 km/hour northerly, southerly and westerly winds on an untreated landscape.
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The Prometheus fire behaviour model outputs illustrate that the scale of fire growth and potential
impacts increase with higher wind speeds over a 24 hour period. Fire perimeters in certain areas of the
landscape are also significantly influences by wind direction, whereas some individual ignitions points
result in fire growth that is similar under simulations with different wind directions. Generally any fire
that exceeds a total area of more than 200 ha has the potential to significantly impact Whistler by
threatening homes, infrastructure and public safety. A fire greater than 200 ha has the potential to create
significant smoke, would be highly visible to the general public, would likely result in closure of some
access within the corridor, and create the potential for evacuation of some residences (and would
generate a significant ember shower).
Generally, with wind speeds less than 10 km/hr there are smaller differences in fire perimeter size
among northerly, southerly and westerly wind directions (Figure 17) with the exception of ignition #8,
located between Callaghan and north of Hwy 99. For ignition #8, a northerly wind could result in three
time’s greater fire growth over 24 hours when compared to the fire perimeters driven by southerly or
westerly wind. Ignitions modeled for 10 km/hr wind speeds in the Callaghan area (ignition #8 and #9),
east of Daisy Lake (ignition #11), and around Green Lake (ignitions #1 ‐ #5) illustrate significant fire
growth over a 24 hour period. This is more likely related to fuel type conditions in these areas. The
model runs highlight that Whistler Village would be threatened by southerly and westerly winds with
ignitions south of Hwy 99 (ignition #7) which is the dominate wind direction during afternoons on the
driest and hottest days of the fire season. Select ignition points (#1‐ #7 ‐ #9, #14) have the potential to
threaten important interface homes and infrastructure; however, fires modeled for 10 km/hr wind
speeds illustrate slower fire growth with a higher probability of effective fire suppression when
compared to wind speeds modeled at 25 and 40 km/hr.
The range of fire size is highly variable when individual ignitions are compared for the same direction
and wind speed. For example a 10 km/hr wind from the north resulted in fire size ranging from 209 to
1,392 ha during the 24 hour burn period. Similarly the range for a 40 km/hr wind from the north resulted
in a range of 108 to 4,894 ha emphasizing the tremendous variability associated with varying wind
speed and direction.
Fire perimeters for wind speeds of 25 km/hr are substantially larger when compared with the 10 km/hr
wind speeds; however fire perimeters modeled for northerly winds differ more substantially from
southerly and westerly winds. With a northerly wind, ignition #8 and #9 move the fire south of
Callaghan whereas southerly and westerly winds move the fire perimeters closer to the Olympic Park
(Figure 18). For wind speeds of 25 km/hr, the greatest threat to infrastructure included: southerly winds
that would threaten Whistler Village (ignition #7); northerly winds north of Hwy 99, surrounding Alta
Lake and Green Lake; and westerly winds which would also threaten the Village and residential areas
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around Alta and Green Lake. Similar to the 10 km/hr wind speed scenarios, select ignition points (#1‐ #9
and #14) have the potential to threaten important interface homes and infrastructure. The overlap of fire
perimeters occurs with the greater wind speeds which illustrate faster fire progression with a much
lower probability of effective fire suppression within the first 24 hours of fire growth.
Fire behaviour model outputs for 40 km/hr wind speeds capture the risk associated with ignitions
throughout the study area. Within 24 hours, fire growth is extensive with fire perimeter overlap for most
modeled ignition points (Figure 19). However fire perimeter size for westerly winds does not
dramatically increase at 40 km/hr and fire perimeters are similar to fire behaviour observed for westerly
25 km/hr winds. Scenarios illustrated for wind speeds of 40 km/hr demonstrate rapid fire progression
over 24 hours with low probability of effective fire suppression. Furthermore, the extensive growth and
overlap of fire perimeters with northerly and southerly winds of 40 km/hr highlight the risk to interface
and infrastructure throughout the study area. In particular, ignitions experiencing southerly winds
around Whistler Village (ignition #7), and northerly/westerly winds around Green Lake (ignition #1 and
#2) would be under the greatest threat. It is important to note that fire perimeters are generally narrower
with higher winds speeds however they move at a faster forward rate resulting in greater area burned.
A summary of area burned for the modeled ignition points, wind directions and wind speeds is
provided in Table 4.

RMOW – Fire Behaviour Analysis

40

20/12/2013

Table 4. Untreated landscape summary of fire perimeter size for each ignition point, wind direction and wind
speed.
Wind Direction and Speed (Area burned in ha)
Ignition #
(untreated)

North
10 km/h

South

25 km/h

40 km/h

10 km/h

25 km/h

West
40 km/h

10 km/h

25 km/h

40 km/h

Ignition 1

548

1380

887

581

1023

856

536

3570

2857

Ignition 2

934

3637

4168

1148

2553

2078

1157

1073

0

Ignition 3

1215

151

108

419

2081

1775

975

463

0

Ignition 4

217

0

0

50

1393

912

113

196

997

Ignition 5

384

880

1031

499

103

0

460

2244

1297

Ignition 6

209

294

370

169

653

416

245

631

1949

Ignition 7

296

482

554

566

720

715

443

712

708

Ignition 8

1392

2536

398

465

91

199

446

260

856

Ignition 9

481

197

2747

1120

612

566

924

1433

151

Ignition 10

692

4131

4894

481

670

1231

510

1018

563

Ignition 11

931

1590

1639

593

1099

1585

1108

1507

1198

Ignition 12

331

298

2299

332

1386

5351

332

35

236

Ignition 13

210

2123

1197

408

665

1435

344

731

859

Ignition 14

226

215

220

118

64

61

204

196

193

8067

17914

20512

6949

Total

13113
17179
7797
14069
11865
*Areas of 0 ha are due to overlapping fire perimeters.

Overall the Prometheus runs demonstrate the following:
•

As expected, fire growth and fire size increase substantially for almost all simulated ignitions
with increasing windspeed;

•

Fire growth and area of fire perimeters is very dependent on wind direction;

•

Westerly and southerly winds are of the greatest concern to the RMOW;

•

Fires originating along the eastern valley slopes north of the Cheakamus River and fires in the
vicinity of Green Lake have the potential to cause significant fire related impacts within the
RMOW;

•

The results validate and support the efforts conducted to date to locate fuel treatments close to
homes and infrastructure along the eastern slopes and at the base of Whistler Mountain; and

•

Olympic Village resources at the Callaghan are also highly vulnerable to wildfire.
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5.2.2

Treated Landscape

A key strategic question for the RMOW is what should be done to limit the identified risk of wildfire to
the community that is highlighted by the modeling discussed above. To date, there have been several
small scale fuel treatment projects that have been carried out in the RMOW. These treatments have been
operationally challenging to implement and expensive, given the terrain, proximity to homes, and the
amount and size of woody biomass that had to be removed. The RMOW will need to determine where
and how much additional work should be conducted to limit its risk to wildfire. The following section
attempts to demonstrate where and what additional landscape level treatments should be considered to
limit fire risk to the community. The majority of the treatment areas that have been modeled are at lower
elevation, in close proximity to existing roads, and are primarily within second growth forests that have
high fire behavior potential, as demonstrated in the model outputs in the previous section.
Included in the treated landscape simulations are fuelbreaks (using the existing road network), that
were proposed in the original 2005 CWPP, and fuel type conversions which are based on the modeled
hazardous fuel types (Figure 20). The fuelbreaks used for this analysis include the existing road network
in the study area with adjacent thinned stands. In designing fuelbreaks by using the road network, it is
assumed that at a minimum, fuels will be thinned within 50 m of each side of the road centerline.
Several large scale wildfires that have occurred in the United States and a wildfire that occurred in
Westbank, BC in 2009, have demonstrated that the combination of fuel treatments and fuelbreaks limit
fire behavior potential and provide an improved opportunity to conduct strategic fire suppression
activities such that the probability of large fire escapes are more limited.
Figure 20 illustrates the proposed fuelbreaks and treatment areas. The proposed treatment areas are
based on the hazardous fuel types identified in Figure 10. To demonstrate the effectiveness of this
strategy, the 14 ignitions patterns were rerun using Prometheus. Fire perimeters were mapped and fire
areas were recalculated for each of the windspeed and direction combinations. The fuel treatment
footprint, while relatively small, represents an achievable area over the next 20 years if the current level
of effort and funding could be maintained. If this becomes a strategic priority of the RMOW, the level of
effort and funding would have to increase.
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Figure 20. Proposed fuelbreaks with adjacent fuel type conversion areas to limit extreme fire behaviour
potential in the RMOW corridor.
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The results from the Prometheus model runs for northerly, southerly and westerly wind directions of 10,
25 and 40 km/hr, with the combination of landscape level fuelbreaks and fuel type conversions, to model
changes in fire behaviour are presented in Figure 21, Figure 22 and Figure 23. Similar to the untreated
landscape, the model included the same 14 ignition points located throughout the study area.
The small scale fuel conversions were placed adjacent to the fuelbreaks where hazardous fuels occurred
(Figure 10). The conversion assumed that the fuel type was shifted from one of C2, C3, and or C4 to a
C7. A C7 fuel type has limited fire behavior potential and under extreme conditions is only likely to
support a surface fire with intermittent crown fire. The combination of the natural fuelbreaks and fuel
type conversions were utilized to mimic large landscape level fuelbreaks considering the feasibility of
this approach (cost‐effective).
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Northerly winds

Southerly winds

Westerly winds

Figure 21. Prometheus fire behaviour modeling with 10 km/hour northerly, southerly and westerly winds on a landscape with natural fuelbreaks and hazardous fuel type conversion to C7.
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Southerly winds

Westerly winds

Figure 22. Prometheus fire behaviour modeling with 25 km/hour northerly, southerly and westerly winds on a landscape with natural fuelbreaks and hazardous fuel type conversion to C7.
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Southerly winds

Westerly winds

Figure 23. Prometheus fire behaviour modeling with 40 km/hour northerly, southerly and westerly winds on a landscape with natural fuelbreaks and hazardous fuel type conversion to C7.
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All wind speeds modeled for the treated landscape (includes natural fuelbreaks in combination with
adjacent hazard fuel type conversion to a C7) illustrate the effective change in reducing wildfire
behaviour. On average, fire perimeters are substantially smaller with a reduced overlap in fire
perimeters for the treated landscape vs. the untreated landscape. Overall, the most significant impacts of
the treated landscape were for fires from the north. The treated landscape had a more limited impact on
fire growth when compared to the southerly direction, although fire growth reductions were still
significant for the majority of modeled scenarios.
For winds modeled at 10 km/hr, the treated landscape reduces wildfire threat in the Green Lake area
(ignitions #1 and #2) and around Whistler Village (ignition #14) (Figure 21). Similar observations were
made for 25 km/hr winds, with the most significant reduction in fire growth with westerly winds in the
Green Lake area (ignitions #1 ‐ #3) (Figure 22). Additionally, the threat to the Village is dramatically
reduced with ignition #7. Some significant reductions in fire growth between the treated and untreated
landscape are summarized in Table 5. These reductions should not be treated as absolutes, rather it is a
comparison of the relative changes in potential fire behaviour and as a measure of the effectiveness of
the combination of fuelbreaks and fuel type conversions.
Table 5. Significant reductions in fire growth between treated and untreated landscapes.
Ignition #

Windspeed and
Direction

Untreated Fire
Perimeter (ha)

Treated Fire
Perimeter (ha)

3

10 km/hr ‐ Northerly

1,215

236

Reduction of Fire
Perimeter (ha)
979

8

10 km/hr ‐ Northerly

1,392

374

1,018

2

10 km/hr ‐ Westerly

1,157

253

904

2

25km/hr ‐ Northerly

3,637

567

3,070

10

25km/hr ‐ Northerly

4,131

69

4,062

13

25km/hr ‐ Northerly

2,123

552

1,571

1

25km/hr ‐ Westerly

3,570

111

3,459

2

25km/hr ‐ Westerly

1,073

22

1,051

2

40 km/hr ‐ Northerly

4,168

290

3,878

10

40 km/hr ‐ Northerly

4,894

1,529

3,365

12

40 km/hr ‐ Northerly

2,299

268

2,031

12

40 km/hr ‐ Southerly

5,351

948

4,403

1

40 km/hr ‐ Westerly

2,857

92

2,765

% Reduction of
Fire Perimeter

81%
73%
78%
84%
98%
74%
97%
98%
93%
69%
88%
82%
97%

Similarly, a dramatic change is observed in fire behaviour for 40 km/hr wind speeds on the treated
landscape (Figure 23). Fuelbreak benefits are best illustrated in the Green Lake area (ignition #1 – 3) and
the Village (ignition #7).
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The treated landscape did not effectively limit the combination of the 25km/hr or the 40 km/hr with a
southerly and westerly wind direction. Select ignition points (#6, #7 and #11) have the potential to
threaten important interface homes and infrastructure that would still significantly threaten the RMOW
along the eastern slopes. More site specific modeling in this vicinity may be required to expand the
treatment as proposed to deal with these specific scenarios.
A summary of the areas burned for the modeled ignition points, wind direction and wind speeds for the
treated landscape is provided in Table 6.
Table 6. Treated landscape summary of fire perimeter size for each ignition point, wind direction and wind
speed.
Wind Direction and Speed (Area burned in ha)
Ignition #
(treated)

North

South

West

10 km/h

25 km/h

40 km/h

10 km/h

25 km/h

40 km/h

10 km/h

25 km/h

40 km/h

Ignition 1

154

862

1367

76

111

92

185

867

871

Ignition 2

297

567

290

253

22

60

341

1484

1392

Ignition 3

236

601

3

204

192

180

416

733

917

Ignition 4

395

124

0

315

541

257

50

1162

992

Ignition 5

548

825

1038

728

976

667

512

102

0

Ignition 6

209

294

492

245

631

1877

169

652

1757

Ignition 7

296

412

462

409

642

637

275

342

397

Ignition 8

374

1168

117

242

75

554

460

1131

933

Ignition 9

809

769

1291

467

363

147

584

285

250

Ignition 10

54

69

1529

267

691

432

332

579

1103

Ignition 11

930

1589

1637

1108

1502

1196

594

1097

859

Ignition 12

140

276

268

321

35

213

333

1345

948

Ignition 13

213

552

2051

329

704

845

408

664

1096

Ignition 14

205

180

171

207

175

164

137

62

33

4861

8290

10716

5170

6660

7322

4797

10506

11550

Total

*Areas of 0 ha may be due to overlapping fire perimeters.
**Increases in fire perimeters on the treated landscape may be due to fires funning parallel along fuelbreaks.

Overall the Prometheus runs on the treated landscape demonstrate the following:
•

For most combinations of wind speed and direction, fire growth and size can be reduced by the
proposed fuelbreak network (roads plus thinned stands) and fuel type conversion;

•

The most effective reductions in fire growth were for simulations with northerly winds which
are not that common in the study area;
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•

The treated landscape proposed for the bottom of Whistler Mountain, and adjacent to the
Village, is effective in limiting fire growth of ignition #14 which is considered one the highest risk
simulated ignition;

•

The southeastern slopes of RMOW are still potentially vulnerable to a wildfire with wind speeds
exceeding 20 km/hr even with the proposed treated landscape; and

•

The results of this simulation should be interpreted with caution as no spotting has been
incorporated into the simulations (limitation of Prometheus).

6 Conclusions and Recommendations
The fire environment (fuels, weather and topography) of the study area supports the notion that a large,
landscape level fire event could occur. In addition, factors such as fuel accumulation and extreme fire
seasons, as experienced in 2003, 2009 and 2010, could result in longer periods of high fire danger than
historically experienced.
This analysis is consistent with the risk assessment completed for the 2005 CWPP and 2012 update, and
demonstrates that the landscape is vulnerable to large, catastrophic fires during extreme fire weather
conditions. Fire behaviour validated numerous locations where fires have the potential to ignite and
spread quickly, within a 24 hour period. Additionally, some of these fire locations are not in close
proximity to road access, located on steep terrain and would be difficult to suppress.
Fire behaviour models illustrated dramatic changes in fire behaviour with changes in wind direction
and wind speed over 24 hours. It is probable that fire perimeters would continue to grow rapidly
beyond 24 hours, increasing risk and reducing the effectiveness of wildfire suppression efforts.
Although model outputs demonstrated that winds of 10 km/hr are more favourable to fire suppression,
the extensive growth of the modeled fires above the threshold of 25 km/hr suggests that suppression
would be stressed and likely not successful.
Ignitions on either side of the Cheakamus River, under southerly and westerly conditions for 40 km/hr,
illustrated that extreme fire weather behaviour could severely impact RMOW interface. Additionally,
ignitions around Green Lake demonstrated that the north end of the RMOW could be heavily impacted
under extreme fire weather conditions. Westerly and northerly wind directions above 10 km/hr posed
the greatest risk to this area of the RMOW.
Applying a conservative fuelbreak and fuel conversion network to the landscape and remodeling the
same scenarios resulted in substantially reduced fire behaviour potential, with some minor exceptions
(Table 6). Model outputs for the treated landscape support further fuel treatments and the development
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of a fuel break network around key locations of the RMOW. It is estimated that under the current
funding model and based on the resources of the community, establishment of fuel treatments similar to
those modeled in this analysis, would likely extend over 20 years. With additional funding and
appropriate resources this treatment plan could be accelerated and this is recommended.
The fuel conversions modeled in this analysis were based on the identified hazardous fuel types and are
recommended for prioritized treatment. Several polygons simulated for fuel conversion are in areas of
limited access. Development of simple access (e.g. ATV trails) to facilitate treatments is recommended as
these same areas will also provide fire suppression access. Although other areas may illustrate high fire
behaviour potential, the footprint (fuelbreaks and fuel conversions) created for this analysis is
synergistic with the utilized fuelbreaks.
Further detailed planning and fuel management prescription development will be required to further
implement the treatment areas identified in this fire behaviour analysis.
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Appendix A: Principles of Fuelbreak Design
The information contained within this section has been inserted from “The Use of Fuelbreaks in
Landscape Fire Management” by James K. Agee, Benii Bahro, Mark A. Finney, Philip N. Omi, David B.
Sapsis, Carl N. Skinner, Jan W. van Wagtendonk, and C. Phill Weatherspoon (1999). This article
succinctly describes the principles and use of fuelbreaks in landscape fire management.
The principal objective behind the use of fuelbreaks, as well as any other fuel treatment, is to
alter fire behaviour over the area of treatment. As discussed above, fuelbreaks provide points of
anchor for suppression activities.
• Surface Fire Behaviour
Surface fuel management can limit fireline intensity (Byram 1959) and lower potential fire severity (Ryan
and Noste 1985). The management of surface fuels so that potential fireline intensity remains below some
critical level can be accomplished through several strategies and techniques. Among the common strategies
are fuel removal by prescribed fire, adjusting fuel arrangement to produce a less flammable fuelbed (e.g.,
crushing), or ʺintroducingʺ live understory vegetation to raise average moisture content of surface fuels
(Agee 1996). Wildland fire behaviour has been observed to decrease with fuel treatment (Buckley 1992),
and simulations conducted by van Wagtendonk (1996) found both pile burning and prescribed fire, which
reduced fuel loads, to decrease subsequent fire behaviour. These treatments usually result in efficient fire
line construction rates, so that control potential (reducing ʺresistance to controlʺ) can increase
dramatically after fuel treatment.
The various surface fuel categories interact with one another to influence fireline intensity. Although more
litter and fine branch fuel on the forest floor usually results in higher intensities, that is not always the
case. If additional fuels are packed tightly (low fuelbed porosity), they may result in lower intensities.
Although larger fuels (>3 inches) ‐ are not included in fire spread models, as they do not usually affect the
spread of the fire (unless decomposed [Rothennel 1991]), they may result in higher energy releases over
longer periods of time when a fire occurs, having significant effects on fire severity, and they reduce rates
of fireline construction.
The effect of herb and shrub fuels on fireline intensity is not simply predicted. First of all, more herb and
shrub fuels usually imply more open conditions. These should be associated with lower relative humidity
and higher surface windspeeds. Dead fuels may be drier ‐ and the rate of spread may be higher ‐ because of
the altered microclimate compared to more closed canopy forest with less understory. Live fuels, with
higher foliar moisture while green, will have a dampening effect on fire behaviour. However, if the grasses
and forbs cure, the fine dead fuel can increase fireline intensity and localized spotting.
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• Conditions That Initiate Crown Fire
A fire moving through a stand of trees may move as a surface fire, an independent crown fire, or as a
combination of intermediate types of fire (Van Wagner 1977). The initiation of crown fire behaviour is a
function of surface fireline intensity and of the forest canopy: its height above ground and moisture content
(Van Wagner 1977). The critical surface fire intensity needed to initiate crown fire behaviour can be
calculated for a range of crown base heights and foliar moisture contents, and represents the minimum
level of fireline intensity necessary to initiate crown fire (Table 1); Alexander 1988, Agee 1996). Fireline
intensity or flame length below this critical level may result in fires that do not crown but may still be of
stand replacement severity. For the limited range of crown base heights and foliar moistures shown in
Table 3, the critical levels of flame length appear more sensitive to height to crown base than to foliar
moisture (Alexander 1988).
Table 1. Flame lengths associated with critical levels of fireline intensity that are associated
with initiating crown fire, using Byramʹs (1959) equation.
Foliar Moisture
Content (%)

70
80
90
100
120

2 meters
6 feet
M ft
1.1 4
1.2 4
1.3 4
1.3 4
1.5 5

Height of Crown Base
in meters and feet
6 meters
12 meters
20 feet
40 feet
M ft
M ft
2.3 8
3.7 12
2.5 8
4.0 13
2.7 9
4.3 14
2.8 9
4.6 15
3.2 10
5.1 17

20 meters
66 feet
M ft
5.3 17
5.7 19
6.1 20
6.5 21
7.3 24

If the structural dimensions of a stand and information about foliar moisture are known, then critical
levels of fireline intensity that will be associated with crown fire for that stand can be calculated. Fireline
intensity can be predicted for a range of stand fuel conditions, topographic situations such as slope and
aspect, and anticipated weather conditions, making it possible to link on‐the‐ground conditions with the
initiating potential for crown fires. In order to avoid crown fire initiation, fireline intensity must be kept
below the critical level. Managing surface fuels can accomplish this such that fireline intensity is kept well
below the critical level or by raising crown base heights such that the critical fireline intensity is difficult to
reach. In the field, the variability in fuels, topography and microclimate will result in varying levels of
potential fireline intensity, critical fireline intensity, and therefore varying crown fire potential.
• Conditions That Allow Crown Fire To Spread
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The crown of a forest is similar to any other porous fuel medium in its ability to burn and the conditions
under which crown fire will or will not spread. The heat from a spreading crown fire into unburned crown
ahead is a function of the crown rate of spread, the crown bulk density, and the crown foliage ignition
energy. The crown fire rate of spread is not the same as the surface fire rate of spread, and often includes
effects of short‐range spotting. The crown bulk density is the mass of crown fuel, including needles, fine
twigs, lichens, etc., per unit of crown volume (analogous to soil bulk density). Crown foliage ignition
energy is the net energy content of the fuel and varies primarily by foliar moisture content, although
species differences in energy content are apparent (van Wagtendonk et al. 1998). Crown fires will stop
spreading, but not necessarily stop torching, if either the crown fire rate of spread or crown bulk density
falls below some minimum value.
If surface fireline intensity rises above the critical surface intensity needed to initiate crown fire behaviour,
the crown will likely become involved in combustion. Three phases of crown fire behaviour can be described
by critical levels of surface fireline intensity and crown fire rates of spread (Van Wagner 1977, 1993): (1) a
passive crown fire, where the crown fire rate of spread is equal to the surface fire rate of spread, and crown
fire activity is limited to individual tree torching; (2) an active crown fire, where the crown fire rate of
spread is above some minimum spread rate; and (3) an independent crown fire, where crown fire rate of
spread is largely independent of heat from the surface fire intensity. Scott and Reinhardt (2001) have
defined an additional class, (4) conditional surface fire, where the active crowning spread rate exceeds a
critical level, but the critical level for surface fire intensity is not met. A crown fire will not initiate from a
surface fire in this stand, but an active crown fire may spread through the stand if it initiates in an
adjacent stand.
Critical conditions can be defined below which active or independent crown fire spread is unlikely. To
derive these conditions, visualize a crown fire as a mass of fuel being carried on a ʺconveyor beltʺ through
a stationary flaming front. The amount of fine fuel passing through the front per unit time (the mass flow
rate) depends on the speed of the conveyor belt (crown fire rate of spread) and the density of the forest
crown fuel (crown bulk density). If the mass flow rate falls below some minimum level (Van Wagner 1977)
crown fires will not spread. Individual crown torching, and/or crown scorch of varying degrees, may still
occur.
Defining a set of critical conditions that may be influenced by management activities is difficult. At least
two alternative methods can define conditions such that crown fire spread would be unlikely (that is, mass
flow rate is too low). One is to calculate critical windspeeds for given levels of crown bulk density (Scott
and Reinhardt, 2001), and the other is to define empirically derived thresholds of crown fire rate of spread
so that critical levels of crown bulk density can be defined (Agee 1996). Crown bulk densities of 0.2 kg m‐3
are common in boreal forests that burn with crown fire (Johnson 1992), and in mixed conifer forests, Agee
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(1996) estimated that at levels below 0.10 kg m‐3 crown fire spread was unlikely, but no definitive single
ʺthresholdʺ is likely to exist.
Therefore, reducing surface fuels, increasing the height to the live crown base, and opening canopies should
result in (a) lower fire intensity, (b) less probability of torching, and (c) lower probability of independent
crown fire. There are two caveats to these conclusions. The first is that a grassy cover is often preferred as
the fuelbreak ground cover, and while fireline intensity may decrease in the fuelbreak, rate of spread may
increase. Van Wagtendonk (1996) simulated fire behaviour in untreated mixed conifer forests and
fuelbreaks with a grassy understory, and found fireline intensity decreased in the fuelbreak (flame length
decline from 0.83 to 0.63 m [2.7 to 2.1 ft]) but rate of spread in the grassy cover increased by a factor of 4
(0.81 to 3.35 m/min [2.7‐11.05 ft/min]). This flashy fuel is an advantage for backfiring large areas in the
fuelbreak as a wildland fire is approaching (Green 1977), as well as for other purposes described later, but
if a fireline is not established in the fuelbreak, the fine fuels will allow the fire to pass through the fuelbreak
quickly. The second caveat is that more open canopies will result in an altered microclimate near the
ground surface, with somewhat lower fuel moisture and higher windspeeds in the open understory (van
Wagtendonk 1996).
•

Fuelbreak Effectiveness

The effectiveness of fuelbreaks continues to be questioned because they have been constructed to varying
standards, ʺtestedʺ under a wide variety of wildland fire conditions, and measured by different standards
of effectiveness. Green (1977) describes a number of situations where traditional fuelbreaks were successful
in stopping wildland fires, and some where fuelbreaks were not effective due to excessive spotting of
wildland fires approaching the fuelbreaks.
Fuelbreak construction standards, the behaviour of the approaching wildland fire, and the level of
suppression each contribute to the effectiveness of a fuelbreak. Wider fuelbreaks appear more effective than
narrow ones. Fuel treatment outside the fuelbreak may also contribute to their effectiveness (van
Wagtendonk 1996). Area treatment such as prescribed fire beyond the fuelbreak may be used to lower
fireline intensity and reduce spotting as a wildland fire approaches a fuelbreak, thereby increasing its
effectiveness. Suppression forces must be willing and able to apply appropriate suppression tactics in the
fuelbreak. They must also know that the fuelbreaks exist, a common problem in the past. The effectiveness
of suppression forces depends on the level of funding for people, equipment, and aerial application of
retardant, which can more easily reach surface fuels in a fuelbreak. Effectiveness is also dependent on the
psychology of firefighters regarding their safety. Narrow or unmaintained fuelbreaks are less likely to be
entered than wider, well‐maintained ones.
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No absolute standards for width or fuel manipulation are available. Fuelbreak widths have always been
quite variable, in both recommendations and construction. A minimum of 90 m (300 ft) was typically
specified for primary fuelbreaks (Green 1977). As early as the 1960ʹs, fuelbreaks as wide as 300 m (1000 ft)
were included in gaming simulations of fuelbreak effectiveness (Davis 1965), and the recent proposal for
northern California national forests by the Quincy Library Group (see web site http://www.qlg.org for
details) includes fuelbreaks 390 m (0.25 mi) wide. Fuelbreak simulations for the Sierra Nevada Ecosystem
Project (SNEP) adopted similar wide fuelbreaks (van Wagtendonk 1996, Sessions et al. 1996).
Fuel manipulations can be achieved using a variety of techniques (Green 1977) with the intent of removing
surface fuels, increasing the height to the live crown of residual trees, and spacing the crowns to prevent
independent crown fire activity. In the Sierra Nevada simulations, pruning of residual trees to 3 m (10 ft)
height was assumed, with canopy cover at 1‐20% (van Wagtendonk 1996). Canopy cover less than 40%
has been proposed for the Lassen National Forest in northern California. Clearly, prescriptions for creation
of fuelbreaks must not only specify what is to be removed, but must describe the residual structure in terms
of standard or custom fuel models so that potential fire behaviour can be analyzed.
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