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Forests of Canada

Forest Fires and Sustainability in the Boreal

The boreal forest is the largest forest region in Canada,
occupying approximately 315 mill. ha. Within this forest
region long-term average annual area burned is 1.3 mill.
ha, with extreme fire years being common, covering up to
7 million ha in a single fire season. Only 2% to 3% of those
fires that cover more than 200 ha eventually contribute
about 98% of the total area burned annually. Careful
examination of fire statistics seems to indicate that fire
occurrence is increasing in the boreal forest. Boreal forest
tre2 species and ecosystems are adapted to the periodic
passage of fire and some would disappear as natural
components of the landscape in the absence of fire. Use
of fire as a management tool recognizes the natural role
of fire and is applied judiciously for ecosystem mainten-
ance and restoration in selected areas. Implications of
possible anthropogenically generated climate change are
examined within the context of sustainability of the boreal
forest biome and the anticipated impact on fire regime and
fire management.

]

'INTRODUCTION

"The boreal forest constitutes the largest forest region of Canada.
It forms an uninterrupted, transcontinental band from
Newfoundland in the east to the Yukon Territory in the west and
continues into the State of Alaska (Fig. 1.). In Canada, 75% of
all wooded land and 67% of exploitable closed forest are located

“in the boreal forest (1).

The boreal forest is of variable latitudinal width and species
composition, but its overall character across latitudinal and
longitudinal dimensions imparts a distinctiveness which sets it
spart from other Canadian forest regions. What delineates the
boreal forest more than anything else is its climate, locally and
regionally. Short, warm summers and long, extremely cold win-
ters are the norm, with fire as the critical ecosystem process
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“igure 1. Geographical extent of the boreal forest biome
A North America.
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Thermokarst development on permafrost terrain as a result of fire line
construction for protection of the town of Inuvik, N.W.T., 1968.
Photo: M.G. Weber.

which organizes forest plant communities, successional patterns
and ecosystem structure and function across landscapes.

In the following we position fire within the wider context of
Canadian boreal forest ecosystems and their sustainability. In
Canada, the boreal forest biome occupies approximately 315
mill. ha (2). Occupation of such a large continental area by a
single, unbroken forest biome will exert influence over global
patterns of transformation and circulation of energy and matter.
This, in turn, dictates that prudent stewardship be practiced in
the management of this resource.

Socioeconomic concerns related to fire and the boreal resource
must be an integral part of any ecosystem management plan ad-
dressing the utilization of Canada’s boreal forests. In-depth so-
cioeconomic considerations, however, beyond selected national
fire statistics, would be outside the scope of this paper and will
have to be addressed elsewhere. Therefore, after brief examina-
tion of relevant fire statistics, we emphasize the ecological role
of fire in the boreal forest, including potential impacts of pro-
jected anthropogenic climate change on fire regimes in this key-
stone forest region. i

FOREST FIRES IN CANADA

In Canada. records of the national burned area extend back in
time. inconsistently, only as far as 1918. In fact. the Yukon and
Northwest Territories. which contain large areas of boreal forest
within their boundaries. only reported burned areas since 1946.
and the provinces of Newfoundland and Prince Edward Island
since 1949 and 1971. respectively. The average annual area
burned during this period was estimated at 1.3 mifl. ha yr™' with
variations between 146 to 412% around the mean (3). Extreme
fire vears are common. with recent examples of large areas
burned covering 7.4 mill. ha in [989. 6.4 mill. ha in 1994. and
7.3 mill. ha during the 19935 fire season (4). These statistics ap-
ply to all of Canada’s forested lands. but the boreal forest sus-
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northern parts of the boreal forest where terrain may be under-
lain by permafrost. As can be seen from Figure 5, vast stretches
of the boreal forest in Canada and Alaska are underlain by dis-
continuous, and smaller areas by continuous, permafrost. When
a forest fire burns over permafrost-dominated terrain, the active
layer (that which thaws out in the summer) tends to deepen for
a few years in response to the improved thermal regime. In-
creased substrate temperatures are generated by removal of in-
sulating vegetation cover and surface organic layers, reduced
heat loss from evapotranspiration, and lowering of the albedo
from the bumned surface. In time, the active layers depth decreases
and reverts to pre-fire thickness as vegetation redevelops (7).
Conventional fire suppression on this type of terrain may result
in undesirable landscape degradation such as thermokarst
initiation from fire-line production. Protection considerations
under these circumstances have to be carefully weighed against
the long-term impacts on sensitive terrain.

Presumably, the annual fire load before European contact, i..
pre-European times, would have included lightning fires in
addition to aboriginal fires, all burning without control (8). This
scenario probably resulted in average annual areas burned, much
in excess of what is experienced today (3). A true measure of
pre-European forest fire occurrence and coverage will never be
known. Quantitative uncertainty, however, in no way reflects the
level of our understanding regarding the ecological role of fire
in the boreal forests of Canada.

FIRE AND BOREAL FOREST ECOLOGY

Boreal forest ecology is shaped by fire. Boreal forest species,
communities, ecosystems, landscapes and the processes at work
therein are all affected by the periodic passage of fire. Judging
§ by the adaptations exhibited by major forest species to fire, in-
dications are that fire must have been an integral component of
vegetation dynamics as long ago as the Miocene (30M years BP)
or early Pliocene (12M years BP) when members of modern for-
est assemblages evolved (9). That means that by the end of the
last glaciation (15K years BP), species’ adaptations, including
successional pathways after disturbance and forest ecosystems’
interaction with fire, were fully developed. Therefore, when
boreal forest ecosystem initiation commenced on recently ex-
posed surfaces from propagules originating south of the ice sheet
or from unglaciated refugia, fire had already been incorporated
% an ecosystem process into the development of the post-gla-
{ cial landscape.

Forest succession, for the purpose of this discussion, is
defined as “ the directional change with time of the species
omposition and vegetation physiognomy of a single site where
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the climate remains effectively constant” (10). Intimately tied
to succession is the concept of climax. Theoretically, at least,
this is the last sere in the succession sequence, characterized by
self perpetuating vegetation types which are in steady state equi-
librium with their environment. Strict application of these con-
cepts to boreal forest ecology has been difficult. The major rea-
son for this is the ubiquity of fire and the adaptation of the spe-
cies to the more or less regular recurrence of this disturbance.
For example, in boreal forests of jack pine (Pinus banksiana
Lamb.), black spruce (Picea mariana (Mill.) B.S.P.), paper birch
(Betula papyrifera Marsh.), and aspen (Populus tremuloides
Michx.), post-fire recolonization is immediate, and overwhelm-
ingly by the same species present before the disturbance. In these
cases, there is no large-scale species displacement and gradual
recovery over time through various plant community stages to
the pre-fire forest cover type. Thus, the terms succession and cli-
max, used in the classical sense, seem inappropriate when ap-
plied to boreal forest ecosystem dynamics after fire.

The pre-fire area occupied by jack pine, for example, is re-
tained after fire as a jack pine mosaic within the landscape. The
case of jack pine provides the strongest example for adaptations
of tree species to the periodic passage of fire. This tree species
would actually disappear as a natural component of the boreal
forest landscape in the absence of fire. The major reason for this
is the serotinous nature of the cones. Without the heat from fire
to melt the resins which bond the cone scales, the seed crop can-
not be released. Besides providing heat to open serotinous cones,
fire fulfils two more important requirements for successful
regeneration of this species. The first is the creation of a mineral
soil seedbed necessary for germination and survival of the young
seedling and the second is the temporary elimination of over-
storey shade and other competition to allow early growth in full
sunlight. Black spruce has similar, if not as exacting, regenera-
tion requirements and pre-fire birch and aspen stands recolonize
disturbed areas vegetatively from stem sprouts or root suckers,
respectively.

The other important role of fire in the boreal forest, besides
its vital association with individual tree species, is the
maintenance of the vegetation mosaic in the landscape. The
boreal forest landscape mosaic, in turn, constitutes the underly-
ing basis for plant and animal biodiversity within this biome.
The landscape mosaic, and hence biodiversity, are safeguarded
by the dynamic nature of fire. Fire is more than a straightfor-
ward binary event, i.e. it does more than simply occur or not
occur. Once a forest fuel complex has been ignited and fire starts
spreading, it does so in nonuniform fashion across the landscape.
The resultant patchwork of vegetation types and age classes in
the landscape is therefore much more than a function of fire re-
turn interval or fire frequency only. Even a single fire does not
provide uniform burned area coverage. Each of the patches, dif-
ferentially affected by fire, will take a different pathway to pre-
burn recovery with respect to vegetation dynamics, ecosystem
processes, and immigration and emigration of animal species.
There are infinite possible landscape diversity scenarios when
superimposing various fire return intervals. fire intensities, phe-
nological state of the vegetation (time of year of the fire), post-
fire local climatic conditions. etc. over the occurrence of a sin-
gle fire. Only fire can provide the resource mix required by vari-
ous wildlife populations or the habitat requirements for a single
species at different times during the vear and for different stages
in its life cvcle.

THE USE OF FIRE IN ECOSYSTEM MANAGEMENT

Having thus identified fire as a crucial boreal forest ecosystem
process. it follows that interference with its natural role or al-
teration of its long-term regulatory function can be expected to
have pronounced effects on the local level or even biome-wide.
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tains by far the largest amount of burned area, other forest re-
gions accounting for only a small fraction in both the propor-
tional and absolute sense (5). It is interesting to note that the
greatest annual areas burned since records have been kept, are
restricted to the 1980s and 1990s (with the exception of 1961
when almost 4 mill. ha burned). Also, when examining these sta-
tistics, it must be recognized that the reliability of the informa-
tion decreases with increasing distance into the recent past. It
can be safely assumed that in remote regions of the boreal for-
est, fires burned large areas undetectedly and therefore were
never included into early fire statistics. This problem was elimi-
nated in the early 1970s with the advent of satellite technology
dedicated to natural-resource management issues.

The national burned area recorded annually is a complex sta-
tistic in the sense that its distribution across the country is very
uneven. During the extreme fire years mentioned above, for ex-
ample, a greater proportion of the area burned was located to
the west of the Ontario-Manitoba boundary than to the east.
This seems to be a pattern with some degree of consistency.
Additional complexity is introduced by the disparity in value of
a given unit area burned. Thus, accessible, commercial forests
burning anywhere in the southern part of the boreal forest are
more likely to represent great financial losses compared to those
forest ecosystems located in the northern, inaccessible and
noncommercial portions of the biome (3).

Careful analysis of the national forest fire statistics reveals
some interesting trends and realities of the Canadian forest fire
situation. For example, annual fire occurrence in Canada has
increased steadily from approximately 6000 fires annually in the
1930 to 1960 period to almost 10 000 in the 1980s. This trend has
continued to date with the number of wildfire starts from all
causes averaging just under 10 000 for the first half of the 1990s
(4). The observed increase in fire occurrence has been ascribed
to a growing population coupled with more intensive forest use
and an expanded and more sophisticated fire detection capability
across the country. As mentioned above, concomitant with the
increase in fire occurrence there was an increase in the annual
area burned over the last three decades, with the most dramatic
increase observed in the 1980s and early 1990s (Fig. 2.), pri-
marily due to periods of short-term extreme fire weather in west-
emn and central Canada (5).

Lightning is the cause of 35% of Canada’s fires. This propor-
tion, however, is responsible for 85% of the total area burned.
The reason for this has to do with the remoteness of much of
Canada’s boreal forests. Thus, lightning fires, ignited randomly
across the landscape, may grow large, and frequently do, if
occurring in remote areas where detection and initial attack is
often delayed. Human caused fires, on the other hand, represent-
ing the bulk of ignition sources, more often occur in areas with
improved access for both fire starters and suppression crews,
improving the chances of early and successful detection and ini-
tial attack. This point may be illustrated by examining the trends
in forest fire size class distribution in Canada during the last two
decades (Fig. 3.). Figure 3 shows that most of the fires today
are detected and controlled early. However, 2% to 3% of the fires
that do grow larger than 200 ha will eventually contribute about
98% of the total area burned in the country (6).

Hidden in the national fire statistics are provincial and terri-
torial fire management decisions regarding the level of suppres-
sion accorded a given detected fire. Most operational fire man-
agement agencies in the country now prioritize fires according
to perceived values-at-risk. This practice is a function of eco-
nomic realities and ecological considerations. resulting in numer-
ous fires in low-priority areas being observed and allowed to run
their course rather than being actively suppressed. A conse-
quence of this policy is reflected in the fire size-class distribu-
tion of actioned compared to nonactioned fires in parts of the
province of Ontario (Fig. 4.). Modified or selective fire suppres-
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sion of this sort results in a negative exponential distributio;
which favors smaller fire size classes. Not actioning fires wjj
result in a fire size-class distribution approaching normality, wit
large to very large fires being common (6). '

Evaluation of economic feasibility or necessity s, ecologica

desirability of fire suppression assumes added importance j;
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its use as a management tool in contemporary forest ecosystem
management practice. An instructive example of the effects of
altering local fire regimes can be found in some of Canada’s na-
tional parks. As elsewhere, national parks are set aside, presum-
ably in perpetuity, to preserve a certain aspect of the natural en-
vironment. Until fairly recently, fire was not recognized as an
ecosystem process in any of Canada’s national parks and there-
fore suppressed as an undesirable influence whenever it occurred
within park boundaries. This lack of recognition of fire as an
integral part of boreal forest ecosystem structure (e.g. vegeta-
tion patterns) and function (e.g. biogeo-chemical cycling) re-
sulted in vegetation changes which altered the appearance of
some of the parks. The vegetation characteristics and landscape
mosaics which had served as the rationale for designating these
areas as parks in the first place, were rapidly disappearing . Even
after fire was recognized as a key organizing factor in forest eco-
system dynamics, it took some time to provide the policy frame-
work which allowed restoration of fire to those plant communi-
ties which required it for their perpetuation (11, 12). The Cana-
dian Parks Service had three options to manage large parks con-
taining fire dependent vegetation: use fire as 2 management tool;
permit artificial means of vegetation renewal; or accept drastic
changes in park vegetation and wildlife with time (13). Parks
Canada policy makers chose the first option and initiated an am-
bitious fire-management program for several of their parks, par-
ticularly in the west (14).

With a new directive produced in 1986 and a comprehensive
fire policy review, Parks Canada embarked on a new relationship
with fire and restored it to it’s natural role by active management.
Unregulated wildfire was considered an unacceptable alternative
in most parks because of the implied lack of control over fire
effects and values at risk, such as public safety, property, and
protection of rare species or delicate habitats (15). The many
years of fire exclusion in parks had resulted in fuel accumulations
and changes in fuel complexes which would have resulted in fire
behavior completely different from pre-suppression conditions.
The only acceptable course of action to deal with the modern
fuel realities was deemed to be through planned-ignition pre-
scribed fires. Thus, in 1988 and 1989, for example, Parks Canada
personnel burned a total of 2000 ha and 1937 ha, respectively,
under prescription to maintain the natural age-class distribution
in lodgepole pine/Douglas-fir (Pinus contorta Dougl. ex. Loud./
Pseudotsuga menziesii (Mirb.) Franco) ecosystems in Banff and
Jasper National Parks (12).

Modem ecosystem management using fire appears to be the
re-invention of an activity practiced for millennia by aboriginal
peoples since their original occupation of the boreal forest
environment, approximately 12 000 yrs BP. Widespread evi-
dence suggests that settlement of land to the east of the Bering
land bridge began around 12 000 yrs BP, at the end of the
Pleistocene. Human colonization is thought to have occurred in
response to environmental change which took place at that time.
The critical environmental variable responsible has been pro-
posed to be the reappearance of trees in river valleys and other
protected areas. This provided adequate sources of fuel on
deglaciated terrain for the first time since 25 000 yrs BP or ear-
lier. Palynological data indicate that the earliest colonizers among
the tree species were aspen and balsam poplar (Populus
balsamifera L.) (16).

Anthropologists and archaeologists have made a convincing
case for early and very sophisticated approaches to and under-
standing of the dynamics of fire by aboriginals for the manage-
ment of plant and animal resources in a boreal environment (17.
18). Various lines of evidence suggest that the anthropogenic
impact of late Pleistocene North American aboriginal peoples
using fire. may have been locally significant and continued un-
til the time of European contact (8. 17-20). One type of evidence
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record, where major shifts in over- and understorey vegetation
have been linked to human invasion or abandonment of ap area,
Another line of evidence is provided through recording of Orai
histories of modern aboriginal boreal forest dwellers. The pic.
ture that emerges from that study is one of regular and, at times
large-scale use of fire on an annual basis (17). The overall ob:
jective of aboriginal use of fire then was the maintenance of 3
particular seral state in vegetation development, or to set a cer-
tain successional stage back to some desired point. The most of-
ten-described conditions which were considered desirable were
open, meadow-like seral stages used for grazing by large ungu-
lates and later horses. Open areas, created and maintained by fire
also facilitated travel, hunting, visibility and reduction of uncon-
trolled fire hazard. In addition, the value of fire for maintaining
landscape and hence biodiversity was clearly recognized by the
early hunter-gatherers of the boreal forest (17).

The rise and maintenance of the grassland biome in North
America, for example, has been hypothesized to be due to
widespread aboriginal burning and that reinvasion of woody
plants occurred in the absence of this practice (21). Boreal for-
est aboriginals of northern Alberta maintained that this is exactly
what happened after their annual burning activities were curtailed
by Europeans (17, 22).

CLIMATE CHANGE AND BOREAL FORESTS

Prevailing climate is the critical state factor controlling ecosystem
structure and function. On world maps, boundaries of natural
vegetation zones, soil types, and climatic regions roughly overlap.
Primary productivity (and hence fuel production), soil formation,
and soil organic matter content, decomposition processes, etc.
are all related to climate (23). This strong linkage between climate
and terrestrial biota, both locally and globally, is the basis for
anticipating substantial alterations to ecosystem structure and
function in response to climate change.

The earth’s climate varies at time scales ranging from very
short (severe weather events, < 1 hour) to extremely long
(warming or cooling trends due to tectonic forcing, 10 mill. yrs).
Theories of underlying causes for climate change in the earth’s
recent or distant history are well developed and subject to
ongoing revision or refinement (24, 25). What seems to set
ongoing climate change apart from previous episodes is the
cause of its onset, thought to be anthropogenic, and the accele-
rated rate at which it is proceeding. Regardless of acceptance
or rejection of contemporary theories of climate change related
to the accumulation of “greenhouse gases”, prudence commands
that the evidence be carefully examined and possible scenarios
considered. Implications are serious for ecosystem integrity on
a planetary scale if global warming is indeed to occur or already
underway.

Boreal forest ecosystems assume added importance under cur-
rent climate change scenarios because of the vast carbon stores
they hold in conjunction with the ubiquity of wildfire. Scien-
tists, studying global carbon sources and sinks, proposed that
northern circumpolar forests, of which the boreal is the main
component, represent the carbon sink necessary to balance an-
thropogenic emissions with observed atmospheric increases (26—
28). The presence of continuous and discontinuous permafrost
over vast tracts of boreal forest substrate (Fig. 5) represents an
unknown. but potentially significant. source of carbon. should
all or part of this storage compartment become unlocked by cli-
matic warming.

If the boreal forest is indeed the “missing" global carbon sink.
then elimination of any part of it would liberate added carbor.
thereby increasing its content in the atmosphere. and further con-
tribute to global warming through a positive feedback loop
the greenhouse effect (29. 30). Reduction in North American
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are several reasons cited for a reduction in boreal for-
est size, namely the area climatically suitable for boreal
forest would advance northward by an area much less
than eliminated by its retreat from the southern edge
(33). The northward retraction of the southern limit of
the boreal forest has been proposed to be mainly due
to a reduction in summer soil wetness (34).

CLIMATE CHANGE AND FOREST FIRES

Perturbations at the landscape level are a reflection of
stresses at the ecosystem level. Ecosystem structure and
function can be expected to be affected to the point
where processes can no longer proceed at the rates to
which organisms have become adapted over time. The
major processes projected to be dramatically changed
in the boreal forest are the frequency and intensity of
disturbances such as insect and disease outbreaks, con-
vective windstorms, and particularly fire. The histori-
cal role of fire in maintaining the present structure and
functions of the boreal forest has been made abundantly
clear above. However, in a shifting climate fire may
become the means by which ecosystems are rapidly and
permanently altered (35). Notable recent contributors
to our understanding of the impacts of potential climate change
on boreal forest ecology in relation to fire are numerous (36—
42). The picture emerging from this research is one of disrup-
tions to boreal forest integrity and loss of landscapes to cool and
temperate grasslands and semideserts, fragmenting the Canadian
horeal forest into eastern and western parts (32).

Three important aspects of fire regime which must be con-
sidered when projecting climate change impacts on the boreal
forest are: i) climate change mediated transformations in
vegetation and hence fuels; ii) changed potential for fire
occurrence, either from lightning or human-caused; iii) modi-
fication of fire severity as a result of changes in fire weather (38).

Regarding the first aspect of fire and climate change in the
boreal forest, indications are that organisms will be affected
earliest and most drastically at the southern edge of the biome
(43). Overstorey trees may persist for four of five decades, but
seedlings would not. The latter are more sensitive to climate
change and may disappear within a few decades, setting the stage
for local extinctions of tree populations and associated under-
storey plants. Shifting of geographical ranges of plant commu-
nities due to warming cannot occur at the rate at which warm-
ing seems to proceed. The inevitable consequences are reduced
geographical ranges and widespread replacement of present-day
ecosystems with other vegetation types. The resultant vegetation,
characterized by an increased proportion of deciduous species,
represents fuel types which would generally burn at double the
‘ire intensity experienced today (38). We must remember, how-
ever, that regional variability in altered fire regimes is likely to
be large. For example, climate change simulations at 2 x CO,
indicate reduced fire intensity for the southeastern part of the
boreal forest (but not the west) which is corroborated by em-
pirical data generated from local fire history studies (35).

The second aspect of the fire regime expected to change in a
warming climate is ignition probability based on natural
‘lightning) as well as human-caused origin. Human-caused in-

rease in fire occurrence was assumed to increase simply on the
asis of increased human occupation and use of the boreal for-
stand its resources. Lighthing frequency scenarios in a changed
-limate suggest an increase from 30 to 40% berween latitude
S0°N and 70°N. According to the modelling exervise reported
hiere. the change in frequency is based on total lightning dis-
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Stand replacing wildfire in mature, even-aged jack pine near Chibougamau,
Quebec. Note opened serotinous cones on fire-killed trées. Photo: M.G. Weber.

charge in the boreal zone worldwide and does not distinguish
between cloud to cloud and cloud to ground lightning (38). Stud-
ies modelling the impact of a 2 x CO, climate on lightning-
caused fires in the United States suggested an increase of 44%
in lightning-ignited wildfires with a resultant increase of 78%
in area burned (44).

The third aspect to be considered is changed fire severity due
to altered fire weather patterns. Examination of the relationship
between seasonal fire severity (a measure of the work needed
to suppress a fire) and annual area burned by wildfire in a 2 x
CO; environment indicated a 46% increase in seasonal severity
rating, with a possible similar increase in area burned (37). Ex-
tension of this work using the Canadian Climate Centre’s gen-
eral circulation model showed that an average increase in fire
season length across Canada of 22% or 30 days can be expected,
given the 2 x CO, scenario (42). The predicted increase in fire
season length was most pronounced in British Columbia where
fire season could increase by 51 days (39%).

Besides the obvious impacts of a modified fire regime on boreal
forest structure and function under climate change, there are
socioeconomic implications as well. Thus, strategic planning for
fire management in the boreal forests of Canada will have to take
the new fire regime into account. Anticipated increases in fire
severity must take into consideration the financial requirements
necessary to maintain existing or possibly expanded levels of
resource protection. Should the prediction of a prolonged fire
season come to pass (42), serious attention will have to be given
to the size of the seasonal suppression staff and the tools and
equipment needed to carry out the job during a longer and con-
ceivably more severe fire season. Under this scenario personnel
and equipment resource requirements for fire suppression must
include provisions for deployment to small fires in order to limit
damage and containment of large fires, which traditionally cause
the majority of social and environmental damage (38). A simu-
lation study (41), dealing with the impact of global warming on
wildland fire. supports this concern. This particular analysis
showed that in a 2 x CO, climate, area burned and frequency of
escaped fires were consistently higher than what is observed un-
der present conditions. Policy makers can be expected to be in-
creasingly called upon to prioritize values at risk and allocate
public expenditures accordingly. A reasonable set of fire man-
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agement guidelines may include increased protection oI hign
value areas, while expanding the area under limited protection
(45).

SUMMARY

Fire is, and always has been, an integral part of the boreal for-
est landscape of Canada. Examination of recent fire statistics re-
veals that an average of nearly 10 000 wildland fires occur each
year, burning over an average of 2.5 mill. ha annually (6). In
spite of Canada’s sophisticated fire-management capability, it is
neither economically feasible nor ecologically desirable to elimi-
nate all fires from the boreal forest. On the contrary, realization
of the natural role of fire in the boreal forest has led to the re-
introduction of fire into those national parks from which it had
been excluded in the past. Restoration of fire to its original role
as an organizing factor in ecosystem structure and function is
an ongoing process in designated Canadian parks and
conservation areas.

Projected climate change scenarios for the boreal forest

generally predict warmer and somewhat drier conditions during -

a longer fire season. Increased fire severity would not only strain
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