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1. INTRODUCTION

The importance of documented case studies
or histories of wildfires (Alexander 1982) has been
repeatedly emphasized bv both fire managers and
fire researchers (e.g., Schaefer 1961; Luke and
McArthur 1978). For example, at the 4th Confer-
ence on Fire and Forest Meteorology, Chandler
(1976) noted that "Time and time again case his-
tories have proven their value as training aids
and as sources of research data." We strongly
support this notion and have endeavored to reflect
it in our individual work areas in fire research
and fire management, respectivelv (Alexander et al.
1983; Lanoville and Schmidt 1985; De Groot and
Alexander 1986). The idea of relying on wildfires
as a possible source of fire behavior data is es-
pecially pertinent to empirically-based schemes of
quantitative fire behavior prediction such as em-
ploved in the Canadian (Alexander and others 1984;
Lawson et al. 1985; Canadian Forestry Service
1987; Stocks 1986) and Australian (McArthur 1977;
Luke and McArthur 1978; Cheney 1981, 1985) systems
of forest fire danger rating; this fact is certain-
ly significant at the extreme end of the fire in-
trensity scale where experimental fires (e.g.,
Stocks 1987) are rather difficult to arrange.

There are many examples in Canada, United
States and Australia where fire researchers have
attempted to observe and document the behavior of
wildfires, with varying degrees of data collection
methods and monitoring equipment, on an ad hoc
basis or in a more formal manner (e.g., Dibble 1960;
Dieterich 1960; Chester and Adams 1963; Dell and
Hull 1966; Sackett and DeCoste 1967; Cheney et al.
1968; McArthur and Cheney 1970; Walker and Stocks
1972; Stocks 1975; Barney et al. 1978; Norum 1982).
For example, the Southern Forest Fire Laboratoryv in
Macon, Georgia, maintained an organized, identified
team(s) of fire research personnel for the purpose
of documenting high-intensity wildfires in the south-
eastern United States (e.g., DeCoste et al, 1968)
for manv vears’ Some limited documentation has also
been undertaken by fire researchers serving as fire
behavior officers on campaign fires (Chandler and
Countryman 1959; Knutson 1962; Countryman and
Chandler 1963; Dell 1966). Fire researchers have

“D.D. Wade, Research Forester, USDA Forest Service,
Southeastern Forest Experiment Station, Southern
Forest Fire Laboratory, Macon, Ga., personal
written communication, 15 September 1981.
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also been involved in many "after-the-fact'" investi-
gations of wildfire behavior (e.g., McArthur 1965;
Billing 1985; Rothermel and Mutch 1986).

The purpose of this paper is to present a
wildfire case study which exemplifies the basic
premise that fire suppression personnel are often
in the best position to record a few simple, yet
"key" aspects of a fire's chronology. This oppor-
tunistic approach to documenting certain features
of fire behavior is illustrated with an example of
a free-burning, high-intensity crown fire (HY-36-81)
which occurred near the town of Hay River, Northwest
Territories (N.W.T.) (Fig. 1) in July 1981. The
fire management terminology used here follows Merrill
and Alexander (1987). Mountain Daylight Time (MDT)
is used throughout the paper.
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Fig. 1. The location of Hay River A (Airport) in
the Northwest Territories and other meteorological
stations in western and northern Canada, referred
to in the text, operated by the Atmospheric Envi-
ronment Service of Environment Canada (after Anon.
1977b). Great Slave Lake is denoted by GSL.
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2. ATTENDANT BURNING CONDITIONS

2.1 Fire Environment Characteristics

Topography.-- The fire area is situated at
an elevation of 170 m above mean sea level (MSL).
The terrain is flat.

the two UA sites in relation to the fire's location.
The Fort Nelson UA soundings suggest: (1) that the
lapse rate over the fire area during the afternoon
and evening would produce a conditionally stable to
unstable atmosphere, especially in the layer below
700 m and (2) there is strong indication of a low-
.level jet wind at about 500 m above the surface,

Fire Weather.-- An upper ridge began devel- The cold front evident in Fig. 3 likely re-~
oping over the fire area during the first few days ached the fire area around 1700 h MDT as evident
of July 1981 (Janz and Nimchuk 1985). The ridge by the change in wind speed and direction at the
was weakened on July 3 as a short-wave upper trough Hay River airport meteorological station (eleva-
(Fig. 2) and surface low (Fig. 3) moved across tion: 166 m MSL) which in the absence of any synop-
northern Alberta and the southern half of the tic-scale disturbance is normallv dominated by a
N.W.T. Scattered wet thunderstorms and strong northerlv "inland sea-breeze" off Great Slave Lake

surface winds accompanied the passage of the low during the daytime (Table 1).
pressure system, : S T .

The 1800 h MDT vertical wind and temperature {
profiles at the Fort Nelson UA (Upper Air) station in ¢
British Columbia (B.C.) (elevation: 379 m MSL) are 14 -
presented in Figs., 4 and 5; although Fort Smith UA o\
is closer to the fire area (Fig. 1), the rawind=- i S
sonde sounding from the B.C. station was deemed to I )
be more representative in this particular case due

_to diffgrgnces in_air mass characteristics between
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Table 1

Hourly weather observations and fire danger indices recorded at Hay River A, Northwest Territories, prior
to and during the major run of the HY-36-81 Fire on July 3, 1981.

local Drv-bulb Dew-point Relative 10-m Open Winda Fine Fuel Initial Fire L
Time Temperature Temperature Humidity Direction Speed Moisture Code” Spread Index” Weather Index”
(h MDT) o ‘o) % (deg.)  (km/h) (FFMC) (1sT) (FWI)

1400 21.2 7.7 42 60 22.2 89.7 12.3 42.1

1500 17.9 8.8 55 20 14.8 89.4 8.2 32

1508 - - - 10 7.4 -

1520 - - - 360 14.8 - - -

1600 19.8 8.7 50 320 13.0 89.4 7.4 30.1

1700 20.0 7.8 46 270 14.8 89.5 8.2 32.3

1706 - - - 270 22.2 -

1718 - - - 260 22.2 - - -

1800 19.8 9.8 52 270 18.5(41) 89.4 9.8 36.3

1900 20.7 3.1 32 300 33.3 89.7 21.5 59.7

2000 20.1 1.6 30 210 37.0(63) 90.0 27.1 68.7

2100 18.5 2.5 34 250 29.6 90.1 18.8 55.0

2200 17.5 2.9 38 260 9.3 90.1 6.8 28.5

2300 14.9 5.2 52 260 5.6 89.9 5.5 24.6

2400 13.4 3.9 53 210 14.8 89.7 8.4 32.8

aHourly values represent the average for the preceding hour (e.g., the 1900 h MDT value is the mean wind

speed for the period between 1800 h and 1900 h MDT (Anon.

Based on hourly calculation of the FFMC as described by Van Wagner (1977) and Alexander et al.

1977a). Reported gusts are noted in parentheses.

(1984).

Fuelg,-- The fire area is located within the
northern boreal forest region of Canade swe 1972).
Black spruce forests comprise the main iuel type;
the deciduous element is minor. The overstory tree
canopy in the fire area consisted of three density
classes of black spruce (Fig. 6): fully, medium and
sparsely stocked. The trees ranged from 5-15 m in
height with their crowns extending to or near the
ground; the fully-stocked stands exhibited a 1-2 m
live crown base height. The understory flora con-
sisted of a mixture of feathermosses, grasses and
willows; the fully-stocked black spruce stands were
however dominated by feathermosses, In most areas
of N.W.T., the black spruce fuel complex represents
a highly flammable fuel type.

Normally in early July, the accumulation of
dead grass in the area would have been saturated
with groundwater, but the two previous yvears (1979
and 1980) had experienced considerably below-normal
precipitation (229.3 mm and 287.0 mm, respectively,
compared to a 30-vr normal of 339.9 mm (Anon. 1982))
which resulted in a general lowering of the water-
table, thereby exposing the dead grass material
fully to the dryving effects of daily weather; only
7.9 mm of precipitation had fallen since May lst.

2,2 Fire Danger Indices

The surface weather observations during the
major run of the HY-36-81 Fire are summarized in
Table 1. The fire danger severitv is expressed here
in terms of the Canadian Forest Fire Weather Index
(FWI) System (Turner and Lawson 1978; Canadain For-
estry Service 1984; Van Wagner and Pickett 1985;

Van Wagner 1987)., The FWI System consists of six
standard components. Computations are based on
consecutive daily 1200 h local standard time observ-
ations of dry-bulb temperature, relative humidity,
10-m open wind speed and 24-h accumulated precipi-
tation (if any). The first three components of the
FWI System are fuel moisture codes representing the
moisture content of fine surface litter, loosely

compacted duff of moderate depth, and deep compact
organic matter., The other three components are fire
behavior indexes representing rate of fire spread,
fuel available for combustion, and fire intensity

on a relative rather than an absolute basis. The
calculated components (Van Wagner and Pickett 1985)
and fire weather observations for 1300 h MDT on July
3, 1981 based on the daily readings at the Hay River
airport are as follows:

Dry-bulb Temperature - 20.8 °c
Relative Humidity - 42%
10-m Open Wind - ENE 9 km/h
Days Since Rain (>0.6 mm) - 7

Fine Fuel Moisture Code (FFMC) - 90.7
Duff Moisture Code (DMC) - 128
Drought Code (DC) - 459

Initial Spread Index (ISI) - 8.3
Buildup Index (BUI) - 151
Fire Weather index (FWI) - 33

Since its introduction in 1970, the FWI System has
been used with increasing confidence in the N.W.T,,
as it has elsewhere (Kiil et al. 1986), as a guide
in a variety of fire management applications. The
FWI component is currently used as the principal
indicator of fire danger in the N.W.T. The follow-
ing fire danger classes, based on the frequency of
occurrence (Van Wagner 1987), are presently used in
the N.W,T.:

Fire Danger Class Fire Weather Index

Low 0 - 4
Moderate 5 - 12

High 13 - 18
Very High 19 - 24

Extreme 25+

The Cumulative Daily Severity Rating (CDSR) (Harvey
et al. 1986) on July 3 was 346.10. The fire danger
indices for July 3, 1981 would have resulted in a



Perimeter Control Factor (PCF) of 42 m/min or the
highest state of readiness and suppression resource
build~up (Level 4) according to the new N.W,T. for-
est fire preparedness system (Lanoville 1986).

3. FIRE CHRONOLOGY AND DEVELOPMENT
The HY-36-81 Fire was started by lightning
at approximately 1455 h MDT (Fig. 6); cloud-to-
ground discharges were reported by the weather
observer at the Hay River airport (8 km northwest
of the fire area) at 1452 h MDT. The fire was
discovered by commercial aircraft at 1500 h MDT
and reported to the local fire management authori-
ties in Hay River; the fire was located within a
N.W,T. 'Fire Attack Zone' (Bailey 1985). Two 5-
man helitack crews were dispatched to the fire
scene at 1505 h MDT in a Bell 205A helicopter (w/
bucket) from the Hay River helitack base, 4.5 km
from the fire's point of origin. By 1510 h MDT,
the HY¥-36~81 Fire had developed into a crown fire
and grown to about 0.5 ha in size. At 1545 h MDT,
a Douglas DC-6B airtanker accompanied by a birddog
plane joined the suppression efforts after action-
ing other nearby fire starts in the Hay River area.
The fire was estimated by the birddog officer (BDO)
to be about 12 ha in size at this time, Several

35 mm slies taken by the BDO (Fred Lepine) between
1550-1610 h MDT show the typical elliptical shape
of a wind-driven fire spreading over flat country.

The initial attack action, although rapid,
was hampered from the start by moderate, gusty
winds which switched from the WNW to the WSW dur-
ing the first hour or so following ignition. These
winds were associated with thunderstorm activity
to the north of the fire area. By 1630 h MDT, the
crowning and associated spotting had resulted in a
forward spread distance of approximately 1.4 km;
the fire's rate of sprcad had increased with the
stronger and gustier WSW winds which were associ-
ated with the passage of the approaching cold
front. The combined efforts of the helitack crews
and the DC~-6B airtanker had no effect in contain-

the fire's growth; the aerial fire retardant drops
were ineffective at the fire's head and so the
flanks were worked. The air attack operations on
the fire were abandoned at 1830 h MDT and the fire
continued to spread freely while additional fire
control resources were mustered to fight what was
now deemed to be a campaign fire.

From 1700 h to 1900 h MDT the WSW winds re-
mained moderate and gusty., During this time, the
fire crowned first through the medium-stocked black
spruce stands, which encompassed over one-half of
the major run, and then through the fully-stocked
ones, which formed a band along Sandy Creek (Fig.
6). After 1900 h MDT, the wind shifted to the SW
and generally died down. The fire continued spread-
ing in the surface fuels while intermittently torch-
ing the sparse tree cover and small intermingled,
fullyv-stocked black spruce thickets.

At around 1900 h !DT, crawler tractors, work-
ing in two groups of three, started building fire-
guard from west to east along the north and south
flanks of the fire which were producing very low
flames and exhibiting very little lateral movement,
thus allowing the tractors to work in close prox-
imity to the fire's edge. The burnout crews had
limited success igniting the remaining unburned
fuels between the fireguard and the fire's edge.
The tractors worked throughout the night building
fireguard and making openings in the forest canopy
for the construction of helispots.

Light rainshowers associated with the cold
front passage started falling after midnight and
continued until noon the next day (3.5 mm of rain
was recorded at the Hay River airport at 1300 h
MDT on July 4). The HY-36-81 Fire was easily mop-~
ped-up over the next week.

The HY-36-81 Fire travelled a total distance
of nearly eight kilometres (Table 2) and burned over
a final area of 1009 ha with an estimated perimeter
length of 16.77 km. The fire's length-to-breadth

HY-36-81 FIRE

July 3,1981
N.W.T., Canada
(60°45'N,115°42'W)
Scale 1:25000

FULLY STOCKED BS
MEDIUM STOCKED BS
SPARSELY STOCKEDBS ]

MIXED 85(25:)/1Ar75;>f 52223

Fig. 6.

and TA = trembling aspen).

—————————
Composite fire progress and forest cover type map for the HY-36-81 Fire.
classes were interpreted from vertical 1:25 000 scale black & white aerial photographs (BS
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Table 2

Analysis of rate of spread associated with the main run of the HY-36~81 Fire during its first major burn-
ing period on July 3, 1981.

Fire Time Interval Elapsed Forward Spread Distance Bead Fire Spread Rate
Observation Interval Duration Time Interval Cumulative Interval Cumulative
Interval (h MDT) (h:min) (h:min) (m) (m) (m/h) (m/h)

A 1455 - 1600 1:05 1:05 696 696 644.6 644.6

B 1600 - 1700 1:00 2:05 1368 2064 1368.0 992.3

C 1700 - 1900 2:00 4:05 4186 6250 2093.0 1531.9

D 1900 - 2400 5:00 9:05 1690 7940 338.0 874 .4
(L/B) ratio (Alexander 1985) was calculated to be Table 3

3.9:1. The fire's overall rate of area and perim-
eter growth were 111 ha/h and 30.8 m/min or 1.85
km/h, respectively.

4. FIRE DOCUMENTATION
In preparation for a campaign fire situation,
the officer-in-charge of the HY-36-81 Fire (Don Brew-
er) coordinated fire suppression operations from an
Allouette II helicopter. With the helicopter at
his disposal, he was mobile over the entire fire
to supervise the location and construction of heli~
spots along the flanks of the fire, to locate and
direct the stocking of aviation fuel caches, to
evaluate water sources for helicopter bucketing,
and to select access routes for the crawler tractors
from the highway west of the fire area, While these
activities were taking place, he maintained contin~
ual surveillance of the fire by mapping its progress
and noting its behavior at more or less regular in-
tervals. Because the HY-36-81 Fire was burning ad-
jacent to a settlement, accurate, timely reports on
its growth and behavior were needed for public in-
formation purposes. The location of the fire's
head was updated every hour or two by mapping its
position from the helicopter on vertical 1:25 000
scale black & white aerial photeographs. Both nat-
ural and man-made features showed clearly on the
photos. The natural features included Sandy Creek,
numerous bogs, and the general forest cover type
patterns. Man-made features included seismic lines
(i.e., lines cleared of tree cover in order to move
seismological equipment through the forest for gas
and oil exploration purposes (Kiil 1970)), and the
abandoned Canadian National Telephone (CNT) land
line (Fig. 6). By using all of the identifiable
landmarks, the fire's origin and subsequent spread
was easily located on the photos and thus mapped
with a high degree of accuracy.

5. APPLICATIONS IN FIRE MANAGEMENT AND RESEARCH
Wildfire case histories are an invaluable
aid in the preparation of classroom training exer-
cises (Cooper 1986) and in initial attack planning
scenarios and analyses (Newstead and Potter 1982).
The HY-36-81 Fire story has been utilized in many
annual fire management courses in the N.W.T. since
1982, :

The observations of the initial attack fire
boss permitted the retrospective calculation of
three sustained head fire spread rates in the low-
land black spruce type (Tables 2 and 3) which were
eventually used in the development of the rate of
spread (ROS) relationship for Fuel Type C-2 (Fig.
7) in the 1984 interim edition of the Canadian
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Contributions of the HY-36-81 Fire to the Canadian
Forest Fire Behavior Prediction System data base

for Tuel Type C-2 (Boreal Spruce).

Fire Initial Head Fire
Observation Spread Index Rate of Spread
Interval (IS1) (m/min) (km/h)
8.3 10.7 0.64
9.0 22.8 1.37
15.7 34,9 2,09
FUEL TYPE C-2
Boreal Spruce
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Fig. 7. Scattergram of Initial Spread Index (ISI)
versus head fire rate of spread (ROS) observations
from experimental and wild fires in Fuel Type C-2
(Boreal Spruce) in the 1984 interim edition of the
Canadian Forest Fire Behavior Prediction System,



Forest Fire Behavior Prediction System (Alexander
and others 1984; Lawson et al. 1985) upon which
rests the basis for other means of predicting fire
growth (e.g., McAlpine 1986; Feunekes and Methven
1987). The ROS value for observation A (Table 3)
is undoubtedly at least partly influenced by the
fire's initial period of acceleration (Luke and
McArthur 1978; Cheneyv 1981, 1985).

6. CONCLUDING THOUGHTS

While a number of well-documented wildfires
were used in developing the interim edition of the
FBP Svstem, much more information remains to be
collected in order to evaluate the existing ROS
relationships (and to allow for the future expan-
sion of the system to include other important
Canadian fuel tvpes); a few well-documented spread
rates, especiallv near the mid to high end of the
Initial Spread Index range, would probably do more
to improve the existing relationships than a mass
of fire report data of low individual reliability.
The highest prioritv for documentation should be
wildfires which occur near established weather
stations. There is also a more general need by
fire managers to gather ROS data in a systematic
and reliable fashion in order to rationally veri-
fv and/or adjust their fire behavior predictiomns
in both initial and extended burning period situ-
ations. This is certainly not an easyv task for
fire managers or fire researchers, primarily be-
cause wildfire occurrence is unpredictable as to
time and place, and numerous logistical problems
arise when attempting to observe and monitor wild-
fire behavior. However, fire suppression person-
nel are generallyv "in the right place at the right
time' to make certain critical observations, espec-
ially during the earlier stages of a wildfire, and
if properlv trained, to document them in a consis-
tent manner; on campaign fires, a designated fire
behavior officer generallv fulfills the role of
"historian" (Anon. 1985).

Some general guidelines with respect to tra-
ditional approaches of documenting fire spread and
obtaining the necessary weather observations to
complete the analvsis were offered in the interim
FBP Svstem user guide (Alexander and others 1984,
p. 61-62) and will therefore not be repeated here.
There is certainly the need to examine the appli-
cation of existing and new technology in this re-
gard as well. Thermal infrared scanning from fixed-
and/or rotary-wing aircraft (Lawson 1975; Warren
and Wilson 1981) would provide more accurate maps
of fire growth (spread rate, size, shape, etc.),
including spot fire behavior (e.g., maximum dist-
ances), than conventional visual methods would
allow., Hourly wind data is a prerequisite to any
detailed ROS analvsis; the WM-680 Wind Monitor
(anemometer and display unit) produced by Forest
Technologv Svstems (FTS) Ltd. of Victeria, B.c.T
(the first author of this paper provided FTS with
the initial concept for the device), is a portable,
simple to use and relatively inexpensive instru-
ment for obtaining the average wind speed and peak
gust at 10-min intervals. The development of re-
mote (RAWS) and portable remote (PRAWS) automatic
weather stations permits the transmission of ob-

servations on a preplanned or "on request' basis
(Warren and Vance 1981; Ward 1983). Field port-
able equipment is available for obtaining ''on-site"
vertical temperature and/or wind profiles (Silver-
sides 19743 Turner and Markes 1974). Other aspects
of fire behavior and related phenomena such as
flame size, convection column dynamics, fire whirls
and horizontal roll vortices can be documented by
various photographic means (Anon. 1971; Lyons 1978;
Sutton 1984), including the use of video and time-
lapse cameras; lookouts have obtained good photo-
graphic records of wildfire development with a 35
mm camera in the past.
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