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* Worldwide boreal zone covers 1.9 billion ha * North American boreal forest comprised of
* Canada has 28% of the zone (552 million ha) 22 ecoregions (WWF)
» Alaska (USA) has 4% (74 million ha) * Conifers predominate, esFeciaIIy spruce
* Canada: 307 million ha boreal forest (75% of all Canadian (P’Cf‘,a marlana,-P. glauca _
forests) * Deciduous species (aspen, poplar, birch) as

well

* Alaska: 55 million ha boreal forest (18% of all USA forests) . . .
* These are typically shade-intolerant species

Source: Brandt JP. 2009. Environ. Rev. 17: 101-161. https://doi.org/10.1139/A09-004



Wildfires in the North American Boreal Forest

_| Forest fires in Alaska (USA), 1950-current Forest fires in Canada, 1960-2015
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* Wildfires are integral to North American boreal forest ecosystems
* As much as several million hectares burned annually
* Fire regimes vary, but many forests subject to long-interval, stand-replacing fires

Source: https://www.frames.gov/afsc/resources/research-map Source: Hanes CC et al. 2019. Can. J. For. Res. 49: 256-269. https://doi.org/10.1139/cjfr-2018-0293



Wildfire Drivers

* At regional to continental scales,
wildfires governed foremost by
climate

 Annual to decadal climate oscillations
e Pacific Decadal Oscillation
* E|l Nino — Southern Oscillation

* Positive phases = warmer, drier
conditions

* Annual seasons shaped by fire
weather

* Notably, amount of winter snowpack

* Temperature, rainfall, wind speed,
relative humidity, soil moisture

* Flammable fuel availability

* |gnition sources
e Lightning and human-caused

Sources: Cronan et al. 2011. Fire Regimes of the Alaskan Boreal
Forest. https://www.frames.gov/afsc/projects/boreal-fire-history
Parisien M-A et al. 2020. Nat. Commun. 11: 2121.
https://doi.org/10.1038/s41467-020-15961-y

Lightning burns more area in Alaska...

2.4 million
ha burned
M Human-
— caused fires
m Lightning-
o caused fires
1.2 million
ha burned —
|
o |
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...but humans cause more fires, on average

M Human- Lightning-

800 fires caused fires caused fires I
2001 2005 2010 2015 2019

Source: Grabinski Z & McFarland HR. 2020. Alaska’s Changing Wildfire Environment.
https://uaf-iarc.org/alaskas-changing-wildfire-environment/

Also true for Canada: large human-caused fires account
for ~50% of wildfires, but ~¥10% of total area burned

Source: Hanes CC et al. 2019. Can. J. For. Res. 49: 256-269. https://doi.org/10.1139/cjfr-2018-0293




Current Trends: Canada
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Source: Natural Resources Canada https://www.nrcan.gc.ca/climate-change/impacts-adaptations/climate-change-impacts-forests/forest-change-indicators/fire-regime/17780

* Trends in area burned and number of large fires (> 200 ha) have increased
significantly since 1959

* Evidence that large fires have been getting larger...and that the fire season
has gotten longer

Source: Hanes CC et al. 2019. Can. J. For. Res. 49: 256-269. https://doi.org/10.1139/cjfr-2018-0293



e Similar story to
Canada

* Annual number of
fires shows a steadily
increasing trend

* Area burned has
varied considerably
year to year, but 10-
year moving average
has jumped in last
two decades

Current Trends: Alaska
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Data source: Alaska Interagency Coordination Center, Predictive Services — Intelligence / Reports

https://fire.ak.blm.gov/predsvcs/intel.php

Number of fires
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History_Chart

				Year		Fires		Acres		Decade Average

				1939		200		5,000,000		1,740,779

				1940		130		4,500,000		1,242,594

				1941		138		3,654,774		998,992

				1942		89		452,510		655,682

				1943		233		666,773		617,900

				1944		69		110,604		598,477

				1945		73		117,313		726,586

				1946		130		1,438,963		717,213

				1947		159		1,431,665		620,976

				1948		134		35,190		982,776

				1949		30		18,148		1,010,978

				1950		224		2,063,984		1,068,821

				1951		271		221,669		871,140

				1952		136		74,690		849,484

				1953		285		472,549		845,912

				1954		262		1,391,691		800,286

				1955		190		23,582		661,460

				1956		226		476,593		661,460

				1957		391		5,049,661		661,460

				1958		278		317,215		661,460

				1959		320		596,574		661,460

				1960		238		87,180		661,460

				1961		117		5,100		661,460

				1962		102		38,975		661,460

				1963		194		16,290		661,460

				1964		164		3,430		661,460

				1965		148		7,093		890,560

				1966		256		672,765		890,560

				1967		207		109,005		890,560

				1968		442		1,013,301		890,560

				1969		685		4,231,820		890,560

				1970		659		113,486		890,560

				1971		586		1,069,108		890,560

				1972		780		966,247		890,560

				1973		442		59,816		890,560

				1974		869		662,960		890,560

				1975		411		127,845		384,140

				1976		622		69,119		384,140

				1977		681		2,295,808		384,140

				1978		356		7,757		384,140

				1979		337		389,925		384,140

				1980		180		129,892		384,140

				1981		322		536,217		384,140

				1982		283		70,798		384,140

				1983		451		98,164		384,140

				1984		455		115,871		384,140

				1985		643		406,429		928,767

				1986		924		481,808		928,767

				1987		707		222,066		928,767

				1988		597		2,153,298		928,767

				1989		672		68,453		928,767

				1990		750		3,189,079		928,767

				1991		748		1,637,950		928,767

				1992		449		150,006		928,767

				1993		759		712,868		928,767

				1994		597		265,709		928,767

				1995		451		43,932		1,419,709

				1996		673		599,100		1,419,709

				1997		686		2,026,806		1,419,709

				1998		380		173,405		1,419,709

				1999		473		1,005,409		1,419,709

				2000		305		756,282		1,419,709

				2001		341		216,032		1,419,709

				2002		510		2,183,265		1,419,709

				2003		433		602,718		1,419,709

				2004		701		6,590,140		1,419,709

				2005		624		4,649,597		1,185,900

				2006		307		266,268		1,185,900

				2007		509		649,411		1,185,900

				2008		367		103,649		1,185,900

				2009		516		2,934,608		1,185,900

				2010		688		1,125,419		1,185,900

				2011		515		293,018		1,185,900

				2012		416		286,888		1,185,900

				2013		613		1,316,289		1,185,900

				2014		389		233,849		1,185,900

				2015		768		5,111,453		1,852,422

				2016		572		500,949		1,037,664

				2017		353		652904		1,216,569

				2018		362		411177		1,498,401

				2019		743		2585625		2,585,625

		Year		Fires		Acres		Hectares

		1950		224		2,063,984

		1951		271		221,669

		1952		136		74,690

		1953		285		472,549

		1954		262		1,391,691

		1955		190		23,582

		1956		226		476,593

		1957		391		5,049,661

		1958		278		317,215

		1959		320		596,574

		1960		238		87,180

		1961		117		5,100

		1962		102		38,975

		1963		194		16,290

		1964		164		3,430

		1965		148		7,093

		1966		256		672,765

		1967		207		109,005

		1968		442		1,013,301

		1969		685		4,231,820

		1970		659		113,486

		1971		586		1,069,108

		1972		780		966,247

		1973		442		59,816

		1974		869		662,960

		1975		411		127,845

		1976		622		69,119

		1977		681		2,295,808

		1978		356		7,757

		1979		337		389,925

		1980		180		129,892

		1981		322		536,217

		1982		283		70,798

		1983		451		98,164

		1984		455		115,871

		1985		643		406,429

		1986		924		481,808

		1987		707		222,066

		1988		597		2,153,298

		1989		672		68,453

		1990		750		3,189,079

		1991		748		1,637,950

		1992		449		150,006

		1993		759		712,868

		1994		597		265,709

		1995		451		43,932

		1996		673		599,100

		1997		686		2,026,806

		1998		380		173,405

		1999		473		1,005,409

		2000		305		756,282

		2001		341		216,032

		2002		510		2,183,265

		2003		433		602,718

		2004		701		6,590,140

		2005		624		4,649,597

		2006		307		266,268

		2007		509		649,411

		2008		367		103,649

		2009		516		2,934,608

		2010		688		1,125,419

		2011		515		293,018

		2012		416		286,888

		2013		613		1,316,289

		2014		389		233,849

		2015		768		5,111,453

		2016		572		500,949

		2017		353		652,904

		2018		362		411,177

		2019		719		2,589,893
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Acres Burned 1950-2017 with 11-year rolling average



		Year		Fires		Acres		Hectares

		1939		200		5,000,000		2,023,436

		1940		130		4,500,000		1,821,093

		1941		138		3,654,774		1,479,040

		1942		89		452,510		183,125

		1943		233		666,773		269,835

		1944		69		110,604		44,760

		1945		73		117,313		47,475

		1946		130		1,438,963		582,330

		1947		159		1,431,665		579,377

		1948		134		35,190		14,241

		1949		30		18,148		7,344

		1950		224		2,063,984		835,268

		1951		271		221,669		89,707

		1952		136		74,690		30,226

		1953		285		472,549		191,235

		1954		262		1,391,691		563,200

		1955		190		23,582		9,543

		1956		226		476,593		192,871

		1957		391		5,049,661		2,043,533

		1958		278		317,215		128,373

		1959		320		596,574		241,426

		1960		238		87,180		35,281

		1961		117		5,100		2,064

		1962		102		38,975		15,773

		1963		194		16,290		6,592

		1964		164		3,430		1,388

		1965		148		7,093		2,870

		1966		256		672,765		272,259

		1967		207		109,005		44,113

		1968		442		1,013,301		410,070

		1969		685		4,231,820		1,712,564

		1970		659		113,486		45,926

		1971		586		1,069,108		432,654

		1972		780		966,247		391,028

		1973		442		59,816		24,207

		1974		869		662,960		268,291

		1975		411		127,845		51,737

		1976		622		69,119		27,972

		1977		681		2,295,808		929,084

		1978		356		7,757		3,139

		1979		337		389,925		157,798

		1980		180		129,892		52,566

		1981		322		536,217		217,000

		1982		283		70,798		28,651

		1983		451		98,164		39,726

		1984		455		115,871		46,892

		1985		643		406,429		164,477

		1986		924		481,808		194,982

		1987		707		222,066		89,867

		1988		597		2,153,298		871,412

		1989		672		68,453		27,702

		1990		750		3,189,079		1,290,580

		1991		748		1,637,950		662,857

		1992		449		150,006		60,706

		1993		759		712,868		288,489

		1994		597		265,709		107,529

		1995		451		43,932		17,779

		1996		673		599,100		242,448

		1997		686		2,026,806		820,223

		1998		380		173,405		70,175

		1999		473		1,005,409		406,876

		2000		305		756,282		306,058

		2001		341		216,032		87,425

		2002		510		2,183,265		883,540

		2003		433		602,718		243,912

		2004		701		6,590,140		2,666,946

		2005		624		4,649,597		1,881,633

		2006		307		266,268		107,755

		2007		509		649,411		262,808

		2008		367		103,649		41,945

		2009		516		2,934,608		1,187,598

		2010		688		1,125,419		455,443

		2011		515		293,018		118,581

		2012		416		286,888		116,100

		2013		613		1,316,289		532,685

		2014		389		233,849		94,636

		2015		768		5,111,453		2,068,540

		2016		572		500,949		202,728

		2017		353		652904		264,222

		2018		362		411177		166,398

		2019		743		2585625		1,046,369
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Future Trends
e Other predictions

* Longer fire seasons

* More frequent occurrence of extreme fire weather, which triggers large
catastrophic fires

* Increases in both lightning and human-caused ignitions

c) CCSM (2005-2100) d) GFDL (2005-2100)

Percent change of P P e
June-July lightning |
strike counts under
CCSM and GFDL
GCMs for Alaska, Voow ® 7 p
2005-2100. Darker AR S 223

red = higher positive
% change

Source: Bieniek et al. 2020. J. Appl. Meteor. Climatol. 59: 1139-1152. https://doi.org/10.1175/JAMC-D-19-0209.1




Final Points

* Changing climate will cause significant transformations in
North American boreal forest ecosystems
* Longer fire seasons, more large fires and larger area burned
* More frequent extreme weather events, leading to ignitions

* Rising temperatures and moisture deficit are also expected to
exacerbate forest pest impacts, further increasing wildfire risk

* Suppression will become more problematic, placing significant
strain on fire management agencies in Canada and USA

* Larger, more intense wildfires will increase response costs and
magnify threats to human infrastructure and public health
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