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Abstract
Mapping and monitoring regional fire activity are essential to understand their responses to
human activities and climate change. Here we use multiple sources of observations, reanalysis data,
and model simulations to examine the responses of fire activity to climate change over
northeastern China in the past two decades. We detected significant positive burned area (BA)
trends in this region since 2003 during spring and much stronger interannual variations in BA in
the last decade. We then separated the study region into cropland and natural vegetation and found
that the increasing BA trends come mainly from agricultural burning. Our results also show that
temperature is the dominant driver for BA variations in natural vegetation, whereas agricultural
burning is influenced by precipitation, although human activities largely contribute to BA
variations due to farming practices and land use and management. Our results further suggest that
tropical North Atlantic (TNA) sea surface temperatures (SST) variability regulates the fire weather
conditions (temperature and precipitation) in northeastern China through the Rossby wave train
from the tropical Atlantic to the Eurasian continent. The cooling of TNA SST since 2010 could
induce an anomalous anticyclonic circulation around Northeast Asia, leading to sinking motion
and divergence in the region and resulting in reduced precipitation and warm temperatures. Thus,
the co-occurrence of warm and dry anomalies has led to more frequent burning since the 2010s.
Our study not only detects recent BA variations in northeastern China but also provides further
evidence for the remote impact of TNA variability on recent BA and climate variations over the
region.

1. Introduction

Fire is a natural process and a fundamental compon-
ent of ecosystems (Bond et al 2005). Human activities
and climate change have profound impacts on eco-
systems, leading to changes in behaviors and impacts
of fires (Jones et al 2022, 2024). For example, fire sea-
sons are lengthening globally, and fire weather con-
ditions are becoming more extreme in recent decades
(Jolly et al 2015). In a warmer climate, fire potential

is projected to enhance across most burnable global
land surfaces (Abatzoglou et al 2019). Hence, under-
standing the nature and cause of regional burning and
assessing the fire–human–climate interactions are of
significant socio-economic, ecological and environ-
mental importance.

Fire activity is strongly influenced byweather con-
ditions, human activities, fuels and ignition agents
(Flannigan et al 2009). In general, variations in tem-
perature, precipitation, relative humidity, and wind
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speed have been proved to be the main meteor-
ological drivers of fire activity (Jolly et al 2015,
Jain et al 2022). Previous studies have suggested
that temperature is a dominant factor controlling
fires (Westerling et al 2006, Jain et al 2022), with
warmer temperatures leading to more fires (Descals
et al 2022, Senande-Rivera et al 2022). The link-
ages between precipitation and fire are more com-
plex (Williams and Abatzoglou 2016), as precipita-
tion can not only suppress fire potential by redu-
cing flammability, but also promote the growth of
surface fuels in fuel-limited fire regimes (Abatzoglou
et al 2018, Holden et al 2018). Many studies have also
explored the relationship between sea surface temper-
atures (SSTs) and fire activity for specific land regions
at seasonal to multidecadal timescales (Chen et al
2011, Chen et al 2017b, Fang et al 2021, Cardil et al
2023). For example, the anomalous North Atlantic
SSTs could enhance fire activity in the western
Amazon (Fernandes et al 2011), southeastern Siberia
(Meng and Gong 2022), and northern Scandinavia
(Drobyshev et al 2016). Large-scale SST patterns
influence the variability of regional burned areas
(BAs) through climate controls on fuel amounts, con-
tinuity andmoisture content. Although fire can occur
naturally without human intervention (Marlon et al
2008), human activities (e.g. land use and manage-
ment, human-caused fire ignitions or climate change)
play a major role in recent fire activity (Andela et al
2017, Balch et al 2017, Williams et al 2019, Turco et al
2023).

It is worth noting that the trends in regional
fire activity and their possible mechanisms remain
uncertain due to substantial variations amongst bio-
mes, interaction of biomass and climate, and human
influences (Bowman et al 2020). For example, Jones
et al (2022) reported that the sign of observed
and modeled fire trends varied in South and North
America, Russia and northern China. Northeastern
China has experienced increased fire activity and
biomass burning over the past decade (Chen et al
2017a, Yi et al 2017). Previous studies have sug-
gested that the observed burning in northeastern
China is influenced by human activities through fire
ignition, spread and extinguishment (Zhang et al
2016, Zhuang et al 2018, Cui et al 2021, Lian et al
2023). Recent research showed that internal vari-
ability (e.g. El Niño-Southern Oscillation and sea
ice) has also contributed to recent climate variations
and fire activity in northeastern China (Fang et al
2021, Liu et al 2023). Cardil et al (2023) indicated
that tropical North Atlantic (TNA) variability is the
leading climate teleconnection mode related to BA
and is responsible for regulating fire weather con-
ditions, particularly in the Northern Hemisphere.
However, a comprehensive and quantitative assess-
ment of the TNA’s influence on burning in north-
eastern China and its role in observed fire activity are
largely unknown. It is thus imperative to investigate

the potential links between TNA SST and fire weather
conditions and fire activity in this region.

In this study, we first use satellite data to exam-
ine the potential responses of fire activity to cli-
mate change over northeastern China in the past two
decades and then quantify the contributions of cli-
matic effects to regional burning. We further invest-
igate how the TNA SST forcing influences the fire
weather conditions associated with fire activity in this
region. Our results could enhance our understanding
of how fire activity may change in a warming climate
and could be critical for adaptation and disaster risk
management.

2. Data andmethods

2.1. Observational, reanalysis and coupled model
data
We analyzed the BA products from the moder-
ate resolution imaging spectroradiometer (MODIS),
European Space Agency (ESA), and global fire emis-
sions database (GFED). The primary BA data set used
in this study is the monthly, gridded 500 m product
from the Terra and Aqua combined MCD64A1 ver-
sion 6.1 during 2001–2022 (Giglio et al 2018). The
MCD64A1 burned-area mapping approach employs
500 m MODIS imagery coupled with 1 km MODIS
active fire observations.We also used the BA products
from the ESA Climate Change Initiative version 5.1
(FireCCI51) (Lizundia-Loiola et al 2020) and the
fourth version of the GFED4s grid (van der Werf et al
2017). The results of FireCCI51 andGFED4s are qual-
itatively similar to those of MODIS and thus are not
shown separately in the main text. We also used the
MODIS version 6.1 land cover product (MCD12C1)
to identify the changes in vegetation type andpercent-
age vegetation cover.

We used the monthly, gridded meteorological
data (referred to CN05.1) fromChinaMeteorological
Administration on a 0.25◦ grid from 1961 to 2022.
It was based on observations from more than 2400
surface meteorological stations over China (Wu and
Gao 2013). Variables used in this study include daily
mean, maximum (Tmax) and minimum (Tmin)
temperatures, precipitation, relative humidity, and
wind speed.We also analyzed the geopotential height,
wind fields, surface shortwave radiation, and cloud
cover data from the ECMWF Reanalysis v5 (ERA5)
(Hersbach et al 2020) and the SST data from the
Extended Reconstructed SST version 5 (ERSSTv5,
Huang et al 2017). We used daily minimum relative
humidity (RHmin), which was estimated using the
vapor pressure equations (Allen et al 1998), to rep-
resent the fire weather condition of humidity.

As the major factors controlling fire activity,
weather conditions could be remotely driven by SST
variability, which modulates fire activity by indir-
ectly regulating local/regional meteorological condi-
tions via teleconnection. To investigate the impact
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of North Atlantic SST variations on the fire weather
conditions, we used the idealized Atlantic pacemaker
experiments by the Phase 6 of the Coupled Model
Intercomparison Project (CMIP6) models particip-
ating in the decadal climate prediction project (Boer
et al 2016). We analyzed the pacemaker experiments
by the Institute Pierre–Simon Laplace (IPSL) coupled
climate model (i.e. IPSL-CM6A-LR). In the pace-
maker experiments, SSTs are restored tomodel clima-
tology plus a 12 month running mean of SST anom-
alies over the specific ocean regions (e.g. the TNA).
Outside the restored region the model evolves freely
allowing full climate system response. In this way, we
can examine the impact of North Atlantic SST on the
fire weather conditions around northeastern China.

2.2. Analysis methods
We focus on the period from 2003 to 2022, as the
MODIS data may underestimate the BA pixels before
around 2002 due to the availability of a single satel-
lite (Terra) (Lizundia-Loiola et al 2020). We calcu-
lated the linear trends in BA using the Theil–Sen slope
estimator, which is relatively insensitive to outliers.
The significance of the Theil–Sen slope was estim-
ated based on the Mann–Kendall test. To quantify the
mean and trend in BA fraction, we first summed the
raw data to a resolution of 0.25◦. The BA fraction for
each grid cell was calculated as the ratio between the
number of pixels classified as ‘burned’ and the total
number of valid pixels within the same cell. We then
summedmonthly data to seasonal BA. Finally, we cal-
culated the mean and changes of BA in each grid box
during 2003–2022.

Note that northeastern China is mostly covered
by agricultural land and forests. We also examined
the BA variations across land cover types. We separ-
ated our study region into two groups (i.e. cropland
and natural vegetation) using MCD12C1 data. We
defined the cropland as agricultural land and other
land cover types as natural vegetation (non-cropland
vegetation). We then analyzed the BA variations in
each of the aggregated classes to examine their relative
contributions to fire activity.

Given the strong linkage between BA and climate
change, we assume that the climatic effects on BA are
primarily the result of variations in temperature, pre-
cipitation, RHmin, and wind speed (Flannigan et al
2009, Jones et al 2022). To examine the regional SST-
induced changes in atmospheric circulation and fire
weather conditions, we performed correlation and
regression analyses to reveal any coherent SST vari-
ations, and associated atmospheric circulation and
climate changes. As TNA variability is the leading cli-
mate teleconnectionmode related to BA and respons-
ible for regulating the fire weather conditions in the
Northern Hemisphere (Cardil et al 2023), we also
analyzed the North Atlantic pacemaker experiments
conducted by the IPSL-CM6A-LR model. Two 25-
member ensembles of simulations were run for 10 yrs

and each simulation was specified with idealized SST
(i.e. positive and negative SST anomalies in the TNA)
configurations. We used the difference between the
two experiments results to represent the TNA induced
variations.

3. Results

3.1. Trends in BA
Most BAs in northeastern China occurred in the
Songnen Plain (figure 1(a)). The western parts of
Heilongjiang and Jilin provinces are at the center of
the area burned (figures 1(a) and S1–S2). The burn-
ing usually happens in spring and autumn, associated
with high temperatures and low precipitation (figure
S3). We found significant positive annual BA trends
in northeastern China since 2003 and all the BA
products demonstrated increasing trends and similar
interannual variability (figure S4). We focus on the
spring months (March, April and May, MAM) when
the BA trend is the strongest in northeastern China.

Positive trends in spring BA occurred predom-
inantly in the northwestern parts of Heilongjiang
and central-western Jilin provinces during 2003–2022
(figure 1(b)). The BA is relatively smooth before the
2010s, but experiences significant interannual vari-
ations in the last decade, with larger magnitudes than
the first decade (figure 1(e)). In general, MAM-mean
BA records in northeastern China have almost sex-
tupled from ∼0.19 Mha before 2010 to over 1.2 Mha
in 2022, with the strongest BA variations in the last
decade. The regional-mean area burned has sharply
increased from 2003 to 2022, by 0.05 Mha per year or
by 0.07 Mha per year between the last and first dec-
ades for the period 2003–2022.

We then separated the study region into cropland
and natural vegetation. We estimated that ∼78% of
total BA variations between 2003 and 2022 occurred
in agriculture land, while the residual (∼22%) was
from natural vegetation (figure 2). BA records in cro-
pland increased from 2003 to 2022, by 0.06 Mha
per year (figure 2(a)). In contrast, the trends of
area burned in natural vegetation are insignificant
(figure 2(b)).

3.2. Climate drivers of regional burning
We show the corresponding trends in Tmax and
precipitation during 2003–2022. Tmax increases but
the trends are insignificant over the study region
(figure 1(c)) due to the strong interannual variability
(figure 1(e)). The regional meanMAM Tmax reaches
the lowest levels in 2010 and then recovers steadily
thereafter. Precipitation tends to increase but is insig-
nificant (figure 1(d)). It increases steadily from 2003
to 2010, despite strong interannual variability, and
exhibits a decline trend since then (figure 1(e)). It
is worth noting that BA and temperature reach their
lowest levels in 2010, while precipitation demon-
strates its highest value for the year 2010 (figure 1(e)).
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Figure 1. (a) Spatial pattern of climatological March, April and May (MAM) burned area (BA) fraction (%) during 2003–2022.
The outlined box indicates the region in northeastern China (43◦–50◦ N, 122◦–130◦ E). (b) Linear trends in MAM BA fraction
(% yr−1) from MCD64A1v061 during 2003–2022. The stippling indicates that the trends are statistically significant at the 0.05
level. (c)–(d) Same as (b), but for the daily maximum temperature (Tmax, ◦C) and accumulated MAM precipitation (mm). (e)
Time series of MAM burned area (Mha, million ha, black line), Tmax (red line) and precipitation (blue line) averaged over
northeastern China. The linear trend and its significance level P during 2010–2022 are also shown.

These results imply that the burning usually occurs at
the intersection of hot weather and dry conditions.

Note that the BA in cropland is heavily influenced
by human activities through fire ignition, spread, and
extinguishment (Yi et al 2017), while the burning
in natural vegetation is mainly associated with cli-
mate change. We further examine the connections
between the BA in natural vegetation and climatic
drivers. The fluctuations in BA in natural vegetation
are in phase with the Tmax variations (r = 0.72,
p < 0.01) during 2003–2022 (figure 2(b)). We assess
the relative importance of individual driving factors.
Tmax is identified as the dominant driver for regional
BA and accounts for more than 40% of the variance
(figure S5).

We also examine the correlation between the BA
in cropland and climatic factors, although human

activities largely contribute to BA variations in crop-
land due to farming practices. We removed the trends
estimated from linear regression, in order to high-
light variability. It is worth noting that significant
negative correlations are found between the BA and
precipitation (r = −0.40, p = 0.10), indicating that
precipitation is associated with BA in cropland. The
linearly detrended BA in cropland and Tmax are also
correlated (r = 0.35, p = 0.13), although the associ-
ation is not statistically significant.Our results suggest
that the BA variations are accompanied by dry/wet
conditions, as less (more) precipitation comes with
larger (smaller) BA, in particular in the last decade
(figure 2(a)).

To further support our analysis, we calculated
and compared the linear trends for 2003–2010 and
2010–2022. These two periods are chosen because the
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Figure 2. Time series of MAM burned area (Mha) averaged over the (a) agricultural land and (b) natural vegetation in
northeastern China (43◦–50◦ N, 122◦–130◦ E). We used the MCD12C1 land cover data to separate the study region into two
groups (cropland and natural vegetation) and analyzed the BA variations in each of the aggregated classes. Also shown in (a) are
the correlation coefficient between BA in cropland and precipitation, together with the attained significance level (p). The
correlation coefficients between BA in natural vegetation and Tmax and TNA SST are also shown in (b). The TNA SST index was
defined as the SST anomalies averaged over TNA (5.5◦–23.5◦ N, 15◦–57.5◦ W).

year 2010 is the time when the BA and temperat-
ure reached their lowest levels and then started an
increasing trend, while precipitation peaked and then
a declining trend started (figure 1(e)). The spatial pat-
terns of linear trends for the weather conditions are
shown in figure 3. The co-occurrence of hot temper-
atures, dry andwindy conditions led tomore frequent
burning since the 2010s (figures 3(e)–(h)). In con-
trast, the weather conditions generally experienced
the opposite variations before 2010, with colder tem-
perature, more precipitation and less winds. We also
analyzed soil moisture, which reflects fuel moisture
conditions. Opposite trends are observed in the spa-
tial patterns of soil moisture as well (figure S6). Our
results demonstrate that the increasing BA trends,
in particular in cropland, are associated with a shift
towards favorable fire weather conditions.

3.3. TNA variability regulating the meteorological
conditions
Regional climate variations are often attributed to
changes in atmospheric circulations (Zhao and Liu
2019, Zhu et al 2021), which are remotely driven by
the SST variability (Takaya et al 2021, Zhu et al 2023).
The linkage between the Tmax in northeastern China

and global SSTs reveals a tripolar pattern over the
North Atlantic, with negative correlations in the trop-
ical and subpolar regions and positive correlations
in the subtropics (figure 4). For precipitation, signi-
ficant positive correlations are observed in the TNA.
Evidently, significant positive correlations are also
seen between regional RHmin and TNA SST. That
is, the large-scale coherence in correlations over TNA
is compelling (figure 4). We also compared the lin-
ear trends for the first and last decades (figure S7).
There also exist opposite trends in the spatial patterns
of TNA SST. These results imply that the TNA SST is
responsible for regulating the meteorological condi-
tions around northeastern China.

To examine the relationship between TNA SST
and fire weather conditions and BA, we defined the
TNA index (TNAI) as the SST anomalies averaged
over TNA (5.5◦–23.5◦ N, 15◦–57.5◦ W). We found
that the BA variations in natural vegetation are sig-
nificantly correlated with the TNA SST variability
(r = −0.48, p = 0.03; figure 2(b)), suggesting the
contribution of TNA SST variability to natural BA
variations and weather conditions around northeast-
ern China. Figure 5 shows the regression patterns
of geopotential height, winds, precipitation, SST and
Tmax fields onto the TNAI index. It is noted that the
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Figure 3. Linear trends during (a)–(d) 2003–2010 and (e)–(h) 2010–2022 in MAM daily maximum temperature (Tmax, ◦C),
precipitation (Pr, mm), daily minimum relative humidity (RHmin, %), and mean wind speed (Ws, m s−1) from the CN05.1 data.
The stippling indicates that the trends are statistically significant at the 0.1 level.

TNA SST forcing is accompanied by the Rossby wave
train from tropical Atlantic to Eurasian continent.
The Rossby wave train has five anomalous pressure
centers and cyclonic/anticyclonic circulations around
extratropical North Atlantic, southern Greenland,
northern Europe, central Asia, and northeastern
China, and exhibits equivalent barotropic structures
(figure 5). The TNA cooling could induce an anom-
alous anticyclonic circulation around northeast Asia,
leading to the divergence of moisture there. The

anomalous sinking and divergence result in less pre-
cipitation and warmer temperature. Furthermore,
TNA cooling-related decreased cloudiness also leads
to increased net surface solar radiation around north-
east Asia (figure S8). Thus, the co-occurrence ofwarm
and dry anomalies has led to more frequent burning
since the 2010s.

To further this finding, we also examined the
TNA induced atmospheric circulation changes in
model simulations (figure 6). The cooling of TNA
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Figure 4. (a) Spatial patterns of correlation between Tmax averaged over northeastern China (black box in figure 1(a)) and local
SSTs for the period 2003–2022. The stippling indicates that the correlations are statistically significant at the 0.05 level. The
outlined green box indicates the region of tropical North Atlantic (5.5◦ N–23.5◦ N, 15◦ W–57.5◦ W). (b)–(c) Same as (a), but for
(b) precipitation and (c) RHmin.

SST is associated with the northern Rossby wave
train. The wave activity flux propagates northeast-
ward from extratropical North Atlantic to north-
ern Europe, central Asia, and then bends eastward
to northeastern China (figure 6(a)). The anomal-
ous anticyclonic anomaly pattern around East Asia
could result in sinking motion and divergence there,
leading to reduced precipitation and warm anom-
aly, although the temperature variations are relatively
weak (figure 6(b)).

4. Discussion

We acknowledge the limitations and uncertainties in
our study. First, most of the BA variations in north-
eastern China occur in cropland. The characteristics
of BA are thus expected to be mainly influenced by
human-caused fire ignitions (Yi et al 2017, Zhuang
et al 2018). We also tested the BA variations by select-
ing the larger BAs over certain ranges of scale. In this
way, we can filter out the smaller, prescribed fires
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Figure 5. (a) Spatial regression patterns between the TNA SST index and 200 hPa horizontal winds (vectors, m s−1) and
geopotential height (contours, gpm), and precipitation (shading, mm/day). (b) Same as (a), but for the 850 hPa geopotential
height (contours, gpm) and winds (vectors, m s−1), SST and Tmax (shading, ◦C). The stippling indicates that the regression
coefficients are statistically significant at the 0.05 level. The winds with black arrow are statistically significant at the 0.1 level.
Letter A and C in (a) and (b) indicate the centers of anticyclonic/cyclonic anomalies.

due to human activities as more as possible. Results
show that BA records also experience similar vari-
ations (figure S9). Please note that human activities,
particularly in terms of ignition, are almost random
and difficult to extract. And the relationships between
climate and fire are generally modulated by non-
climatic factors (e.g. human-caused fire ignitions),
and likewise human drivers of fire often depend on
the episodes of fire weather conditions. Hence, it
is challenging to identify and quantify the climate-
related or human-related BA variations where fires
are both linked to climate change and human activ-
ities. One needs to interpret our results with these
caveats in mind.

Second, land use and management also influence
the BAs and introduce uncertainties in the estim-
ated BA variations. The cropland fraction averaged
over northeastern China generally shows an increas-
ing tendency since 2003 (figure S10). It is thus reason-
able to attribute the increasing trend in BAs to more
and more crop residuals associated with the rising
crop production in this region. We further exam-
ine the BA variations over the regions that have no
land use change during 2003–2022 and compared the
BA trends in agricultural land for both no land use
change and land use change conditions. We estimate

that 12% of the agricultural burning is influenced by
land use and management.

Third, the strict fire control policy could also
limit the agricultural burning over the region (Chen
et al 2017a, Cheng et al 2022). For instance, the fire
suppression policy contributes to the decreasing fire
occurrences after 2007 in eastern China (Fang et al
2021). Previous studies have also shown that the local
emissions of open straw burning decreased in 2019
may result from themore stringent ban policy applied
in 2019 in the People’s Government of Jilin (Du et al
2022).

Fourth, it is worth noting that the peak fire season
occurs primarily in April in northeastern China. Fire
activity on ChingMingHoliday (e.g. human-induced
ignition sources occur in April) is especially high in
China (Fang et al 2021). However, there has been no
clear increase in fire activity on Ching Ming holiday
in northeastern China during the last few decades
(figure S11). Furthermore, it should be also noted
that we take no account of the effects of snow dur-
ing spring in northeastern China because there are
no remarkable changes in snow mass over the study
region (figure S12).

Furthermore, our results show that the natural BA
variations are significantly correlated with the TNA
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Figure 6. (a) The composite difference (negative minus positive SST anomalies) in 200 hPa horizontal winds (vectors, m s−1) and
geopotential height (contours, gpm). (b) Same as (a), but for the sea level pressure (contours, Pa) and Tmax (shading, ◦C). The
shading indicates that the regression coefficients are statistically significant at the 0.05 level. The winds with black arrow are
statistically significant at the 0.1 level. Letter A and C in (a) indicate the centers of anticyclonic/cyclonic anomalies.

SST variability, suggesting the contribution of the
North Atlantic SST variability to the BA variations
and weather conditions over northeastern China
(figure S13). Also, the linkage between the regional
BA and SSTs reveals a tripolar pattern over the North
Atlantic Ocean. The spatial pattern is similar to that
of regional Tmax (figure 4(a)). These results imply
that the North Atlantic tripole SST pattern also con-
tributes to weather conditions (particularly Tmax)
over northeasternChina.We also examined theNorth
Atlantic tripole SST pattern and the associated atmo-
spheric circulation and climate changes. Results show
that the tripole SST-related atmospheric circulation
changes and fire weather conditions are relatively
weaker (figure S14). Since the large-scale coherence
in correlations for Tmax and precipitation is almost
identical and compelling over TNA, we thus used the
TNA as our key region in this study. On the interan-
nual timescale, the North Atlantic SST tripole pattern
and its influences are worthy of further investigation.

5. Summary

In this study, we show that BA experiences signific-
ant positive trends in northeastern China since 2003.
BA records have almost sextupled from ∼0.19 Mha

before 2010 to over 1.2 Mha in 2022, with the largest
BA variations occurring in the last decade. We then
separated the study region into cropland and natural
vegetation and found that the increasing BA trends
come mainly from agricultural burning. Our res-
ults further suggest that the BA variations in natural
vegetation are primarily influenced by Tmax, which
are remotely driven by North Atlantic SST variability.
Observations and model simulations show that TNA
SST is responsible for regulating the meteorological
conditions in northeastern China. TNA SST forcing
is accompanied by the Rossby wave train from trop-
ical Atlantic to Eurasian continent. The TNA cool-
ing since 2010 could induce an anomalous anticyc-
lonic circulation around northeast Asia, leading to
sinking motion and divergence there. Furthermore,
our results also show that the fire weather conditions,
in particular precipitation, contribute to the agricul-
tural burning in the last decade. Whether the BA
variations result from natural variability or human
activities, climate change can influence and amplify
the burning, particularly under hot, dry and windy
conditions. Further efforts to assess the fire–human–
climate interactions could help advance our under-

standing of fire activity and biomass burning over this
region.
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Data availability statement

The MCD64A1 data can be obtained from the Land
Processes Distributed Active Archive Center website
(https://lpdaac.usgs.gov/products/mcd64a1v061/).
The FireCCI51 data can be obtained from https://
climate.esa.int/en/projects/fire/data/. The GFED4s
data can be obtained from www.globalfiredata.
org/data.html. The CN05.1 data can be obtained
from China Meteorological Administration (http://
data.cma.cn/en). The MCD12C1 data can be
obtained from https://lpdaac.usgs.gov/products/
mcd12c1v061/.

All data that support the findings of this study are
included within the article (and any supplementary
files).
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