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Surface fire spread potential in trembling aspen during summer
in the Boreal Forest Region of Canada

by Martin E. Alexander1

ABSTRACT
In Canada, the importance of seasonality in forest fire danger rating associated with phenological changes in deciduous
tree leaves and lesser ground vegetation has historically been taken into account by dividing the fire season into three dis-
tinct periods (i.e., spring, summer, and fall). During the mid-1980s, the developers of the Canadian Forest Fire Behavior
Prediction (FBP) System did not envision that the M-2 Boreal Mixedwood – Green fuel type with 100% hardwood com-
position would eventually be explicitly interpreted by field users and other researchers to represent a trembling aspen
(Populus tremuloides Michx.) fuel type in the summer following green-up or flushing of the overstory canopy and under-
story vegetation. Interest in what has become to be known as the D-2 FBP System fuel type to represent leafed-out trem-
bling aspen stands during the summer fire season has steadily increased since. Formal recognition of such a fuel type may
very well constitute an example of overextending the original basis and heuristics associated with the rate of fire spread
model for the M-2 FBP System fuel type. Thus, the assumptions underlying a D-2 fuel type are explicitly restated here for
the benefit of fire managers and researchers alike. Furthermore, an interim guideline is presented with respect to the
threshold condition in fuel dryness necessary for surface fire spread in the D-2 fuel type to occur based on existing empir-
ical observations garnered from experimental fires, prescribed burns and wildfires. This criterion was deduced from exist-
ing information and knowledge, and is expressed in terms of the Buildup Index (BUI) component of the Canadian For-
est Fire Weather Index System. The rationale for the descriptive name assigned to the D-2 fuel type and the corresponding
fuel strata characteristics are given. Improvements in the present basis of the D-2 fuel type could be realized from moni-
toring selected wildfires and operational prescribed fires and/or by carrying out an experimental burning study.

Key words: Canadian Forest Fire Behavior Prediction System, Canadian Forest Fire Danger Rating System, Canadian
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Résumé
DAu Canada, l’importance de l’époque de l’année dans la classification du risque de feu de forêt associée aux changements 
phénologiques des feuilles des feuillus et de la quantité réduite de végétation au sol ont été historiquement prises en considération 
en divisant la saison des feux de forêt en trois périodes distinctes (c’est-à-dire, le printemps, l’été et l’automne). Au cours du milieu 
des années 1980, les chercheurs responsables du développement de la Méthode canadienne de prévision du comportement des 
incendies de forêt (PCI) n’avaient pas envisagé que le type de combustible M-2 Peuplements nordiques mélangés comportant 
100% de feuillus serait éventuellement et explicitement interprété par les utilisateurs sur le terrain et d’autres chercheurs pour 
représenter le type de combustible provenant des peuplements de peuplier faux-tremble (Populus tremuloides Michx.) au cours 
de l’été après la fin de la période de feuillaison ou de l’apparition du feuillage dans la cime des arbres et parmi la végétation en 
sous-étage. L’intérêt pour ce qui est devenu le type de combustible D-2 du Système PCI utilisé pour représenter les tremblaies 
en feuilles au cours de la période estivale des feux de forêt n’a cessé de croître depuis lors. Une reconnaissance formelle d’un 
tel type de combustible pourrait très bien constituer un exemple du débordement du raisonnement et des hypothèses de base 
associés au modèle du taux de dispersion du feu pour le type de combustible M-2 du Système PCI. En conséquence, le texte qui 
suit expose explicitement les suppositions rattachées à un type de combustible D-2 pour le bénéfice des gestionnaires de feux et 
des chercheurs intéressés. De plus, des directives intérimaires sont présentées relativement aux conditions de base requises au 
niveau de l’humidité du combustible requis pour la dispersion d’un feu de surface qui pourrait survenir dans le cas d’un type de 
combustible D-2 à partir des observations empiriques existantes faites lors de feux expérimentaux, de brûlage contrôlé et de feux 
non contrôlés. Ce critère a été déduit à partir des informations et des connaissances existantes et est exprimé en tant qu’élément 
de l’Indice du combustible disponible (ICD) de la Méthode canadienne de l’indice forêt météo (IFM). Le raisonnement portant 
sur la désignation du type de combustible D-2 et les caractéristiques correspondantes des strates de combustibles sont présentés 
par les auteurs. Des précisions sur la définition actuelle du type de combustible D-2 pourraient être apportées après étude d’une 
sélection de certains feux non contrôlés et de quelques brûlage dirigés réalisés à l’échelle opérationnelle ou encore en réalisant 
une étude sur le brûlage à l’échelle expérimentale.  

Mots clés :  Méthode canadienne de prévision du comportement des incendies de forêt, Méthode canadienne 
d’évaluation des dangers d’incendie de forêt, Méthode canadienne de l’indice forêt météo, feuillus, comportement 
du feu,  conditions environnantes, potentiel d’incendie, risque de feu, inflammabilité des forêts, type de 
combustible, humidité du combustible, fin de la période de feuillaison, bois francs, vitesse de dispersion du feu



Introduction
The boreal forest of Canada
contains mixedwood stands
comprised of varying amounts
of hardwood and coniferous
tree species (Rowe 1972).
There is considerable seasonal
variation in the fire behavior
potential associated with these
fuel complexes, in part as a
result of phenological changes
in the hardwood component of
the canopy and its associated
understory vegetation (Fig. 1).
The “condition of vegetation” is

in fact considered to be one of the many variable elements of
fire danger according to Brown and Davis (1973):

“The seasonal cycle has a pronounced effect on the
availability of kindling fuels. Whether grass, weeds,
ferns, brush, or other foliage fuels are green, curing, or
dry has tremendous effect on both the quantity and
flammability of such fuels. In hardwood types,
whether the leaves are green on the trees or dead on
the ground can spell the difference between very little
and high fuel hazard.”
In their early work on fire danger rating in Canada, Wright

and Beall (1938) pointed out that the fire potential in hardwood
forests “... is very much higher during those parts of the spring
and fall when the leaf canopy is absent or incomplete than it is
during the intervening months in the summer. The fire season
is therefore divided into three periods – spring, summer and 
fall ...” and the same applied to the mixedwood type (Table 1).
This distinction was recognized in all subsequent fire danger
rating tables produced in Canada (e.g., Kiil and Quintilio
1969) up to the release of the Canadian Forest Fire Weather
Index (FWI) System (Van Wagner 1987) in 1970 and in vari-
ous Canadian fuel type and fire hazard classifications
schemes. Simard et al. (1989) were able to develop a weather-
based model for predicting green-up and transitions between
seasonal periods.

While fires in certain hardwood forests of western and
northern North America are expected to occur during the
spring and fall of the year, the probability of their occurrence
during the summer months has in the past generally been

regarded as unlikely. The live trembling or quaking aspen
(Populus tremuloides Michx.) stand type in the Rocky Moun-
tains, for example, has been described as an “asbestos forest”
because it does not commonly exhibit the extreme fire behavior
usually characteristic of coniferous forests during the summer
fire season (Wright and Bailey 1982). DeByle et al. (1987)
report that wildfires burning in coniferous and shrubland fuel
complexes under extreme weather conditions in the western
U.S. seldom penetrate pure aspen stands by more than 30 m.

In the boreal forest of Canada, trembling aspen stands
have traditionally been regarded as barriers to fire spread dur-
ing the summer fire season. However, in response to chang-
ing climatic and perhaps fuel conditions (Amiro et al. 2001),
the incidence of wildfires spreading in northern hardwood
forests may be more commonplace. de Groot et al. (2009), for
example, have documented the occurrence of wildfire activity
in trembling aspen forests in central Saskatchewan in early
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Table 1. Criteria for distinguishing the three periods of the 
fire season for fire danger rating purposes at the Petawawa
Forest Experiment Station near Chalk River, Ontario, during
the late 1930s (adapted from Wright and Beall 1938).

Fire season 
period Description of criteria

Spring Lasts until the first rain of 13 mm (0.5 in.) or more
has fallen after the leaves of the tree crowns are one-
half developed. If such a rain does not fall until the
leaves are fully developed, the first rain of 6 mm
(0.25 in.) or more, after full leaf development, ends
the spring fire season. On the average, the hardwood
leaves are one-half developed about May 25, and are
fully developed by about June 2.

Summer Between the end of the Spring period as described
above and the beginning of the Fall period as
described below.

Fall Begins when one-third of the leaves of the tree
crowns have fallen. This occurs approximately
October 8.

Note: Kiil and Quintilio (1969) regarded the change from spring to summer period
in Alberta to occur when (a) the first rain of 6 mm (0.25 in.) or more falls after the
leaves are fully developed on poplars and birches or (b) 2 weeks after the leaves are
fully developed if no rain of as much as 6 mm (0.25 in.) has fallen during that time.
The change from summer to fall period occurs when one-quarter of the leaves on
the poplars and birches have fallen.

Fig. 1. A classification scheme for condition of lesser vegetation in hardwood stands used in forest fire danger rating during the 1950s
and early ’60s in the eastern United States (from Jemison et al. 1949).
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August 2003 and similarly in the southeastern region of the
Yukon Territory in early July 2004. As a result, there has been
a growing interest within the Canadian wildland fire commu-
nity, particularly amongst those engaged in simulating fire
impacts and effects at the landscape-scale level and in devel-
oping computerized decision support systems, to officially
recognize the existence of a D-2 fuel type (to represent trem-
bling aspen stands following “green-up” in summer) in the
Canadian Forest Fire Behavior Prediction (FBP) System
(Forestry Canada Fire Danger Group 1992, Taylor et al.
1997). Such a capability will enable managers to develop more
effective fire and fuel management strategies.

The purpose of this paper is to formally establish the basis
for the FBP System D-2 fuel type and its usage, as initially dis-
cussed in Wotton et al. (2009, p. 29). Some general familiarity
with the FBP System and the FWI System (Van Wagner 1987)
on the part of the reader is presumed.

Seasonal Changes in the Flammability of Northern
Hardwood Forests
Here we review the dynamic changes in the fuel complex
characteristics and microclimatic conditions associated with
the seasonal flammability in northern hardwood forest stands
such as the trembling aspen type (Fig. 2). Fires in live hard-
wood stands in the summer are generally of low-intensity. In
this regard, Stickel (1931) said of hardwood forests in upstate
New York:

“In the Adirondacks, where forests have a decided sea-
sonal aspect when the hardwood foliage is present or
absent, the forest canopy plays a remarkable role in
reducing the fire hazard. The end of spring and the
beginning of the fall fire seasons are determined largely
by the appearance and disappearance of the hardwood
foliage. While the hardwood trees are in leaf they pro-
tect the duff from all the drying effects of weather to
such an extent that a hazard seldom exists in the green
timber.”
Haines et al. (1986) have noted that throughout the

northeastern U.S. in general, “When fuels are green ... their
moisture content may be so high as to overwhelm environ-
mental conditions and preclude wildfire occurrence. ... In
this situation, living vegetation may be like a switch that
turns fires on and off rather than a heat sink that reduces
spread rates and intensities.”

On the subject of seasonality and forest fire danger, Wright
and Beall (1934) have stated that: “The month of May is rec-
ognized by foresters in eastern Canada as constituting a par-
ticularly dangerous period from the standpoint of fire hazard.
It comprises the greater part of that critical stage between the
melting of snow in the woods and the development of herba-
ceous plants, ground vegetation, and the foliage of shrubs and
trees. A somewhat similar situation occurs in the late fall, after
the death of seasonal vegetation, although possibly mitigated
to some extent by the shortened hours of daylight.”

Certainly the same can be said for the boreal hardwood
forests of western Canada (Kiil and Grigel 1969, Kiil and
Quintilio 1969, Kiil et al. 1977). However, a case could easily
be made that in the autumn following leaf fall, an equally or
more hazardous period can exist in some areas if preceded by
a severe summer drought (Haines and Sando 1969, Haines et
al. 1976). Such a case occurred in the hardwood forests of
northern Maine in late October 1947 (Butler 1997)2.

Hardwood forests are devoid of foliage in the spring and
late fall (Sayn-Wittgenstein 1978). Full green-up or flushing
of the leaf foliage in the overstory tree canopy and the under-
story vegetation layer in late spring/early summer has a pro-
nounced effect on the microclimatic conditions in a northern
hardwood stand and hence on forest fuel flammability (Fig.
2). Wright and Beall (1938) noted that “... a longer stretch of
dry weather is required for a hazard to develop during late
summer than in early summer.” Consider the following
changes that occur in the fire environment of a northern
hardwood forest stand as the fuel complex transitions from a
“cured” state in the spring following snow melt to full green-
up at the start of the summer period:
• A reduction in the effective in-stand wind speed at the

ground level which in turn influences fine fuel drying and
the direct affects of air flow on the flame front propagation
(Marston 1956, Frederick 1961).

• An increase in shading as a result of the leafy canopy and
lower vegetation (Kiil et al. 1977) and thus a decrease in
direct effects of solar radiation on the surface litter leads to
lower fuel temperatures and decreased drying in the leaf
litter (Byram and Jemison 1943, Van Wagner 1969). 

• A decrease in air temperature and an increase in the rela-
tive humidity of the in-stand conditions results in
decreased drying potential of the fine, surface fuels
(Wright and Beall 1934).

• The surface leaf litter becomes matted and more com-
pacted (Van Wagner 1983).

• The reduction in solar radiation at the ground surface cou-
pled with the changes in weather elements leads to sub-
stantially less drying in the litter and duff layers (Van 
Wagner 1970, Wotton and Beverly 2007).

• The “green surface fuel effect” (Van Wagner 1975) result-
ing from the appearance of the understory vegetation with
its very high (>100%) moisture content (Loomis et al.
1979, Brown et al. 1989) causes a dampening influence on
surface fire spread. 

• The crown fuels of the overstory will not support crown
fire, presumably in part because of the very high (>140%)
moisture content of the foliage (Van Wagner 1967, 1977)
and low quantities of fine, dead twigs and branchwood
(Loomis and Roussopoulos 1978).
Interestingly, Beall (1934) found that there was not a great

deal of difference in the percentage of rainfall reaching the
forest floor as a result of the presence of the hardwood foliage
in summer compared to the leafless state in the spring. Dunne
and Leopold (1978) report a median canopy interception rate
of 13% for deciduous forests.

Wright and Beall (1934) sum up the combined conse-
quences of the changes described above:

“The results of all these factors in the hardwood stand
... is that within a period of about three weeks this for-
est type is transformed from one of the most hazardous
areas ... to one in which it is almost impossible to start
a fire under any circumstances.”
These changes that occur in the tree canopy and lower
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2At the time of these devastating fires, the Duff Moisture Code
(DMC), Drought Code (DC) and Buildup Index (BUI) compo-
nents of the FWI System at Portland, Maine, had reached levels of
around 90, 500, and 125, respectively (Alexander 2004).
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Fig. 2. Visual depiction of the seasonal changes in the overstory and understory of a semi-mature trembling aspen stand in central
Alberta following snow-free cover in the spring, through the summer, and up to mid-autumn: (a) April 26, (b) June 30, (c) 
September 7, and October 18, 1994.
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vegetation in northern hardwood forests create conditions
that reduce the probabilities of fire ignition and spread as evi-
dent in the reduction in wildfire occurrences and area burned
in areas dominated by such fuel types in eastern (Wein and
Moore 1977) and western Canada (Cumming 2001, Tymstra
et al. 2005, Krawchuk et al. 2006) as well as the northeastern
and north-central U.S. (Haines et al. 1970, 1973, 1975, 1978).

Basis for the Existence of a D-2 Fuel Type
In the FBP System, the primary independent variable influ-
encing the equilibrium head fire rate of spread (ROS) on level
terrain is the Initial Spread Index (ISI) component of the FWI
System (Fig. 3); the resultant spread rate can be adjusted for
the mechanical effects of slope. The ISI is a relative numerical
rating of the expected rate of fire spread. It combines the
effects of wind and the Fine Fuel Moisture Code (FFMC)
without the influence of variable quantities of fuel, which is
accounted for in the FBP System by an adjustment factor
based on the Buildup Index (BUI) component of the FWI Sys-
tem. The BUI is a compound measure of the Duff Moisture
Code (DMC) and Drought Code (DC) that indicates the total
amount of fuel available for combustion (Van Wagner 1987).
The DMC and DC are numerical ratings of the average mois-
ture content of (i) loosely compacted organic layers of moderate
depth, and (ii) deep, compact, organic layers, respectively.

Some experimental burning has been carried out in boreal
mixedwood stands following partial cutting (e.g., Tucker and
Jarvis 1967, Alexander 1982). However, other than the Cana-
dian Forest Service (CFS) 2-minute test fire database involv-
ing small-scale, point source ignitions (Paul 1969, Simard

1970), no empirical data on fire
behavior (e.g., rate of spread)
in natural boreal mixedwood
forest stands in Canada existed
at the time. Given the prepon-
derance of mixedwood stands
in the boreal and other forest
regions of Canada, an alterna-
tive solution was devised in the
development of the interim
edition of the Canadian Forest
Fire Behavior Prediction (FBP)
System (Lawson et al. 1985).
This involved an approach
similar to the “two fuel model
concept” of Rothermel (1983, 
p. 12). The primary assump-
tion made is that within a given
boreal mixedwood stand or
designated fuel type polygon,
the fire spread rate will vary
according to the proportional
area occupied by the conifer-
ous versus the hardwood com-
ponent of the stand. This
approach was retained in the
first complete edition of the
FBP System (Forestry Canada
Fire Danger Group 1992).

The FBP System currently
recognizes two healthy boreal

mixedwood types – i.e., Boreal Mixedwood – Leafless (M-1)
and Boreal Mixedwood – Green (M-2). The ROS equations
for these two fuel types are just the sums of the ROS equations
for the Boreal Spruce (C-2) and Leafless Aspen (D-1) types
weighted by the percent conifer (PC) and percent hardwood
(PH) composition (Fig. 3). In practice, combinations are
commonly employed (e.g., 75PC/25PH, 50PC/50PH, and
25PC/75PH) as given for example in the FBP System field
guide (Taylor et al. 1997) and as illustrated to a small extent in
Fig. 3. The PC and PH combination must total 100.

The general form of the ROS equation for fuel type M-1 is
as follows:

[1] ROSM-1 = ([PC/100] � ROSC-2) +
([PH/100] � ROSD-1)

In turn, the general form of the ROS equation for fuel type
M-2 is as follows:

[2] ROSM-2 = ([PC/100] � ROSC-2) + 0.2 �
([PH/100] � ROSD-1)

The above equation for fuel type M-2 is similar to that of
fuel type M-1 except that the hardwood or D-1 component of
equation [1] is multiplied by a factor of 0.2. This approach
was taken because no empirical rate of fire spread data for
hardwood fuel types under summertime or leafed-out situa-
tions existed at the time the FBP System was initially devel-
oped, only leafless or springtime and fall conditions (Alexan-
der and Maffey 1992–93). It was therefore assumed, based on
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Fig. 3. Equilibrium head fire rate of spread (ROS) on level terrain as a function of the Initial
Spread Index (ISI) component of the Canadian Forest Fire Weather Index (FWI) System for the
Boreal Spruce (C-2), Boreal Mixedwood – Leafless (M-1), Boreal Mixedwood – Green (M-2), and
Leafless Aspen (D-1) fuel types in the Canadian Forest Fire Behavior (FBP) Prediction System
according to Forestry Canada Fire Danger Group (1992) in relation to the Green Aspen (D-2)
fuel type. Both of the boreal mixedwood fuel types contained 25 percent conifer (PC) and 75 per-
cent hardwood (PH). The Buildup Index (BUI) component of the FWI System was set at 70 for the
purpose of the buildup effect adjustment on ROS found in the FBP System.
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the collective opinion of the CFS Fire
Danger Group at the time, that the
rate of fire spread in summer follow-
ing green-up of the overstory and
understory in the D-1 fuel type was
20% of the leafless state that occurs in
the spring and fall for a given set of
burning conditions (Lawson et al.
1985)3. The fire spread potential in
trembling aspen in summer sug-
gested by this heuristic gradually
became accepted as fact in some cir-
cles (e.g., Johnson 1992, p. 30).

The 0.2 multiplier presented in
equation [2], produced the desired
end result sought by the developers of
the FBP System, namely a relatively
lower spread rate in stands with a very
high hardwood component. For
example, an average BUI level of 32
would yield a head fire rate of spread
of less than 2 m/min at an ISI of 30
compared to 10 m/min in the D-1
fuel type (Fig. 3)4. As Wotton et al.
(2009) have pointed out, “This rela-
tively conservative approach ... was
justified on the grounds that fire
spread in hardwood stands in summer is indeed considered
possible on the basis of past experimentation ... and numer-
ous informal observations and anecdotal accounts of wild-
fires burning in mixedwood stands of varying conifer and
hardwood composition during the summer.” It also reflects
the “art” that is sometimes required in not only applying
models for predicting wildland fire behavior but in develop-
ing them (Van Wagner 1985).

Some users of the FBP System (e.g., Parisien et al. 2005a,
2005b, 2007; Williamson et al. 2008; Beverly et al. 2009; Tym-
stra et al. 2009), have assumed that a D-2 fuel type effectively

exists as a result of being able to set PC = 0 and PH = 100 in
equation [2] for the M-2 fuel type. In other words, the 
general form of the ROS equation for a D-2 fuel type would
simplify to:

[3] ROSD-2 = 0.2 � ROSD-1

As suggested by the 0.2 constant in equation [3], presum-
ably once a leafless trembling aspen stand has completely
made the transition from spring to summertime conditions,
all of the seasonal changes in fuel and microclimatic condi-
tions as described earlier result in an 80% reduction in the
potential surface rate of fire spread (Fig. 3).

Limited evaluations of equation [1] have so far been
encouraging (Stocks 1988, Hély et al. 2001). No formal evalu-
ation of equations [2] or [3] has been undertaken to date.
Short of carrying out experimental fires in trembling aspen
stands in the middle of summer, is there any means of gaug-
ing whether equation [3] is reasonably valid? It is highly
unlikely that this question can be realistically tackled by the-
oretical means using laboratory test fires (e.g., Dickinson and
Johnson 2003) for instance, given the inherent complexities
associated with the mixtures of live and dead surface fuels and
the gradients in moisture and bulk density through the forest
floor profile (Van Wagner 1979, 1985).

One might consider using the dynamic fuel models devel-
oped for western aspen stands by Brown and Simmerman
(1986) in the context of the BehavePlus modelling system
(Andrews et al. 2008). However, Hély et al. (2001) found that
BehavePlus performed rather poorly against experimental
fires carried out in boreal mixedwood stands that contained
high amounts of hardwood.

In formally recognizing the existence of a D-2 fuel type in
the FBP System, identifying when one can expect equation
[3] to apply is probably far more important that precisely pre-
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Fig. 4. Seasonal trends in the 24-h rainfall amounts and in the Fine Fuel Moisture Code
(FFMC), Duff Moisture Code (DMC), Drought Code (DC), and Buildup Index (BUI) compo-
nents of the Canadian Forest Fire Weather Index System during the 2002 fire season as
recorded at the Edmonton International Airport near the city of Leduc in central Alberta.
Of note: The FFMC, DMC and DC are unaffected by rainfall amounts of less than or equal
to 0.5, 1.5 and 2.8 mm, respectively (Lawson and Armitage 2008).

3Complete green-up in trembling aspen stands does not always 
follow conventional patterns. During a dry, warm spring, the aspen
overstory will flush but flushing of the understory is delayed until
substantial precipitation occurs, and this is even more prevalent in
trembling aspen stands with significant quantities of cured grass. This
delayed green-up phenomenon in the understory vegetation 
was observed in trembling aspen stands while serving as the fire
behavior specialist on the incident management team assigned to the
170 000-ha Virginia Hills Fire near Whitecourt, Alberta, in May
1998. This presumably also occurred on the 2001 Chisholm Fire in
central Alberta (Quintilio et al. 2001) and in other areas of the west-
ern Canadian boreal forest (M. Heathcott, Parks Canada, Calgary,
AB, 2009, personal communication). When this occurs, it is better to
use fuel type D-1 and reduce the 10-m open wind speed input in the
calculation of the ISI to account for the reduction in effective wind
due to the presence of the canopy leaf foliage. Depending on the
amount of grass present, it may be necessary to apply one of the FBP
System grass fuel types (O-1a or O-1b), including an assessment of
the degree of curing, in place of the D-1 fuel type and reduce the
effective wind speed to account for the overstory canopy accordingly.
4For a perspective on these burning conditions, an ISI of 30 and a
BUI 32 could occur, for example, following a dry spell of 7 to 10
days after snow-free cover in the spring, with an air temperature
(°C) > relative humidity (%), and 10-m winds of 30 to 35 km/h.
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dicting the fire spread rate. At a BUI of
200 and ISI of 70, representing exceed-
ingly explosive burning conditions,
the predicted head fire rate of spread
in fuel type D-2 is less than 5 m/min
(Taylor et al. 1997).

Establishing a Threshold Burning
Condition for the D-2 Fuel Type
Are there other factors that need to be
considered in determining the poten-
tial for fire spread in a trembling aspen
fuel type during the summer fire sea-
son? The comments of Stickel (1931),
Wright and Beall (1934) and Haines et
al. (1986) suggest that some threshold
value in burning conditions must be
exceeded before fire spread in a hard-
wood stand in summer is possible.

The author has lived on a trembling
aspen acreage (Fig. 2) located in the B.18a – Mixedwood For-
est Section of the boreal forest (Rowe 1972) in central Alberta
about 15 km northeast of the city of Leduc for the past 15
years. As a rural homeowner and also as a part-time, volun-
teer fire guardian for the County of Leduc Fire Services for
nearly the same period of time, there have been many occa-
sions to contemplate the possibility of fire spread in pure
trembling aspen stands under summertime conditions. One
particular point in time stands out: during the summer of
2002 when there was an extended dry spell early in the fire
season (Fig. 4). The understory shrubs were noticeably
stressed and changing color (i.e., yellowing) by mid-July and
they appeared to be on the verge of wilting before several sig-
nificant rains occurred. In early July of that same year, the
DMC peaked at about 90 and the DC was approximately 625
at the main fire weather station in Elk Island National Park
east of Edmonton (Otway 2005), which equates to a BUI of
132. On July 8, 2002, mineral soil moisture contents of 15% to
20% were registered at a depth of 11 cm in a mature trembling
aspen stand adjacent to the park’s weather station (S. Otway,
Parks Canada, Jasper, AB, 2009, personal communication ).

Wotton et al. (2009) have suggested that in addition to the
surface fuels being sufficiently dry, the duff moisture content
would have had to reach some minimum value for fire spread
to be possible in a D-2 fuel type. At a CFS fire research meet-
ing held in Edmonton in May 2000, the statement was made
to the gathering that in order for a D-2 fuel type to exist in the
form of equation [3], it would have to be qualified in some
manner in terms of the BUI. For instance, equation [3] would
only apply when the BUI exceeded some critical value like 80,
for example. This suggested example eventually became
coded into computerized decision support systems such as
Prometheus (Tymstra et al. 2009) and in turn Burn-P3
(Parisien et al. 2005b) but not the Spatial Fire Management
System (Lee et al. 2002; P. Englefield, Canadian Forest Service,
Edmonton, AB, 2009, personal communication ).

What empirical data or information is available by which
to deduce a threshold value in terms of the BUI? What follows
is a summary of the available qualitative and quantitative
information available from experimental fires, prescribed
burns and wildfires that might help to answer this question.

Otway et al. (2007a) investigated the potential for 

sustained smouldering ignition in trembling aspen stands in
Elk Island National Park in central Alberta using outdoor
field trials carried out through the entire fire season. They
found that the 50% probability level for sustained smoulder-
ing combustion in the duff layer occurred at a DMC of 27 and
a DC of 300, equating to a BUI of 44. The requirements for
near certainty (~100% probability) in ground or subsurface
fire persistence would be a DMC of ~70 and DC of ~500. This
equates to a BUI of 104. The answer to defining a fuel dryness
threshold undoubtedly lies somewhere between these two 
situations.

During the International Crown Fire Modelling Experi-
ment (ICFME) carried out near the community of Fort Prov-
idence, Northwest Territories (Stocks et al. 2004), a crown fire
initiated in the jack pine (Pinus banksiana Lamb.) – black
spruce (Picea mariana [Mill.] BSP) portion of the experimen-
tal plot failed to sustain itself upon meeting a fully leafed out
trembling aspen stand with a shallow forest floor layer and
minimal amounts of understory vegetation (Alexander and
Lanoville 2004). The experimental fire was carried out on
June 17, 1999 in a plot measuring 150 � 150 m in size (Fig. 5).
The prevailing burning conditions were considered extreme
(Table 2), although surface fire spread was sporadic upon
entering the aspen portion of the plot, initially displaying very
low, open flames and finally fading to smouldering 
combustion.

Additional information exists from experimental burning
conducted in the Caribou–Poker Creeks Research Watershed
located northwest of Fairbanks, Alaska. The FROSTFIRE
landscape-scale prescribed fire was carried out July 8 to 10,
1999 and involved an area of 970 ha (Hinzman et al. 2003,
Rorig et al. 2003). The fire weather and fire danger conditions
over the three days of active burning are summarized in Table
2. According to Hinzman et al. (2003) only about one-third of
the area eventually burned, and “the majority of the relatively
flammable black spruce vegetation burned, whereas the less
flammable deciduous birch and aspen stands and the wetter
Sphagnum-dominated valley bottoms did not burn.”

From a wildfire perspective, high-intensity fire behavior
was observed in a mature aspen forest following green-up
during the major wind-driven, upslope (~30%) run of the
Rosie Creek Fire into the Bonanza Creek Experimental Forest
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Table 2. Basic daily observation time fire weather conditions and the six standard com-
ponents of the Canadian Forest Fire Weather Index System associated with three dif-
ferent fires in trembling aspen stands during the summer fire season referred to in
the text.

ICFME
Aspen Plot FROSTFIRE Rosie Creek

Parameter Experimental Fire Prescribed Fire Wildfire

Dry-bulb temperature (°C) 31.9 15.0–22.2 23.5
Relative humidity (%) 18 40–66 33
10-m open wind speed (km/h) 12 3–10 21
Fine Fuel Moisture Code (FFMC) 95.4 86–89 92.7
Duff Moisture Code (DMC) 54 52–58 114
Drought Code (DC) 315 305–321 209
Initial Spread Index (ISI) 15.5 4.0–4.5 18.0
Buildup Index (BUI) 76 73–80 114
Fire Weather Index (FWI) 39 14–16 49
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Fig. 5. Ground views of an experimental crown fire in a mixed jack pine – black spruce – trembling aspen plot (a–b) following ignition, (c)
during the period of active burning, and (d) an aerial post-burn view. The high-intensity flame front associated with the onset of crowning
in the conifer component of the plot following ignition of the plot edge failed to sustain itself upon entering the leafed-out hardwood por-
tion of the plot. 

Fig. 6. Overmature trembling aspen stands in central Alberta in (a) the leafless state in the spring and (b) following leaf-out in the sum-
mer.  High fireline intensities can be expected in the spring due to the heavy dead-down woody fuel accumulations coupled with old
grass mats both of which greatly increase the resistance to fireguard construction regardless of the season.  Dead trees or snags
readily contribute to spot fire development. Photos by W. Bereska, Wildfire Consulting Ltd., Edmonton, AB.
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near Fairbanks, Alaska, on June 2, 1983 (Juday 1985). Burn-
ing conditions reported at the nearby international airport
weather station (~20 km away) were relatively severe
(Alexander and Cole 1995). For that time of year, the DMC
and DC levels reflect a relatively warm and extended dry spell
following snow melt in the spring (Table 2).

Beverly and Wotton (2007) re-analyzed some of the data on
the 2-minute test fires carried out in different fuel types by the
federal forest service fire research group (Paul 1969, Simard
1970) in the late 1950s and early 1960s for the purposes of
developing regional fire danger rating tables (e.g., Kiil and
Mactavish 1962). This included an “aspen leaf (summer)” site
near Fort Smith, Northwest Territories, described as a “Pure,
60-year old even-aged trembling aspen stand with a basal area
of ~22 m2 per hectare. During the summer months there is
dense minor vegetation cover consisting of clumps of Salix
spp., Shepherdia spp. and Rose (Rosa spp.) bushes. Under-
neath this shrub layer is a fairly complete cover of ” various
herbaceous plants. During the summer of 1961, a total of 131
test fires were attempted in the aspen stand between June 9
and August 30. Sustained flaming combustion in surface fuels
following a single match ignition in the leaf litter was achieved
in 30 such cases. The mean BUI value associated with these
sustained flaming ignitions was 106 and ranged from 73 to
138 based on an analysis of the raw data which was kindly
provided by J. Beverly (Canadian Forest Service, Edmonton,
AB, 2009, personal communication ).

The other 71 test fire attempts either did not result in an
immediate ignition or failed to sustain themselves beyond
two minutes. This included test fire ignition trials at BUI val-
ues in the range of 29 to 69. Unfortunately, surface fuel con-
ditions were not conducive to fire spread in order to examine
the influence of the BUI at values below 73. The leaf litter
moisture contents were inevitably too high (e.g., >20%) or not
nearly low enough to overcome the “heat sink” effect associ-
ated with the green understory vegetation to support spread-
ing combustion in the surface fuels.

It should be clear from the preceding accounts that the
data that are readily defining a threshold condition for surface
fire spread in the D-2 fuel type in terms of fuel dryness are
somewhat noisy. This is no doubt a reflection of the differ-
ences in physiographic site, stand structure and composition,
fuel, and minor vegetation characteristics amongst the exper-
imental, prescribed, and wild-fire observations5. However, on
the basis of the information as presented and discussed here,
setting the threshold for surface fire spread for the D-2 fuel
type at a BUI of at least 70, at least for interim purposes,
would be reasonably valid. In reaching this recommendation,
it is readily acknowledged that the threshold value could con-
ceivably be higher in other forest regions of Canada where the
D-2 fuel type would be applied, especially in temperate hard-
wood forests. For example, in shade-tolerant hardwood
stands, such as sugar maple (Acer saccharum Marsh.) found
in the Great Lakes – St. Lawrence Forest Region of eastern
Canada, where forest floor layers and surface fuel loads are
not nearly as great as those in trembling aspen stands of the

boreal forest (M. Theriault, Parks Canada, Shawinigan, QC,
2009, personal communication).

No changes are suggested to the manner in which fire
spread rates for the FBP System fuel type M-2 is calculated as
a result of formal recognition of a D-2 fuel type and the 
BUI ≥ 70 threshold criteria for surface fire spread. However,
users may wish to consider applying equation [2] only for
cases where PH >10.

D-2 Fuel Type Descriptive Name and Characteristics
For the sake of consistency, what descriptive name should be
given to a D-2 FBP System fuel type? To date, it has been
termed “aspen, green” (Beaver 2006), “deciduous leafed out”
(de Groot et al. 2007), “aspen – green” (Hall et al. 2008), 
“summer deciduous” (de Groot et al. 2009), “aspen, summer
condition” (de Groot et al. 2009), and “leafed-out aspen”
(Wotton et al. 2009). The name “leafed aspen” (i.e., summer)
logically follows from FBP System fuel type D-1 – leafless
aspen for spring and fall fire seasons. However, to be as con-
sistent as possible with fuel type D-1 and the two boreal
mixedwood fuel types M-1 and M-2, it is recommended that
green aspen be used as the descriptive name for the D-2 fuel
type from now on.

Young trembling aspen stands are not particularly 
flammable, but woody surface fuels do gradually increase
with age as stands break up as a result of overstory tree 
mortality (Lee et al. 1997, Hély et al. 2000). Woody fuel 
accumulations in aspen stands have increased in recent years
in central Alberta (Fig. 6) and central Saskatchewan as a result
of dieback and mortality because of insect defoliation and
fungal pathogens, drought, and thaw-free events (Hogg et al.
2008). This has substantially altered the live–dead ratio of the
surface fuelbeds in decadent aspen stands and thereby
increased the likelihood of fire spread following green-up in
the summer (B. Irving, University of Alberta, Edmonton, AB,
2009, personal communication ), similar to what has been
observed in spruce budworm (Choristoneura fumiferana
[Clemens])-killed balsam fir (Abies balsamea (L.) Mill.)
stands in northeastern Ontario (Stocks 1987).

What kind of trembling aspen fuel complex would the 
D-2 fuel type represent and how should it be described? Wot-
ton et al. (2009) have pointed out that the D-1 fuel type as it
presently exists in the FBP System is not intended for mature
and overmature trembling aspen stands exhibiting large
quantities of dead and downed woody material such as
occurred during the 2001 Chisholm Fire (Ember Research
Services Ltd. 2003a, 2003b). This is because the vast majority
of the experimental fires used in the development of the D-1
fuel type fire behavior models involved minimal quantities of
dead and downed woody fuels (Alexander and Sando 1989,
Quintilio et al. 1991).

Given the current description for the D-1 fuel type and
what it is intended to represent, and in turn what the D-2 fuel
type should represent, a suggested description for the D-2 fuel
type is given in Box 1 that is consistent with what is presented
in the principal technical publication on the FBP System
(Forestry Canada Fire Danger Group 1992). The correspon-
ding details for fuel type D-2 in terms of the fuel type charac-
teristics contained in Table 3 of Forestry Canada Fire Danger
Group (1992) are as follows:
• Forest floor and organic layer – Continuous matted leaf

litter; shallow, uncompacted organic layer.
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5The importance of elevation, slope exposure or aspect, climate,
soil attributes, moisture regime, drainage, and toposequence or
catena (Weil 2003) to fuel moisture and fire potential in general, as
demonstrated, for example, by Otway et al. (2007b) cannot be
overlooked. 
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• Surface and ladder fuels – Moderately dense, medium to
tall shrubs and herbaceous layers in full “green” state;
absent conifer understory; sparse, dead down woody fuels.

• Stand structure and composition – Healthy and moder-
ately well-stocked trembling aspen stands; semimature;
leafed out stage (i.e., summer).
Neither the D-1 nor D-2 fuel types of the FBP System

should be used in situations involving trembling aspen with
substantial quantities of understory white spruce (Picea
glauca (Moench) Voss) or balsam fir. FBP System fuel types
M-1 and M-2 should still be used in such cases with varying
PC values of up to 50 or possibly higher.

Suggestions for Future Action
What should be done next? Additional information in the
form of a relatively few well-documented wildfires and pre-
scribed fires would probably do more to improve our under-
standing of fire spread in northern hardwood stands in sum-
mer than analyzing a mass of individual fire report data and
associated maps. A concerted effort should be made during
the next few fire seasons to evaluate the general performance
of equation [3] and the BUI threshold criteria by more closely
monitoring wildfire activity during the summer months as
the opportunities present themselves (Alexander and Taylor
2010). Given the inherent spatial variability in summertime
rainfall on FWI System components (Lawson and Armitage
2008), the focus should be on wildfires that are within a very
short distance of weather stations (<1 km) in order to avoid
any uncertainties with regard to knowing what the rainfall
history was at the fire site. There may also be occasions to
make similar observations on operational prescribed fires
(Alexander 2006). Finally, it may be useful to carefully re-
examine particular incidents in the past in order to “mine”
useful data and information (Alexander 2005).

Furthermore, perhaps some organization will step forward
and support a formal experimental burning project (Alexan-
der and Quintilio 1990) in mid-summer in one or more spe-
cific trembling aspen fuel types or other deciduous forest

stands. Other than the field research carried out by the CFS,
past interest in experimental burning in hardwoods in
Canada to generate fire behavior data has been quite limited,
although there have a been a few exceptions (e.g., Burton and
Sloane 1958, Sinclair 1962, Smith and James 1978). The
experimental plots need not be large – from 10 � 10 m up to
30 � 30 m should suffice. Artificially inducing certain BUI
levels by excluding rainfall will undoubtedly be needed
(Otway et al. 2007a, 2007b). The potential for escape fires
would be minimal, especially if the experimental study area
were surrounded by agricultural or crop lands. The need to
conduct a series of experimental fires in decadent as well as
mature and overmature trembling aspen stands  (Fig. 6) over
a range of burning conditions as expressed by the FWI System
during the spring, summer and fall seasons is sorely needed
according to other fire researchers and many fire managers
alike (M. Parisien, Canadian Forest Service and B. Bereska,
Wildfire Consulting Ltd., Edmonton, AB, 2009, personal
communication). The potential benefits to safety awareness
amongst firefighters and members of the general public
would be enormous (Alexander et al. 2007), but especially in
the aspen parklands of the Prairie Provinces.

Data on fire behavior in relation to fuel and weather condi-
tions from wildfires, prescribed fires, and/or experimental
fires are needed not only for the future development of the
FBP System but also for fuels management purposes. (Alexan-
der 2000). For example, in determining the effectiveness of
various types of aspen fuelbreaks under different burning 
conditions as a means of protecting values-at-risk in the wild-
land-urban interface and in mitigating the potential for large
fires (Johnson 1975; Fechner and Barrows 1976; Hirsch et al.
2001, 2004) as well as using aspen stands in summer as 
fireguards for prescribed burning in adjacent fuel types or
minimizing escape fire potential (Wright and Bailey 1982).

Additional analysis of the entire CFS 2-minute test fire
database (Paul 1969, Simard 1970) will no doubt provide
greater insight into the conditions required for surface fire
spread in boreal hardwood stands following full green-up that
can be compared against observations from larger-scale fire
occurrences such as experimental fires, prescribed fires, and
wildfires. In the meantime, the present paper represents a
digest of currently available knowledge on the topic of surface
fire spread potential in trembling aspen stands during the
summer fire season as it pertains to the boreal region of
Canada. Hopefully it will inspire others to carry out field
studies that will lead to improvements in our understanding
on the subject.
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Box 1 – Detailed Written Description of FBP System Fuel
Type D-2 (Green Aspen)

Fuel type D-2 (green aspen): This fuel type is character-
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radiation at the forest floor level. Relative humidity also
increases and in-stand wind speed decreases.
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