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2.0 FIRE BEHAVIOUR DOCUMENTATION
2.1 OBJECTIVE
The objective of this section is to describe the fire behaviour (spread rates, spotting distances,
intensities, fuel consumption) observed during, and quantified immediately after, the Chisholm fire,
including fire weather and fire danger indices leading up to and during the fire. Observed versus
predicted fire behaviour will be compared. In addition, observed fire behaviour and burning
conditions will be compared against historical fires in the Slave Lake area.

2.2 BACKGROUND SUMMARY
The documentation process used to meet the objectives of this section included the following:
1.

Conduct post-fire aerial and ground reconnaissance of Fires 063 and 073 to assess general
characteristics of fire behaviour and impact by fuel type, location, and topographic features,
noting and photographing significant features.

2.

Collect immediate post-fire samples of fuel moisture content and fuel consumption by fuel type
and component.

3.

Assemble daily and hourly fire weather data, and Fire Weather Index (FWI) System database
for the fire from several representative weather stations.

4.

Assemble the Fire Behaviour Prediction (FBP) System hourly database for the fire, verifying
that computer programs are calculating standard outputs for representative FBP fuel types.

5.

Obtain a climatological database representative of the fire area in order to compare the
Chisholm fire burning conditions with climatological norms and extremes.

6.

Obtain a geographic fuel type database for the fire area to calculate the proportional fuel types
burned by the major fire run, and to support fire growth model simulations of selected fire runs.

7.

Determine fire run perimeters from AWIS remote sensing data or reliable sketch mapping, and
calculate daily interval and individual fire run areas burned using GIS.

8.

Document fire behaviour observations by time and location as recorded in fire agency witness
statements, radio logs and diaries.

9.

Collate, summarize and validate daily fire weather forecasts and fire behaviour forecasts, as
disseminated by the LFS Fire Weather Section and in daily operational fire plans for the
Chisholm fire complex.

10.

Interpret observed fire behaviour characteristics in terms of burning conditions, fuel types and
topographic features.

11.

Interpret observed fire behaviour as compared to fire behaviour documented on historical fires
in the area.

2.3 FIRE WEATHER
2.3.1 Chisholm Fire Antecedent Weather for Slave Lake–Lac La Biche Area
Normal or above-normal annual precipitation was last recorded in the Chisholm/Slave Lake/Lac La
Biche region in 1996. Figure 2.1 recorded nearly 40% above-normal precipitation.
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El Nino, which was a displacement of warm air from the mid Pacific in northwestern North America,
and associated with warm tropical water currents moving northward along the North American west
coast line, moved into northwest North America from fall 1997 to spring 1998. This resulted in a
general persistent warm and dry upper 500-mb (millibar) ridge over the area.
El Nino’s presence coincided with a continuous below-normal annual precipitation trend for the
region, extending from 1997 to 2000. During this period, precipitation ranged from 20–30% below
normal (Figures 2.2–2.5), and many sloughs dried up. A record Alberta fire season followed in 1998,
with a near record fire season in 1999.
A general weather circulation pattern (not connected to El Nino) in northwestern North America that
extended from November 2000 to May 2001, began holding a persistent weak upper ridge 500-mb
pattern over Alberta. This diverted any moisture well north and south of the region and the Chisholm
fire area. As a result, record or near-record low precipitation values were recorded during winter
2000/2001 in western Canada, including the Rocky Mountains through to the west coast of British
Columbia (Figure 2.7).
Unusual winter sights were noted throughout the region and in the Chisholm fire area—fields with
continuous bare spots (snow-free) through the winter, open areas, low elevation forest sites with snow
little more than ankle deep, mountains with only traces of visible snow. A late spring snowstorm
contributed minimally to the overall snow pack. With this unusual persistent weather circulation
pattern, the Canadian Maritime provinces experienced one of the worst winters in memory, with
record snowfall amounts received in numerous locations.
The below-normal precipitation deficit increased to 40% in the region during autumn 2000 (Figure
2.6); the winter 2000/2001 deficit (Dec., Jan., Feb.) was near 70% (Figure 2.7), and the spring 2001
deficit (Mar., Apr., May) neared 65% (Figure 2.8).
The chart below contains LFS station names, including the Remote Automatic Weather Stations
(RAWS) with the identifiers that are used in the tables and throughout the following narrative. These
weather stations are mapped to show their locations relative to the Chisholm fire complex (Figure
2.9).

CM
CI
SY
S1
S2
FT
VG

Chisholm Forestry Tower
Chisholm Fire Base RAWS
Smith Ranger Station
Saulteaux RAWS
Marten Hills
Flat Top Forestry Tower
Vega Forestry Tower
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Long.

Elevation
(m)

54.56
54.46
55.16
54.87
55.53
55.15
54.43

114.20
114.21
114.03
114.76
114.56
114.81
114.43

667
624
610
700
1000
1038
713

Direction and
Distance from
Chisholm Hamlet
ENE
9 km
S
16 km
NNE
24 km
WSW
34 km
NNW
74 km
WNW
40 km
SSW
62 km
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Figure 2.1. Precipitation departures from normal annual 1996.
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Figure 2.2. Precipitation departures from normal annual 1997.
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Figure 2.3 Precipitation departures from normal annual 1998.

Section 2.0

6

Figure 2.4 Precipitation departures from normal annual 1999.
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Figure 2.5 Precipitation departures from normal annual 2000.
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Figure 2.6. Precipitation departures from normal autumn (Sept., Oct., Nov.) 2000.
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Figure 2.7. Precipitation departures from normal winter (Dec., Jan., Feb.) 2000/2001.
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Figure 2.8. Precipitation departures from normal spring (Mar., Apr., May) 2001.
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Figure 2.9. Weather station locations, Chisholm fire.
A closer look shows the localized extreme precipitation deficit in the fire area. In April 2001, the
Chisholm forestry tower recorded a precipitation amount of 1.6 mm, which was 93% below the normal
level of approximately 22 mm. In May 2001 and up to the May 28 fire date, the Chisholm forestry tower
recorded 6.5 mm precipitation, or 85% below the normal amount of 42.4 mm. The Smith Ranger Station
located north of the Chisholm tower had similar precipitation values—April 2001 showed 2.4 mm (89%
below normal), and May 2001 recorded 2.0 mm (95% below normal) up to the May 28 fire date.
Under these extreme dry conditions, snow cover was gone by April 1 at the Smith Ranger Station, by
April 9 at the Vega forestry tower (approximately 62 km south-southwest of the Hamlet of Chisholm),
and by April 24 at the Salteaux remote auto weather station (approximately 34 km west-southwest of
Chisholm. The limited historical data on snow cover that is available for the past several springs indicates
the snow is generally gone during first week of April.
The variation in precipitation amounts for the area over the past several years, along with the limited
historical data, indicate the green-up stage for grass and shrubs occurs during the third or fourth week of
May. On May 28, 2001, the grass had not reached the green-up stage and was still cured grass with only
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spotty minimal transition grass present. This delay was the result of moisture stress to the shallow-rooted
vegetation in the Chisholm fire area. Deciduous trees had leafed-out on or before May 26, as recorded at
the Vega forestry tower and noted at the fire area. The timing of deciduous leaf-out depends largely on
temperature and moisture conditions, and may occur up to three weeks ahead of an average year due to
above-normal temperatures and available moisture. Coniferous trees were in the open bud stage during
the Chisholm fire, but had not reached the coniferous needle flush that generally occurs during the first
week of June (information based on limited data sets).

2.3.2 Fire Weather Climatology for Slave Lake/Lac La Biche Area
The two sources of archived weather data readily available for the Slave Lake and Lac La Biche stations
were as follows:
1.

Atmospheric Environment Service (AES) stripped weather table outputs from 1953–1995 were
provided courtesy of the Canadian Forest Service in Edmonton. These gave monthly means for
daily (noon MST) temperature (T), relative humidity (RH), wind speed (WS) and precipitation (P)
for the following stations and time periods:
•
•

2.

Lac La Biche (Stn. 3063680) 1953–1958
Lac La Biche (Stn. 3063685) 1959–1970

• Slave Lake (Stn. 3066001) 1972–1994
The LFS daily (noon MST) fire weather observations were available from the FIRES Program for
the following stations and time periods:
•
•

Lac La Biche/Beaver Lake Ranger Station (LB) 1976–1995
Slave Lake Forestry (ZH) 1976–1996

Because the LFS data sets contained daily observations of T, RH, WD (wind direction), WS and P, the
monthly means as well as the 50th, 90th and 100th percentile values could be calculated. In the case of wind
direction, percentile frequencies could be calculated by 45 degree half-quadrants. The results of these
climatological analyses are tabulated in Appendix 2.1.
It is significant that the extreme wind speed for May, as recorded at Slave Lake between 1976–1996, was
56 km/h, which was just 8 km/h above the 48 km/h (gusting to 83 km/h) recorded at the Chisholm Base
Station on May 28, 2001. In addition, the southeast wind direction that dominated the 2001 Chisholm and
1968 Lesser Slave Lake fires comprised 10% of the May wind directions, while 57% were northwest and
18% were north.

2.3.3 Synoptic Scale Weather Conditions During Chisholm Fire
Meteorological data and information were obtained from LFS, and additional supporting information was
gathered through the internet from the Meteorological Service of Canada (MSC). The latter included
climate normals and precipitation graphics, and upper air analysis including 850, 700, 500 mb. The
National Centre for Atmospheric Research (NCAR) and Texas A&M University (TAMU) provided
hourly METAR(s), raw precipitation data and upper air observations, while the National Oceanic and
Atmospheric Administration (NOAA) provided archived satellite weather imagery.
Surface data were collected from LFS manned forestry towers (Chisholm [CM], Flat Top [FT]), stations
(Smith [SY]), the auto weather station (Salteaux [S1]), and the quick deploy auto weather station at the
Chisholm fire base (CI). Supporting surface weather data included surface weather maps and upper air
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profile. Satellite animated weather imagery, both visible and infrared, was supplied by Fire Management
at the Prince Albert Fire Centre, Saskatchewan Environmental and Resource Management (SERM).
May 1–6, 2001
A persistent weather pattern continues similar to April, with weak Pacific upper troughs moving into
northern Alberta, producing only cloudy, dry conditions and weak surface low-pressure centres. General
west-to-northwest, light-to-moderate surface winds are maintained, gusting to 70 km/h on May 6 and
decreasing the next day. A small band of very light showers moves through the area May 5 and 6.
May 7–12, 2001
Continuing weak upper disturbances continue to move through the area in a dry westerly flow pattern,
maintaining mainly sunny skies. Daytime highs range from 13o–19oC, with several overnight lows
recorded at -2oC. Surface wind conditions are generally west and light to moderate with no precipitation.
May 13–21, 2001
Bands of cloud continue to move through the area in a west to occasionally northwest flow aloft,
maintaining variable clouds with gusting west winds on May 17 and 18. Daytime temperatures keep
values in the 12o–18oC range, and lows have dropped to 0oC on several nights. Narrow bands of showers
move through on May 19 and 20, with 4.0 mm of rain recorded at the Chisholm forestry tower. The
beginning signs of an upper 500-mb ridge building over British Columbia and western Alberta are
present.
May 22, 2001
The building upper 500-mb ridge begins moving warm, dry air into the region from the south and
southwest, with mainly sunny skies and light-to-moderate west winds as a weak surface low-pressure
trough begins to deepen over northern Alberta. The daytime maximum temperature reaches 23oC, with a
minimum humidity of 27%.
May 23, 2001
A weak low-pressure centre moving northward over the extreme northern part of Alberta with a
weakening cold front to the southwest over the east part of the Peace country, helps develop a general
thermal trough southward during the day, producing light and variable surface wind conditions. The
daytime maximum temperature reaches 28oC, with a minimum humidity of 21%.
May 24, 2001
The 500-mb ridge has weakened slightly, allowing a band of cloud and a north-south surface low-pressure
trough to move through the area by midday. Surface winds switched to the northwest, becoming moderate
with a surface wind speed maintained near 15–20 km/h during the day, becoming light overnight. The
daytime maximum temperature is 24oC, with a minimum humidity of 32%. A very light shower passes
over the Chisholm forestry tower but misses the Chisholm fire base.
May 25, 2001
The surface trough moves into western Saskatchewan by midday with a surface ridge of high pressure
building into northern Alberta from British Columbia. This maintains a light-to-moderate drying surface
flow from the northwest throughout the day, with peak gusts to 29 km/h during mid afternoon, becoming
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light and variable overnight. The maximum daytime temperature is 24oC and the minimum humidity is
13%.
May 26, 2001
A weak upper trough passes through the area in the late afternoon, producing a narrow band of convective
cloud. Daytime heating is sufficient to produce a light shower, with 1 mm of rain recorded at the
Chisholm base and the Chisholm forestry tower. A large high-pressure area centred near Yellowknife,
NWT, begins building southward into eastern Alberta by midday, starting a prominent, dry, easterly
surface wind for the next several days. At 500 mb, the warm, dry, upper ridge begins to rebuild more
strongly over the area. The maximum daytime temperature is 21oC and the minimum humidity is 35%.
May 27, 2001
The 500-mb ridge has moved eastward through the area, pausing north-south along the AlbertaSaskatchewan border, then moving northwest toward Great Bear Lake in the NWT and continuing to
strengthen and move very slowly eastward. A strengthening upper south flow develops to the west of the
upper ridge. On the surface, a high-pressure ridge over the eastern arm of Great Slave Lake, NWT, and
south over eastern Alberta, maintains an increasing moderate southeast surface wind over most of the
region and a large area of Alberta. This increasing southeast wind is caused by a deepening complex lowpressure area from the west Peace country to southeast British Columbia, with winds increasing and
gusting east to southeast by 22:00 and continuing overnight. The overnight temperature drops to the midteens and the maximum humidity is 55%. The maximum daytime temperature is 26oC and the minimum
humidity is 27%.
May 28, 2001
The upper air features show the 500-mb ridge has moved to a line extending from Saskatoon northwest to
Yellowknife, with increasing south wind at all levels. Early morning analysis from the Stony Plain Upper
Air Station 160 km south of Chisholm shows a low-level jet stream of 98 km/h at 4000 ft. mean sea level
(MSL), or 2000 ft. above ground level (AGL), from Stony Plain north to include the Chisholm fire area.
The airmass is rather unstable, becoming very unstable during the afternoon.
Complex weather features appear, and the early morning surface weather analysis shows a complex
deepening low-pressure area and trough with a cold front to the west, that is now moving slowly eastward
toward the fire area. This increases the surface pressure gradient, resulting in a strong, southeast surface
wind.
With early daytime heating and an increasingly unstable airmass, the low-level jet stream mixes with the
lower atmosphere and surfaces. This produces an extended period of strong-to-very strong surface wind,
with gusts reaching 81 km/h by 10:00, as recorded at the Chisholm fire base auto weather station.
By early afternoon (13:30), an upper trough has arrived in the fire area from the south, resulting in a quick
moving line of convective cloud about 60–120 km wide, stretching south-southeast and connected to a
another weather system in Wyoming. This convective line with isolated cumulonimbus (CB) moves
through and is clear of the fire weather area in about 90 minutes. The smoke plume begins to veer with
arrival of this first line of convective cloud, as observed on satellite weather imagery. No precipitation is
recorded in connection with this cloud line at either the Chisholm fire base or the Salteaux auto weather
station.
By mid afternoon (15:00), a low-pressure centre has developed near Edmonton with a second lowpressure centre near High Level connected by a cold front. This location places the cold front trough 60
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km to the west of Chisholm. The strong surface wind is widespread for about 200 km to the east of the
low-pressure trough area. A maximum surface temperature of 28oC is recorded at 17:00 and 18:00, with a
minimum humidity for the day of 25%.
With severe surface conditions present, and as a result of a cooler, unstable air mass behind the first line
of CB cloud, a second line of CB convective cloud approaches the fire area from the south by 17:00, as
observed from weather satellite imagery. This line is more intense and widespread thunderstorm activity
occurs, affecting the fire area as well as areas near Edmonton and Whitecourt. Satellite imagery shows the
line of CB influencing both surface and upper flow patterns. The smoke plume continues to shift aloft,
veering by now a total of nearly 40 degrees at upper levels. The surface wind direction shifts as well,
veering from southeast to south and then to an easterly direction for nearly two hours, and affecting the
fire behaviour and direction travelled by the fire on the ground. The peak wind gust speed for the day is
92 km/h (recorded at 18:00). This peak surface wind is influenced by downdrafts from severe CB
thunderstorms passing overhead.
Unconfirmed reports are received of a funnel cloud or possible tornado spotted at this time in the
Chisholm fire area, verifying the presence of severe atmospheric conditions.
Precipitation amounts from the thunderstorm are very light—0.4 mm at the Chisholm fire base and 1.0
mm at the Salteaux auto weather station. This line of convective cloud clears the fire area by 21:00 as the
surface wind direction returns to the previous gradient direction and speed.
May 29, 2001
The early morning hours are marked by increased cloud and spotty shower activity from the low-pressure
centre near Edmonton that is now moving north through the fire area, temporarily stalling the trough and
cold front’s eastward movement through the Chisholm fire area. A wind shift and passage of the cold
front through the Salteaux auto weather station area occurs about 06:00, with the wind shift and cold front
passing through the Chisholm fire base near 09:00. A cool, moist, westerly moderate wind gusting to 40
km/h with higher humidity is now established in the fire area. The temperature remains steady near 7oC
during the day. Precipitation for the day is approximately 0.6 mm, both at the Chisholm fire base and
Salteaux auto weather station.
May 30, 2001
The low-pressure area moves off to the Fort McMurray region, leaving behind an area of rain in the fire
area. Nearly 10 mm of rain is recorded at the Chisholm fire base, with approximately 13 mm recorded at
the Salteaux auto weather station. Temperatures remain cool with daytime highs near 5oC and some snow
reported at higher elevations in the fire area.
Wind speed measurement heights from the Chisholm fire base quick deploy autostation weather station
wind mast are adjusted from 2.0–2.9 m to a standard 10 m speed estimate reading reference. Turner and
Lawson (1978) have been used in the following hourly wind speed measurement, which includes peak
gusts.
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Table 2.1. Hourly weather observations including wind gusts, 08:00–24:00 MDT at Chisholm fire
base, May 28, 2001.
(This hourly weather observation is the best representative weather trend that would be closest to the
conditions that were present as the wildfire approached and passed through the Hamlet of Chisholm).
Station
Name

May 28
MDT
0800
0900
1000
1100

Temp.
(ºC)
18.3
20.7
22.1
24.3

RH
(%)
48
43
38
32

CI
CI

1200
1300

25.9
26.4

27
26

SE
SE

46 G 77
48 G 83

CI
CI
CI

1400
1500
1600

24.2
23.5
26.4

28
34
26

SE
SE
SE

43 G 80
33 G 78
40 G 85

CI
CI

1700
1800

27.5
28.0

25
25

SE
SE

46 G 75
44 G 92

CI
CI
CI
CI
CI
CI

1900
2000
2100
2200
2300
2400

23.0
17.2
18.6
18.4
17.6
18.3

34
67
62
62
67
61

S
E
SE
SE
E
E

48 G 84
09 G 55
35 G 61
31 G 70
41
25 G 43

CI
CI
CI
CI

Location
Lat./Long.
54.46º/114.20º

Wind Direction,
Wind Speed and Gusts (km/h)
E
34 G 50
SE
34 G 67
SE
38 G 81
SE
41 G 78

Wind speed increased substantially on May 28 as the low-level jet mixed to the surface at 10:00, adding
to the severity of the fire due to the extreme dry conditions that existed and the high potential for
combustion—the totally cured grasses and shrubs stressed from the lack of winter and spring moisture in
past months, and the standing aspen under stress from the same dry conditions. The strong-to-very strong
gusting surface winds added to an already unstable airmass, producing severe mechanical turbulence on
the surface and aloft up to 5000 ft. AGL. Severe turbulence is confirmed by pilots of rotory wing and
fixed wing aircraft operating in the immediate fire vicinity. Air operations are suspended near 14:00 due
to unsafe conditions, coinciding with the arrival of the first convective cloud line into the fire area.
The two separate lines of convective clouds arriving and departing from the fire area at approximately
14:00 and 18:00, caused erratic fire travel and behaviour on the ground, providing a potential explanation
for some areas burned by the fire. Fire whirls are nearly always present in very unstable atmospheric and
extreme fire conditions, and these were ground-truthed from the air in several fire locations northeast of
Chisholm with the tree crossover mix visible.
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2.4 FIRE DANGER
2.4.1 Carryover of Drought
In the Canadian Forest Fire Danger Rating System (CFFDRS), drought is accounted for by the drought
code (DC) component of the Fire Weather Index (FWI) System. The drought code has a 52-day timelag,
and is designed to represent an 18 cm deep forest floor layer holding 100 cm of water equivalent (Van
Wagner 1987). Because of its slow response, the DC is the only one of the three FWI System moisture
codes for which overwintering is required (Lawson and Dalrymple 1996).
Turner and Lawson (1978) provide standard overwinter calculation procedures for DC, and these were
used by the LFS Fire Weather Section to start the LFS Fire Weather Network stations in spring 2001 and
in the preceding years. A ground-truth forest floor moisture sampling program using a province-wide
network of mesic white spruce-dominated sampling sites established for the study was conducted in
spring 2000 (Ember Research Services 2000). This program included two benchmark sites near Flat Top
forestry tower 10 km northwest of the Chisholm fire. The study confirmed that in general, the DC
overwinter calculation procedure worked well against ground-truth forest floor moisture sampling.
Salteaux was deemed to be more representative of the Flat Top benchmark sites than FT because of the
elevational difference.
According to DC calculations used by the LFS Fire Weather Section for 2001, FT had fully recharged by
April 1, while other weather stations in the Chisholm fire area had a slight carryover of drought from the
previous year. As an example, S1 had DCs of 122 for April 1, S2 had 117, CM had 207, and LB had 113.
These modest starting DC values are primarily the result of low closing DC values in fall 2000, since
overwinter precipitation amounts for the region were quite low, generally less than 100 mm or 50% of
normal.
Ground-truth forest floor moisture sampling was not conducted in 2001 on the benchmark sites
established in 2000 before the Chisholm fire occurred. Samples were collected immediately after the fire,
however, on June 1 at benchmark site Flat Top 2, adjacent to the gate on the road up to FT. In summary,
the dry spring weather conditions resulted in a DC of 198 at FT and 347 at S1 on June 1, with
corresponding forest floor moisture contents of 211% and 144%, respectively, based on the standard
calibration equation used in Ember’s 2000 benchmark study. The average of 6–12 cm sampled depths of
forest floor at Flat Top 2 was 190%, which corresponded to a DC of 240 using the same standard
calibration equation.
These results suggest the calculated DC at FT and S1 straddle the actual DC representative of the Flat
Top 2 benchmark site on June 1. There is no evidence from this sampling check that the DC for S1, as
calculated and overwintered, significantly over- or underestimated forest floor moisture in the area
represented by these stations. Detailed sampling results are documented in Appendix 2.5.
As a further calibration check on fuel moisture codes calculated for the benchmark fuel moisture
sampling site Flat Top 2, the sampled moisture content of the 2–4 cm forest floor layer averaged 146%,
which closely matched the 148% corresponding to S1 DMC of 34 for June 1.
Further discussion of fuel moisture sampling results within the Chisholm fire area is provided in
Section 2.8.2.1.
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2.4.2 Fire Danger Climatology for Slave Lake/Lac La Biche
The two archived weather data sources, weather stations and periods of record available for
documentation of this fire danger climatology are described in Section 2.3.2, with the resulting monthly
mean and selected percentile values of the six FWI System components (FFMC, DMC, DC, ISI, BUI,
FWI) and daily severity rating (DSR) tabulated in Appendix 2.1.
It is significant to note that the maximum May BUI value recorded between 1953 and 1996 was 120.7
(recorded in 1991). The maximum May initial spread index (ISI) value for the same period was 40.6, and
the maximum May FWI value was 59.6.

2.4.3 Fire Danger Indices During Chisholm Fire
Complete listings of daily (noon MST except 13:00 MDT for CI) and hourly components of the FWI
System are included in Appendix 2.2 for weather stations at CI, S1 and S2 for May 20–31, 2001. The six
daily FWI System components are displayed graphically for CI, S1 and S2 for May 20–31, and hourly
RH, WS, FFMC and ISI for May 23–29 for CI in Figures 2.10 and 2.11.
The peak burning conditions for the Chisholm fire occurred at 19:00 on May 28 at Station CI, with
ISI=62.6 and FWI=105. These values significantly exceeded the maximum May values for those two
FWI System components recorded previously at the Slave Lake and Lac La Biche stations from 1953–
1996 (ISI=40.6 and FWI=59.6). On May 28, the BUI for CI (121) matched the previous May record for
BUI at Slave Lake and Lac La Biche (1953–1996). Peak winds recorded at the Chisholm fire of 49 km/h
(G92) recorded at 13:00 and 19:00 on May 28 were slightly below the previous 20-year maximum May
winds (1976–1996) for ZH, which were recorded at 56 km/h.
In Alberta, an FWI greater than 30 is classified as extreme, and the 90th percentile FWI (10% of May days
will be higher) for May at Slave Lake is 23.5. This indicates that the May 28, 2001, FWI peak of 97.5
occurring at 13:00 at the Chisholm fire was significantly higher than the previous May record of 59.6 for
Slave Lake and Lac La Biche recorded over the 43-year period.
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Figure 2.10. Daily FWI system components May 20–31, 2001, for weather stations CI, S1 and S2.
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Figure 2.11. Hourly RH, wind speed, FFMC and ISI, May 23–29, 2001, for CI.

2.5 FUELS
2.5.1 Fuel Type Classification Algorithm Used by Land and Forest Service
Fire behaviour prediction fuel types for LFS preparedness planning systems (PPS) and spatial Fire
Management System (sFMS) applications used for the Chisholm fire were classified using a rule-based
algorithm geared to Alberta Vegetation Inventory (AVI) attributes. This algorithm was developed
originally by Cordy Tymstra, Provincial Forest Fire Centre, as a Dbase program, and recently translated
to C and integrated into a Windows interface by GISmo Solutions Ltd. (GISmo Solutions 2001). The
program AVI2FBP uses standard AVI Spatial Repository attributes to calculate a FBP fuel type for each
vegetation stand (polygon), starting with the stand structure and moving through the species composition
and details concerning understory, crown closure, moisture regime, etc.
This documentation of the Chisholm fire does not include documentation or validation of the AVI2FBP
program. In general, classification of fuel types in the fire area is based on this program as it existed at the
time of the fire with some exceptions, as documented in Section 2.5.2. The PPS/sFMS maps are based on
unmodified fuel type classification. The burned area statistics by fuel type and fire growth modelling
outputs reported elsewhere in this report are based on fuel type classification modifications as
documented in Section 2.5.2.
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2.5.2 Fuel Types Representative of Chisholm Fire
The burned area within the perimeter of the Chisholm fire complex (Fires LWF 063 and 073) was
reduced for the areas typed as unburned on aerial photography flown immediately after the fires. The
resulting burned area was calculated in percent by FBP fuel type, as classified by the most recent version
of the LFS algorithm AVI2FBP, overridden such that vegetated areas classified as non-fuel (NF) and
grass (0-1a) were all coded as standing grass (0-1b) (Table 2.2). These exceptions were justified as being
special situations owing to the following circumstances:
1.

As a result of the low snow pack over the previous winter and the dry spring up to the time of the
fire, grass fuels were observed to be 100% cured and largely standing.

2.

Recently burned areas within the 2001 Chisholm fire included the 1998 Chisholm and Mitsue
wildfires, parts of which had been salvage logged with some of that area still containing slash piles.
Such areas that were classified as NF by the algorithm were considered to be better represented by
0-1b (standing grass), as being reflective of the predominant fire carrying fuel component present on
these areas, and the observed behaviour of the 2001 Chisholm fire in these sites.

Boreal mixedwood (leafless) and leafless aspen (M-1 and D-1 FBP fuel types, respectively) were
classified by the algorithm and deemed to be appropriate for the Chisholm fire. Although deciduous tree
species had begun to leaf out by the time of the fire, the dry spring weather had retarded any green-up of
grass and herbaceous vegetation under forest canopies.
Table 2.2. Percentage of area burned in Chisholm fire complex by FBP fuel type as classified by
modified algorithm AVI2FBP (grass and non-fuel coded as standing grass [O-1b]).
FBP Fuel Type

Percentage

FBP Fuel Type

Percentage

Non-fuel
C-1
C-2
C-3
C-4
C-7

0.0
0.6
38.6
3.5
0.1
0.1

Water
D-1
M-1
0-1b

0.3
18.3
3.0
35.3

Clearly, the predominate fuel types are boreal spruce (C-2) and grass (0-1b). The higher percentage of
0-1b fuel types is owing to the significant portion of the 2001 Chisholm fire that re-burned areas
previously burned by the 1998 Chisholm fire southeast of the Salteaux River, and the large area northwest
of the Salteaux River that had burned in the 1998 Mitsue fire.
The high percentage of leafless aspen (D-1) fuel type relative to boreal mixedwood (M-1) may be a result
of the LFS fuel type classification rule that designates D-1 as being an overstory with >60% hardwood
species composition (i.e., 70%, 80%, 90% or 100%). It is clear that many stands classified by the fuel
type algorithm as D-1 or deciduous will contain significant portions of conifer species (possibly up to
30% conifer). A few specific AVI polygons in the vicinity of Chisholm were ground-truth checked and
found to be more accurately classified as M-1 rather than D-1.
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2.5.3 Fuel Types That Enhance or Constrain Fire Spread
Normally, deciduous fuel types (D-1) and boreal mixedwoods after green-up, which contain less than
25% conifer species composition (M-2 [25C]), are considered to be resistant to crown fire initiation and
spread. Along with open pine (C-7), these are recommended choices for including in community
firebreaks. Non-fuel types are often used in conjunction with firebreaks, and if they meet width
specifications they may be termed “fuel breaks.”
Open or treed muskegs may constrain fire spread or enhance it, depending on moisture conditions and the
level of the water table at the time of a fire.
Fuel types that are prone to crown fires include boreal spruce (C-2), and mature and immature pine (C-3
and C-4, respectively). These fuels are at the top end of the range of spread rate, as predicted by the
Canadian Forest Fire Behaviour Prediction System for extreme burning conditions.
Cured standing grass (0-1b, 100% cured) has higher spread rates than C-2, C-3 and C-4, although fire
intensities from grass fuel types are lower since they generally do not have the contribution of tree crown
components, dead/downed wood, and forest floor duff. In addition, grass fuels are not subject to longdistance spotting ahead of the fire front to the same extent as conifer fuel types.
The portion of the 2001 Chisholm fire northwest of the Salteaux River was largely constrained by the 30year-old aspen stands that had regenerated following the May 1968 Lesser Slave Lake fire, which had
also spread with a predominantly southeast wind direction.

2.6 TOPOGRAPHY
The Hamlet of Chisholm lies at an elevation of 600 m along a bench that runs north-south immediately
east of the Athabasca River. Local topography in the Chisholm area and its possible influence on fire
behaviour in the area of the community is discussed in Section 5.
Topography in the Chisholm fire area is flat to rolling, with slopes less than 10% except for some 10–
20% slopes in the northwest sector along the Salteaux River. The Athabasca River bisects the fire area
from northeast to southwest, and is the most prominent watercourse. The Pembina River bounds part of
the fire on the southwest, while the Otauwau River does the same in the northwest.
The elevation rises from 550–650 m in the bulk of the fire area to 750–800 m in the Parker Lake-Otauwau
River area in the northwest. The change in elevation between the Athabasca River and adjacent benches is
generally about 50 m within the fire area. Coupled with the significant width of the Athabasca River, this
provided potentially significant topographic influence and temperature contrast between the water and the
surrounding land on local fire winds and fire behaviour. These effects are discussed in Section 2.8.2,
including possible wind funnelling along watercourses in the northwest sector of the fire.

2.7 FIRE BEHAVIOUR PREDICTIONS
2.7.2 Daily Operational Fire Weather Forecast
A spatial Fire Management System interpolates forecasted and actual fire weather elements and FWI
System components over the landscape, and provides additional fire behaviour predictive outputs such as
head fire intensity (HFI) and crown fraction burned (CFB). The graphic displays on sFMS are useful at a
provincial and fire management district level for monitoring expected fire weather and fire behaviour
trends, and for assisting in preparedness decisions regarding daily suppression resource movements.
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Daily operational fire plans are prepared by the overhead team using forecasted weather elements for the
most representative weather station(s), as provided in spot weather forecasts by the LFS Weather Section.
These daily operational fire plans have a predicted fire behaviour component, as described in the next
section.
The LFS Fire Weather Section issued fire weather forecasts twice daily (morning and afternoon), as well
as afternoon and evening spot forecasts for the Chisholm fire itself, for the period leading up to the
Chisholm fire complex and for the duration of the fire. Of the 16 weather forecast zones used provincewide for daily fire weather forecasts, the Chisholm fire and its weather stations fell within 2 forecast
zones—Swan Hills and Lac La Biche.
The format of the fire weather forecast includes a provincial synopsis, along with significant fire weather
element information (wind, humidity, etc.) and FWI System component information (e.g., “FFMCs
remain extreme”) by forecast zone. Critical weather conditions (e.g., “cross-over conditions [the point at
which Celsius temperature equals relative humidity] are expected again along the east slopes”) and
expected fire behaviour are noted in general terms (e.g., “caution is advised as fuels in some areas are
critically dry, and even low wind speeds can produce dramatic increases in fire behaviour under these
conditions”). The morning forecast includes, by forecast zone, the day’s maximum temperature, minimum
RH, precipitation probability, coverage and type, lightning probability, and afternoon wind velocity and
peak gust (G).
Spot forecasts provide a synopsis, temperature and RH trends, wind velocities and gusts, as well as
precipitation probability, amount and type covering the next 24 hours for the fire area, along with trends
in FWI System components (e.g., “BUI uptrend continuing through the weekend”).
In the case of the Chisholm fire, the afternoon forecast issued May 26 had a “Fire Weather Advisory” that
included eastern Swan Hills and western sections of the Lac La Biche regions for the next two burning
periods (May 27–28), calling for extreme ISI values with very high rates of spread. Caution was advised
in all fire suppression activities, as “fuels are critically dry and very easy burning conditions are forecast.”

2.7.2 Daily Operational Fire Plan, Weather and Behaviour Forecasts
The fire overhead team includes a fire behaviour officer (FBO), whose role in preparing the daily
operational fire plan for the specific fire includes assembling the spot forecasted weather information for
the fire, as provided by the LFS Weather Section, into a fire weather forecast summary. The FBO also
compiles a data set for making both general and specific fire behaviour forecasts for the day.
The general fire behaviour forecast prepared by the FBO contains the forecasted values of the six FWI
System components for the most representative weather station. The forecast also includes a general fire
behaviour narrative relating to factors that affect safety and effectiveness of suppression operations with
respect to expected spread rates, intensities, spotting, turbulence, erratic fire behaviour, etc.
The FBO then calculates a specific set of fire behaviour outputs for predominant fuel types involved in
the fire, using the weather and FWI System components, and a FBP System calculator program contained
within the LFS FIRES Program suite. Selected outputs from this FBP System calculator are included in
the daily operational fire plan, such as rate of spread (ROS), the HFI, and the type of fire (surface,
intermittent crown, active crown), as well as standard suppression interpretations based on these
predictions.
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2.7.3 Standardizing FFMC and ISI Inputs to FBP System
The purpose of this section is to clarify two issues that can arise when fire behaviour predictions are
calculated using the various computer programs that are in general use across Canada, and programs that
are specific to a fire management agency such as LFS.
Formal documentation of observed and predicted fire behaviour for the Chisholm fire requires clarity with
respect to what computer programs were used to make the original calculations of predicted fire
behaviour during management of the fire, and what computer programs were used in the current
documentation and validation exercise.
The first issue is standardization of the FFMC. Standard (noon, local standard time [LST]) FFMC is
defined, described and its standard equations given in Van Wagner (1987), including a description of the
built-in forecast feature that ensures the standard FFMC reflects the mid-afternoon peak (16:00 LST) of
fire danger conditions.
Hourly FFMC is not used operationally by LFS as part of its routine fire weather, fire danger, sFMS, or
project fire behaviour prediction calculation programs. However, documentation of fire behaviour
observed on the Chisholm fire complex included late evening fire runs that warrant calculation of
predicted fire behaviour for times other than the mid-afternoon normal peak of fire danger. Therefore, it
was decided that hourly FFMC (Van Wagner 1977) would be used in calculation programs to compute
hourly ISI and from that, hourly fire behaviour predictions with which to compare observed fire
behaviour at other times of day.
It was noted that two proprietary (Remsoft Inc.) computer software packages (Weatherpro3 and FBP97)
for processing hourly fire weather observations and calculating FWI and FBP System outputs produced
two different hourly ISI values using the same weather inputs, as well as hourly FFMC if wind speed
exceeded 40 km/h, as occurred on the Chisholm fire. Since different hourly ISI for the same burning
conditions produced different predicted fire behaviour outputs, the reasons for this discrepancy were
investigated, first with Canadian Forest Service (CFS), developers of the FWI and FBP Systems, and with
Remsoft Inc.
M. Wotton, CFS (pers. comm. with B. Lawson, June 15, 2001) noted that revised ISI equations for wind
speeds greater than 40 km/h were published as footnote 2, p. 32, in the standard publication of the FBP
System (Forestry Canada Fire Danger Group 1992).
U. Fuenekes, Remsoft Inc. (pers. comm. with K. Frederick, June 28, 2001) confirmed that for wind
speeds greater than 40 km/h, Weatherpro 3 does not adjust the hourly ISI, according to the CFS 1992
revision, while FBP97 does make the correct adjustment. Remsoft then made the adjustment to
Weatherpro 3 and sent a revised version to LFS.
For the Chisholm fire operation, FBP System daily outputs, as calculated originally by the LFS FIRES
Program, would be too high for any noon wind speeds >40 km/h. These calculations are used in LFS
Weather Section forecasts, overhead team forecasts, sFMS/PPS calculations and displays of daily ISI and
ISI-dependent FBP outputs (HFI, CFB, etc.). This Chisholm fire documentation report calculates hourly
FBP outputs and fire growth model (Prometheus) outputs based on a standard CFS FBP System calculator
program supplied by M. Wotton, and uses the revised ISI equation that produces a lower ISI value for
winds >40 km/h.
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2.7.4 Daily and Hourly Fire Behaviour Predictions for Actual Weather Conditions
Three automatic weather stations representative of the Chisholm fire area (Figure 2.9) were available to
provide continuous hourly weather observations for the period of interest, May 22-31—CI, S1 and S2.
Continuous weather observations were not provided by FT, CM and SY throughout the fire period
because of evacuations. In addition, lookout towers record weather only twice a day, in early morning and
at noon (MST). Station CI, located at the Chisholm East Base Camp near the south end of the fire, was
not operational until 06:00 May 26, so the May 22–25 period was compiled from S1 (May 22, 13:00 to
May 25, 07:00; May 25, 22:00 to May 26, 05:00), while Chisholm Base weather kit observations were
used for May 25, 08:00–21:00. Station CI ceased operations on June 3.
These hourly weather observations were used to calculate an hourly FFMC from Weatherpro 3, from
which an hourly ISI and hourly FBP outputs were calculated using a standard CFS program supplied by
M. Wotton.
The results of these hourly FBP System calculations are listed for FBP fuel types C-2, C-3, D-1, 0-1b, and
M-1 (25, 50 and 75% conifer) in Appendix 2.2. Selected FBP System outputs for Station CI,
corresponding to the outputs calculated by the FBO for the daily operational fire plan, are listed (ROS,
HFI, type of fire, total fuel consumption [TFC]) for selected hours representing the major fire events
(Tables 2.2a–2.5b). Figure 2.12 graphs the hourly ROS and HFI for May 23–29, 2001 for C-2 fuel type
for Station CI.
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Figure 2.12. Hourly predicted rate of spread (m/min) and head fire intensity (kW/m) for C-2 fuel
type at Chisholm Base RAWS for May 23–29, 2001.
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Table 2.3a. Summary of observed weather at Chisholm Base RAWS and FBP System outputs for selected hours and fuel types, Chisholm fire
Complex, May 22–24, 2001, including preparedness (May 22), initial attack (May 23-24), and Day 2 escaped fire analysis (May 24).

Section 2.0

28

Table 2.3b. Summary of observed weather at Chisholm Base RAWS and FBP System outputs for selected hours and fuel types, Chisholm fire
Complex, May 22–4, 2001, including preparedness (May 22), initial attack (May 23-24), and Day 2 escaped fire analysis (May 24).
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Table 2.4a Summary of observed weather at Chisholm Base RAWS and FBP System outputs for selected hours and fuel types, Chisholm fire
Complex, May 25–27, 2001, including first run to Chisholm (May 25), May 26 (a calm fire day), and fire runs to NW on west side of Athabasca
River (May 27).
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Table 2.4b. Summary of observed weather at Chisholm Base RAWS and FBP System outputs for selected hours and fuel types, Chisholm fire
Complex, May 25-27, 2001, including first run to Chisholm (May 25), May 26 (a calm fire day), and fire runs to NW on west side of Athabasca
River (May 27).
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Table 2.5a. Summary of observed weather at Chisholm Base RAWS and FBP System outputs for selected hours and fuel types, Chisholm fire
Complex, May 28-29, 2001, including second run to Chisholm (May 28), run of Fire LWF-073 (May 28), fires approaching Slave Lake (May 28),
and suppression plan weather conditions for May 29.
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Table 2.5b. Summary of observed weather at Chisholm Base RAWS and FBP System outputs for selected hours and fuel types, Chisholm fire
Complex, May 28–29, 2001, including second run to Chisholm (May 28), run of Fire LWF-073 (May 28), fires approaching Slave Lake (May 28),
and suppression plan weather conditions for May 29.
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2.7.5 Validation of Fire Weather Forecasts and Fire Behaviour Predictions
This section summarizes daily fire weather forecasts and fire behaviour predictions. Fire weather
forecasts are issued by the LFS Fire Weather Section, and are summarized starting with May 23. The
Escaped Fire Analysis Strategy (EFAS) prepared May 24, and daily operational fire plans prepared
for May 25–28 further summarize daily fire weather forecasts and make daily fire behaviour
predictions associated with daily suppression goals and plans. These forecasts and predictions are
validated in a brief narrative that compares forecasts with actual weather and FBP System outputs, as
documented in Section 2.7.4, for three individual weather stations around the fire area.
Spatial validation, in terms of forecast versus actual FWI System components and FBP outputs (ROS,
CFB, HFI), can be done as visual comparisons of mapped classes in the daily sFMS displays, which
are archived as part of the files for the Chisholm fire.
Presuppression (May 21-23)
Fire weather forecasts for May 21–23 noted the development of an upper ridge over western Alberta
with low RH and good drying conditions. Winds SW 25 were forecast for Swan Hills and S 25 for
Lac La Biche forecast zones, with moderate potential for large fires through May 22. This scenario
was largely repeated for May 23 in the afternoon forecast of May 22, as temperatures increased to the
low 20s, RH dropped to the 20s, and the potential for very high-to-extreme ISIs were noted for boreal
zones as winds were expected to continue SW 25 in the Swan Hills zone and SW 20 in the Lac La
Biche zone.
Station S1 recorded May 21 afternoon winds at W 12–24, and W 10–17 on May 22. Cool
temperatures and a minimum RH of 44% on May 21 trended up to a maximum temperature of 22.6oC
and minimum RH of 27 on May 22. Predicted fire behaviour for C-2 fuel type was intermittent crown
fire, HFI of 4700 kW/m (Rank 5) for May 21. On May 22, a maximum hourly HFI value of
9250 kW/m (Rank 5) was reached at 19:00 May 22—nearly a continuous crown fire condition.
Initial Attack—Fire 063 (May 23–24)
The morning fire weather forecast for May 23 warned of crossover conditions, as a maximum
temperature and minimum RH of 25 were forecast for the Swan Hills zone, but winds moderated to
SW 20 which brought the ISIs into the very high range over southern boreal regions. The afternoon
forecast on May 23 noted a weak cold front over central sections of Alberta, 30% chance of light
showers for Swan Hills, winds NW 15 (G30). Lac La Biche was also given a 30% POP (percentage
of precipitation), with winds SE 25. FFMCs were expected to reach critical values.
The morning fire weather forecast for May 24 called for continuing extreme FFMCs and a high risk
of ignition from expected lightning (associated with convective activity accompanied by only
scattered showers). As fuels in some areas were critically dry, caution was advised that even low
wind speeds could produce dramatic increases in fire behaviour. Maximum temperature of 26oC, low
RH 25 and SE 25 afternoon winds were forecast for the Lac La Biche forecast zone, while NW 25
(G50) afternoon winds were forecast for Swan Hills zone.
The actual afternoon and evening winds were light SE 2–4 km/h on May 23, and increased to
NW 10–20 through the afternoon of May 24, shifting to light northeast in the evening hours at
Chisholm Base (CI = S1), while station S2 to the north recorded stronger winds for the period.
Northwest winds of 11–24 km/h during the day on May 23 slackened to S 7–9 in the evening,
increasing to NW 16–31 during the morning hours of May 24.
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The FBP System outputs for CI (= S1) and S2 Stations for the evening of May 23 when Fire 063
started, predicted slow ROS and surface fire in C-3, but intermittent crown fire for C-2 fuel types.
These predicted fire behaviour outputs for the evening of May 23 appear to under-predict the
observed fire behaviour, as described in Section 2.8.1. This was probably owing to winds at the fire
being higher than those measured at S1 and S2 weather stations.
Day 2 – Escaped Fire Analysis Strategy (EFAS) (May 24)
When initial attack fails to control a fire, EFAS documentation is used to assess values at risk,
describe expected fire behaviour over the next three burning periods (BP), and identify suppression
strategies and tactics to meet specified objectives.
The EFAS prepared for Fire 063 on May 24 noted that strong winds NW 20 (G35) were forecast for
the second burning period (May 24), switching to S-SE 15 (G35) for the third burning period
(May 25) and SE 20–25 for the fourth burning period (May 26). EFAS noted that extreme fire
behaviour indicators would prevail over the next three burning periods, with predicted fire sizes of:
•
•
•

2nd BP — gusty winds, wind shifts, high indices, 6900 ha;
3rd BP — gusty erratic winds, extreme BUI, ISI, DC, 12 000 ha;
4th BP — strong sustained winds, extreme ISIs, 13 500 ha.

The above EFAS wind forecasts differ from the afternoon and evening spot forecasts for Fire 063
issued May 24, which called for moderate W-NW winds 15–20 km/h through the evening of May 24,
slackening to W-NW 10–15 km/h overnight, increasing to W-NW 20 km/h (G40) May 25, followed
by strong southeast winds developing during the weekend (presumably May 26–27).
Recorded winds during the afternoon and evening of May 24 were moderate NW 7–10 km/h at S1
with stronger winds of NW 9–17 km/h at S2. This in turn produced FBP predictions of intermittent
crown fire in C-2 fuel types.
The observed winds on the fire at 16:00 May 24 were from the north-northwest, in agreement with
both S1 and S2 stations.
FBP System outputs for CI (= S1) station for the morning hours of May 24 predicted continuous
crown fire in C-2 fuel types, with intermittent crown fire in C-2 until midnight when the wind
dropped to calm conditions. Surface fire was predicted in C-3, and in M-1 with 50% or less conifer
component.
First Run to Chisholm (May 25)
The general fire weather forecast for May 25 warned of continuing very high-to-extreme ISIs, with
winds N 20 km/h for the Swan Hills zone and NW 15 km/h (G35) forecast for the Lac La Biche zone.
The morning spot forecast for Fire 063 called for afternoon winds W-NW 15 km/h (G30), while the
afternoon spot forecast noted (temperature and RH) that crossover conditions were occurring. Dry air
from the west had moved over the fire, and evening winds were expected to become light and
variable with good recovery (of relative humidity). May 26 afternoon winds were expected to shift to
E 15–20 km/h by noon as another disturbance approached, with the resulting gusty winds producing
erratic increases in fire behaviour.
The operational fire plan for May 25 (issued May 24, 18:00) noted forecast winds of W-NW 20 km/h
(G40) for May 25 and westerly winds persisting into the weekend (presumably May 26–27). Active
crown fire was expected in C-2 fuel types, intermittent crown fire (candling and torching) in C-3, and
vigorous surface fire with torching of the conifer component in mixedwood (M-2 [25C]) and vigorous
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surface fire in grass (0-1a). The operational fire plan noted that FFMCs were at a level where
ISI = wind speed, and therefore any wind gusts or increases would cause dramatic and sudden
increases in fire behaviour and rate of spread. Aspen stands would slow the rate of spread but not act
as a barrier. Spotting would be a problem at winds over 15 km/h. With gusts of 40 km/h expected,
spotting could become a major cause of fire size increase and resistance to control.
Winds were recorded from 08:00–22:00 on May 25 at CI using a weather kit and corrected for
anemometer height by multiplying by 1.48. Winds recorded at CI station were NW 11–24 km/h
during the morning hours and early afternoon (13:00). A gust of 34 km/h was recorded at 12:10.
Winds were light northwest or north all afternoon, evening and night, ranging from 2–7 km/h,
although weather observations from CI were not taken between 23:00 May 25 and 06:00 May 26, so
S1 observations were substituted until CI became operational at 07:00 May 26. Winds recorded at S2
were W-NW 5–24 km/h through the morning hours, ranging much higher during the afternoon at
W-NW 16–24 km/h, switching to E-NE-SE 6–9 km/h between 20:00 and 01:00 on May 26.
Winds recorded at CI stayed light to moderate all day on May 26, peaking at E 13 km/h at 17:00, and
E 22 km/h at the same hour at S2 (NE 10 km/h at S1).
FBP System outputs for CI (= S1) station for the morning and afternoon hours of May 25 predicted
intermittent-to-continuous crown fire in C-2 fuel types through the evening and night until 04:00
May 26 when the wind calmed. Surface fire was predicted for C-3 and intermittent crown fire for M-1
fuel types with 50% or higher conifer content.
The evening spot forecast called for winds to shift from north to east-southeast overnight on May 25
and continued on May 26, strengthening from 10 km/h overnight to 15 km/h (G25) on May 26, with
no rain for the fire area and extreme BUI conditions persisting.
The operational fire plan for May 26 noted that crossover (T and RH) occurred May 25, and a fire
behaviour warning was issued for all suppression operations on the Chisholm fire. Winds were
forecast to affect the fire from the opposite direction than had existed over the previous two days.
Low fuel moisture conditions yielded high fire intensity in all fuel types. High spread rates, mediumrange spotting and erratic fire behaviour were expected. Atmospheric instability and the associated
turbulence were forecast for the afternoon. Direct attack during the active burn period was not
advised, and air tanker action on flanks would be challenged. Indirect attack was recommended to be
considered for all excursions.
Intermittent crown fire was predicted (FBP System outputs) for fuel type C-2 for CI recorded weather
May 26, between 05:00 and 18:00, dropping to creeping surface fire following a rain of 1.0 mm.
Surface fire was predicted for C-3 and M-1 fuel types all day.
Run to Northwest (May 27)
The general and spot fire weather forecasts for May 27 included a Fire Weather Advisory for eastern
Swan Hills and western Lac La Biche regions, including the Chisholm fire area. This advisory called
for extreme ISIs with very high rates of spread in the afternoon of May 27. Caution was advised for
all suppression activities, fuels were critically dry and very easy burning conditions existed.
Crossover (T and RH) winds E-SE 25 km/h (G50) were forecast with possible gusts to 60 km/h and a
low-level jet formation was likely.
The daily operational fire plan for the Chisholm fire noted that extreme spread rates were expected,
along with extreme fire behaviour including blowup, spotting and falling trees, which would create
constant hazards. All fuel types had reached critical dryness and were expected to exhibit very intense
burning conditions. FBP outputs called for crown fire in all conifer types (C-2, C-3), vigorous surface
Section 2.0

36

fire with torching of the conifer component in D-1 and M-1, and high-intensity surface fire in 0-1b.
Long-range spotting due to wind speeds was likely if significant excursions occurred. Erratic fire
behaviour was expected due to extreme BUI values (118).
Recorded hourly winds at CI station increased from 10–12 km/h to 30–36 km/h between 13:00 and
14:00 May 27, and remained above 23 km/h right through May 28. Wind direction was steady
southeast, switching to east at 22:00 May 27. FBP outputs for C-2 fuel types at CI began the
afternoon with intermittent crown fire in response to a 1 mm rain shower at 13:00, recovering quickly
as the wind increased through the afternoon to become continuous crown fire. C-3 was predicted as
intermittent crown to continuous crown fire after 18:00, with M-1 (25C) intermittent crown fire also
after 18:00.
Second Run to Chisholm (May 28)
General and spot fire weather forecasts for May 28 continued the fire weather advisory for the
Chisholm fire area, calling for extreme ISI values with very high rates of spread. Caution was advised
for all suppression activities, as fuels were critically dry and blow-up conditions very probable.
Winds were forecast SE 35 km/h (G75), shifting to W-NW 30 km/h (G50) near midnight. Probability
of precipitation was 70% for light-to-moderate rain (less than 10 mm) by the morning of May 29,
generating FFMC relief but only minor BUI reduction.
The 09:39 morning spot forecast for May 28 made specific reference to the very strong pressure
gradient over the fire zone and the confirmation of a strong, low-level jet southeast wind occurring
that morning with winds near 100 km/h at 4000 ft. This wind profile was confirmed from WSE
soundings, in which a wind speed maximum occurred of SE 55 knots at 4000 ft. Such low-level jet
wind profiles have been frequently associated with blow-up fire behaviour when fuels are dry and
plentiful, which was the case with the Chisholm fire.
The daily operational fire plan generally repeated the fire weather forecasts as received, noting as
well the FFMCs were at levels where ISI = WS, and any wind gusts or increases would cause
dramatic and sudden increases in fire behaviour and spread rates. While crown fire was forecast for
C-2 and C-4 fuel types, only candling and torching were forecast for C-3 and conifer components of
M-2 fuel types. This anomaly in predicted spread rates (C-2 = 15 m/min, C-3 = 6 m/min) and
intensities (C-2 = 10 000 kW/m+, C-3 = 6000–8000 kW/m) was apparently due to an error in
forecasted ISI of 10 rather than at least 22, which would correspond to FFMC = 91 and WS = 30. The
operational fire plan did note that aspen stands would not present a barrier to fire spread, and would
only slow the spread rate. With wind gusts of 40 km/h or more, spotting could become a major cause
of fire size increase and resistance to control.
Recorded hourly winds at CI between midnight May 27 and 08:00 May 28 were E 24–37 km/h,
shifting to southeast at 09:00 and increasing to 34–49 km/h until 19:00 when some directional shifts
were recorded to south at 19:00, east at 20:00, southeast from 21:00–22:00, then east from 23:00–
03:00 May 29. Wind speeds at S1 were much lower on May 28, ranging from 11 km/h to a maximum
of 22 km/h at 12:00 and 16:00, while winds at S2 were nearly as high as at CI, ranging from 11–
37 km/h.
The crossover (T and RH) used by LFS to warn of potentially severe fire behaviour occurred between
12:00 and 13:00, when both weather elements reached approximately 26.
Severe surface weather conditions (T 28, RH 25, peak wind gust for the day of 92 km/h) prevailed at
the fire between 18:00–19:00, as a line of CB convective cloud reached the fire area, influencing both
surface and upper flow patterns. This caused the smoke plume to veer from southeast to south and
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then to the east over a two-hour period. Peak surface winds at this time were also enhanced by
thunderstorm downdrafts. While no on-the-ground evidence has yet been found of circular pattern
blowdown of trees in or outside the north boundary of Fire LWF-063, a funnel cloud was reported
around this time north of the fire’s head. Extensive evidence of the hurricane-force wind gusts were
observed on both sides of the Athabasca River in the form of blowdown and breakage of both conifer
and deciduous trees during passage of the fire front.
Thunderstorm precipitation received by the fire area weather stations was very light, less than 1 mm,
and the convective clouds were gone by 21:00. Surface wind speed and direction returned to the
previous gradient.
FBP System predictions for CI station for C-2 fuel type reached a maximum ROS of 95 m/min at
19:00, and an HFI of 130 000 kW/m continuous crown fire. Continuous crown fire was predicted all
day for C-2 until rain showers at 20:00 briefly reduced the predicted fire behaviour for that hour to
intermittent crown fire. C-3 was also predicted for continuous crown fire all day, peaking at 145
000 kW/m at 19:00 with a rate of spread of 102 m/min. Mixedwood with only 25% conifer (M-1
[25C]) was also predicted to have continuous crown fire until 19:00. Deciduous (D-1) stands were
predicted to experience fast-spreading intense surface fire, 22 m/min maximum ROS and 9000 kW/m
HFI at 19:00.
May 29 Suppression Plan
Afternoon and evening spot weather forecasts for the Chisholm fire on May 29 called for very strong
southeast winds to continue into the late afternoon and evening, strong wet thunderstorms, moderate
rain (5–10 mm; good for FFMC relief but only minor BUI reduction), and heavy downpour possible.
Also forecast were erratic winds near thunderstorms. The evening spot forecast maintained the fire
weather advisory in effect for May 29 if insufficient rain occurred. The morning spot forecast for
May 29 called for afternoon winds of W 35 km/h (G70).
The daily operational fire plan noted the high probability (70%) of light-to-moderate rain (0–5 and 5–
20 mm, respectively), and frontal passage overnight accompanied by a wind shift to the west–
northwest. Steady winds were expected W 15–25 km/h for the next four days. The daily fire plan
issued a fire behaviour warning, calling for high spread rates, long-range spotting and erratic fire
behaviour in all fuel types. High-intensity surface fire would move quickly into the crowns and total
fuel consumption was predicted to occur. Continuous crown fire was forecast for C-2 and M-2, while
running surface fire was predicted for 0-1b.
Only 1 mm of rain was recorded at SI on May 28, with another 1 mm May 29 up to midnight. The
strong east–southeast winds of May 28 shifted to west at 10:00 May 29, and dropped to the 10–
12 km/h range for the rest of the day. As a result, intermittent crown fire in C-2 was predicted during
the morning hours, dropping to surface fire by noon.

2.7.6 Fire Growth Modelling – Prometheus
2.7.6.1 Background
A full description of the fire growth model Prometheus and its application after-the-fact to modelling
various Chisholm fire runs and “what-if” scenarios was prepared by Cordy Tymstra, Alberta
Sustainable Resource Development, Forest Protection Division, Fire Science and Technology
(Appendix 2.3). The following summarizes the results of Chisholm fire projections using Prometheus.
Prometheus is a Canadian Wildland Fire Growth Model currently under development with support of
all Canadian fire management agencies, and available as beta version WU5e for the Chisholm fire
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documentation exercise. The model simulates fire spread across landscapes with heterogeneous fuels
and topography, using hourly or daily weather data. Its foundation is the FBP System, coupled to
wave propagation fire algorithms developed at Brandon University.
Prometheus was used here to provide relative comparisons of projected outcomes using six scenarios.
In the “what-if” scenarios, the outcomes represent worse case scenarios.
Hourly FFMCs were calculated using hourly weather data from Chisholm Base (CI) Station,
supplemented with data from station S1 in order to complete a data set from May 23–29.
Fuel type assumptions included 90% curing for grass and no greenup, hence M-1 (boreal mixedwoodleafless). All non-fuel polygons, including treed muskeg (A [open] density) and open muskeg, were
converted to standing grass (0-1b) to account for the very high buildup (BUI), low water table and dry
grass. Otherwise, the FBP fuel type grid was used as typed by the AVI2FBP algorithm.
Five ignition locations were modelled, the fire origins of both Fires 063 and 073, the May 27, 17:00
spot fire across the Athabasca River (W side), the May 28, 15:00 spot fire across the Athabasca River
(W side), and the May 28, 14:00 Chisholm run. A sixth run modelled the interaction of the new Fire
073 with the Fire 063 Chisholm run. “Fuel breaks” were added to the modelled landscape to prevent
the modelled fire growth from crossing the Pembina and Athabasca Rivers.
Intended “what-if” scenarios, including what if there was no precipitation May 28–29, and what if the
wind direction had not changed on May 28, were not completed to date because of time constraints.
The Prometheus model assumes no suppression, but fuel breaks can be added, as was done for the
major rivers. Linear disturbances such as roads, seismic lines are not recognized as fuel breaks. Such
disturbances may temporarily slow fire spread, or they can contribute to spread if they are dominated
by cured grass. Further, the effects of salvage harvesting from the 1998 wildfires were not included
specifically in the FBP fuel type grid, although areas gridded as NF were converted to grass (0-1b).
After each Prometheus run, the resulting map was captured (Appendix 2.3).
2.7.6.2 Interpretation of Results
1.

Fire 063. Modelled from ignition at May 23, 21:35 to May 24, 09:35, the fire growth map is a
close match of the actual fire mapped at May 24, 12:00. The next 24 hours, to May 25, 09:35,
closely resembles the map of the actual fire at May 25, 12:00 on the south, but the modelled fire
grew somewhat more on the northwest. The next 24 hours, to May 26, 09:35, continues the
pattern in that modelled growth to the south approximates the actual fire, as mapped May 25,
24:00. While the modelled growth extends slightly beyond the hamlet of Chisholm and to the
northwest, the fire just approached Chisholm by 24:00. The next 24 hours, to May 27, 09:35,
shows a small expansion to the north, with the following 24 hours, to May 28, 09:35, showing a
small extension on the southwest (Pembina River), and a significant run north, bounded by the
Athabasca River on the west, past the Athabasca River highway bridge. Finally, during the
24 hours leading up to May 29, 09:35, the fire further expands north to the right angle bend of
the Athabasca River at Smith.

2.

Fire 073. Modelled from ignition at May 28, 16:13 to May 28, 20:13, the fire reached the
Athabasca River, a close approximation of the fire as was sketch mapped independently.

3.

Fire 063–Chisholm run. Modelled from May 28, 14:00 to May 29, 10:00, both separately and
interactively with Fire 073, no interaction effects are shown on fire spread direction or relative
fire sizes between the two fires.
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4.

Fire 063–Spot 1. Modelled from May 27, 17:00 to May 28, 10:00, this ignition produces a run
to the northwest that reaches Slave Lake by 10:00 May 28.

5.

Fire 063–Spot 2. Modelled from May 28, 15:00 to May 29, 10:00, this ignition produces a run
north–northwest from the west side of the Athabasca River to the Lesser Slave River between
Slave Lake and Fawcett Lake.

The Prometheus fire growth model appears to offer potential benefits to real-time fire suppression
planning (e.g., using forecasted fire weather to compare suppression strategies, and in after-the-fact
analysis to compare outcomes for no-suppression options or different weather). However, the model
at present does not handle suppression actions.

2.8 OBSERVED FIRE BEHAVIOUR
2.8.1 Daily Fire Behaviour/Major Fire Events/Detailed Fire Chronology
Initial Attack–Fire 063 (May 23–24)
The arriving initial attack crew observed surface fire with torching, then running crown fire in C-2
and C-3 fuel types by 22:30 on May 23 west of the railway tracks. This crown fire produced a large
convection column accompanied by erratic fire behaviour, as winds shifted direction during the night.
By 05:30 May 24, winds at the fire were light, dropping the fire to the surface. By 06:30, however,
the fire blew again, this time to the southeast, under the influence of moderate northwest winds that
had switched from the south around 07:00. The fire also spotted across the Athabasca River to the
west overnight.
Figure 2.13 shows the fire perimeter as mapped at 12:00 May 24, just after the end of the official
initial attack period at 10:00 May 24. The fire’s suspected origins are marked (✚), and the fire’s shape
is generally circular, with a significant spot across the Athabasca River. Fuel types burned (Appendix
2.4.1) are predominantly C-2 (65%), C-3 (8%), D-1 (14%), and 0-1b (9%). The fire spread 6.7 km to
the north, covering an area of 4310 ha (Table 2.6).
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Figure 2.13. Chisholm fire perimeter, May 24, 12:00 — 4310 ha.
Day 2—Escaped Fire Analysis Strategy (EFAS) (May 24)
At the time of EFAS documentation, 15:30 May 24, EFAS recorded the fire behaviour as 30%
crowning, 10% candling, 30% surface fire, 10% smouldering, and 20% obscured by smoke. Observed
rates of spread were 15–30+ m/min at the head (S end of fire), 5–20 m/min on the flanks, with 200 m
spotting distance, and the Athabasca River acting as a natural firebreak to the north and west sides,
although an active spot fire was still burning on the west side of the river.
Observed fire behaviour at 16:00 May 24 confirms the fire was spreading south on a north–northwest
wind, running in all fuel types, including tamarack and aspen. Spotting distance estimates were 1/2–
1 mi.
The mapped fire perimeter at 12:00 May 25 (Figure 2.14) confirms that most of the fire’s spread
during Day 2 (May 24) was from north to south, a distance of 5.4 km covering an area of 4020 ha.
Fuel types burned on Day 2 continued to be predominantly C-2 (51%), followed by 0-1b (20%), D-1
(19%) and C-3 (6%). The unburned area within the Day 2 burned perimeter southeast of the fire
origin is AVI typed as tamarack, open density on wetland.
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Figure 2.14. Chisholm fire perimeter, May 25, 12:00 — 4020 ha.
First Run to Chisholm (May 25)
Fire behaviour observed in the morning hours of May 25 at the south end of the fire reflected
moderate northwest winds 8–15 km/h, resulting in fire spread in all fuel types, including willow with
grass and open black spruce. In conifer types, the fire reflected high build-up conditions, burning all
sizes of fuel and easily jumping fire lines if not burned out immediately.
Erratic fire behaviour occurred at 16:45 May 25 when an intense fire whorl developed at the south
end of the fire along the Pembina River, carrying the fire across the guard and running south 1–5 km
in about 5 minutes. Fuel types were deciduous dominated, aspen with conifer understory, and logging
slash remaining from previous logging operations for mature conifer.
The wind shift from north to east–southeast that had been forecast for overnight May 25-26 was
observed at 21:42 May 25, but recorded only at Station S2, where wind direction changed abruptly
from 315 to 45, then 90, then 180 degrees between 20:00 May 25 and 02:00 May 26. Wind direction
recorded between 20:00 May 25 and 02:00 May 26 at CI (20:00–22:00) and S1 (23:00–02:00)
remained at 360 degrees (N). The fire blew back on itself toward the northwest, with an older part of
the Vanderwell plantation reported burning (undocumented) and the highway threatened at 21:30.
The fire continued to advance to the north during the evening hours as a crown fire, and approached
the southwest side of the Hamlet of Chisholm between 23:00 and midnight. At 21:33, just before the
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wind shifted from north to east–southeast, the fire was observed to be very intense in one spot on its
north side under light north winds. After the wind shifted to east–southeast, even without an increase
in wind speed, the fire was observed at 23:00 to have a large column on the north end, and was
making a crown fire run toward Chisholm through C-2 and C-3 fuel types.
Between 12:00 and 24:00 May 25, fire runs to the south (Figure 2.15) burned 2993 ha, mostly
through D-1 (52%) fuel types, followed by C-2 (22%), 0-1b (21%), M-1 (2%), C-1 (2%) and C-3
(1%). However, the 2294 ha burned during the same hours on the north side of the fire that
approached Chisholm was predominantly in C-2 (36%), D-1 (23%), 0-1b (23%), C-3 (16%) and M-1
(2%) (Table 2.6). The fire spread 8.1 km to the south and 4.9 km to the north during this period.
At 23:46 May 25, the fire was reported as being intense just south of the Chisholm access road, half
way between the highway and the hamlet. At 23:46, intense fire was seen approximately 1 km south
of the treeline on the south side of the hamlet, with ash falling in town. At 24:00, extreme winds and
fire intensity were noted 2 mi. south of Chisholm, and by 01:00 May 26, the fire was observed just
south of the road leading to the gravel pit and railway intersection at Chisholm. Two sheds and a log
cabin burned on the southwest side of the rural portion of the community in the early morning hours.
By 05:30 May 26, the fire was observed as a creeping surface fire at the southwest corner edge of
Chisholm. Fire behaviour at 16:00 May 26 was recorded as creeping surface fire with no major
spread.

Figure 2.15. Chisholm fire perimeter, May 25, 24:00 — 5287 ha.
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Table 2.6. Chisholm fire complex, growth increments by spread distance, area and fuel type percent, as classified by modified algorithm
AVI2FBP.
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Run to Northwest (May 27)
A dramatic increase in fire activity, candling but with no fast rate of spread, was observed at 09:45
May 27. After 11:00, winds increased on the fire (21 km/h, G44) and the fire spotted across the line.
By 12:00, winds had shifted from east to southeast. By 14:00, fire behaviour was becoming erratic on
the east side, and by 16:00 winds had reached 33 km/h, (G63) on the fire. A crew entrapment and
shelter deployment occurred on the east flank at this time, and fire behaviour was noted as extreme.
An hour later, at approximately 17:00, the northwest corner of the fire was observed to be spotting
1/2 mi. ahead, and a major fire excursion ran from the west side of the Athabasca River toward the
northwest, with the longest spotting distances noted as 500 m. Another entrapment occurred at 20:38
as the fire ran to the northwest, requiring oilfield workers to be removed by helicopter and helitorch
ignition used to pull the fire away from trucks and a wellsite.
At 21:00, a second “finger” excursion ran from the southwest edge of the fire, west of the Athabasca
River and south of the first finger run. The second finger started from a spot fire when the main fire
spotted across the Athabasca River, and exploded into a running and spotting crown fire.
Winds did not subside overnight, allowing intense fire behaviour to continue through the night,
including running and spotting crown fire in all fuel types. An aspen-dominated stand west of the
Chisholm Base Camp was burned off after 23:00, May 27, and the fire exhibited full involvement of
surface and standing (tree crown) fuels, with dense black smoke.
Fuel types comprising the two “finger” runs to the northwest are shown in Appendix 2.4.5. The
longer (12 km) run mapped at 20:00 (Figure 2.16) was predominantly C-2 (53%), (0-1b) (32%), C-3
(4%) and D-1 (3%), while the smaller “finger” mapped at 21:00 was C-2 (55%), D-1 (20%), C-3
(13%) and 0-1b (12%) (Table 2.6).
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Figure 2.16. Chisholm fire perimeter, May 27, 20:00 and 21:00 — 1808 ha and 190 ha.
Second Run to Chisholm (May 28)
As a result of very strong continuous winds of 30–50 km/h (G75) the entire day of May 28 was
dominated by extreme fire behaviour in normally susceptible fuels, and unusually high fire intensities
and fuel consumption in deciduous-dominated (aspen) stands and boreal mixedwoods (M-1). (Note:
M-1 (leafless) was chosen to represent boreal mixedwoods rather than the M-2 (green) option, even
though the aspen component had leafed out at the time of the fire.) Green-up of herbaceous vegetation
was absent and grass remained virtually cured under all dry and mesic site forest stand types.
By 10:00 on May 28, crowning runs were observed in C-2 and M-1 fuel types (any mixedwood with
greater than 25% conifer component). On the west side of the Athabasca River, an AWIS remote
sensing-based fire perimeter map captured at 12:00 shows a narrow elliptical fire run of almost
35 km, consisting mainly of C-2 (48%), 0-1b (30%), and D-1 (16%) (Figure 2.17; Table 2.5).
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Figure 2.17. Chisholm fire perimeter, May 28, 12:00 — 16 891 ha.
By 11:00, winds on the fire were observed to be from the south, rather than the expected southeast,
although only southeast winds were recorded at Chisholm Base between 09:00–18:00. Fire behaviour
at this time threatened to breach the dozer guard near Chisholm.
By 13:30, the fire was observed just off the southeast corner of the hamlet, with flames above the
canopy and one spot fire torching just north of the access road, east of the community. The winds on
the fire at 13:30 were observed to shift from east to southeast, with spot fires noticed just south of
town. Bucketing of homes continued until strong winds and smoke made it impossible to continue
this action. Helitorch ignition east of Chisholm to draw the fire away from the community helped for
only about five minutes. Wind gusts on the fire at this time were estimated at 40 knots (74 km/h).
Structures at Chisholm were observed burning within the next two hours. The fire passed through
Chisholm community from southeast to the northwest.
Fuel types upwind (SE) of Chisholm included both D-1, M-1 and the crown fire prone C-3 and C-2;
the latter stand was entirely ignited by helitorch to draw the fire to the east. A logged-over area
existed immediately south of the rural community, and grass and brush fuels were also present in and
around the community. By 14:00, the spot fire across the Chisholm access road east of the community
was a running fire heading north. At the same time, the fire had spotted across the Athabasca River
west of Chisholm and by 14:52, this fire on the west side of the river had spread approximately 5 km
northwest of Chisholm, through a variety of fuel types including M-1, 0-1b, D-1 and C-2, at an
approximate ROS of 6 km/h.
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By 16:00, spotting distances of 200–300 m were observed in the Chisholm area, with embers starting
fires that spread immediately. The fire behaviour directly east of Chisholm was described as being a
crowning wall of flame (head and flanks) for several miles, when a new fire start was reported at
approximately 16:13 just west of the highwa7, north of the Chisholm access road at a power line (Fire
073). The perimeter of Fire 063 at 17:00 (Figure 2.18) was sketched from FLIR imagery.

Figure 2.18. Chisholm fire perimeter, May 28, Fire 063, 17:00 — 20,298 ha; Fire 073, 16:13 to
20:00 — 3063 ha.
Fire 073 (May 28, 16:13)
Fire 073 was estimated to have started at 16:09 and was approximately 2 ha in size by 16:26. The new
fire was reported to be crowning and spotting in C-2 and M-1 fuel types by 16:30, with 200 m
spotting distances in M-1. Fire 073 was observed to have spread 4.8 km N by 18:24, a rate of spread
of 2.2 km/h. By 20:00, Fire 073 had reached the Athabasca River (Figure 2.18) and spotted across it.
At this time, fire indicators suggested Fire 073 had merged with the original Fire 063. The remaining
run from 18:24 to the Athabasca River at 20:00 covered 7.2 km, representing a spread rate of
4.5 km/h in a variety of fuel types, including C-2, C-3, M-1 and D-1.
“Freezing” of tree crowns and boles, and extensive blowdown of trees in the area between the
Athabasca River and the run of Fire 073 were observed at a consistent orientation of 40 degrees,
indicating a convective draw of Fire 063 towards the intensely burning Fire 073. The northwest
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perimeter of Fire 073 was sketched after the fact, based on post-fire interpretation of these fire
indicators and FBP System predictions.
Appendix 2.4.7 shows the proportional fuel type composition within the approximate area burned by
Fire 073 to be C-2 (40%), D-1 (22%), 0-1b (20%), C-3 (14%) and M-1 (2%).
Fuel types representative of the area burned May 28 vary between the portion of Fire 063 southeast of
the Athabasca River, which was dominated by C-2 (39%), C-3 (7%), D-1 (34%) and 0-1b (15%)
(Appendix 2.4.7), and the fuel types burned on May 28 northwest of the Athabasca River, which were
dominated by 0-1b (45%), C-2 (34%) and D-1 (15%). The area of the 1998 Chisholm burn (southeast
of Bruce and Bissett Lakes) has been fuel typed as standing grass (0-1b). The area northwest of the
Salteaux River extending to the highway into Slave Lake, as well as the Mitsue Industrial Area and
petroleum patch, is dominated by the 1998 Mitsue burn and is also fuel typed 0-1b. Some of this
burned area had been salvage-logged with piled slash unburned before the Chisholm fire.
Spot fires ignited some of these slash piles and the grass-dominated fuels between the piles during the
afternoon.

Figure 2.19. Chisholm fire perimeter, May 28, 24:00 — 52 486 ha.
May 29 Suppression Plan
The fire was reported quiet with no significant excursions or growth on May 29.
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2.8.2 Interpretation of Observed Fire Behaviour
Burning conditions and fuel types combined to produce extreme fire behaviour over several days and
nights, commencing May 23 when Fire 063 started in the evening, and extending through midnight
May 28. After this time, a frontal passage accompanied by rain and a wind shift marked the end of the
severe fire weather.
The Chisholm fire complex, specifically Fires 063 and 073, exhibited extreme spread rates, spotting
distances, fire intensities and fuel consumption, not only in fuel types highly prone to crown fires
such as boreal spruce (C-2) and pine (C-3), but also in fuel types normally resistant to crown fires
such as deciduous (D-1) and mixedwoods that were predominantly deciduous.
These fires showed characteristics both of wind-driven fires (e.g., fast, sustained spread rates) and
convection “blowup” fires (e.g., towering convection columns), as well as sustained crown fire runs
in most fuel types, and deep consumption of the forest floor during passage of the fire front, but little
residual burnout after the frontal passage (i.e., “clean” burning), persistent fire whorl runs over long
distances, mass blowdown of trees during fire front passage, stripping of bark from trees, and tree
crown “streets” produced by horizontal roll vortices.
Chisholm fire growth increments or significant fire runs on Fires 063 and 073, as mapped (by AWIS
remote sensing) or sketch-mapped from direct observations, GPS points, or indirectly from viewing
FLIR tapes after the fact, are listed by spread distance, area growth, and proportional fuel types in
Tables 2.6 and 2.7. Table 2.7 selects fire runs from all those summarized and compares observed vs.
predicted spread rates and type of fire, where predicted rate of spread, head fire intensity and type of
fire are predicted hourly from FBP System calculations and averaged for the period of the fire run
according to fuel type.
Two of these selected fire runs include the 19:00 May 28 peak burning conditions for the entire
Chisholm fire complex:
•
•

18:24–20:00, Fire 073 run to Athabasca River; and
17:20–20:08, Fire 063 run from Athabasca River to highway.

Observed rates of spread of 4.5 and 5.4 km/h were the highest sustained average spread rates of those
selected, although faster spread rates may have occurred on the May 28 morning run to the northwest
when the low-level jet wind profile was confirmed. These evening runs were driven by very high
winds and accompanied by towering convection columns that peaked at 19:30 at 45 000 ft., as
measured on Edmonton radar.
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Table 2.7. Observed vs. predicted rates of spread and type of fire for selected Chisholm fire runs.
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Generally, the documented fire runs (Table 2.7) had measured spread rates slightly lower than
predicted by the FBP System for C-2 and C-3 fuel types, reflecting in part the mix of fuel types
characterizing most of the major fire runs, and the tendency for deciduous and mixedwood stands
with a low percentage of conifer to slow rate of spread somewhat, under the extreme burning
conditions present on the Chisholm fire. Fuel typing of the 1998 Mitsue fire as standing grass (O-1b)
needs further ground-truth study, as the May 28 mid-day fire spread rate calculated for the Parker
Lake to Otauwau River observations was well below the predicted spread rate for standing grass.
However, fire runs dominated by C-2 and C-3 showed explosive spread rates close to predicted
values. It is worth noting that, under the extreme burning conditions of the Chisholm fire, even
mixedwood stands as low as 25% conifer (M-1 (25C) are predicted to show continuous crown fire, as
was observed on the Chisholm fire (some of the stands fuel typed as deciduous (D-1) would be more
correctly typed as M-1 [25C]).
High densities of spotting ahead of the fire front, resulting in new ignitions, were observed on FLIR
tapes of the fire between 12:10–12:25 May 28, in the area between Parker Lake and the Otauwau
River, with the estimated spotting distances being 300–1600 m. Airborne observers of the fire in the
area that was salvage logged following the 1998 Mitsue fire (B. MacGregor, pers. comm. with B.
Lawson, July 27, 2001) noted that spot fires landing in the salvaged area where unburned slash was
piled and windrowed tended to ignite the slash piles first before the fire spread through the
surrounding grass fuels of the salvage-logged areas. This explains in part the apparently lower spread
rates observed in grass-dominated salvage-logged areas containing piled slash than would be
predicted by the FBP System for a “pure” standing grass fuel type.
Topographic influences on the behaviour of the Chisholm fire appeared to be secondary to weather
and fuel type as controlling variables. The Athabasca River, which is the major drainage system in the
fire area, helped to constrain fire spread when burning conditions were moderate, but spotting across
the river resulted in the fire runs resuming from these spot fires when burning conditions increased.
Further, the Athabasca River evidently funnelled the fire winds along the drainage, increasing wind
velocities above ambient velocities judging by the extreme blowdown of large trees along river banks
and benches. These effects were also observed along the secondary drainages towards the northwest
(e.g., Otauwau River and Salteaux River).
Another distinctive feature of the Chisholm fire was the continuation of extreme burning conditions
that persisted into the evening and night hours, a function of persistent winds and the accompanying
lack of full recovery of relative humidity. These features, coupled with the prolonged drying of fine,
medium and large fuels, created ideal burning conditions for boreal forest fuel types characterized by
vertical and horizontal fuel continuity.
Vertical fuel continuity was enhanced by the timing of the fire, which occurred near the calendar date
of annual minimum tree crown foliage moisture content. This is discussed further in Section 2.8.2.1.
Horizontal fuel continuity was enhanced by the lowered water table resulting from the dry winter and
spring, transforming normally wet muskeg fuel types into fire-carrying fuels.
Fuel availability for consumption in a wind-driven fire was greatly in excess of amounts normally
expected in these fuel types (Section 2.8.2.2). Fuel continuity and availability combined to produce
the extreme fire intensities observed on the Chisholm fire.
Figures 2.1 to 2.6 illustrate some of the features of fuel types and fire behaviour characterizing the
Chisholm fire.
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Photo 2.1. Late evening crown fire May 23, 22:30 in boreal
spruce (C-2) fuel type with light winds.
Fred Bicknell photo #1

Photo 2.2. Surface fire with torching May 24 in mixedwood (M-1) fuel type.
Rick Horne photo #9.
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Photo 2.3 Surface fire with torching May 24 in deciduous (D-1) fuel type.
Rick Horne photo #36.

Photo 2.4. Typical cured standing grass (0-1b) fuel type.
Gary Dodsworth photo #9.
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Photo 2.5. Spotting distance 200 m, May 27, 17:44.
Bill Bereska photo #Dscn 0310.

Photo 2.6. Crowning in C-2 on east flank, SE of Chisholm, May 28, 16:52.
Bill Bereska photo #Dscn 0330.
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Long-range spotting has been noted in the narrative descriptions of fire behaviour characterizing the
Chisholm fire events. Spotting distances ranged between 200 m to 1 mile (1600 m), as estimated by
aerial observers. Such spotting contributes to rate of spread, and its effect is included in the FBP
System predictive model.
Photos 2.7–2.10 illustrate some of the fire effects associated with the extreme fire intensity shown by
the Chisholm fire, including blowdown of large trees during passage of the fire front, deep burning of
forest floor, and “tree streets” characteristic of horizontal roll vortices.
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Photo 2.7. Blowdown of large coniferous trees in fire front.
Sherra Quintilio photo #P0000313.

Photo 2.8. Depth of burn 8–10 cm in black spruce–sphagnum moss type.
Bill Bereska photo #Dscn 0387.
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Photo 2.9. Depth of burn 12–15 cm in M-1.
Bill Bereska photo #Dscn 0385.

Photo 2.10. Horizontal roll evidence (tree crown “streets”).
Kurt Frederick photo #Kfdisk 2-009.
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2.8.2.1 Fuel Moisture Content
A fuel moisture sampling team led by Mike Wotton, CFS Sault Ste. Marie, ON, sampled forest floor
and tree foliage moisture content in the Chisholm fire area between June 6–10, 2001. Wotton’s
detailed report is included as Appendix 2.5, and his results are summarized here. In addition, B.
Lawson collected forest floor moisture samples near Chisholm on June 1, 200, and K. Hirsch, CFS
Edmonton, collected forest floor moisture samples near Chisholm on May 30, 2001. Their results are
discussed here. Sample plot locations are mapped in Figure 2.20.
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Figure 2.20. Fuel moisture plot locations.
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Foliar moisture content (FMC) was sampled for white spruce (88%) and black spruce (85%) June 7-8.
The values were virtually identical to the 86.5% predicted by the FBP System for June 10 (Julian Day
161) as the annual minimum FMC, and the 88% predicted for May 28, the day of the major Chisholm
run.
Forest floor moisture samples generally confirm the expected values indicated by prevailing DMC
and DC values for the Chisholm fire. For example, Wotton’s 2–4 cm mesic site white spruce moisture
content (MC) of 180–195% is virtually identical to the expected 188–201% for DMC 19–22, as
recorded June 8 and 10 at the Chisholm Forestry Tower. Mature aspen, 2–4 cm, at 171% MC is close
to expected values, while wet site black spruce is a little higher, as expected, at 229% MC. Hirsch’s
2–4 cm mixedwood MCs of 90–121% for May 30 along Chisholm Road were close to the expected
values for DMC 60 of 99% as recorded at CI Station. Lawson’s mesic mature aspen (215%) and
dense pine/spruce/aspen mixedwood (91%) samples in the Chisholm area (June 1) for 2–4 cm depths
were slightly higher and slightly lower, respectively, than expected (140%) for prevailing DMC 36.
For immature aspen with grass, Lawson found 2–4 cm MC virtually as expected from prevailing
DMC—150% instead of the expected 140%.
At 6–10 cm depths in the forest floor, Wotton found MCs as expected for prevailing DCs of 346–359.
Mesic white spruce MC was 107–154%, and mature aspen was 128%. These were all quite close to
expected values of 140–144%. Lawson found the mature aspen MC of 6–8 cm a bit lower than
expected—112% instead of the expected 141% for DC 355 at Station CM.
2.8.2.2 Fuel Consumption
M. Wotton led the post-fire sampling of fuel consumption, including forest floor and dead/downed
wood, focusing on aspen and mixedwood stands (Appendix 2.5). His work was carried out between
June 6–10, 2001, at the sampling locations noted in Figure 2.20. His results are summarized below
(Table 2.8). Wotton advised that post-burn line transects for dead/downed wood and measurements of
duff remaining in burned immature aspen on the northwest side of the fire should be carried out. Time
and logistics precluded this sampling during the immediate post-burn period. In addition, he
recommended that even though pre-burn dead/downed fuel estimates for white spruce appear
reasonable for rough fuel consumption calculations, additional transect line and duff depth surveys
should be run in another representative site.
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Table 2.8. Forest floor and dead/downed fuel consumption estimates by fuel type.
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Wotton's preliminary estimates of forest floor fuel load (Appendix 2.5, Table 4, bulk density, kg/m2)
appear high for all fuel types sampled, suggesting that the samples were not fully oven-dried.
Because of this concern, we have substituted forest floor consumption values for M-1, D-1 and C-2 in
Table 2.8 as calculated from Ember's (2000) bulk density sampling by 2-cm depths taken on two
benchmark study sites near Flat Top Tower, in mixedwood mature white spruce-fir-deciduous
(poplar/birch). No sampling-based estimates of crown fuel consumption were made during the
immediate post-burn sampling, and these are still required. However, the sampled forest floor and
dead/downed fuel consumption estimates alone far exceeded the total fuel consumption (TFC)
predicted by the FBP System, as noted in Table 2.8.
The implication of the significantly higher surface fuel consumption (SFC) estimated for the
Chisholm fire is that higher HFIs would be calculated for the fire than predicted by the FBP System.
Before definitive HFIs are calculated to represent various runs and fuel types for the Chisholm fire,
the additional fuel consumption sampling discussed here should be carried out.

2.9 OBSERVED FIRE BEHAVIOUR VS. HISTORICAL FIRES
2.9.1 1968 Lesser Slave Lake Fire
The 2001 Chisholm fires 063 and 073 present an opportunity for comparison of burning conditions
and fire behaviour with the 1968 Lesser Slave Lake fire that burned an area of 133 550 ha just west
of, and bordering the 2001 fires, between May 19–23, 1968. This fire covered nearly half this area in
the 10-hour period from 13:00–23:00 May 23 (Alexander 1983). Alexander (1983) and Kiil and
Grigel (1969) documented this fire, calculating hourly fire danger indices, spread rates and fire
intensities. Alexander called it the best-known, well-documented example of extreme fire behaviour
in Canada. He noted that on May 23, 1968, the Lesser Slave Lake fire advanced on a 16–24 km front,
spreading an average of 6.5 km/h through a variety of coniferous and deciduous forest fuel
complexes. Firebrands transported far ahead of the main front and the resulting spot fires contributed
greatly to this unusually high rate of spread. Peak frontal fire intensities were estimated to have
exceeded 100 000 kW/m during the major run (Kiil and Grigel 1969), with the resulting fire storm
releasing the energy equivalent of a 20 kilotonne bomb exploding every 2 minutes (one such bomb
devastated Hiroshima in 1945).
Similar to the Chisholm fire scenario, the 1968 fire season in the Slave Lake–Lac La Biche region
followed a winter of below-normal precipitation. Drought codes ended the 1967 season at high
values, resulting in elevated starting DCs. On the day of the largest fire run, May 23, 1968, DCs were
254 at Slave Lake Headquarters, 284 at Chisholm Lookout Tower and 298 at Smith Ranger Station.
At 13:00 May 23, 1968, winds at Chisholm Lookout Tower were SE 35 km/h, G54.
Alexander’s tabulated weather and FWI System components for the Chisholm Lookout Tower at
13:00 (MDT) May 23, 1968, are repeated in Table 2.9 for comparison with values reported from CI
Station for 13:00 and 19:00 May 28, 2001. Alexander considered the higher winds of 46 km/h, G65,
recorded at 13:00 May 23, 1968, at Vega Lookout Tower, to be representative of the fire weather
severity, which resulted in a peak ISI of 68 and FWI of 86. Climatologically, a FWI above 30 in
Alberta is considered extreme, and a FWI of 80 would be exceeded only once in eight fire seasons.
Clearly, the peak burning conditions for the 2001 Chisholm fire are more severe than the peak
burning conditions for the 1968 Lesser Slave Lake fire. With the exception of FFMC, all FWI System
components are higher in 2001. Higher wind speeds account for higher ISIs. A longer period of dry
spring weather resulted in the DMC, DC and BUI being significantly higher. The resulting peak FWIs
for the Chisholm fire (97.5 at 13:00 or 105 at 19:00, May 28, 2001) are significantly higher than the
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67 for the Chisholm Lookout Tower and 86 for the Vega Lookout Tower recorded at 13:00 May 23,
1968.
Table 2.9. Peak day burning conditions for 1968 Lesser Slave Lake fire and 1980 DND-4-80 fire
compared with 2001 Chisholm fires.
Date

Time

Temp.

RH

Wind
Direction

Wind
Speed1
(km/h)

Total
Rain2
(mm)

FFMC

DMC

DC

ISI

BUI

FWI

23-May-68

13:00

21.1

28

SE

35 (54)

7.1

94.0

58

284

41.0

77

67.03

02-May-80

13:004

26

21

S

36

—

94.0

77

129

46.0

76

70.0

02-May-80

16:005

27.8

16

S

39 (59)

—

95.7

28-May-01

13:00

26.4

26

SE

49 (77)

8.1

91.7

28-May-01
19:00
23
34
S
49 (92)
—
92.8
1–Reported wind gust in parenthesis.
2–Total rain since spring starting date, May 1, 1968, April 1, 2001.
3–Higher winds (SE 46 [65]) were recorded at Vega Lookout, producing ISI=68, FWI=86
4–Winnifred Lookout obs.
5–Cold Lake obs.
6–Maximum FWI, calculated from BUI=76 for Cold Lake and hISI=65 for Winnifred Lookout.

89.06

65.1
99

387

54.9
62.6

121

97.5
105.0

Sustained spread rates, however, were considerably less for the selected Chisholm fire runs reported
in Table 2.6 as compared to the average 6.5 km/h for the Lesser Slave Lake fire on May 23, 1968.
The Chisholm fire runs ranged from 2.2 to 5.4 km/h. However, the peak head fire intensity, as
calculated from the FBP System for fuel type C-2 for 19:00 May 28, 2001, is 130 000 kW/m. This
calculation is probably low, because of the exceptionally high fuel consumption estimated for the
Chisholm fire, as discussed in Section 2.8.2.2.
Kiil and Grigel (1969) attributed the extreme rates of spread on the 1968 Lesser Slave Lake fire to
low-level jet winds, that were documented on May 19 and 22. Winds were too strong on May 23 to
measure the wind profile. They reported the height of the convection column above the fire to be
greater than 5 mi. (26 400 ft.), with firebrands landing several miles ahead of the fire. Several areas
were noted where thousands of trees were felled by the force of the wind generated by the fire, or
scattered in a circular pattern up to several hundred feet in diameter. White spruce and poplar trees
with 15–20 in. diameter were snapped 10–15 ft. above ground.
Crowning was observed in black spruce (C-2), pine (C-3) and mixedwood (M-1) stands. Nearly all
crown fuels less than 1/2 in. diameter were consumed in C-2 and C-3 stands, while the forest floor in
pine stands was generally completely consumed; up to 6 in. (15 cm) consumed in C-2, and 2–3 in. (58 cm) in hardwoods (D-1), but mineral soil exposure was infrequent in D-1. There is no mention of
crowning in hardwood (D-1) stands by Kiil and Grigel. However, they noted delayed green-up of
understory vegetation (10–15% developed) and aspen and poplar leaf development (25%) by the third
week of May, increasing the drying of surface fuels in hardwood and mixedwood stands, and
allowing the fire to spread equally eastward through the entire landscape.
Fuel consumption estimates for the 1968 fire by Kiil and Grigel were:
Fuel Type
D-1
M-1
C-2/C-3
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FUEL CONSUMPTION
1b/ft2
0.41
0.63
1.1

kg/m2
2.0
3.1
5.4

FIRE INTENSITY
BTU/s/ft
kW/m
14 760
51 058
22 680
78 455
39 600
136 984
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Fire intensities for the 1968 fire were calculated by Kiil and Grigel using the average May 23 ROS of
6.5 km/h and the above fuel consumption estimates.
Kiil and Grigel noted that the 1968 calculated rate of spread was at that time among the highest ever
recorded, and was difficult to explain. They concluded that long-range spotting must have contributed
significantly to the extreme spread rates. Although the high and gusty southeast winds blew
continuously throughout the day and night for much of the seven-day fire period, the blowup fire
behaviour seemed to be associated with the low-level jet wind maximum that occurred just above the
fire, which was observed on May 22, 1968, only 1000 ft. above the fire. In addition, large-scale
subsidence (settling of air) led to very low humidities at ground level during the 1968 fire period,
which was dominated by a blocking high pressure mass over Saskatchewan and Manitoba. During the
major fire run May 23, Flat Top Tower recorded 6% RH.

2.9.2 1980 Cold Lake DND-4-80 Fire
On May 2, 1980, a fire occurred in the Cold Lake Air Weapons Range and Lac La Biche Forest of
east-central Alberta, spreading nearly 18 km to the north from its origin in a period of five hours.
Eventually it covered 137 000 ha in Alberta and another estimated 40 500 ha in Saskatchewan. The
initial run of this fire (DND-4-80 in Alberta) was documented by Alexander, Janz and Quintilio
(1981), and the fire provides a second comparative example of a well-documented, fast-spreading
boreal forest fire under extreme burning conditions in May.
Fuels were continuous, topography flat, and green-up was progressing rapidly at the time of this fire,
occurring two weeks ahead of normal green-up initiation. Fuel types were a mosaic of jack pine and
black spruce stand associations, with minor amounts of aspen. Stand heights were 10–15 m, and fuels
were continuous vertically as well as horizontally.
Prior to this time, the areas had experienced 6 months of well-below normal winter precipitation,
including 30% below normal precipitation at Lac La Biche. An upper-level high set up over the area
in late March and persisted through the third week of May. On May 2, a short-wave trough moved
northeast on the west side of the ridge, causing a temporary breakdown of the upper ridge and a prefrontal southerly flow over the fire area of very warm, dry and unstable air, producing a very low
afternoon RH of 15–20%, due to prolonged subsidence. A low-level jet wind profile in the fire area
with a maximum at 500 m of 65 km/h was measured at 11:00 at Fort McMurray.
The ISIs and FWIs were extreme, reflecting high winds and prolonged drying of fine, medium and
large fuels. Large-scale subsidence discouraged overnight recovery of RH and encouraged high
surface temperatures. A temporary upper ridge breakdown resulted in high surface temperatures, low
RH, unstable atmosphere and strong, gusty winds, including a low-level jet—all conditions favouring
extreme fire behaviour and blowup. The average rate of spread during the afternoon and early
evening May 2, 1980 on this fire was 3.5 km/h. The total fuel consumption was estimated at
4.0 kg/m2, producing an estimated HFI of 74 000 kW/m.

2.9.3 Chisholm Fire Behaviour in Historical Context
The preceding comparisons with historical fires in the area indicate that in terms of fire danger
indicators of both fire spread and intensity, peak burning conditions reached similar or higher values
on the 2001 Chisholm fire complex, than occurred on the 1968 Lesser Slave Lake fire and the DND4-80 Fire. Wind speeds were slightly higher May 28 on the Chisholm fire, but FFMCs were slightly
lower, resulting in a slightly higher ISI maximum on the DND-4-80 fire. However, the higher BUI
produced a higher maximum FWI for the Chisholm fire than on the other two fires.
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Spread rates measured on several sustained runs of the Chisholm fire ranged between 2.2 to 5.4 km/h,
slower than the sustained average ROS of 6.5 km/h for the 1968 Lesser Slave Lake fire, but within
the range of the 3.5 km/h ROS sustained on the DND-4-80 fire.
Fuel consumption was much greater on the Chisholm fire than estimated for the other two fires.
While total fuel consumption estimated for the 1968 Lesser Slave Lake fire and the DND-4-80 fire
was approximately 4 kg/m2, surface fuel consumption alone on the Chisholm fire is estimated at 9.4
kg/m2 for C-2 and 4.6 kg/m2 for M-1 fuel types.
Fire intensity (HFI) is estimated for comparative purposes only, using an average of the C-2, M-1 and
D-1 fuel consumptions (6.8 kg/m2), an average crown fuel load as predicted by the FBP System for
C-2 and M-1 (0.8 kg/m2), an average rate of spread of 4.0 km/h, and a standard heat of combustion of
18 700 kJ/kg. These calculations give an HFI of 158 000 kW/m for the Chisholm fire, which is
slightly greater than the 137 000 kW/m and much greater than the 74 000 kW/m HFIs reported for the
1968 and 1980 fires, respectively. However, the Chisholm fire intensity calculation will require
revision when additional data becomes available on surface and crown fuel consumption by fuel type.
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