PREDICTING AND INTERPRETING FIRE INTENSITIES IN ALASKAN BLACK SPRUCE .
FORESTS USING THE CANADIAN SYSTEM OF FIRE DANGER RATING' '

M.E. Alexander and F.V. Cole?

'ABSTRACT: A graph has been constructed for determining one of five possible head fire intensity classes
as well as the general type of fire (i.e., surface, intermittent crown or continuous crown) for Canadian Forest -
Fire Behavior Prediction System Fuel Type C-2 (Boreal Spruce) based on the Initial Spread Index and
Buildup Index components of the Canadian Forest Fire Weather Index System as inputs. An accompanying -
table offers free-burning fire potential and wildfire suppression interpretations. SR R

In July 1992, after several seasons of informal field testing, Alaska's interagency fire management.
community decided to adopt the Canadian Forest Fire Danger Rating System (CFFDRS) in lie of continning
to use the U.S. National Fire Danger Rating System. The CFFDRS actually comprises two primary
subsystems or modules — the Canadian Forest Fire Weather Index (FWI) System and the Canadian Forest
Fire Behavior Prediction (FBP) System (Stocks et al. 1989). The six standard component outputs of the FWI
System (Van Wagner 1987) are relative numerical ratings for varjous aspects of ignition ease, fire persistence
and potential fire behavior for a reference fuel type (i.e., mature jack or lodgepole pine forest) on flat ground
. based largely on continuous or fire weather observations (i.e., temperature, relative humidity, 10-m open

wind speed 24-hour accumulated rainfall amount, if any) recorded at noon local standard time or 1:00 pm.
daylight time (Turner and L.awson 1978). a - ' o

The FBP System on the other hand provides actual quantitative estimates of certain fire behavior
characteristics (e.g., spread rate, intensity, fuel consumption, type of fire, fire size and shape) for specific
weather conditions, fuel types and topographic situations (Forestry Canada Fire Danger Group 1992). Two
components of the FWI System, specifically the Initial Spread Index (ISD) and Buildup Index (BUI), are
major inputs in the FBP System. The ISI and BUI are relative numerical ratings that incorporate the
combined effects of short- and long-term weather conditions on potential rate of fire spread and fuel available -
for combustion, respectively (Canadian Forestry Service 1984). S

As an aid to fostering a greater appreciation of the CFFDRS amongst Alaskan fire managers, a head fire
intensity class graph (fig. 1) for FBP System Fuel Type C-2 (Boreal Spruce) has been prepared similar to the
one presented by Alexander and De Groot (1988, 1989), utilizing the mathematical relationships and related
criteria (e.g., ISI versus head fire rate of spread, ground and surface fuel consumption versus BUI) contained
in Forestry Canada Fire Danger Group (1992). A computerized version of the head fire intensity class graph
bas also been developed by Per Pedersen (personal communication) of the USDI Bureau of Land
Management's Alaska Fire Service at Fort Wainwright, which allows the user to plot the values for a
multitnde of fire weather network stations by administrative unit (e.g., district, region, area). - ' _

The FBP System is based largely on empirical data derived from experimental fires and wildfires,
supplemented by simple physical principles. Some of the basic data included in the head fire rate of spread
equations for FBP System Fuel Type C-2 was obtained from previous Alaskan studies (Johnson 1964,

1A paper presented at the Fire Working Group Technical Session and the Poster Session at the Society of American
Foresters/Canadian Institute of Forestry Joint National Convention held at Anchorage, AK, on September 18-22, 1994,
2M.E. Alexander, Fire Research Officer, Natural Resources Canada, Canadian Forest Service, Northwest Region, Northern '

Forestry Centre, 5320 - 122 Street, Edmonton, AB T6H 385; and E.V. Cole, Intelligence Coordinator, State of Alaska, Department of
Natuzal Resources, Division of Fomt_ry, Alaska Interagency Fire Coordination Center, P.O. Box 35005, Ft. Wainwright, AK 99703.
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Figure 1. Head fire intensity class graph for Canadlan Forest. Fire Behavig; :’rhzrdlcgzn Syst::nntl';t;e: _
Type C-2 (Boreal Spruce) on level to gently undulating terram and at 85 foliar moisture A |
Refer to table 1 for the associated fire control and fire behavior interpretations. | ,
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Table 1. Interpretations associated with the head fire intensity class graph for Canadlan Forest Fire

Behavior Prediction System Fuel Type C-2 (Boreal Spruce) on level to gently undalating terrain and

at 85% foliar moisture content. - n

o o e Description of Probable Fire Potential

Implications for Wildfire Suppression’
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|
|
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‘Dymess and Norum 1983). The FBP System Fuel Type C-2 is described as being_(from Forestry Canada Fire
Danger Group 1992) R [

«_.characterized by pure, moderately well-stocked black spruce stands on lowland (exciuding Sphagnum bogs) and upland sites.
Treecrownsexmdwornwthegronndanddmdbmmhmamtypimﬂydrapedwimbear&dﬁchens((]smsp.).'rheﬂaky
nature of the bark on the lower portion of stem boles is ptonoumd.lnwmmodm-axevommescfdownwoodym_mdalam :
presenthbmdwm(lzdtm'gromlmxdicuMOedu)isoﬂmmemajmshmbmmponm'Ihefomstﬂoorisdominatedbya
carpet of feather mosses and/or ground-dwelling lichens (chiefly Cladonia). Sphagnum mosses may occasionally be present, but
meyareliulehindm'ancetosmfaceﬁrespread.Acompacwdmganichyercommonlyexceedsadepthofzo-%cm.“. :

Photographic examples of all the FBP System fuel types are presented in Forestry Canada Fire Danger Group -
(1992) and De Groot (1993). The graph and the corresponding interpretations (table 1%) are of value to both -
Canadian and Alaskan fire management agencies alike because the black spruce-Labrador tea-cladonia-
feathermoss fuel complex is prevalent not only in the northern regions of Canada but throughout much of
- interior Alaska and selected coastal areas (Eyre 1980). In preparing the head fire intensity class graph for -
FBP System Fuel Type C-2 (fig. 1), the topography was assumed to be flat (i.e., 0% slope) and foliar

moisture content (FMC) was set equal to 85% (i.¢., a Worst case scenario). Variations in slope steepness and - -

FMC would be more easily accommodated in any of the computerized versions of the FBP System that exist
(e.g., Lee and Anderson 1991, REMSOFT INC. 1993). Other than these explicit assumptions, homogeneous
conditions are assumed to prevail (i.e., constant wind velocity and continuous forest cover), and a fire is
_considered to be at or have reached an equilibrivm or quasi steady-state rate of spread, regardless of the

source of ignition (Le., effectively a "line of fire" as opposed to a single point). o A

The concept of fire intensity in the FBP System refers to the rate of heat energy release per unit of time -
per unit length of fire front (Byram 1959} Numerically it is equal to the product of the net heat of
combustion (a standard value of 18 000 kJ/kg has been used here), the amount of ground, surface, and as
appropriate, crown - fuel consumed in the active flaming portion of the fire front, and the linear rate of -
spread. The latter quantity is generally but not exclusively referenced to the "head" of the fire perimeter, In -
the International System (SI) of units, fire intensity is expressed in kilowatts per metre (&W/m) where 1
KW/m is equal to approximately 0.29 Btu/sec-ft. Fire intensity is one of the principal factors influencing the
difficulty of containing a wildfire because it is directly related to flame size and in turn radiation levels as well -
as crowning and spotting potential (¢f. Alexander 1992). o ' - :

. The hyperbolas of head fire intensity depicted in figure 1, which reflect the generalized guidelines
presented in table 1 as synthesized from various sources (e.g., Alexander and De Groot 1988, Alexander and -
Lanoville 1989, Alexander 1994), implies that there are relatively distinct differences in fire characteristics - -
and the effectiveness of various fire suppression resources between fire intensity classes; note in figure 1 and
table 1 that the fifth class actually spans two ranges in fire intensity (ie., 4 000 - 10 000 and > 10 000 kW/m),
whichinmostinstancescanbeconsideredasoneforpracﬁcalpmposesalthoughsomeusersmaywishto-
distinguish six rather than five head fire intensity classes (Alexander and De Groot 1989). However, in .
~ reality there are gradations between classes rather than abrupt changes. - The crown fraction burn (CFB) (ie.,

3Byram's(1959)ﬂambngth-ﬁmmmnsitymlaﬁmmmedwdeﬁvetheesﬁmamsofﬂmhdghtquowdhm1.-
ﬂeideaofassigninggmenandbluecoloroo&stoﬁmintensityclasses1andz,mspecﬁvely,miglnappwoddtosome
ﬁdplebecauseifﬂmnaturalcolorspecnumwasadopted,mgorderwoﬂdbereve:sed.ﬂowever,tablelfoﬂowsmesame
color code scheme as originally advocated by Nelson (1964) and Brown and Davis (1973) for fire danger classes and which
thereforehasbemsubsequmﬂyusedmadvowﬁdhy&mseniorauﬂxm(ﬂex&nder1994.A1exanderandDeGrootl988,_
Alexander and Lanoville 1989,Men'ﬂ1andAlexander1987)andusedinwho]corinpartbyothers(e.g.,lanoviﬂe§nd
Mawdsley1990)..1ﬁsappamtwnuadicﬁonmayinfactstemﬁomphﬂmophicalcﬁﬁcrmwsaswwhichcolorspmvidethe '
best psychological effect. o :
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 the degree of potential crown fuel consumption expressed las a proportion of the total number of tree

. crowns) versus type of fire criteria employed in the FBP System has been used to delineate the transitions
between surface fires/intermittent crowning (CFB = 0.1) and intermittent/ continuous crown fire development

(CFB = 0.9); an intermediate value (CFB = 0.5) has also been plotted. Some of the curves portraying lines of
equal fire intensity and CFB cross over rather than perhaps more logically parralleling each other even though

they are both determined by essentially the same controlling variables. This apparent anomally is really

simply a reflection of the relative contribution of the quantity of ground and surface versus crown fuel
consumption as a result of different burning condiuons (eg,a low BUI and high ISI in contrast toa high

BUI and low ISI combmanon) |
Theoretically both the IST and BUI bave "open-ended” scales (i.e., a higher value is always possible with

increasing fire weather severity). The maximum values depicted in figure 1 therefore constitute a compromise
in terms of practicality. To determine the fire intensity class, simply find the point on the graph where the ISI -
and BUI (using either actual or forecasted values) intersect. For example, on the day that the 1983 Rosie

Creek Fire (Juday 1985, Juday and Dymess 1985) made its major run (June 2) near Fairbanks, Alaska, the
standard daily 1:00 p.m. ADT values of the ISI and BUI at the international airport weather station were 18
and 114, respectively (Alexander 1991) — this places it in the upper reaches of Fire Intensity Class 5.

Eyewitness observations, photographs taken during the fire run and the post-burn evidence itself (e.g.,”

complete flame defoiiation_of tree crowns over large areas) all atest to the extreme fire behavior and
intensities that occurred on this day. Note that the current weather conditions alone as reflected by the ISI

would have been insufficient to properly gavge the fire intensity potential on this day and the key role played

bytheBUImapprzusmgthec:un:tulat:wedrymgthathar.itakenplax:fs111themed1uznandheavyfuels4

: Inpracﬂce,theﬁmmwnmwchsswﬂibedetermmedﬁommdexvaluescchawdforanmmmme

weather station and then applied to an "area of influence” (¢f, Turner and Lawson 1978) or by interpolation |

between network stations (e.g., Lee and Anderson 1989). In either case, the proviso is made that the index
values may be inaccurate (and in tarn possibly the fire intensity class) if they don't constitute a reasonably

representative sampling of the weather acting on the general area or the specific location being assessed. In

most cases, the basic cbservation time values of the IST and BUI will be applied to the fire mtenmty class
graph/table in order to obtain a geperal indication of fire potential and implications for fire suppression across
a broad geographical area. For other times of the day or for site-specific predictions, it is paramount that the
manner in which the ISI is calculated is as vigorous as practically possible, especially with respect to the
timeliness and representativeness of the wind speed input (Forestry Canada Fire Danger Group 1992).

1t is worth noting that the fire intensity class graph and table do not directly consider the quantity of the
individual resource or mix of resources (e.g., number of firefighter(s), helicopter(s) with a bucket(s), and/or
airtanker(s) etc.) to dispatch to a newly reported wildfire in order to contain it within a specified period of

time. This must stifl be inferred from a knowledge of potential fire size and the rate of perimeter growth at

the probable time of arrival by initial attack forces, both of which can also be predicted using the FBP

Figure 1 and table 1 were primarily intended as decision support guides for use in wildfire management.
However, in addition to their value in contingency planning for a possible "escape(s)” on prescribed fires, the
head fire intensity class graph/table are also applicable to instances where a strip bead ﬁre ignition pattern is.

*Ihelmp.m.ADTﬁrewmﬂlerobmanmmmdmeoﬁierfomFWISyshemmponents at the Fairbanks international

airport were (from Alexander 1991): dry-bulb temperature 23.5°C (74°F); relative humidity 33%; 10-m (33-ft) open wind

21kmlh(lSmph),4dayssmcegteataﬂnn06mm(0.02m.)ofram,EneFuelMommmCode(FPMC)927 DuﬁMo:sturc

 Code (DMC) 114; DmughtCode(DC)ZOD'andFireWeaﬂierIndex(FWD49
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employed involving widely spaced ignition lines, except within the immediate influence of the junction zone
where merging fire fronts will produce flame heights that will be considerably higher than in adjacent areas
(Rothermel 1985) - in other words, greater fire intensities than apparent burning conditions would otherwise
indicate. The graph and table should not be considered as strictly relevant to other more complex ignition
patterns (e.g., centre firing). L T L

Informal experience withtheﬁreintensityclassgraphandtable during the 1994 wildfire season in Alaska
was very encouraging. However, comparisons based on casual observations need to be followed up by formal
evaluations with existing documentation available on wildlfires (and prescribed fires) as exémplified, for
example, by Pearce and Alexander (1994). In a sense this has been done for the Rosie Creek Fire (Alexander
1991) and a host of other possibilities exist assuming the relevant weather data is available to calculate the
FWI System components (e.g., Hardy and Franks 1963, Spencer and Hakala 1964, Hakala et al. 1971,
Franks 1974, Barney et al. 1978, McBride 1978, Viereck and Dymess 1979, Viereck et al. 1979, Norum
1982). Furthermore, in the future the completion of individual fire reports should be undertaken with the
same rigour as an initial attack productivity and effectiveness study currently in progress by Hirsch (1993).

Although this is not the place to debate the relative supremacy of Canadian versus American fire danger = '.

rating/fire behavior prediction systems in Alaska, an intercomparison of FBP System Fuel Type Cc2
projections with Norum's (1982) fire behavior guide would constitute a worthy investigation, perhaps under
the auspices of the International Boreal Forest Research Association's Stand Replacement. Fire Working
Group (Fosberg 1992). = ' o R : E
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