Perspectives on carbon emissions from Canadian forest fires
by B.D. Amiro!, M.D. Flannigan!, B.J. Stocks? and B.M. Wotton?

B.D. Amiro

M.D. Flannigan

How much carbon isreleased from Canadian

forest fires?

A recent analysisindicates that Canadian forest fires have
released an average of 27 Mt (102 g) of carbon annually
over the past four decades (Amiro et al. 2001a). These emis-
sions are caused by direct combustion. About an equal addi-
tional amount of carbon may aso belost through decomposition
of fire-killed vegetation and atemporary decrease in the for-
est sink, although thisamount is not well quantified. The car-
bon emissions were calculated based on the size of each fire,
the dates over which it burned, and the fuel consumed based
on the Canadian Forest Fire Behavior Prediction System
(Forestry Canada 1992). The estimates are aproduct of the Cana-
dian large-fire database, a geographically referenced data set
of al fires greater than 200 hain area, which includes infor-
mation on the size of each fire and the start date (Stocks et al.
2002). The emissionsvary widely among years ranging from
3to 115 Mt carbon per year (Fig. 1). Thisislargely caused by
thewideinterannual variability in area burned, which ranged
from 0.3 to 7.5 million halyear. Across the country, an aver-
age of 1.3 kg of carbon islost per m? of burned area, but this
variesfrom about 1 to 2 kg C/m? on average among different
€COZOoNes.

How important isthis carbon?

Firesrelease carbon in the form of carbon dioxide (CO,), other
gases such as methane and carbon monoxide, and particles
(smoke). The mixture of these components depends on the degree
of combustion; however, about 90% of the carbon isreleased
as CO, (Cofer et al. 1998). From a carbon-emission perspec-
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tive, we can compare emissions from forest firesto carbon diox-
ideemissonsfrom foss| fuelsin Canada (Fig. 1). It isclear that
fossil fuel emissions have been increasing with time whereas
fire emissions are more variable, but may also be increasing.
These direct fire emissions are significant, especialy in high
fireyears. Fires contribute to greenhouse gasesin the atmosphere,
such as CO,, methane and nitrogen oxides, which areimpor-
tant drivers of climate warming. Hence, apositive feedback is
possible, whereincreased emissions cause warming, potentially
supporting more fires. In addition, there is evidence that
smoke promotes positive lightning strikes (positive strikes
have more ignition potential than negative strikes) (Lyons
et al. 1998), while reducing precipitation (Rosenfeld 1999). Other
components of fire emissions have also caused concern.
Smoke is always an issue, potentially creating health and
trangportation hazards. Canadian fires have been implicated in
elevated carbon monoxide concentrationsin the U.S. (Wotawa
and Trainer 2000), and black carbon particles may influence
global climates (Hansen et al. 2000, Lavoue et al. 2000,
Jacobson 2001). The combination of these issues makes Cana-
dian forest firesaprimetarget for discussions about decreas-
esin emissions from natural sources.

What might theroleof forest firesbein
meeting Canadian commitmentsto the Kyoto

Protocol?

The Kyoto Protocol setsout goalsto restrain global warm-
ing by limiting carbon emissionsfrom individua countries. For
Canada, the goal isto reduce greenhouse gas emissions by 6%
during the 2008 to 2012 commitment period, compared to the
1990 base period (IGBP Terredtrid Carbon Working Group 1998).
Negotiations are &ill underway related to the details of the agree-
ment, but credits for carbon sinks will likely form part of
Canada s strategy to achieve the goals. Modelling estimates of
forest carbon dynamics for Canada indicate that fires and
other disturbances are important drivers of net carbon seques-
tration (Kurz and Apps 1999, Chen et al. 2000). In fact, the cur-
rent situation isonewhere our forestsare likely asmall carbon
source, or at best, a small carbon sink, because of distur-
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Canadian Direct Carbon Emissions

Fig. 1. Canadian carbon emis-
sions from forest fires and fos-
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bances over the past few decades. However, the inclusion of
many forest-rel ated issues to meet Kyoto Protocol commitments
remain to be confirmed, such as how the managed part of the
forest is defined and what activities will be included regard-
ing forest carbon sinks. Thisisan evolving process, which will
become better defined before the first commitment period. How-
ever, there are future commitment periods, during which dif-
ferent rules could apply.

Can forest firesbe mitigated to reduce carbon
emissions?

Forest fire suppression has been an active part of forest man-
agement for decades. Despite direct suppression costs of
about $500 million annually, about two million ha of forest-
ed area have burned annually averaged over the past four
decades. Most of the areaburned is caused by afew largefires,
with typically 3% of thefires burning 97% of the area (Stocks
1991). Hence, therewill alwaysbe afew firesthat escapeini-
tial suppression efforts and grow quickly during extremefire
weather. The allocation of substantially more resources may
not be effective at reducing these escaped fires (McAlpineand
Hirsch 1999) and may only postponelargefiresuntil severefire
westher occurs. Modification of fuels on the landscape may have
some potential to limit the spread of large fires by providing
fuel breaks or anchor pointsto aid suppression. This may be
effective to protect communities or specific target areas (Hirsch
et al. 2001), but it isdifficult to maintain these fuel modifica-
tions over large regions. Further, it is virtually impossible to
treat the whole Canadian forest. If we created fuel breaks
(i.e., areasthat would drastically slow the fire spread rate) of
about 200-m width to restrict the size of an individual fireto
2000 ha, we would need to treat more than 15 million hato pro-
tect thetotd Canadian forest (Amiro et al. 2001b). Thisfar exceeds
the current annual harvested area of about 1 million ha (CCFM
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2001). Hence, our best hope isto optimize protection of spe-
cific areas and not focus on the total area burned nationally.

It isimportant to recognize that fire management isaimed
at protecting vaues a risk, dominated by protecting public health
and safety, property, infrastructure, and timber. Carbon by itself
isnot yet valued in the same context. Indeed, if protection of
carbon became a priority and financial budgets remained
unchanged, the emphasis on fire protection would need to shift
from issueslike the wildland/urban interface (where people and
property are at risk) to protection of peatlands, which contain
vast amounts of carbon. Even if fire management could sub-
stantially reduce the area burned, the ecological impact could
be unacceptable. The boreal forest comprises about three-
quarters of the total Canadian forest, and fireisadominant pro-
cess. Biodiversity inthe boreal forest dependson fireand fire
exclusion altersthe normal forest renewal process, negative-
ly impacting historical ecosystem function. Canadahasinter-
national agreements regarding biodiversity (Supply and
Services Canada 1995), and protection of carbon by exclud-
ing firewould cause conflicts. Given that the current increase
in atmospheric greenhouse gases is dominated by fossil fuel
emissions (IPCC 2001), efforts to reduce these emissions
arelikely to be of greater longer-term valuein addressing cli-
mate change than efforts to further reduce fire emissions,
especiadly asthelatter could jeopardize biodiversity and eco-
logical integrity.

What isthe outlook for firein the future?

Some of thelargest annud carbon emissions from forest fires
inthelast four decades occurred in thelast half of this period.
Further, there was more fire during the past four decades
compared to the previous four (Podur et al. 2002). Predictions
from climate models suggest that weather will be more con-
duciveto firein the future because of warmer temperatures and
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drier conditionsin the western part of the boreal forest (Flan-
nigan et al. 1998). Hence, it islikely that carbon emissionsfrom
firewill belarger infuture Kyoto Protocol commitment peri-
ods than in past base periods, recognizing that fire occur-
renceishighly variable among years. Most of the area burned
in Canadais by lightning-caused fires (Stocks et al. 2002). Future
population growth into forest areas may increase human-
caused fires, but also will provide better access for forest
protection. However, thiswill increase the demand for fire man-
agement resources, especially when lives and property arein
jeopardy. Our forestswill become more fragmented by towns,
industrial operations and transportation corridors. Most of
this fragmentation has little impact on fire growth during
severe weather conditions, when afire can jump obstacles of
several hundred metres. Perhaps the only future activity that
will decreasefireisthe change of forest fud typesto lessflanmeable
ones. Changesin land use could reduce forest areas, and, in some
parts of Canada, forest conversion from conifersto deciduous
species will slow fire growth. These land use changes them-
selves would have large impacts on carbon sequestration,
and would need to be considered as part of the national carbon
balance.

Thebottom lineisthet firewill continueto be part of the Cana
dian forest and will likely increaseif current estimations of future
climate change prove accurate (Stocks et al. 1998, Flannigan
et al. 2001). Thisisanatura processin the boreal forest, and
our forests depend on it. Although forest fire carbon emissions
are significant, their reduction may not be economically fea-
sible and definitely not ecologically desirable.

References

Amiro, B.D.,J.B. Todd, B.M. Wotton, K.A. Logan, M.D. Flan-
nigan, B.J. Stocks, J.A. Mason, D.L. Martell and K.G. Hirsch.
2001a. Direct carbon emissions from Canadian forest fires, 1959 to
1999. Can. J. For. Res. 31: 512-525.

Amiro, B.D., B.J. Stocks, M .E. Alexander, M .D. Flannigan and
B.M. Wotton. 2001b. Fire, dimate change, carbon and fue management
in the Canadian boreal forest. Int. J. Wildland Fire 10: 405-413.
Canadian Council of Forest Ministers (CCFM). 2001. Com-
pendium of Canadian Forestry Statistics. Natural Resources Cana-
da, Ottawa, ON. (http://nfdp.ccfm.org)

Chen, J.M., W. Chen, J. Liu and J. Cihlar. 2000. Annual carbon
balance of Canada sforests during 1895-1996. Global Biogeochem.
Cycles 14: 839-850.

Cofer, W.R. I, E.L. Winstead, B.J. Stocks, J.G. Goldammer and
D.R. Cahoon. 1998. Crown fire emissions of CO,, CO, H,, CH,, and
TNMHC from adensejack pine bored forest fire. Geophys. Res. Lett.
25: 3919-3922.

Flannigan, M.D., Y. Bergeron, O. Engelmark and B.M. Wotton.
1998. Future wildfirein circumbored forestsin relation to globa warm-
ing. J. Veg. Sci. 9: 469-476.

Flannigan, M., |. Campbdll, M. Watton, C. Carcaillet, P. Richard
and Y. Bergeron. 2001. Futurefirein Canada shoreal forest: pale-
oecology results and generd circulaion model —regiona climate modd
simulations. Can. J. For. Res. 31: 854-864.

390

Forestry Canada. 1992. Development and structure of the Canadian
forest fire behavior prediction system. Inf. Rep. ST-X-3. Canadian
Forest Service, Ottawa, ON.

Hansen, J., M. Sato, R. Ruedy, A. Lacisand V. Oinas. 2000. Glob-
a warming in the twenty-first century: an alternative scenario. Proc.
Natl. Acad. Sci. USA 97: 9875-9880.

Hirsch, K., V. Kafka, C. Tymstra, R. McAlpine, B. Hawkes, H.
Stegehuis, S. Quintillio, S. Gauthier and K. Peck. 2001. Fire-smart
forest management: a pragmetic approach to sustainable forest man-
agement in fire-dominated ecosystems. For. Chron. 77(2): 357-363.
IGBP Terrestrial Carbon Working Group. 1998. Theterrestrial
carbon cycle; implications for the Kyoto protocol. Science 280:
1393-1394.

Inter gover nmental Panel on Climate Change (IPCC). 2001. Cli-
matic Change 2001: The scientific basis. Contributions of Working
Group | to the Third Assessment Report. Available on-line at:
http://www.grida.no/climate/ipcc_tar/.

Jacobson, M.Z. 2001. Strong radiative hesting dueto the mixing state
of black carbon in atmospheric aerosols. Nature 409: 695-607.
Kurz, W.A.and M.J. Apps. 1999. A 70-year retrospective analy-
ssof carbon fluxesin the Canadian forest sector. Ecol. Appl. 9: 526-547.
Lavoue, D., C. Liousse, H. Cachier, B.J. Stocks and J.G.
Goldammer. 2000. Modeling of carbonaceous particles by boreal
and temperate wildfires at northern latitudes. J. Geophys. Res. 105:
26 871-26 890.

Lyons, W.A., T.E. Nelson, E.R. Williams, J.A. Cramer and T.R.
Turner. 1998. Enhanced positive cloud-to-ground lightning in
thunderstorms ingesting smoke from fires. Science 282: 77-80.
McAlping R.S. and K.G. Hirsch. 1999. An overview of LEOPARDS:
thelevel of protection analysis system. For. Chron. 75(4): 615-621.
Podur, J., D.L. Martell and K. Knight. 2002. Statistica quality con-
trol analysis of forest fire activity in Canada. Can. J. For. Res. 32:
195-205.

Rosenfeld, D. 1999. TRMM observed first direct evidence of smoke
from forest firesinhibiting rainfall. Geophys. Res. Lett. 26: 3105-3108.
Stocks, B.J. 1991. The extent and impact of forest firesin northern
circumpolar countries. In J.S. Levine (ed.). Globa Biomass Burn-
ing. Atmospheric, Climatic and Biospheric Implications. MIT Press,
Cambridge, MA.

Stocks, B.J., M.A. Fosberg, T.J. Lynham, L. Mearns, B.M.
Wotton, Q. Yang, J-Z. Lin, K. Lawrence, G.R. Hartley, JA. Mason
and D.W. McK enney. 1998. Climate change and forest fire poten-
tial in Russian and Canadian bored forests. Climatic Change 38: 1-13.
Stocks, B.J., J.A. Mason, J.B. Todd, E.M. Bosch, B.M. Wotton,
B.D. Amiro, M .D. Flannigan, K.G. Hirsch, K.A. Logan, D.L. Martdl
and W.R. Skinner. 2002. Largeforest firesin Canada, 1959-1997.
J. Geophys. Res. (in press).

Supply and Services Canada. 1995. Canadian Biodiversity Strat-
egy, Canada s Response to the Convention on Biological Diversi-
ty. Biodiversity Convention Office, Environment Canada, Hull,
Quebec. (http://www.bco.ec.gc.ca/lDocumentPublications_e.cfm).
Wotawa, G. and M. Trainer. 2000. Theinfluence of Canadian for-
est fires on pollutant concentrationsin the United States. Science 288:
324-328.

MAI/JUIN 2002, VOL. 78, NO. 3, THE FORESTRY CHRONICLE



