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Abstract: Fire activity in 288 areas (2.5◦ N × 10◦ E) in the Arctic region (50◦–70◦ N, 0◦–360◦ E) was
analyzed using about 4.4 million satellite hotspot (HS) data from 2002 to 2021. A total of 21 high fire
density areas from eastern Europe to western Canada were selected, and their fire–weather conditions
during each active fire period were analyzed using about 1820 various weather maps at the upper
and the lower air level. Analysis results showed that the active fires in the Arctic region occurred
under the fire–weather conditions associated with the northward movement of cut-off high (COH)
and warm air masses detached from the south caused by large westerly meandering (LWM). LWM is
a sign of the beginning of an active fire period. Very active fires on HS peak days occurred several
days after the start of the northward movement of COHs and under mainly high-pressure conditions
in the upper air and strong wind conditions in the lower air. The time lag of these several days
suggests that we may be prepared for very active fires. The fire–weather analysis approach described
in this paper has shown that future large-scale fire outbreaks are predictable.

Keywords: wildland fire; hotspot; fire weather; warm air mass; cut-off low; cut-off high; large
westerly meandering; climate change

1. Introduction

Arctic amplification (AA), referring to the enhancement of near-surface air temperature
changes over the Arctic relative to lower latitudes, is a prominent feature of climate change
with important impacts on human and natural systems [1]. The strong amplification of
global warming in the Arctic has accelerated the thaw rate of the permafrost [2] and fire
activity. Weather and climate are the most important factors influencing fire activity and
these factors are changing due to human-caused climate change [2].

Under a warmer climate in the future, more severe fire weather, more area burned, more
ignitions, and a longer fire season are expected [3]. An impending shift to a temperature-
driven global fire regime in the 21st century is creating an unprecedentedly fire-prone
environment [4]. In recent years, the pan-Arctic region has experienced increasingly
extreme fire seasons [5]. Fire frequencies under conditions by 2050 are projected to increase
by approximately 27% globally, relative to the levels in 2000, with changes in future fire
meteorology playing the most important role in enhancing global wildfires [6].

Gillett et al., [7] have suggested that the observed increase in the total area burned
in Canada during the last four decades is the result of human-induced climate change.
Additionally, it appears that temperature is the most important predictor of total area
burned in Canada and Alaska, with warmer temperatures associated with increased area
burned [8,9].

Siberia is within the region of observed and predicted future accelerated climate
change [10]. Increased air temperature may lead to an increase in wildfire frequency and
total burned area [11]. According to some previous publications, the annual burned area in
Russia was estimated at 40–200 thousand km2 [12,13]. According to official data, the annual
burned area was 5.5–24 thousand km2 [14]. More than 70%, and up to 90% (i.e., 20–140 thou-
sand km2 annually), of the total area burned in Russia occurred in Siberia [13,15].
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The majority (>50%) of wildfires in Siberia were observed among larch trees (Larix
sibirica), because they dominate forest communities and have low crown closures that
easily spread surface fires [11]. The dense lichen and moss ground cover can support severe
ground fires, covering up to several million hectares. Due to the shallow root zone (limited
by permafrost), those wildfires were mostly stand-replacing fires [16]. Thus, the largest
area of stand-replacement fires (5800 km2) in the last decade occurred in Sakha (northeast
Siberia) [17].

Fire size is sensitive to weather in the days and weeks following ignition, particularly
the post-ignition timing of precipitation [18]. For example, prolonged periods of warm
and dry conditions coinciding with atmospheric blocking that persists for several weeks
after ignition enables the growth of large forest fires. Extensive fires in 2004 may have been
related to a persistent blocking ridge over Alaska [19,20]. The burned area in the North
American boreal forest was controlled by the frequency of mid-tropospheric blocking highs
that caused rapid fuel drying [21,22]. Furthermore, 500 hPa height anomalies were well
correlated with the seasonal burned area over large regions of Canada and Alaska [23,24].

In earlier work, we collaborated with researchers in Alaska and Sakha in 2005 to
analyze wildland fire using fire history and weather data (rainfall, temperature, and wind).
Increased fire activity has been observed in Sakha and Alaska as temperatures have risen
since around 1990 [2,7,25–27]. Subsequently, we performed a daily fire analysis using daily
hotspot (HS) data and weather maps, including temperature and wind, to understand
fire weather during the active fire period in eastern Siberia and Alaska. Our analysis
results [28–31] clearly showed that fires during all active fire periods became very active as
warm air masses (cTe: continental temperate [32]) from the south approached the four study
regions. These movements of warm air masses were mainly related to the meandering
of large westerlies. Strong wind conditions occurred when warm and dry air masses
were approaching, stagnating, and passing over southern Sakha under various weather
conditions at the lower air level [28–31].

This paper focuses on fires in North Eurasia and North America. Fire weather during
active fire periods in 288 areas (2.5◦ N × 10◦ E) in the Arctic region (50◦–70◦ N, 0◦–360◦ E)
was analyzed using various weather and temperature maps at the upper air and the lower
air (925, 500, 200 hPa) to discuss fire activities in each area.

2. Material and Methods
2.1. Study Region

The study region is shown in Figure 1 and named as the Arctic region that covers
the northern region of Eurasia and North America (50◦–70◦ N, 0◦–360◦ E) in this paper.
The study region is divided into 288 areas (2.5◦ N × 10◦ E) to find fire prone areas and to
discuss their fire weather conditions and fire regimes.
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(HS) 10−3 km−2 Year−1). The area of each cell is calculated geometrically and does not consider
landscapes such as seas and mountains. The fire density of each cell is indicated by the numbers
1 to 75 (smaller than 1 is not shown). Eight wide area names by longitude (20◦–80◦ E)) are shown
at the bottom of the figure such as “Europe”, “Moskva”, etc. Two rectangles with a red solid line
show two major study regions of Sakha and Alaska. Rectangles with a red or blue dotted line show
other study areas and their names are found near them, such as “3N-Omsk+”. The first number
in the name is given in order from the west side and used in Tables 1 and 2, such as “E2.Moskva”.
The only exception area is “11S-Khabarovsk”, with a red solid line, analyzed in our past paper [30].
Based on those area names, abbreviatations in Tables 1 and 2 are created according to their respective
abbreviation formats. Major cities are indicated by black circles and their names are shown at the
bottom of the figure. The base map is the lower air (925 hPa) weather map (long-term average map
for 74 years from 1948) obtained from the NCEP/NCAR 40-year reanalysis data.

Table 1. Top five active fires in Sakha and other active fires in Eurasia.

Name 1,2
Region

Peak HS Total HSs Num.
DaysE Longitude N Latitude

S S1L.2Aug.′21 1

110–140 57.5–70

16,226 181,337 23
a S2L.19Aug.′02 1 10,454 63,919 14
k S3C.3Aug.′12 1 8282 38,237 12
h S4C.22Jul.′14 1 8030 74,565 28
a S5L.14Jul.′12 1 6943 29,864 10

E1C.Europe.20Aug.′02 2 20–50 50–57.5 2319 20,843 16
E2C.Moskva.29Jul.′10 2 40–50 55–57.5 1994 14,602 22
E3C.N-Omsk+.5Jul.′12 2 60–100 57.5–65 8588 76,909 29
E4C.N-Krasno+.23Jul.′19 2 90–120 57.5–65 7588 68,411 24
E5C.N-Krasno+.22Jul.′06 2 90–120 57.5–65 7030 36,203 11
E6C.N-Krasno+.23Jul.′16 2 92–106 60–66 6920 32,164 15
E7C.Baikal.22Aug.′15 2 100–110 52.5–55 2978 10,107 5
E8C.Baikal.13Jun.′03 2 110–120 52.5–55 2888 13,971 9
E9C.Baikal.13Aug.′07 2 110–120 50–52.5 1438 4045 4
E10C.Vjerhojansk.4Aug.′19 2 120–150 65–70 3095 23,568 19
E11C.S-Khabarovsk.29Jun′12 2 128–141 48–54 2758 20,850 15
E12C.N-Khabarovsk.19Jul′08 2 130–140 57.5–60 2248 10,077 6
E13CH.Magadan.25Jul.′03 2 150–170 62.5–67.5 5050 19,904 15
E14C.E-Magadan.30Jul.′10 2 160–170 62.5–65 3535 20,854 17

1—abbreviated name format = S(akha) + ranking (1–5) + weather condition (L,C) + fire peak date; L and C stand
for low-pressure system and cut-off low. 2—abbreviated name format = E(urasia) + numbers in order from the
west (1–14)+ area name + weather condition (C,CH) + fire peak date; C and CH stand for low-pressure system
and cut-off low.

Table 2. Top five active fires in Alaska and other active fires in North America.

Name 1,2
Region

Peak HS Total HSs Num.
DaysW Longitude N Latitude

A A1C.30Jun.′04 R,1

130–160 60–70

6158 41,375 18
l A2C.15Aug.′05 1 5313 35,844 14
a A3C.13Jul.’04 R,1 4857 21,620 13
s A4C.21Aug.’04 R,1 3844 37,025 25

ka A5C.25Jun.’15 1 3662 12,308 7

N1C.B-Colum.12Aug.′17 2 120–130 50–52.5 1528 10,845 15
N2C.B-Colum.22Aug.′18 2 120–130 52.5–55 2498 19,779 18
N3C.NW-terri.5Aug.′14 2 110–120 60–62.5 2319 12,552 18
N4C.N-Alberta.3Jul.′15 2 100–110 55–57.5 1697 14,650 17
N5C.Ontario.17Jul.′21 2 90–110 50–57.5 2905 19,773 15

R—Rossby wave breaking (RWB), 1—abbreviated name format = A(laska) + ranking (1–5) + weather condition (C)
+ fire peak date; C stands for cut-off low. 2—abbreviated name format = N(orth America) + numbers in order from
the west (1–5)+ area name + weather condition (C) + fire peak date; C stands for cut-off low.
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2.2. Hotspot (Fire) and Weather Data

Hotspot (HS) data over 20 years (from 1 July 2002 to 31 August 2021) detected by
moderate resolution imaging spectroradiometer (MODIS) on the Terra and Aqua satellites
were used to evaluate fires in the Arctic region. MODIS HS data were obtained from
the NASA Fire Information for Resource Management System [33]. MODIS has a pixel
resolution of 1 km. The number of daily HSs is used to identify an active fire period and
the important dates of major HS peaks during the fire periods.

Active fire occurrence and weather conditions were also confirmed by checking the
satellite imageries (corrected reflectance (true color), MODIS on Terra) of Worldview [34].
Worldview provides various fire-related information such as smoke from fire, smoke
direction, surface conditions, cloud distribution, clear sky area, etc.

Various daily and long-term (74-year average from 1948) weather maps such as pres-
sure, wind, and temperature at the upper air level (500 and 200 hPa) and the lower air
level (925 hPa) are obtained from the NCEP/NCAR 40-year reanalysis data [35]. We ana-
lyzed them to find fire–weather conditions during active fire periods, fire-related synoptic
scale circulation patterns, movement of warm and cool air masses, etc. We call air masses
continental tropical (cT), maritime tropical (mT), and maritime polar (mP) in this paper.
Coverage and spatial resolution of the NCEP reanalysis data are: geographic longitude and
latitude: 0.0◦–358.125◦ E, −88.542◦ N to 88.542◦ N; spatial resolution: about 2.5◦ × 2.5◦;
period and temporal resolution: 1 January 1948 to now, 6-hourly, daily, and monthly [35].

As the above-mentioned weather maps are usually used for weather forecasts, fire
forecasts and alerts could easily made by adding real-time fire information from satellite
HS data.

2.3. Analysis Methods

MODIS hotspot data from 1 June 2002 to 31 August 2021 were used to identify fire
history, fire activity during the summer from 1 June to 31 August, and distribution in
the Arctic region. An active fire period is defined here as consecutive fire days when the
number of daily HSs is greater than 500 for fires in Eurasia (Sakha) and greater than 300 for
fires in North America (Alaska and Canada) [25].

Analysis using various weather and temperature maps at the lower (925 hPa) and
upper air levels (925, 500, 200 hPa) was carried out to confirm fire–weather conditions
during active fire periods [27–31]. Analysis was performed by adding temperature maps at
the upper air and long-term average weather maps (to reassessment results) in addition to
the conventional weather maps. We already analyzed these three items during 13 active fire
periods in four boreal areas in Sakha, Alaska, Krasnoyarsk, and Khabarovsk, and reported
active fire occurrences under cT [28–31].

3. Results

We analyzed fire occurrence tendencies and fire weather conditions in the Arctic
regions from Europe to Canada as shown in Figure 1. Detailed discussions using weather
and temperature maps will focus primarily on the two most fire-prone areas of Sakha in
Eurasia and Alaska in North America in Section 3.3. Analysis of these two areas is also
necessary for reassessment of the results reported by the authors in the past [27–29,31].

3.1. Fire Distribution and History in the Arctic Region

Figure 1 shows the distribution of fire density (hotspot (HS) 10−3 km−2 Year−1)
in the Arctic region. The grand total number of HSs for the 20 years (2002 to 2021)
was 4,398,053 and the average number of HSs was 219,903 annually. Over 40 (HS 10−3

km−2 Year−1) fire-density cells are found in Sakha (57.5–70◦ N, 110–140◦ E) and its sur-
rounding areas and in Alaska. Three cells are in Sakha. One cell is in Alaska+ (including
northern Canada, 60–70◦ N, 130–160◦ W) and Krasnoyarsk (57.5–60◦ N, 100–110◦ E), re-
spectively. The highest fire-density cell (75 (HS 10−3 km−2 Year−1)) is found in the central
cell (62.5–65◦ N, 120–130◦ E) of Sakha, where very active fires occurred under very strong
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winds in 2021 [31]. Fire-density cells of 10 to 40 (HS 10−3 km−2 Year−1) are found in several
areas from Europe to Canada.

Figure 2 shows the fire history in the Arctic region during the 20 years from 2002 to
2021. The average annual number of HSs was about 220,000. Each bar graph in Figure 2
is divided into eight areas in the Arctic region shown at the bottom of Figure 1. The
average bar graph in Figure 2 shows that about 75% of fires occurred in Eurasia (Siberia
and Europe) and 22% in North America. Sakha alone is responsible for about 34% of all
fires. Krasnoyarsk and Canada follow Sakha. Alaska is about 8%. One of the reasons for
the high percentage for Sakha is mainly due to very active fires under very strong winds
that occurred in 2021 [31].

Atmosphere 2022, 13, x FOR PEER REVIEW 5 of 19 
 

 

fire periods in four boreal areas in Sakha, Alaska, Krasnoyarsk, and Khabarovsk, and re-

ported active fire occurrences under cT [28–31]. 

3. Results 

We analyzed fire occurrence tendencies and fire weather conditions in the Arctic re-

gions from Europe to Canada as shown in Figure 1. Detailed discussions using weather 

and temperature maps will focus primarily on the two most fire-prone areas of Sakha in 

Eurasia and Alaska in North America in Section 3.3. Analysis of these two areas is also 

necessary for reassessment of the results reported by the authors in the past [27–29,31]. 

3.1. Fire Distribution and History in the Arctic Region 

Figure 1 shows the distribution of fire density (hotspot (HS) 10−3 km−2 Year−1) in the 

Arctic region. The grand total number of HSs for the 20 years (2002 to 2021) was 4,398,053 

and the average number of HSs was 219,903 annually. Over 40 (HS 10−3 km−2 Year−1) fire-

density cells are found in Sakha (57.5–70° N, 110–140° E) and its surrounding areas and in 

Alaska. Three cells are in Sakha. One cell is in Alaska+ (including northern Canada, 60–

70° N, 130–160° W) and Krasnoyarsk (57.5–60° N, 100–110° E), respectively. The highest 

fire-density cell (75 (HS 10−3 km−2 Year−1)) is found in the central cell (62.5–65° N, 120–130° 

E) of Sakha, where very active fires occurred under very strong winds in 2021 [31]. Fire-

density cells of 10 to 40 (HS 10−3 km−2 Year−1) are found in several areas from Europe to 

Canada. 

Figure 2 shows the fire history in the Arctic region during the 20 years from 2002 to 

2021. The average annual number of HSs was about 220,000. Each bar graph in Figure 2 is 

divided into eight areas in the Arctic region shown at the bottom of Figure 1. The average 

bar graph in Figure 2 shows that about 75% of fires occurred in Eurasia (Siberia and Eu-

rope) and 22% in North America. Sakha alone is responsible for about 34% of all fires. 

Krasnoyarsk and Canada follow Sakha. Alaska is about 8%. One of the reasons for the 

high percentage for Sakha is mainly due to very active fires under very strong winds that 

occurred in 2021 [31]. 

 

Figure 2. Recent fire history in the Arctic region from 2002 to 2021. The eight regions are: Europe 

(10° W–30° E), Moskva (30°–60° E), Omsk (60°–80° E), Krasnoyarsk (80°–110° E), Sakha (110°–140° 

E), Magadan (140°–190° E), Alaska (190° E–30° W), and Canada (110°–50° W). These eight areas are 

shown by the different color and pattern of the bar graph with the number of HSs (approximate 

number, ×104). 

Figure 2. Recent fire history in the Arctic region from 2002 to 2021. The eight regions are: Europe
(10◦ W–30◦ E), Moskva (30◦–60◦ E), Omsk (60◦–80◦ E), Krasnoyarsk (80◦–110◦ E), Sakha (110◦–140◦ E),
Magadan (140◦–190◦ E), Alaska (190◦ E–30◦ W), and Canada (110◦–50◦ W). These eight areas are
shown by the different color and pattern of the bar graph with the number of HSs (approximate
number, ×104).

3.2. High Fire Density Areas in the Arctic Region

Eight Arctic regions in Figure 2 are divided into 21 areas to discuss fire–weather
conditions during each active fire period. These areas are selected by considering their fire
density in Figure 1 and active fire occurrence during the last 20 years. A total of 21 areas
are summarized in Table 1 for Eurasia and Table 2 for North America. In total, ten active
fire periods (daily HS peaks exceeding 6000 in Sakha and 3000 in Alaska) are selected to
discuss fire–weather conditions and summarized at the top of Tables 1 and 2.

Sakha, in the republic of the Russian Federation in eastern Siberia, lies between around
56–73◦ N and 106–160◦ E. HS (fire) data of 15 cells in Sakha (red rectangle at around 120◦ E
in Figure 1) are analyzed. Yakutsk, the capital of Sakha, is located slightly east of the
center of the study region “Sakha”. Alaska is one of states in the United States of America,
located in the most northwest of North America (red rectangle in Figure 1). HS (fire) data
of 12 cells in the Alaska+ area (red rectangle at around 150◦ W in Figure 1) that covers
Alaska and northern Canada are analyzed. Fairbanks, the second largest city in Alaska,
is located slightly west of the center of the study region “Alaska+”. Active fire periods
in Sakha and Alaska are ranked according to the highest number of HSs during each fire
period and named using the first initial of their name, weather condition (L,C,CH), ranking
(1–5), and peak fire date (e.g., “S1L.2Aug.’21”, “A2C.15Aug.′05”, etc. See their format in
Tables 1 and 2). Their short names from S1L to S5L and from A1C to A5C without area
name are used to create concise sentences for discussion.
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Other areas, 14 in Eurasia and 5 in North America, are selected from relatively high fire-
density cells more than about 10 (HS 10−3 km−2 Year−1) from Europe to Canada. We named
them as Europe+, Moskva, N-Omsk, N-Krasno+, Baikal, S-Khabarovsk, N-Khabarovsk,
Verkhoyansk, Magadan, E-Magadan, B-Colum, N-Alberta, Alberta, Ontario, NE-Terri, and
N-Sakha. Their areas are shown by rectangles with a red and bule dotted line in Figure 1.
We name them using the initial E or N, numbers in order from the west, weather condition
(L,C,CH), and peak fire date (e.g., “E1C.Europe+20Aug.′02,”, “N1.B-Colum.12Aug. ’17,”
etc. See their format in Tables 1 and 2). They are summarized in Tables 1 and 2. Their
short names from E1C to E14C and from N1C to N6C without area name are used to create
concise sentences for discussion.

3.3. Comparison of Fire Weather in Sakha and Alaska
3.3.1. Average Fire Activity during the Summer

Figure 3 shows average daily HS for the last 20 years in Sakha and Alaska. Figure 3a shows
daily fire trends during the summer from June 1 to August 31. A fire rate (HSs day−1) [29] is
introduced to grasp fire activity during the summer. The fire rate is defined as follows:

Fire rate = ((Accumulated HSs)j − (Accumulated HSs)i)/(j− i) (1)

where i and j are the day number (DN), j > i, i > DN = 2.
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The fire rate (HSs day−1) derived from the gradient of the straight line on the accumu-
lated HSs curve is used to evaluate active fire periods.

Figure 3a shows the daily HSs changes in Sakha during the summer. From 15 July, the
number of daily HSs exceeded 800 and lasted until 10 August. The fire rate for this period,
1200 HSs day−1, is obtained from one straight line drawn on the accumulated HSs curve in
Figure 3a. Thus, a 20-year average active fire period during summer is defined. Figure 1
is created to determine long-term average weather conditions in the lower air (925 hPa)
during this period (15 July to 10 August).

A similar manner is applied to Alaska+. In Alaska, three straight lines are drawn on
the accumulated HS curve in Figure 3b. Thus, three fire periods are defined from three
different fire rates. The first fire period starts from 21 June, with 290 HSs day−1; the second
period is from 15 July, with 167 HSs day−1; the third period starts from 11 August, with
240 HSs day−1.

In Sakha and Alaska, the total number of HSs is about 3.9 times different (52,500 versus
15,500), and the fire rate during the active summer fire period is 1200 versus 290, which is
about 4.1 times different. Figure 1 is a long-term weather map of the Arctic region during
the summer active fire period (15 July to 10 August) in Sakha.
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3.3.2. Active Fire Period (Step 1/3)

Daily fire activities during the top fire period “S1L.2Aug.′21” in Sakha and “A1C.30Jun.‘04”
in Alaska are shown in Figure 4a,b. The number of HSs and the number of days during
these two fire periods are summarized in Tables 1 and 2.
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In Sakha, very active fires occurred in 2021. The total number of HSs in 2021 exceeded
267,000; this is about 5.8 times the average number of fires over the last 19 years since
2002 [31]. A few HS peaks above 15,000 in Figure 4a were mainly created by strong winds.
The highest HS peak during the fire period “S1L.2Aug.′21” in Figure 4a occurred under
strong easterly winds (>10 m s−1) on 2 August 2021 [31]. The rapid increase in the number
of HSs from about 500 to 16,000 in several days can be explained mainly by the increase in
wind velocity [28–31].

In Alaska, several active fires occurred under similar unique high-pressure fire weather
conditions related to Rossby wave breaking (RWB) [25]. Fire weather conditions related
to RWB events typically result in two HS peaks occurring before and after high-pressure
systems move from the south to the north across Alaska. A second HS peak (Peak 2)
during the fire period “A1C.30Jun.′04” in Figure 4b occurred under strong easterly winds
on 30 June 2004.

3.3.3. Initial Conditions: Onset of Large Westerly Meandering (LWM) (Step 2/3)

Major fire–weather conditions for the top five active fire periods in Sakha and Alaska
will be discussed in this section and Section 3.3.5., briefly summarized in Tables 3 and 4, and
shown in Figures 5 and 6. The names of each are the same as the names in Tables 1 and 2.
The other four items in the table are: (1) causes of LWM (500 hPa), (2) upper air weather
conditions (500 hPa), (3) wind conditions in the lower air (925 hPa), and (4) warm air
masses in the lower air (925 hPa). The first item (1) will be extracted from the weather map
mainly on the first day of the active fire period and the other items from (2) to (4) will be
obtained from the weather map and temperature map on the HS peak day.

Table 3. Fire weather conditions of top five active fire periods in Sakha.

Name Causes of
LWM

Upper Air (500 hPa) Wind (925 hPa) Warm Air Masses (925 hPa)

Height, N, E Block Type H, R, L, T
Height, N, E ∆H Direction Temperature,

N, E Type, Origin

S1L.2Aug.′21 L5300+T H5820,68,120 Omega H880,73,150 130 East 296,66,118 cT, Tibet
S2L.19Aug.′02 L5320+T H5760,68,125 Omega H910,75,152 70 East 290,64,123 cT, Tibet
S3C.3Aug.′12 C5580+T R5780,69,140 Ridge R810,49,143 −90 SW 296,58,140 cT, Tibet
S4C.22Jul.′14 C5480+T R5700,66,132 COL L540,56,138 120(E-W)*ex NW R288,62,130 cT, Tibet
S5L.14Jul.′12 L5440+T R5720,60,131 Ridge H770,52,165 60 SE R288,65,130 cT, Tibet

∆H—height difference from south to north, L—low-pressure system with height, H—high-pressure system
with height, N—north latitude, E—east longitude, T—trough, C—cut-off lows, R—ridge type (without COH),
* ex—exceptional case (west to east), temperature K.
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Table 4. Fire weather conditions of top five active fire periods in Alaska.

Name Causes of
LWM

Upper Air (500 hPa) Wind (925 hPa) Warm Air Masses (925 hPa)

Height, N, W Block Type H, R, L, T
Height, N, W ∆H Direction Temperature,

N, W Type, Origin

A1C.30Jun.′04 R C5580+T H5800,68,157 Rex H880,73,150 70 East 292,65,158 cT, G.Basin
A2C.15Aug.′05 R C5440+T H5760,66,160 Omega H870,72,138 60 East 294,61,148 cT, G.Basin
A3C.13Jul.′04 C5460+T H5740,62,142 Omega H810,58,145 −70 West 292,64,151 mT, Pacific O.
A4C.21Aug.′04 R C5400+T H5780,69,150 Rex H860,73,136 60 East 292,66,138 cT, G.Basin
A5C.25Jun.′15 C5520+T R5640,65,147 Ridge L600,75,170 −70 SW R290,66,149 cT, G.Basin

R—Rossby wave breaking (RWB), ∆H—height difference from south to north, L—low-pressure system with
height, H—high-pressure system with height, N—north latitude, W—west longitude, T—trough, C—cut-off lows,
R—ridge type (without COH), G.Basin—Great Basin, Temperature K, Pacific O.—Pacific Ocean.
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Figure 5. Large westerly meandering (LWM) and omega block (one COH and two COLs). (a) Sakha
on 24 July. The study region is shown by the rectangle with the red line. The rectangle with the red
dotted line shows the area to discuss fire weather. (b) Alaska+ on 19 June. The study region is shown
by the rectangle with the red line. The rectangle with the red dotted line shows the area to discuss
fire weather. RWB occurred under easterly winds.

In Sakha, active fires started on the first day of the top fire period “S1L.2Aug.′21”.
Figure 5a shows weather conditions in the upper air over Eurasia on 24 July. LWM was
already occurring over Siberia due to the stagnant low-pressure systems (L5300, 73◦ N 45◦ E
(approximate center)) and a trough (from around 73◦ N 45◦ E to 52◦ N 52◦ E). Persistent
high-pressure systems (H5820, 63◦ N 95◦ E) moving from the south had already reached
above 60◦ N on 24 July (Day 1) and lasted until around 8 August (Day 16). The cut-off
low (COL, cold vortex) pressure systems in the south of Sakha (L5660, 53◦ N 118◦ E) lasted
until 28 July (Day 5). New COL (L5640, 57◦ N 127◦ E) detached from the trough from
low-pressure systems (L5425, 70◦ N 182◦ E) on 30 July (Day 7) and stayed in the south
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of Sakha (see Figure 7a). “L5300+T” is inserted into the corresponding column and row
for “S1L.2Aug.′21” in Table 3. The location of the L5300 is shown in Figure 6, using its
abbreviation “S1L”.
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Figure 6. Map of part of the northern hemisphere (25◦–90◦ N, −60◦–360◦ E). Full names of E1C-E14C
and S1L-S5L are in Table 1. Full names of N1C-N5C and A1C-A5C are in Table 2. Two rectangles
with red lines are the regions of Sakha and Alaska. Red dotted lines show major troughs. Blue zigzag
dotted lines show major ridges. Straight lines with arrows at both ends at the bottom of the figure
show longitude locations of the other 19 areas (E1C-E14C and N1C-N5C). Base map is the upper air
(500 hPa) weather map (long-term average map for 74 years from 1948).
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Figure 7. Fire weather conditions on 2 August (HS peak day) in Sakha. Blue dotted lines with a solid
circle and an arrow at both ends indicate their positions and directions of movement of high-pressure
systems and cT. Red dotted lines with a solid circle and an arrow at both ends indicate their positions
and directions of movement of low-pressure systems and mP. (a) Weather map (500 hPa). (b) Weather
map (925 hPa). The grey line with a solid circle and an arrow at both ends shows the height gradient
(∆H = 120 m). (c) Temperature map (925 hPa). (d) Temperature map (200 hPa).
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In Alaska, active fires started on the first day of the top fire period “A1C.30Jun.′04”.
Figure 5b shows weather conditions in the upper air over North America on 19 June of the
top fire period “A1C.30Jun.′04”. Large westerly meandering (LWM) was already occurring
over North America due to the low-pressure systems or COL (L5580, 46◦ N 155◦ W) and the
trough (55–43◦ N 165–153◦ W). COL moved to the south of the Gulf of Alaska and persisted
from June 21 to 25 (Day 3–7). RWB occurred under easterly winds around June 25 (Day
7). Under RWB conditions, high-pressure systems at lower air moved from the west of
Alaska to the Beaufort Sea (see Figure 8b). High-pressure systems (H5880, 62◦ N 138◦ W) in
Figure 5b moved from the south of the Gulf of Alaska and disappeared on 22 July (Day 4).
From around 23 June (Day 5), a ridge developed from the Great Basin with the help of
COL (L5600, 45◦ N 139◦ W). Large high-pressure systems (H5820, 63◦ N 125◦ W) covered
northwest Canada on 26 June (Day 8) and gradually moved across Alaska (see Figure 8a).
“L5580 + T” is inserted into the corresponding column and row for “A1C.30Jun.’04” in
Table 4. The location of the L5580 is shown in Figure 6, using its abbreviation “A1C”.
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Figure 8. Fire weather conditions on 30 June (HS peak day) in Alaska. Blue dotted lines with a solid
circle and an arrow at both ends indicate their positions and directions of movement of high-pressure
systems and cT. Red dotted lines with a solid circle and an arrow at both ends indicate their positions
and directions of movement of low-pressure systems and mP. (a) Weather map (500 hPa). (b) Weather
map (925 hPa). The grey line with a solid circle and an arrow at both ends shows the height gradient
(∆H = 70 m). (c) Temperature map (925 hPa). (d) Temperature map (200 hPa).

3.3.4. HS Peak Weather Conditions in Sakha and Alaska (Step 3/3)

Weather and temperature maps on HS peak days in Sakha and Alaska are shown in
Figures 7 and 8, respectively. High- and low-pressure systems at upper air (500 hPa) and
lower air (925 hPa) are shown in Figure 7a,b and Figure 8a,b. Temperature maps at lower
air (925 hPa) and upper air (200 hPa) are shown in Figure 7c,d and Figure 8c,d. From these
maps, we discussed: (1) high-pressure systems at upper air, (2) strong wind conditions
at lower air on HS peak day, (3) existence of warm air masses (cT and mT) at lower air
(sign of dry and warm weather), and (4) existence of cool air masses (mA) and effect of
cut-off low (COL) systems on weather conditions at lower air and upper air; summarized
in Tables 3 and 4.
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Fire Weather Conditions in Sakha

Figure 7a–d show weather and temperature maps on HS peak day of the top fire-period
“S1L.2Aug.′21” in Sakha. Figure 7a shows high-pressure systems at upper air (500 hPa)
persisting near the study area (Sakha) since 24 July (see blue circles with arrow in Figure 7a).
High-pressure systems (H5820, 68◦ N 120◦ E) were COH and covered the northern area of
Sakha from 31 July to 2 August (HS peak). The new COL (L5620, 57◦ N 118◦ E) appeared
on 30 July and moved south of Sakha and made Rex block. As the downward flow of
high-pressure systems provides dry and warm weather, Figure 7a supports that blocking
COH (H8520, 68◦ N 120◦ E) was essential fire–weather conditions for the top fire-period
“S1L.2Aug.′21”. “H5820,68,120” and “Omega” are inserted into the corresponding column
and row for “S1.2Aug.′21” in Table 3.

Figure 7b shows two high-pressure systems, (H880, 73◦ N 152◦ E) and (H830, 72◦ N
110◦ E), at lower air (925 hPa) on the HS peak day. High-pressure systems (H850, 78◦ N
155◦ E) from the Arctic Ocean moved toward northern Sakha from 29 July (Day 6) and
disappeared on 31 July (Day 8). New high-pressure systems (H880, 83◦ N 152◦ E) moved
from the Arctic Ocean again on 1 August (Day 10). The very large height difference (∆H)
in Figure 7b on the HS peak day suggests windy conditions, which are often observed at
the periphery of the high-pressure systems [34]; actually, the easterly wind velocity at the
reference site (63.5◦ N 127◦ E) near Yakutsk was 7.2 m s−1 [31]. The development of the
high-pressure system at lower air over the Arctic Ocean is presumed to be related to COH
at upper air. “H880,73,150”, “130”, and “East” are inserted into Table 3.

Temperature maps at lower air (925 hPa) and upper air (200 hPa) are shown in
Figure 7c,d. Under high-pressure systems (H5820, 63◦ N 95◦ E) in Figure 5a, warm air
masses (cT = 296 K) from the Tibet Plateau reached around 63◦ N on 24 July (Day 1) and
moved to western Sakha on the HS peak day (2 August, Day 10). As we already reported,
warm air masses on the HS peak day resulted in a total of 13 active fire periods (six in Sakha,
five in Alaska, one in northern Krasnoyarsk, and one in southern Khabarovsk) [27–31]. We
may say that warm air masses at lower air is one of the essential fire–weather indicators.
“296,66,118” and “cT, Tibet” are inserted into Table 3.

Fire–Weather Conditions in Alaska

Figure 8a–d show weather and temperature maps on the HS peak day of the top
fire-period “A1C.30Jun.′04” in Alaska. Figure 8a shows high-pressure systems at upper
air (500 hPa) moving from the east to Alaska since 26 June (see blue circles with arrow
in Figure 8a). COH covered the western area of Alaska (H5800, 68◦ N 157◦ W) on 30 June
(HS peak day). Two COLs were located in the south of the Gulf of Alaska. The first COL
(L5680, 53◦ N 130◦ W) near the west coast was derived from L5580 in Figure 5b. The second
COL (L5500, 53◦ N 163◦ W) in the southeastern of the Gulf of Alaska appeared on 25 June
and persisted, as shown in Figure 8a. As the downward flow of high-pressure systems
provide dry and warm weather, Figure 8a supports that blocking COH (H5800) was also
essential fire–weather conditions in Alaska. “H5800,68,157” and “Rex” are inserted into the
corresponding column and row for “A1C.30Jun.′04” in Table 4.

Figure 8b shows high-pressure systems (H880, 74◦ N 152◦ W) at lower air (925 hPa)
on the HS peak day. From 26 June (Day 8), high-pressure systems (H850, 63◦ N 99◦ E)
moved from the southwest to the northeast due to RWB and developed in the Beaufort Sea.
The movement of high-pressure systems is one of the major meteorological phenomena
associated with RWB [27]. On the HS peak day, the Beaufort Sea high (BSH) made the
large height difference (∆H = 70 m) in Figure 8b. This ∆H is smaller than 120 m in Sakha
in Figure 7b. Although the dense contour lines area is mainly found between 65–70◦ N,
the ∆H per degree is almost the same (roughly 14 m deg.−1 in Sakha and 12 m deg.−1 in
Alaska). “H880,73,150”, “70”, and “East” are inserted into Table 4.

Temperature maps at lower air (925 hPa) and upper air (200 hPa) are shown in
Figure 8c,d. Under high-pressure systems H5800 in Figure 8a, warm air masses and cT
(=294 K) reached 67◦ N 137◦ W on 24 June (Day 6) and moved to the southeast of Alaska.
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From 27 June, cT headed east and covered western Alaska on 30 June. Fires became active
in the presence of cT; “292,65,158” and “cT, G.Basin” are inserted into Table 4.

Figure 8d shows two high temperature areas. They are 232 K at 52◦ N 164◦ W and
224 K at 54◦ N 130◦ W, and show upper air (200 hPa) conditions of the second COL (L5500)
and the first COL (L5680) in Figure 8a. Their high temperatures suggest two COLs were
active low-pressure systems and covered the southern area of the Gulf of Alaska (53◦ N,
130–165◦ W). As these COLs in the Pacific Ocean in Figure 8a were a little bit far from the
study region of Alaska, we may say that COLs did not directly affect active fires on the HS
peak day such as in Sakha (see Figure 5a). The first COL (L5680), originally from the Bering
Sea, affected the formation of the ridge from the Great Basin and promoted the northward
movement of cT.

3.3.5. Summary of Fire–Weather Conditions in Sakha and Alaska

A similar analysis procedure in Sections 3.3.3 and 3.3.4 used weather and temperature
maps applied to other active fire periods in Sakha and Alaska. Those weather conditions
are summarized in Tables 3 and 4. The first item in Tables 3 and 4 is one of the initial
conditions during the active fire period. The other four items in Tables 3 and 4 are weather
conditions on the HS peak day [27–31]. These fire weather conditions are summarized
below.

Initial Weather Conditions

Large westerly meandering (LWM) due to COL commonly occurred several days
before the hotspot (HS) peak day. The causes of westerly meandering during the top
five active fire periods in Sakha and Alaska are summarized in Tables 3 and 4, and their
locations of low-pressure systems are shown by their abbreviation name such as “S1L” in
Figure 6.

In Sakha, LWM occurred due to Arctic low-pressure systems with trough (S1L, S2L,
and S5L) and COL detached from Arctic low-pressure systems (S3C and S4C) (see Table 3,
Figures 5a and 6). These five locations for S1L–S5L are close to the long-term (74 years)
average trough (Trough 3, 37–70◦ N, 70–80◦ E) in Figure 6, so low-pressure systems near
“Trough 3” will be one of the initial weather conditions of active fire for Sakha. Thus,
“Trough 3” will be one of the important weather factors in Sakha′s fire regime.

In Alaska, all LWM occurred due to COLs (A1C–A5C) detached from Arctic low-
pressure systems mainly over the Bering Sea (see Table 4, Figures 5b and 6). These five
locations of COLs are close to the long-term (74 years) average trough (Trough 4, 55◦–67◦ N,
185◦ E) in Figure 6, so COLs near “Trough 4” will be one of the initial weather conditions
of active fire for Alaska. Thus, “Trough 4” will be one of the important weather factors in
Alaska′s fire regime.

HS Peak Weather Conditions

Tables 3 and 4 summarize the three HS peak weather conditions: upper air, wind,
and warm air masses. High-pressure systems are an essential condition for both Sakha
and Alaska. Strong wind conditions are classified into the high-pressure type and the
low-pressure type. S4 and A5 in Tables 3 and 4 are low-pressure types and the others are
high-pressure types. Strong winds of the high-pressure type are a common meteorological
phenomenon at the periphery of high-pressure systems [36]. Tables 3 and 4 show that the
warm air mass cT is an essential condition. The movement of cT can be easily grasped from
the temperature maps shown in Figures 7c and 8c. This suggests that fire forecasting and
firefighting using a temperature distribution map will be possible and one of the best tools.

3.4. Summary of Fire Weather (Regime) in Eurasia and North America

Fourteen areas in Eurasia and five areas in North American are selected among
relatively high-density cells (>about 10 HSs 10−3 km−2 Year−1) in Figure 1. Their active
fire areas are extracted from the tables of the annual total number of HSs. Then, their active
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fire periods were obtained from the tables of the daily number of HSs. The fire weather
during those fire periods were analyzed as described in Sections 3.3.3 and 3.3.4. Analysis
results of HS peak date, total number of HSs, and number of dates during the active period
were summarized in Tables 1 and 2. The 14 areas in Table 1 are arranged in order from
the west side of Eurasia. The five areas in Table 2 are also arranged in order from the west
side of North America. Fire weather during each fire period is analyzed using weather and
temperature maps (over 1160 maps in all) as described in Section 3.3.

Analysis results on 14 areas and Sakha showed active fires during 14 fire periods in
Table 1 and 5 periods in Sakha in Tables 1 and 3 started due to LWM caused by mainly COL.
Similarly, analysis results on five areas and Alaska also showed active fires during five fire
periods in Table 2 and five periods in Alaska in Tables 2 and 4 started due to LWM caused
by mainly COL. From analysis results of trough and COL, the Eurasian continent is divided
into four fire regions and the North America continent is divided into two fire regions. We
called them: (1) eastern Europe, (2) central and east Siberia (Sakha), (3) far east high-latitude
Siberia (northern Sakha), (4) far east low-latitude Siberia (southern Khabarovsk), (5) Alaska
(including northern Canada), and (6) western Canada. Since there is no space to describe
all the results, the results for the six regions are summarized in the table below.

In eastern Europe, COLs during three fire periods (E1C, E2C, E3C) detached from
Arctic low-pressure systems. Those COL positions are indicated by the brown circle in
Figure 6. “E3C” is near “Trough 2”, but E1C and E2C are far from “Trough 1”. The HS peak
during three fire periods (E1C, E2C, and EC3) occurred under a detached high from “Ridge
1”, a detached high from “Ridge 2”, and a ridge extended from “Ridge 2”, respectively.

In central and east Siberia (Sakha), COLs during a total of fourteen fire periods (six
periods from E4C to E9C, three periods (E12C to E14C), and five periods (S1L to S5L, the
red circle) in Sakha) detached from Arctic low-pressure systems. Most COLs, except E13CH
and E14C, are near “Trough 3”, as shown in Figure 6. The geographic locations of E13CH
and E14C are in far east Siberia, but their active fires began due to LWMs near “Trough 3”
caused by COLs detached from Arctic low-pressure systems. HS peaks during E5C and
E6C occurred under a detached high from “Ridge 2”. HS peaks during S1L, S2L, and E4C
occurred under a detached high from “Ridge 3”. HS peaks during S3C, S4C, S5L, E7C, E8C,
and E9C occurred under a ridge from “Ridge 3”. HS peaks during E12C, E13CH, and E14C
occurred under a ridge extended ffom the south near the eastern edge of the Pacific Ocean.

In far east high-latitude Siberia (northern Sakha), as COL during the fire period of
E10C detached from Arctic low-pressure systems near the Bering Sea, E10C is classified
differently from the others. Fire weather in E10C may be sensitive to recent weather
conditions in the Arctic Ocean. HS peaks during E10C (high-latitude) occurred under COL
detached from Arctic low. It was a very rare case and may have occurred related to recent
climate change.

In far east low-latitude Siberia (southern Khabarovsk), COL during E11C detached
from Arctic low-pressure systems over far east Siberia. LWM during E11C occurred due to
Arctic low-pressure systems. As already reported [30], the E11C was an exceptional fire in
June for southern Khabarovsk. The HS peak during E11C occurred under a ridge extended
form the Sea of Japan.

From the above results on fires in Eurasia, we may say many active fires in Siberia
tend to start mainly due to LWM near “Trough 2” and “Trough 3” and are very active under
high-pressure systems developed from “Ridge 2” and “Ridge 3”. The reason why Sakha′s
fire density is higher than in the surrounding area may be in the position of “Trough 3”
where LWM is likely to occur due to COL. “Ridge 3” will be made related to LWM near
“Trough 3”. In addition to this, the basin-like terrain surrounded by mountain in Sakha
may create high fire density.

In Alaska (including northern Canada), COL (cause of LWM) during five fire periods
in Alaska detached from Arctic low-pressure systems. Those COL positions are indicated
by the blue circle in Figure 6; all locate near “Trough 4” over the Bering Sea and the Pacific
Ocean. The average height and position of those COLs are 5480 m and 53◦ N 183◦ E. HS
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peaks of the top four fire periods (A1C, A2C, A3C, and A4C) occurred under a detached
high from “Ridge 4”. HS peaks of the top five fire periods (A5C) occurred under “Ridge 4”.

In western Canada, COLs during five fire periods (N1C-N5C) detached from Arctic
low-pressure systems. Those COL positions are indicated by the green circle in Figure 6; all
are near “Trough 5” over the Gulf of Alaska. Average height and position of those COLs
are 5532 m and 55◦ N 156◦ E. HS peaks of five fire periods (N1C-N5C) occurred near or at
the edge of “Ridge 4”. There is about a 150m average height difference between Alaska
(5480 m) and Canada (5532 m). This difference suggests Alaska needs stronger COL than
Canada to make an eastward flow and COH over Alaska. This is one of the reasons why
Alaska has a higher fire density than Canada. In addition to this, the basin-like terrain
surrounded by mountains in Alaska may make a higher fire density than Canada.

4. Discussion

There were few papers that analyzed the weather of forest fires using various weather
maps. In particular, few studies, like ours, have taken a closer look at meteorological
conditions during an active fire period. The reason for this is that it is difficult to identify
the fire period and the maximum fire (HS) date [27–31].

We extracted some descriptions about fire weather from the “National Wildfire Coor-
dinating Group” [37]:

a. General non-convective Red Flag Warning criteria (their warning criteria values
are found in Figures 6, 8 and 9) are: temperature ≥ 23.9 ◦C (297 K, (see Figure 6)),
RH ≤ 25%, wind ≥ 6.7 m/s (24.1 km/h, sustained (see Figures 8 and 9));
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Figure 9. Fire weather during the 1998 Carla Lake Fire in Alaska. Blue dotted lines with a solid circle
and an arrow at both ends indicate their positions and directions of movement of high-pressure
systems and cT. Red dotted lines with a solid circle and an arrow at both ends indicate their positions
and directions of movement of low-pressure systems and mP. (a) Weather map (500 hPa) on 26 May.
COH (cut-off high) at high latitude. The red dotted line show a major trough. The blue zigzag dotted
line showa the major ridge. (b) Weather map (925 hPa) on 1 June, strong wind day. The grey line with
a solid circle and an arrow at both ends shows the height gradient (∆H = −80 m). (c) Temperature
map (925 hPa) on 26 May. cT in Alaska. (d) Temperature map (200 hPa) on 1 June. mP and cP at
high latitude.
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b. The four critical weather elements that produce extreme fire behavior are low relative
humidity, strong surface wind, unstable air, and drought;

c. Most periods of critical fire weather occur in transition zones between high- and
low-pressure systems, both at the surface and in the upper air;

d. In Alaska, the primary pattern is the breakdown of the upper ridge with a southeast-
ern flow. This can bring gusty winds and dry lightning to the interior of Alaska after
a period of hot dry weather.

Unfortunately, they do not seem to take into account the recent research results such
as ours [27–31] for active fires in the boreal region, including Alaska.

We found one book for fire managers: Synthesis of Knowledge of Extreme Fire Behavior:
Volume I for Fire Managers [38]. This book briefly describes the June 1998 Carla Lake Fire
that occurred near Fairbanks in Alaska to explain critical fire weather patterns. This book
describes this fire as “The primary pattern is the breakdown of the upper ridge with a
southeast flow. It can bring gusty winds and dry lightning to the interior of Alaska after
a period of hot, dry weather”, with one simple conceptual figure for the Carla Lake Fire.
According to the web news [39], the Carla Lake Fire burned 175 km2 under wind gusts of
56 km h−1 and relative humidity of less than 25%.

To clarify critical fire weather conditions for the Carla Lake Fire, We tentatively an-
alyzed temporally various weather maps from 23 May to 5 June as there are no detail
records on the Carla Lake Fire. Four weather maps from among them are selected and
shown in Figure 9a–d. The upper air weather map and the lower air temperature map
on 26 May in Figure 9a,c will support the above description “after a period of hot, dry
weather”. The lower air weather map on 1 June in Figure 9b supports “gusty winds (wind
gusts of 56 km h−1)”. The upper air temperature map in Figure 9d suggests “gusty wind”
occurred due to COL.

As our analysis procedure is very simple for just analyzing two weather and tempera-
ture maps, we hope that fire managers and researchers in the boreal region will experience
great benefit by applying our fire–weather analysis to their forecast approach.

5. Conclusions

Fire activity in 288 areas (2.5◦ N × 10◦ E) in the Arctic region (50◦–70◦ N, 0◦–360◦ E)
was analyzed using satellite hotspot data (number of HSs = about 4.4 million) from 2002 to
2021. A total of 21 high fire density areas were selected and their fire–weather conditions
during each active fire period were analyzed using weather and temperature maps at upper
and lower air (over 1820 maps in all). Analysis results of fire–weather conditions for high
fire density areas in the Arctic region (North Eurasia and North America) are summarized
in the below.

Active fires in central and eastern Siberia started by LWM (large westerly meandering)
caused by COL detached from Arctic low-pressure systems over the continent (west and
central Siberia). Very active fires on HS peak days in central and eastern Siberia occurred
under COH detached from a ridge extending from the Tibet plateau and Arabia. In North
America, active fires also started by LWM caused by COL detached from Arctic low-
pressure systems over the Bering Sea and the Gulf of Alaska. However, fires were not
so active until high-pressure systems (COH and ridge) extended from the Great Basin.
Analysis results may suggest there are six major fire regimes in the Arctic region: (1) eastern
Europe, (2) central and east Siberia (Sakha), (3) far east high-latitude Siberia (northern
Sakha), (4) far east low-latitude Siberia (southern Khabarovsk), (5) Alaska, and (6) western
Canada.

Lastly, we should prepare for the next large-scale fires due to climate change by
applying the fire–weather analysis approach described in this paper. Since we can predict
occurrence of active fires, we could prevent active fires by making fire breaks, prescribed
fires, and so on. Our fight against wildland fires is one of the executable ways to mitigate
global warming.
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