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the 2019 arrd 2O2O wildfire seasons in the
Siberian Arctic and predict the extent of
carbon-rich soils likely to burn in the area
with future warming. Critically, they sug-
gest that even minor increases in tempera-
ture above certain thresholds may promote
increasingly larger wildfires.

Assessment of the relationship between
climate warming and the frequency and
extent of Arctic wildfires is complicated by
several factors. Satellite data ofthe annual
area burned by wildfires in the Arctic may
require difficult-to-obtain ground-based
validation to improve accuracy. Moreover,
multiple factors may interact with warm-
ing in complex ways to influence fire oc-
currence, severiry and ,extent, such as
lightning strikes, rainfall, and fuel load
or vegetation cover. Add to this mix the
uncertainty that derives from gaps in tfre
geographic representation of data across
the Arctic and the challenges seem almost
insurmountable. The Siberian Arctic, for
example, represents as much as 70% of the

terrestrial Arctic, but year-to-year records
of its burned area are sparse.

Descals et al. compiled multiple satellite-
based estimates of the annual burned area
for the Siberian Arctic from 1982 to 2O2O to
analyze associations between burned area
and several factors (see the figure). According
to their analysis across all sources of satellite
data, 2019 and 2O2O emerge as the biggest
fire years for the Siberian Arctig account-
ing for nearly half of the area burned for
that region over the entire 39-year period
and releasing nearly 150 million tonnes of
carbon to the atmosphere. On 20 June 2020,
the Russian town ofVerkhoyansk set the ie-
cord for the highest single-day temperature
measured above the Arctic Circle (38oC) (4).
On average, the Arctic region has warmed
faster than the rest of the globe. Northern
peatlands-including those in Asi4 North
America, and Europe-currently account for
an annual carbon sink of -10o million tonnes
(O. The enormous carbon reiease of 150 mil-
lion tonnes from the 2019 and 2020 Siberian

Arctic wildfires at a warmlng threshold
Bigger wildfires in the Siberian Arctic signal release of more carbon to the atmosphere

8y Eric Postr and Michelle C. Mack2

ast amounts of organic carbon
are stored in Arctic soils. Much of
this is in the form of peat, a layer
of decomposing plant matter. Arc-
tic wildfires release this carbon to
the atmosphere as carbon dioxide

(CO,) (1) and contribute to global warm-
ing. This creates a feedback loop in which
accelerated Arctic warming (2) dries peat-
land soils, which increases the likelihood
of bigger, more frequent wildfires in the
Arctic and releases more COr, which fur-
ther contributes to warming. Although
this feedback mechanism is qualitatively
understood, there remain uncertainties
about its details. On page 582 of this is-
sue, Descals et al. (3) analyze data from

lDepartment of Wildlife, Fish, and Conservation Biology,
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fires Jemonstrates how quickly northern eco-
systqms can switch from carbon sinks to car-
bon 5ources under the continuous warming
o116: Arctic.

Tle authors started with individual sin_
gls_fredictor models, which mostly show
a-,.nential increases in burnt area across
,6. Siberian Arctic for each of the individual
dr:wers. These include the increases in tem_

f:r?ture, vapor-pressure deficit (the ability
if the air to dry the land surface), climatic
water deficit (more water being waporated
relative to precipitation), and the number of
ignition events presumably related to light-
ning strikes. Building on the single_predictor
models, the authors then created a multivari-
ate model, which revealed that some of the
single-predictor drivers can themselves be
driven by an increase in temperature. For
example, warming can directly increase the
number of ignition events and indirectlv in_
crease plant water stress by increasing the
vapor-pressure deficit. This in turn .uo a.y
deeper soil layers and contribute to plant
water stress. By linking these processes and
identifying the direct and indirect effects of
warming on increasing burn area Descals ef
aL provide insights into what the future of
Arctic wildfires may look like under acceler-
ating warming.

According to their analysis, warming of
mean summer air temperature past a thresh_
old of 10"C, or of mean summer surface
temperature above 17oC, would cause dis-
proportionately large increases in the extent
of carbon-rich soils burned in the Siberian
Arctic. However, patterns of both local
yalming (2) and vegetation change (6,2) arc
highly variable across the Arctic. Therefore,
additional studies in other regions of the
Arctic that harbor vast expanses of peatland,
such as Canada and Alaska (,!, are needed to

test these hypotheses and their general ap_
plicability to the Arctic region.

It is worth considering the implications
of increasingly frequent and large wildfires
for the fate of carbon that is currently locked
away in the permafrost soils and sediments
that underlie much of the Arctic. Increased
combustion of the insulating peat layer can
expose more permafrost and lead to the thaw
and decomposition of an even larger reser_
voir of organic matter, releasing carbon that
has been stored underground for centuries or
even millennia (B). Larger and more intense
wildfires could substantially accelerate the
release of permafrost carbon into the atmo_
sphere (9), but this interaction is not consid-
ered in current forecasts of Arctic feedback
to global warming (10). Future studies that
link rigorous assessment of witdfues with the
dynamics of permafrost thaw in these remote
regions are therefore needed to better quan_
tifu their impact on climate.
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The effect of Arctic wildfires on carbon release
Arctic wildfires accererate the rerease of organic.rroon tro, uu.oir into the atmosphere, which canstrengthen the feedback to warming.
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Arctrc peatlands, forests, and tundra are
generally carbon srnks. Cold temperatures
and wet sotls keep the land relatively moist,
which reduces wildfire activity
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Higher temperatures dry the peat layer and drive more
actrve weather systems. which lead to more frequent
lightning strikes. creating larger fires that release more
carDon t0 the atmosphere,
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ARCTIC WILDFIRES

Unprecedented fire activity above the Arctic Gircle

llnked to rising temperatures
Adrii Descalsl2x, David L. A. Gaveau3, Aleixandre Verge/'2'a, Douglas Sheil5,6,

Daisuke Naito6'7, Josep Pefr uelasl'2

Arctic fires can release large amounts of carbon from permafrost peatlands. Satellite observations reveal
that fires burned -4.7 million hectares in 2019 and 2020, accountingfor 440/o of the total burned area
in the Siberian Arctic for the entire 1982-2020 period. The summer ot 2Q20 was the warmest in
four decades, with fires burning an unprecedentedly large area of carbon-rich soils. We show that factors
of fire associated with temperature have increased in recent decades and identified a near-exponential
relationship between these factors and annual burned area. Large fires in the Arctic are likely to recur
with climatic warming before mid-century, because the temperature trend is reaching a threshold in which
small increases in temperature are associated with exponential increases in the area burned.

missions from Arctic wildflres jeopar-
dize global climate goals G). The'Arctic
is warming rapidly because of a climate
change-related phenomenon known as
"Arctic amplification" (2); annual mean

temperature has already increased more tharr
2oC compared with that of the preindustrial
era (3) and is expected to reach 3.3o to 10oC

above the 1985-20141, average by 2100 (4). These
increased temperatures result in thawing of
permafrost and deterioration of peatlands with
emissions of carbon dioxide and methane (5-7).
High-latitude peatlands are expected to be-
come a net carbon source as a consequence of
global warming (B). The release of carbon cre-
ates positive feedback with additional emis-
sions contributing to further warming and
thau,ing with further peatland degradation and
emissions. In this contexL the numerous fires
identified by satellite thermal sensors in east-
ern Siberia in 2020 (9) raise particular concerns
because of the resulting emissions Q0).

Wildfires ire cornmon in the Arctic and Sut>
arctic (17), but their size, frequency, and inten-
sity are expected to increase as the climate
warms (12). Extreme weather, such as that in
2020 in the Siberian tuctic (13), is expected
to become more severe as Arctic oscillations
weaken over time (14). Previous research in
the Alaskan tundra suggests that the annual
burned area might be two times greater than
in the 195O-2010 period by the end ofthe cen-
tury as \.,arrner and drier conditions coin-
cide more frequently (-IO. The conditions that
affected the Arctie fire seasons of 2019 and

tCREAF, Centre de Recerca Ecoldgica i Aplicacions Forestals,
Ierdanyola de Valles. 08193 Barcelola. Cataloria, Spain.
'CS'C. Glooar Ecology Unit CREAF-CSIC-UAB. Bellate,ra.
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(CiFOR), Bogor 16000, lndonesia. TGraduate 
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Agricuiture, Kyoto University, Kitashirakawa 0iwake-cho,
Sakyo-ku, Kyoto 606-8502, Japan.
*Corresponding author. Email: a.descals@creaf.uab.cat

2020 inthe SiberianArctichave provided new
empirical observations between climatic fac-
tors and burn extent and may alreadybe indi-
cating the ctranges in fire regimes expected by
the end ofthe century. The fire seasons of 2019
and 2020, however, raised two uncertainties-
flrst, whetherthe annual bumed area above the
Arctic Cirele was actually increasing. Satellite-
derived burned-area products tend to under-
estimate the true extent of burning (J2), and
rigorous validation techniques are required
(16). Second, even ifthe burned areas in 2019
and 2O2O were the largest yet observed, the
links to other trends required evaluation.

We assessed annual burned area in the
Siberian Arctic (atitudes >66.5oN) for 1982-
2020 using six satellitederived maps of bumed
areas (fig. S1). We investigated the Siberian
Arctic because it is where most buming occurs
above the Arctic Circle and fire frequency ap-
peared to be increasing (9). We investigated
10 factors associated with the likelihood of
fire: sir climatic variables [air and surface tem-
perature, total precipitation, wind speed and
direction, and vapor-pressure deficit (yPD)1,
three yariables describing the vegetation condi-
tiors [ength of the ercwing seasor! mean nor-
malized difference r€getation index (NDM-*),
and climatic water deficit (CWD)], and the
number ofigrritions, a direct factor associated
with the likelihood of flres. We evaluated how
these factors have varied over the past four
decades and their relationships with satellite-
derived estimates of annualbumed areas. Iastty,
we investigated the future trends of annual
burned area and fire emissions under future
Reprcsentative Concentration Pathwals (RCPs).

Results
Trends of burned area for 1982-2020

Between 1982 and 2020, the satellite burned-
area products indicate that 12.97 million hec-
tares (Mha) burned in the circumpolar region
Qatitudes >66.5o10. The Siberian Arctic, a re-
gion with continuous perma.frost, accounted
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Arctic fires can release large amounts of carbon from permafrost peatlands. Satellite observations reveal
that fires burned -4.7 million hectares in 2019 and 2020, accountinglor 44o/o of the total burned area
in the Siberian Arctic lor the entire 1982-2020 period. The summer ot 2020 was the warmest in
four decades, with fires burning an unprecedentedly large area of carbon-rich soils. We show that factors
of fire associated with temperature have increased in recent decades and identified a near-exponential
relationship between these factors and annual burned area. Large fires in the Arctic are likely to recur
with climatic warming before mid-century because the temperature trend is reaching a threshold in which
small increases in temperature are associated with exponential increases in the area burned.

missions from Arctic wildfires jeopar-
dize global climate Soals (1). The Arctic
is warming rapidlybecause of a climate
change-related phenomenon known as

"Aretic amplification" (2); annual mean
temperature has already increased more than
2oC compared with that of the preindustrial
era (3) and is expected to reach 3.3o to 10oC

above the 1985-20?t average by 2100 (4). These
increased temperatures result in thawing of
permafrost and deterioration of peatlands with
emissions of carbon dioxide and methane (5-fl,
HighJatitude peatlands are expected to be-
come a net carbon source as a consequence of
global warming (B). The release of carbon cre-
ates positive feedback with additional emis-
sions contributing to further warming and
thawingwith furtJrer peatland degradation and
emissions. In this context, the numerous fires
identified by satellite thermal sensors in east-
em Siberia in 2020 (9) raise particular concems
because of the resulting emissions (-IO).

Wiidfires zme common in the Arctic and Sub-
arctic (-Il), but their size, frequency, and inten-
sit"v are expected to increase as the climate
warms (72). Ertreme weather, such as that in
2O2O ir the Siberian Arctic (13), is expected
to become more severe as Arctic oscillations
weaken over time (14). Previous research in
the Alaskan tundra suggests that the annual
burned area might be two times greater than
in the 1950-2010 period by the end ofthe cen-
tury as warrner and drier conditions coin-
cide more frequently (-Lfl. The conditions that
affected the Arctic fire seasons of 2019 and

2020 in the Siberian Arctic have provided new
empirical observations between climatic fac-
tors and burn extent and may already be indi-
cating the changes in fire regimes expected by
the end ofthe century. The fire seasons of2019
and 2020, however, raised two uncertainties-
flrct, whetherthe annual bumed area above the
Arctic Circle was actually increasing. Satellite-
derived burned-area products tend to under-
estimate the true extent of buming (72), and
rigorous validation techniques are required
(16). Second, even ifthe burnecl areas in 2019
and 2020 were the largest yet observed, the
links to other trends required evaluation.

We assessed annual burned area in the
Siberian Arctic (atitudes >66.5oN) for 1982-
2020 using six satellite-derived maps of burned
areas (fi9. S1). We investigated the Siberian
Arctic because it is where most burning occurs
above the Arctic Circle and fire frequency ap-
peared to be increasing (9). We investigated
10 factors associated with the likelihood of
fire: six climatic variables fair and surface tem-
perature, total precipitation, wind speed and
direction, and vapor-pressure deficit fltrPD)1,
three lariables describing the vegetation condi-
tions [ength of the growing seasor! mean nor-
malizd difference vegetation indor (irIDVI-J,
and climatic water deficit (CWD)1, and the
number of ignitions, a direct factor associated
with the likelihood of flres. We evaluated how
these faetors have varied over the past four
decades and their relationships with satellite
derived estimates of annual bumed areas. Iastly,
we investigated the future trends of annual
burned area and fire emissions under future
Representative Concentration Pathwafn (RCPs).

Results
Trends of burned area for 1982-2020

Between 1982 and 2020, the satellite burned-
area products indicate that 72.97 million hec-
tares (Ir4ha) burned in the circumpolar region
0atitudes >66.5oN). The Siberian Arctig a re-
gion with continuous permafrost, accounted
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Fig. L Maps of burned area for 2OOL-202O and peatland carbon storage in

the circumpolar region. (A) Extent of the burns for 2001-2018 is from the

FireCCISl product, and the extent for 2019 and 2020 is the union of the C3SBA10

product and the Sentinel-2 burned-area map developed in this study. The

Siberian Artic is the area inside the blue outline. Black represents areas that

burned at least once for 2001-2018, and red represents areas ihat burned in

Peatland carbon
I

0

2019 and 2020. Areas thai burned at least once in both periods, in 2001-2018

and 20i9-2020, are also depicted tn red; these areas represent only 3%o of total

burning above the Arctic Circle during the 2001-2020 period. We show the

annual burned area from 200LIo 2020, which is ihe period when the occurrence

of fires accelerated. (B) Estimated storage of organic carbon in peatlands from

a reference dataset (8).

--- ArcticCircle

- 
Siberian Arctic

I Burned 2001-2018

E Burned 2019-2020

Annual burned area in the Siberian Arctic

---- Year

Fig. 2. Annual bumed area in the Siberian Arctic and in carton-rich peatlands for ll)82-2020. (A) Annual burned area in the Siberian Arctic derived from remotely

sensed data from six products. (B) Annual burned area in carbon+ich peatlands; >20 kg C m-2 in storage of organic carbon obtained from a reference dataset (8). The

annual burned area in carbon-rich peatlands represents the median burned area for the available satellite products. Satellite burned-area products contain no data for 1994.
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for V% of this burned area. The years 2019
and 2020 had the greatest mapped burned
area in Siberia above the Arctic Circle (Fig.1,{)
(se6 supplementary text A for consistency of
the time series ofthe burned axea and fig. S2),
which represents 44o/o of the total mapped

burned area (9.24 Mha) in the region from
1982 to 2020. The burned area mapped in
the Siberian Arctic varied between the satellite
products, most notably the MCD64AI product
for 2019 and 2020 (Fig. 2A). The burned areas
for 2020 were 1.n,2.38,2.59, and 2.62 Mhafor

MCD6.1AI, C3SBA10, Landsat, and Sentinel-2,
respectively.

The sampling-based burned area in 2020,
based on an assessment of errors of omis-
sion and commission (J6), was nearly 3 Mha
(MCD64A1 = 2.83 + 0.26I{hA CBSBA10 = 2.92 t
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Fig.3, Trends of eight fire factors in the Siberian Arctic during 1982-2020, Factors are the mean summer air and surface temperature, mean VpD, total
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0.17 Mha, Landsat = 2.92 t 0.15 Mha, and
Sentinel-2 = 2.99 x 0.14 Mha) (see flrll assess-

ment of accurary in table 51 and a description
of the resultS in supplementary Text B). The
area estimate for 2019 and 2020 amounts to
-4.7lvfrtu The mapped burned area is less than
the estimated burned area for all four products

because the omission errors of the "bumed"
class (ranging from 15.5 to 53.7o/o) are higher
than the commission errors (ranging from3.2
to 23.Oo/o). Our estimates of carbon emissions
from burning were 55.3 and 90..l Tg C for 2019

artd 2020, respectively, which is 156.7 and
256.1 Tg CO2cq (induding CO2 and CH, (fiC. Sg).

Fires in 2020 damaged a wide area (0.7I Mha)
of carbon-rich peatlands (organic carbon stor-
age >2o kg C m-'), indicated with a reference
map of soil earbon storage (FiS. 18) (B). The
area of carbon-rich peatlands affected by fires
has also recently expanded: 70% oftotal burned
area occurred in these areas within the past
8 years of the record, and 3O% occurred in
2020 (Fis. 2B).

Trends of the fire factors for 1982-2020

Various factors that may exacerbate the risk of
flre have increased significantly over the past

four decades in the Siberian Arctic (Fig. 3 and
flC. S4,). Air temperature, NDVI, the length of
the growing season, and \?D have steadily
risen. The average increase in summer airtem-
perature was 0.66oC per decade. In 2019 and
2l2j,th.e mean summer air temperature was
[.35o and U.53"C, which was 2.65" and2.82"C
higher than the 1982-2020 ayerage, respectively.

CSID, a proxy ofplant water stress deflned as

the difference between potential and actual
evapotranspiration, also increased between
7982 atd2O2O, although the linear trend likely
began in the 2000s. More suprising, however,
was the abrupt increase in CWD in 2019 and
2020. The estimated number of ignitions, total
precipitation, and wind speed all had strong
interannual variations, and the slope oftheir
trends was not significantly ffierent from zero.

The annual number of detected ignitions
was relatively consistent with a median of 14,3,

but high counts were observed in specific years,

peaking at423irr 2020. Seventy-two percent
of these 202O ignitions were detected within
20 days, between 13 June and 3 July, reaching
Siberian Arctic regions as far north as 72.9o
(fiS. S5). Notably, these ignitiors coincidedwith
anomalously high lalues of convective alailable
potential energy (CAPE) (flC. 56), an indicator
of convective storms and lightning. Between
13 June and 3 July, satellite thermal sensors
registered a rapid increase in the number of
active flre detections, which accounts for
40.60/o of all hot spots detected in 2020. By
contrast, hot spots detected before 13 June
represented only 1.1%. Similar peaks in the
number of detecbed ignitions, preceding high
rates of a.ctive flre detection, occurred concur-

rently with high CAPE values in 2OO2,2005,
2013, and 2018.

Sensitivity of the burned area to the fire factors

Linear and exponential regressions were used
to analyze the best association betq/een the
annual burned area (a8gregated with the me-
dian across available satellites for each year)
and the factors of flre reglme. An exponential
regression was the best regression model
(FiS. a); the annual burned area accelerated
when speciflc thresholds were exceeded. For
e:rample, the fouryears with the largest mapped
bumed areas (2001, 2018, 2019, and 2020) had
a mean srunmer air temperatue >10oC. The
best fit was for CWD, which explained 92o/o of
the interannual variabiliW in the burned area-

Other factors with a high coeffrcient ofdeter-
mination 1.,if; were summer air temperature
(87/o),WD (4Y/o), and number of ignitions (8Plo).

The annual bumed area was correlated most
wealdy with total precipitation (157o). We also
detrended the fire factors using the linear re-
gression shown in Fig. 3 before determining
the correlation with the annual bumed areato
reduce the potential of spurious correlations.
The detrended correlations (flg. 57) conflrmed
the high R2 for C\[ID (9oo/o), atr temperature
(8070) \?D (51%o) and rurnber of ignitiors (860lo)

but the correlation decreased for ND\rI-",.
(from 78 to 11%).

We further examined the potential relation-
ships among the fire-related factors in a
structural equation modeling (SEM) (the
rationale of the proposed relationships is
described in the materials and methods).
The hypothesized causal model outperformed
the modelvalidityanalysis (p > 0.05inthe chi-
squaxe tes! details on the covariances and re-
siduals in the model are shown in table S2).

The SEM supportedthe role oftemperature in

controlling other factors that affect the extent
of burning (Fig. 5 and fiS. S8). Temperature
showed significant positive relationships with
the lengthening of the growing season (0.66),

the vegetation green biomass represented by
NDVI-em (0.60), and atmospheric dr)ryress

measured by \?D (0.93). We hypothesized
that these temperature-regulated factors and
total precipitation would influence plant water
stress, measured by CWD, but only\?D showed
a significant effect (0.75) for the low number
of observations (n = 2O). Despite this, the hy-
pothesized relationships displayed the expected

sign. Temperature and CWDhad apositive rela-
tionshipwith the number of detected igritions
(0.4,9 and 0.r8, respectively). Annual burned
area presehted an P of 0.82 and was directly
explainedbythe number of detected ignitions
(0.48) and the CWD (0.46).

Clirnate facbors may differ locally and though-
out the fire season. An additional analysis based

on local weather conditions during the burn-
ing revealedthat ignitions affecting areas larger
than ,1000 ha occurred with average hourly
maximum temperatures of 28.6oC (SD = 3.4oC)

and mean wind direction from the northeast
(fiS. Sg). Thirty-day preignition precipitation
was 0.37 mm (SD = 0.81 mm), and mean wind
speed was 0.96 m s-r (SD = 0.55 m s-1). Igni-
tions that lead to burned areas larger than
41000 ha represent only 10% of all counts but
account for 81% ofall burned areas that were
mapped between 2001 afid2020.

Projections of annual burned area and carbon

em,ssions under warming scenarios

Annual burned area in 2018,2019, aLd2O2O
more than doubled the long-term average,
which was 0.2.1, Mha for the period 1982-2020
in the Siberian Arctic. Summer 2001, with a
mean temperature nearing 10oC, was the first

Fig. 5. Gausality networks for the association among lactors of fire in the Siberian Arctic for 20Ol-2020.
Variables are categorized as climate (mean summer surface temperature, total precipitation, and mean VPD)

(yellow), vegetation (mean summer NDVI depicting green biomass, the length of the growing season, and plant

water stress measured by mean summer CWD) (green), and fire (number of detected ignitions and annual

burned area) (light red). Factor loadings between variables are shown next to lines (i p < 0.05; ""p < 0.01).

The width of the lines depicts the magnitude of the effect, and dashed lines represent nonsignificant

effects. F is the variance explained for the annual burned area.
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RESEARCH { RESEARCH ARTICLESI

occurs during relatively gentle winds blowing
from the northeast, indicating that the pro-
cesses that promote flammability may be dis-
tinct ftom those that promote the subsequent
burning.

Our ignition detection method indicated that
numerous fires started near simultaneously
across a vast region during a period of atmo-
spheric instability in the 2020 fire season,
from which we speculate that lightning was
the main cause of igrdtior\ but local obsena-
tions are required to veritr this supposition. An
alternative, or additional, explanation is that
fires emerge from smoldering material that
has persisted through the winter to reemerge
when conditions permit a broader conflagra-
tion (28, 29). We also found that satellite ther-
mal sensors showed ttrat fires spread quickly
after high CAPE values and midseason igni-
tions, which suggests that most of the annual
burned area is caused by flres that started
during that time.

The linkwe see beilveen flres and temper-
ature suggests that severe fire years, such as

2020, willbecome increasingly common and
resulting carbon emissions will rise. The mag-
nitude of future fires and carbon emissions,
however, remains uncertain. First, although the
frequency of lightning strikes appears likely to
increase as temperatures rise (23), the scale
of any resulting flres depends on specific local
weather and vegetation conditions, which re-
main challenging to predict. Second, we only
considered direct emissions fromburning and
disregarded indirect emissions, although these
are not necessarily negligible. Burning removes
the peat that insulates permafrost, exposing
it to thav/ing, which promotes soil respiration
andthe production of carbon dioxide and meth-
ane (30). Estimates from field studies in two
different boreal forests in Alaska suggest that
post-fire carbon emissions range from one-
third to more than double those that occur
during burning (31). Furthermore, permafrost
prevents deeper burning in peatlands (2f). As
permafrost retreats, high temperatures and
drying conditions may fuvor higfuer combustion
rates (32). We rued combustion rates ranging
from 2.0 kg C m-' for tundrato 3.r1, kg C m-2 for
boreal forests (31), but drypeatlands can release

up to 16.8 kg C m-'(21), indicating that mudr
higher emissiors are credible.

A previous study proposed temperature and
rainfall thresholds for the annual burned a.reas

in the Alaskan tundra (7O. The extensive area
burned in 2019 and 2020 corroborated the
proposed curve-growth relationship between
annual burned area and climate-related fac-
tors for the Alaskan tundra. Hu et al. (-Ifl fore-
casted that the annual burned area would
double intheAlaskantundrabythe end of the
century. We found, however, that the annual
bumed area in the Siberian kctic already dou-
bled the long-term average in the past 3 years

of the record. This increase in annual burned
axea suggests that the Arctic is already expe-

riencing a change in fire regimes caused by
climatic warming. The burned areas in 2019
and 2020 might be exceptional occurrenceg but
the recent temperature trend and projected
scenarios indicate that temperaturcs are reach-
ing a threshold in which small increases above

10"C can alter fire-related factors and result
in exponentially increasing burned area and
associated flre emissions in the next decades.

Forthcoming flres can potentially affect peat-

lands and deteriorate the permafrost, which in
turn will exacerbate the carbon emissions from
carbon-rich soils.
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