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Highlights

e Wildland fire activity in high northern latitudes is highly variable, driven by subseasonal drying
over weeks, and controlled by climate.

e Under prolonged warm, dry weather conditions, the accumulated layers of partially
decomposed organic matter that characterize northern ecosystems become a ready fuel source
and are key to regional fire phenomena (e.g., holdover fires), to interactions with the global
carbon cycle, and to impacts on other aspects of these high latitude environments.

e Increasing trends in air temperature and fuel availability over the 41-year record (1979-2019)
suggest that conditions are becoming more favorable for fire growth, with more intense
burning, more fire growth episodes, and greater consumption of fuels.

Introduction

Despite the low annual temperatures and short growing seasons that are characteristic of high northern
latitudes (HNL), wildland fire is the dominant ecological disturbance within the region's boreal forest,
the world's largest terrestrial biome. The boreal forest, also known as Taiga, is the band of mostly
coniferous trees that stretches across the area north of the July 13°C isotherm in North America and
Eurasia. Wildland fires also impact the tundra regions bordering the Taiga. This brief report updates our
previous contribution to Arctic Report Card 2017. It summarizes evidence on variability and trends in fire
disturbance in HNL, describes the fuels that characterize boreal and tundra ecosystems, and outlines
how climate and subseasonal fire weather conditions in HNL influence the extent of area burned in a
given year.

Regional variability

Long-term burned area data have been compiled for Alaska and Canada. These data are relatively more
limited in Eurasia and arctic tundra regions, presenting challenges to developing a robust circumpolar
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perspective (Kukavskaya et al. 2013; Duncan et al. 2020). Figure 1 shows the geographic extent (Fig. 1a)
and time series (Fig. 1b) of annual cumulative end-of-season burned area in circumpolar HNL from 55° N
to 70° N for 2001-June 2020, generated using the MODIS Global Burned Area Collection 6 Product
(MCD64A1; Giglio et al. 2018). Figure 2 shows annual burned area per year in Alaska and the Northwest
Territories since 1980 and in the Republic of Sakha in Siberia since 2001, including both boreal and
tundra regions. These records show considerable interannual variability and that large fire years in these
three regions are not coincident. Alaska and the Northwest Territories have sufficiently long time series
to allow an estimate of the trend via logistic regression of large (>500,000 ha) fire seasons as shown in
Fig. 2a, b. The results illustrate that high-latitude wildfire varies both geographically and across decadal

timeframes, with large fire seasons becoming more likely in Alaska over the past 40 years but slightly
declining in the Northwest Territories.
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Fig. 1. Geographic extent (a) and time series (b) of annual cumulative end-of-season burned area in circumpolar
high northern latitudes from 55° N to 70° N for 2001-June 2020, generated by E. Gargulinski and A. J. Soja using the
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MODIS Global Burned Area Collection 6 Product (MCD64A1; Giglio et al. 2018). In (a), red indicates the burned area
extent, light shading indicates extent of tundra, and black outlines delineate the three regions in Fig. 2: Alaska,
USA; Northwest Territories, Canada; and Republic of Sakha, Siberia, Russian Federation. Projection is lambert
azimuthal equal-area North Pole. Figure by Zav Grabinski. *MODIS data are only through June 2020, due to a delay
in processing following a sensor outage.
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Fig. 2. Time series of burned area (in ha) in (a) Alaska 1980-2020, (b) Northwest Territories 1980-2020, and (c)
Republic of Sakha 2001-June 2020, using regional definitions given in Figure 1a. "Normal" is the middle tercile
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(33rd-66th percentiles) of the observed distribution. In (a) and (b), the green line indicates logistic regression
showing the probability of burned area of at least 500K ha. Data sources: Alaska Interagency Coordination Center
(2020); Canadian National Forestry Database (2020); Sakha data are provided by A. J. Soja and E. Gargulinski. 2020
data for Alaska and NWT are preliminary. *MODIS data for Sakha are only through June 2020, missing the July
burning, which typically dominates the fire season in Sakha. Figure by Rick Thoman.

Most area burned in HNL occurs during sporadic episodes of large fire growth, preceded by extended
periods of drying and accompanied by anomalously hot and dry conditions (Flannigan et al. 2009). For
example, 50% of the area burned in Alaska from 2002 to 2010 was consumed in just 36 days (Barrett et
al. 2016). Significant weather events, such as prolonged warm dry weather, associated with blocking
high pressure systems, and convective lightning storms are responsible for much of the variability in fire
history (Hayasaka et al. 2016). In both Alaska and Canada, lightning-caused fires are responsible for the
majority of area burned (AICC 2020; Hanes et al. 2019), in part because lightning-ignited fires are more
likely to be remote and subject to lower levels of suppression, compared to human-caused fires.

Recent large fire seasons in HNL driven by unusually warm and dry conditions include:

e 2018 in Sweden, where record May and July temperatures led to burned area of 24 thousand
ha, more than 8 times the 2008-17 average (San-Miguel-Ayanz et al. 2019)

e 2019 in Alaska (Fig 2a), where 719 fires burned more than 1 million ha. Drought- and wind-
driven fires in late August destroyed homes, businesses, and electric power infrastructure, and
disrupted tourism and other economic activity (AICC 2020)

e The 2019 and 2020 fire seasons in Sakha (Fig 2c), which are unprecedented in the 20-year
MODIS record in terms of an earlier start to the fire season and their northern extent, with some
fires burning only about 11 km from the Chukchi Sea. From March through June in both 2019
and 2020, burned area was greater than 2.9 times the 20-year mean. Typically, most burning in
such HNL occurs in July. Fires burned primarily in montane sub-arctic ecosystems across
landscapes underlain by permafrost. (See essay Surface Air Temperature for information on the
extreme temperature departures associated with these fires.)

Beyond immediate threats to lives and property, wildland fire has multiple impacts on HNL
environments and residents. Smoke can be widespread and compromise human health, particularly in
vulnerable populations. Wildfire smoke also limits visibility and constrains aviation operations, including
those supporting fire suppression and detection. Black carbon derived from wildfires travels
considerable distances, up to 4000 km or more, and accelerates surface melting and thawing of snow
and ice by lowering the surface albedo (Thomas et al. 2017). Combustion removes the insulation
provided by soil organic matter and accelerates permafrost degradation and associated disturbance of
the land surface in both boreal and tundra soils, which can have multiple impacts (Jones et al. 2015). For
example, the thawing of ice-rich permafrost (thermokarst) may lead to surface subsidence and
hydrological changes (Romanovsky et al. 2017).

Climatological and ecosystem influences

Climate is a dominant control of fire activity on interannual and decadal scales. The relationship
between climate and fire is strongly nonlinear in both boreal and tundra ecosystems, with the likelihood
of fire occurrence within a 30-year period much higher where mean July temperatures exceed 13.4°C
(56°F) (Young et al. 2017). HNL fire regimes appear to be responding to recent environmental changes
associated with the warming climate (Soja et al. 2007; Hanes et al. 2019). Although highly variable,
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burned area has increased over the past several decades in much, but not all, of boreal North America
(Hanes et al. 2019 and references therein). Lightning ignitions have increased in the region since 1975
and largely drove the extreme 2014 Northwest Territories and 2015 Alaska fire seasons (Veraverbeke et
al. 2017). In Alaska, lightning activity increased during 1986-2015, as did summer temperatures (Bieniek
et al. 2020). Partain et al. (2016) found that recent anthropogenically driven climate change increased
the likelihood of the extremely dry fuel conditions seen in Alaska in 2015 by 34-60%.

Dominant vegetation varies considerably across the HNL, and species-specific traits in the conifers that
carry fire in boreal forests affect regional fire regimes (Rogers et al. 2015). HNL ecosystems are also
characterized by extremely limited decomposition due to low average annual air temperatures.
Accumulated partially decomposed organic matter is widespread in boreal and arctic systems, often
forming thick layers of potentially flammable carbon-rich moss (i.e., duff) and peat, generally termed soil
organic matter (Fig.3a). This large pool of biomass is estimated to contain 30-40% of global soil carbon
(Lorenz and Lal 2010). Under long daylengths in June and July, these fuelbeds can dry rapidly over weeks
(versus seasonal curing in arid climates at lower latitudes), increasing flammability even before drought
reaches significant levels (Ziel et al. 2020). Once established in these fuels, fires can smolder for long
periods and may form deep hot ash pits (Fig. 3b) that can overwinter to re-emerge in spring (Wheeling,
2020). At least 10 fires overwintered in the Northwest Territories from 2014-2015 (Wohlberg 2015) and
at least 40 in Alaska from 2005-2020 (AICC 2020). Satellite imagery suggests that a large number of
overwintering fires in Siberia from 2019 jumpstarted the 2020 season (Wheeling, 2020).
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indicating the depth (approximately 30 cm) of an ash pit on the McKinley fire, August 2019. Firefighters and
homeowners have been injured in hot ash pits following fires during drought conditions that allowed deep burning
into duff layers. Photo by R. Saba, Alaska Incident Management Team.

The combustion of soil organic matter in boreal and arctic fires has large impacts on the global carbon
cycle, including potential positive feedbacks to climate warming through direct emissions from
combustion and accelerated decomposition and thermokarsting (Walker et al. 2019). Additional
feedbacks from fire to HNL ecosystems include interactions with vegetation succession (Mekonnen et al.
2019 and references therein), biogeochemical cycles (Bond-Lamberty et al. 2007), energy balance
(Potter et al. 2019), and hydrology (Liu et al. 2005).
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Reflecting the importance of cumulative drying on fuelbed flammability, the Canadian Forest Fire
Danger Rating System (CFFDRS) uses its Buildup Index (BUI) (Wotton 2009) as a numerical rating of fuel
availability for consumption. BUI is derived from daily accounting of surface temperature, relative
humidity, and 24-hour rainfall totals. In boreal and arctic systems BUI reflects the flammability of duff
fuels below the surface. As BUI crosses significant thresholds, fires can burn more intensely, spread
more aggressively, and pose more problems for suppression. Surface air temperatures effectively
represent the influence of solar radiation and moisture deficits as well as fuel heating on ignition and
fire spread.

Figure 4 shows 2 m air temperature and BUI trends and time series for boreal and tundra regions of
Eurasia and North America in June for the 41-year period of record (1979-2019), calculated using the
European Center Reanalysis version 5 (ERA5) (McElhinny et al. 2020). Widespread increases in
temperature and BUl in both June and July (data not shown) and on both continents suggest that
conditions are becoming more favorable for fire growth, with increases in cumulative drying and
flammability likely to result in more intense burning, more fire growth episodes, and greater
consumption of fuels.
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Fig. 4. Boreal and tundra air temperature at 2 m (T2m, in °C) trend (a) and Buildup Index (BUI, unitless) trend (b) in
June for the full 1979-2019 period, from the European Center Reanalysis version 5 (ERA5). June T2m and BUI time
series for boreal and tundra areas of Eurasia (c) and North America (d). Figure by Uma Bhatt.

These observations of area burned, BUI, and temperature are consistent with analyses projecting
significant increases (up to four-fold) in burned area in HNL ecosystems by the end of the 21st century
under a range of climate change scenarios (French et al. 2015; Young et al. 2017; Yue et al. 2015, and
references therein). Because specific fire events depend on multiple interacting factors, the resulting
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changes in HNL fire regimes will vary greatly over space and time. However, all evidence indicates that
northern ecosystems will become increasingly vulnerable to wildland fire and its impacts.
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