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Abstract

Wildland fires are a common and destructive natural disaster in Alaska. Recent active fires
in Alaska were assessed and analysed for their associated synoptic-scale climatic conditions
in this study. Hotspot (HS) data from satellite observations over the past 20 years since 2004
(total number of HS = 300,988) were used to identify active fire-periods, and the occurrence
of Rossby wave breaking (RWB) was examined using various weather maps. Analysis
results show that there are 13 active fire-periods of which 7 active fire-periods are related
to RWB. The total number of HSs during the seven RWB-related fire-periods was 164,422,
indicating that about half (54.6%) of the recent fires in Alaska occurred under fire weather
conditions related to RWB. During the RWB-related fire-periods, two hotspot peaks with
different wind directions occurred. At the first hotspot peak, southwesterly wind blew
from high-pressure systems in the Gulf of Alaska. In the second hotspot peak, the Beaufort
Sea High (BSH) supplied strong easterly wind into Interior Alaska. It was suggested that
changes in wind direction during active fire-period and continuously blowing winds from
BSH may affect fire propagation. It is hoped that this study will stimulate further research
into active fires related to RWBs in Alaska.

Keywords: rossby wave breaking; wildland fire; synoptic patterns; jet stream meandering;
blocking; easterly wind; Beaufort Sea high; large-scale atmospheric circulation

1. Introduction
As temperatures rise due to climate change, extreme events such as heat waves, heavy

rains, and droughts are becoming more frequent, leading to increased wildland fires [1]. In
particular, in boreal forests where temperatures are rising rapidly, not only will there be
an increase in wildland fires, but there are also concerns about mass tree deaths, drying
of peatlands, and the ongoing melting of permafrost [1,2]. Extreme wildland fires are
becoming more common and increasingly affecting Earth’s climate [3]. Currently, the
occurrence of forest wildfires around the world is over 200 thousand per year, with burned
areas of 3.5–4.5 million km2 [4]. Global maps of wildfires show large-scale widespread fire
zones throughout the world [5].

Active wildland fires in Alaska and northwestern North America have been analysed
by many researchers from a variety of perspectives [6]. In Alaska, the boreal forest occupies
32 percent of the total land area (~470,000 km2) and wildland fire is the primary disturbance.
High-intensity crown fires are common, and during active fire years, the area burned may
be on the order of millions of ha [6]. A continuous trend of increasing burnt area has been
observed since around the 1980s [7] with the burned area in 2004 being the largest ever
recorded at about 26,700 km2 (~5.7% of the total area of the Alaskan boreal forest), largely
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surpassing the previous maximum of 20,700 km2 reached in 2015. The average annual
burned area since 1939 is about 4300 km2 and the total area burned since 1939 reached
about 362,000 km2 [8].

From around 1990, the wildland fire season lengthened by about a month, and active
fires became more frequent [8,9]. Extreme wildland fire events in Alaska, i.e., seasons in
which more than 4000 km2 have burned, have increased since the 1990s, with the largest
area burned and the highest number of extreme events all occurring since 2000 [10,11].

Various aspects of future fire trends have been predicted. Rising temperatures due to
climate change threaten to increase the number and scale of fires due to drier fuels [12–14]
and increased ignition by lightning [15–17]. Actually, Canada’s record-shattering 2023
wildland fire occurred from late April to early November [18]. Studies have been carried
out on the relationship between various indicators such as El Nino Southern Oscillation
(ENSO) and Pacific Decadal Oscillation (PDO) and fire [17–22], and predictions have been
made from analysis results [23–26].

Papers on wildland fire and blocking phenomena include the following: The extensive
2004 fires might have been related to a persistent blocking ridge over Alaska [27,28].
Moreover, 500 hPa height anomalies were well correlated with seasonal burnt area over
large regions of Canada and Alaska [29,30]. In North America, the area burned in the
boreal forests depended on the frequency of blocking high-pressure systems in the mid-
troposphere causing rapid fuel drying [31]. The persistence of blocking ridges in the
upper atmosphere is also projected to increase under a doubled carbon dioxide future
scenario [31].

Rossby waves naturally occur in rotating fluids largely due to the Earth’s rotation. [32].
Large-scale waves with wavelengths of several thousand kilometres, propagating west-
wards through the atmosphere and oceans. Within the Earth’s ocean and atmosphere, these
planetary waves play a significant role in shaping weather associated with meridional
flow of the Jet Stream [33]. During the Canadian wildland fire episode in 2023, the disper-
sion of Rossby waves led to the long-lasting dominance of high-pressure systems and the
consequent warming through anomalous subsidence [34]. Recent active fires in southern
Australia were associated with extreme cold fronts, which were associated with propagat-
ing Rossby waves [35]. In south-eastern Australian, during the 2004 and 2009 heatwaves in
south-eastern Australia (SEA), transient and fast-moving Rossby waves organized in wave
packets recurring in the same phase to form a ridge over SEA, thereby contributing to the
persistence of the heatwave conditions [36]. The 2009 heatwave resulted in devastating
fires (Black Saturday, 7 February) [37].

Rossby wave breaking (RWB) events will strongly influence large-scale circulation and
are also related to weather extremes such as heat waves, blocking, and extreme precipitation
events. Nonetheless, a complete understanding of the synoptic-scale dynamics involved
with the breaking events is still absent [38]. The RWB phenomenon and the Western Pacific
Teleconnection (WP) in winter were closely associated with variations in the nature of
the RWB [39]. The forest fire and rainfall in Siberia in 2019 were strongly associated with
wave breaking and the life cycle of blocking highs in the northern part of Siberia [40]. The
highly unusual weather event, possibly RWB-related, affected Western North America in
September 2020 [41].

Wind is a major factor influencing wildland fire behavior and spread; strong winds can
dramatically increase the speed and intensity of fires, spreading them over large areas and
making them more difficult to contain. Changes in wind direction can trigger large fires,
depending on fuel distribution [42]. In south-eastern Australian, the most catastrophic fires
in recent history have been associated with extreme cold fronts [35]. In Alaska, the wind
direction changed from westerly to easterly during the very active wildland fire-periods of
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2004 and 2005 associated with the Rossby wave breaking (RWB) event [43,44]. In addition,
strong winds from the Beaufort Sea High (BSH) [45,46] blew during three active fire-periods
in 2004 and 2005. The winds blowing into Alaska from the Arctic were continuous or had
no diurnal variation [43,44]. Analysis of RWB- and BSH-related fires in Alaska and BSH
has been almost non-existent in the literature since 2016.

In this study, we focus on uncertain atmospheric drivers under recent climate change
that will generate Rossby wave breaking (RWB) as a result of large jet stream meandering
(JSM). Hotspot (HS) data from satellite observations were used to identify active fire-
periods and their synoptic-scale weather conditions were analyzed using middle- and
near-surface-level atmospheric reanalysis data. Analysis was conducted mainly on the
contribution of RWB-related fires to all fires in Alaska, the frequency of RWB-related fires,
atmospheric pressure at mid-levels, and wind at low-levels.

2. Materials and Methods
2.1. Study Area

The study area is shown in Figure 1 and called “central Alaska” in this paper. Central
Alaska is located in the most northwestern part of the North American continent. Satellite
imagery is a useful tool to verify the occurrence of concurrent widespread wildland fires in
Alaska and was used to observe concurrent widespread forest fires and determine the wind
directions of several fire plumes (smoke) from specific Alaska wildland fires as shown in
Figure 1.

 

Figure 1. Map of the study area (main part of Alaska) by satellite image ((National Aeronautics and
Space Administration) Worldview image on 14 August 2005 (https://worldview.earthdata.nasa.gov,
accessed on 21 April 2025)). Red dots are hotspots (HSs) detected by MODIS (moderate resolution
imaging spectroradiometer). Light blue colours are from Global 250 m and show sea, rivers, and
lakes. The red dotted oval and two blue circles indicate main fire area and the location of Fairbanks
and Anchorage. The white colour on the ground is mainly clouds, fog, snow and glaciers, while the
grey colour is smoke (haze) from fires. The green arrow represents wind direction in the fire area.

https://worldview.earthdata.nasa.gov
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2.2. Analysis Methods and Procedures

In this paper, 1. Active fire-periods are determined using 20 years of satellite daily
hotspot (HS) data. 2. Synoptic-scale fire weather conditions during the active fire-period
are analysed using atmospheric reanalysis data at middle-level (500 hPa), lower-level
(925 hPa), and ground level. 3. NASA Worldview images are used to grasp fire distribution
and to confirm wind direction by the flow of smoke (haze) from fires.

2.2.1. Active Fire-Period

Wildland fire activities in central Alaska are analysed using 20 years of hotspot (HS)
data from 2004 to 2023 detected by the moderate resolution imaging spectroradiometer
(MODIS) on the Terra and Aqua satellites. MODIS HS data are obtained from the NASA
Fire Information for Resource Management System [47]. We analysed HSs in the main
area of Alaska (59–72◦ N, 140–167◦ W). Using 20 years of daily satellite HS data, active
fire-periods are determined.

2.2.2. Synoptic-Scale Fire Weather Conditions

We analyse various synoptic-scale weather maps to find fire weather conditions
during active fire-period. Various synoptic-scale weather maps, such as pressure, wind,
and temperature at various air levels (200, 500, 925 hPa, and 10 m), are obtained from two
weather web sites:

(1) Eight-times daily data [48].
(2) Four-times daily data [49].

We use satellite imagery to determine the distribution and wind direction of the main
wildland fires. True colour images of MODIS on Terra and Aqua from WORLDVIEW [50]
by NASA are used to identify active fire areas and determine wind direction by fire plumes
(smoke) from wildland fires as shown in Figure 1.

3. Results
3.1. Rossby Wave Breaking (RWB)

Synoptic-scale weather conditions of middle-level (500 hPa) and lower-level (1000 hPa,
near ground level) are analysed to explain fire activities in Alaska and to identify weather
phenomena related to RWB [43,51]. Three major weather phenomena related to RWB
observed both at upper and lower levels are:

(1) Large jet stream meanderings (JSM) resulting in local easterly wind flow at middle-level.
(2) Blocking high-pressure systems such as the rex block, ridge, and Ω at middle-level.
(3) Movement of high-pressure systems at near-surface level.

The occurrence of RWB was confirmed by checking these three phenomena ((1)–(3))
on various weather charts.

Related to (3), the wind direction changes mostly from west to east with the movement
of high-pressure systems, which confirms the wind direction change previously reported
during three active fire-periods in Alaska (the June and August fires in 2004 and the August
fires in 2005) [43,44].

3.2. Fire Trend
3.2.1. Daily Fire Trends

The number of daily hotspots (HSs) is used to identify active fire-periods. The defini-
tion of periods of high fire activity is defined here as the consecutive fire days when the
number of daily hotspots is greater than 300 [43]. From daily fire occurrence trends in six
active fire years in Figure 2, 13 active fire-periods are defined.
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Figure 2. Daily hotspot (HS) changes of six fire years. (1), (2), . . . (13): Short name of active fire-
periods. P1, P2, P3: Major HS peaks during each active fire-periods. (a) Three fire-periods ((2), (4),
and (13)) in 2004. (b) Three fire-periods ((1), (9), and (11)) in 2005. (c) One fire-periods ((3)) in 2015.
(d) Two fire-periods ((6) and (7)) in 2019. (e) Two fire-periods ((5) and (12)) in 2009. (f) Two fire-periods
((8) and (10)) in 2022.

The 13 active fire-periods are ranked by the number of hotspots at the peak of each
fire and are named by their ranking, including the date, month, and year they occurred
(e.g., “(1) 4 Aug.2005”, “(2) 29 Jun.2004” and so on). Major fire peaks are marked P1, P2,
P3. . . and appended. The major peaks during the 13 active fire-periods were denoted by
a combination of rank and peak name, e.g., (1)-P1 or (2)-P2. Major fire peaks are labelled
with the wind direction at the 10 m level, such as W, E, and so on.

In 2004 and 2005, three active fire-periods occurred, respectively, as shown in Figure 2a,b.
The total number of HSs in 2004 reached 77,220, the largest in the study period. There were
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three active fire-periods ((2), (4), and (13)). The number of HSs of each of the 3 fire peaks
exceeded 3000, of which the June and August peaks during (2) and (4) were related to
RWB. The wind directions at the 10 m level during both fire-periods ((2) and (4)) changed
from southwesterly to easterly (see wind directions of (2)-P1, (2)-P2, (4)-P1, and (4)-P2 in
Figure 2a).

In 2005, the total number of HSs was 63,270, the second largest in the study period.
There were three active fire-periods ((1), (9), and (11)) as shown in Figure 2b. The peak
number of HSs in August was 5490 (the highest in the study period) and occurred related to
RWB. The wind directions changed from south and westerly ((1)-P1)) to easterly ((1)-P2)).

In 2015, the total number of HSs was 33,602, and there was one active fire-period
((3)) with three fire peaks occurring from the middle of June related to RWB, as shown
in Figure 2c. The wind directions changed from southwesterly and southerly ((3)-P1)) to
easterly ((3)-P2)) and remained as easterly at (3)-P3.

In 2019, the total number of HSs was 28,912, and two active fire-periods ((6) and (7))
occurred as shown in Figure 2d. An active fire-period ((6)) in July occurred related to RWB,
and the wind directions changed from westerly ((6)-P1)) to easterly ((6)-P2)). In late July,
an active fire-period ((7)) related to RWB occurred, and the wind direction changed from
westerly ((7)-P1) to easterly ((7)-P2).

In 2009, the total number of HSs was 27,377, and two active fire-periods ((5) and (12))
occurred as shown in Figure 2e. An active fire-period ((5)) in the top of August occurred
related to RWB, and the wind directions changed from southeasterly ((5)-P1)) to easterly
((5)-P2)).

In 2022, the total number of HSs was 23,826, and two active fire-periods ((8) and (10))
occurred as shown in Figure 2f. During the active fire-period ((8)), the wind direction
changed from westerly and easterly ((8)-P1)) to northwesterly ((8)-P2)). Since there were no
easterly winds, this fire-period (8) was not related to the RWB.

3.2.2. Classification of Active Fire-Periods

The 13 active fire-periods in Figure 2 were classified into three categories based on
whether or not there was a change in wind direction from primarily southwest to east.
This classification is based on the results of our paper on the fires in Alaska [43]. Seven
fire-periods with wind direction changes related to RWB are summarised in Table 1.

Table 1. Seven active fire-periods related to RWB.

Fire-Period
(Rank, Date
of HSs Max.

Peak)

Max. HS
During

the
Period.

Total
num. of
HSs Fire-
Periods

Num. of
Fire

Days &
Period

Name
of HS
Peak

Number
of HSs

Height over
Central

Alaska at
500 hPa, m

Wind
Direction
on P1,P2

Temp. at
925 hPa, ◦K

Type of
Blocking

Beaufort
Sea

High

(1) 14
Aug.2005 5490 38,274 14(Aug.8–

21)
(1)P1 3778 5880 S, W 294 Rex

(1)P2 5490 5780 E 294 Rex #

(2) 29
Jun.2004 4913 27,182 17(Jun.18–

Jul.4)
(2)P1 2014 5760 S 293 Ridge

(2)P2 4913 5830 E 293 Ω #

(3) 25
Jun.2015 4337 28,125 25(Jun.19–

Jul.13)
(3)P1 4337 5610 SW, S 288 Ridge

(3)P2 3120 5790 E 293 Ridge #

(4) 20
Aug.2004 3279 28,887 24(Aug.6–

29)
(4)P1 1463 5820 SW 291 Ridge

(4)P2 3279 5760 E 294 Ω-Rex #

(5) 4
Aug.2009 3164 17,422

19(Jul.18–
Aug.5)

(5)P1 1779 5780 SE 293 Ridge

(5)P2 3164 5760 E 293 Ridge #
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Table 1. Cont.

Fire-Period
(Rank, Date
of HSs Max.

Peak)

Max. HS
During

the
Period.

Total
num. of
HSs Fire-
Periods

Num. of
Fire

Days &
Period

Name
of HS
Peak

Number
of HSs

Height over
Central

Alaska at
500 hPa, m

Wind
Direction
on P1,P2

Temp. at
925 hPa, ◦K

Type of
Blocking

Beaufort
Sea

High

(6) 8
Jul.2019 2621 15,922 17(Jun.26–

Jul.12)
(6)P1 1028 5820 W* 293 Rex

(6)P2 2621 5820 E, NE 294 Rex #

(7) 23
Jul.2019 1356 8610

12(Jul.14–
25)

(7)P1 983 5630 W 289 Ridge

(7)P2 1356 5760 E 291 Rex #

W*: Wind direction one day before (6)P1, Max.: Maximum, Num.: Number, Temp.: Temperature, Jun: June, Jul:
July, Aug: August. For more information on Rex and Ω-blocking, see the NOAA webpage [52]. #: presence of the
Beaufort Sea High.

From Table 1, we can see that the seven active fire-periods related to RWB lasted for
about 2–3 weeks (12–25 days), each with two fire (HS) peaks. With the exception of one
fire-period ((3) 25 Jun. 2015), the number of HSs of the second fire peak (P2) is greater
than that in the first fire peak (P1). The difference in HS numbers between P1 and P2 is
thought to be mainly due to changes in wind direction and strong winds from the Beaufort
Sea High (BSH), so Table 1 shows the wind direction and the presence or absence of BSH.
Continuous strong wind from the Beaufort High actually activated the fires ((1) P2, (2) P2,
and (4) P2) in 2004 and 2005 [43,44].

The height (atmospheric pressure) over Central Alaska is 5880 m at its highest and
5610 m at its lowest, a significant difference of 270 m. This large difference suggests that
there are two types of fires related to RWB: high-pressure type and low-pressure type.
High-pressure-type active fires have occurred at altitudes above 5800 m, such as (1) P1 in
2005 and (4) P1 in 2004. Low-pressure-type active fires have occurred at altitudes below
5700 m, such as (3) P1 in 2015 and (7) P1 in 2019. Note that the average values of P1 and
P2 were 5757 m and 5786 m, respectively, which means that most RWB-related fires are
high-pressure type fires. In particular, the average value of P2 is about 30 m higher than
that of P1, which may be one of the reasons why P2 has a larger HS number.

The total number of HSs of seven active fire-periods related to RWB in Table 1 is
164,422. The total number of HS over the past 20 years is 300,988, which means that about
half (54.6%) of the fires in Alaska were related to RWBs.

The remaining six fire-periods are summarised in Table 2. Wind direction changed
during five fire-periods from “(8) 30 Jun.2022” to “(12) 13 Jul.2009” in Table 2. However,
the wind direction did not change from southwest to east during those fire-periods, so
they are classified as fire-periods unrelated to the RWB. Wind direction during one active
fire-period “(13) 12 Jun.2004” in the bottom of Table 2 is mostly constant.

Table 2. Six active fire-periods not related to RWB.

Fire-Period
(Rank, Date

of HSs
Max. Peak)

Max. HS
During the

Period

Total Num.
of HSs

Fire-Periods

Num. of Fire
Days & Period

Height over
Central Alaska
at 500 hPa, m

Wind Direction
Changes
During

Fire-Period

Temp. at
925 hPa, ◦K

(8) 30 Jun.2022 2413 14,388 18(Jun.24–Jul.11) 5730 W to E 288
(9) 27 Jul.2005 1944 8911 10(Jul.22–31) 5640 E to NW 288

(10) 10 Jun.2022 1591 6317 6(Jun.7–12) 5730 NE to SW 287
(11) 28 Jun.2005 1549 5625 5(Jun.26–30) 5640 E to W 291
(12) 13 Jul.2009 1206 2653 4(Jul.10–13) 5780 SW to E 291
(13) 12 Jul.2004 4227 15,853 11(Jul.10–20) 5640 W, S 293

Max.: Maximum, Num.: Number, Temp.: Temperature, Jun: June, Jul: July, Aug: August.
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As the total number of HSs during the 13 active fire-periods is 218,169 (sum of 164,422
and 53,747), and the selected 13 active fire-periods cover about three-quarters (72.5%) of
the total HSs of the study period (300,988).

A simple comparison of height and temperature values in Tables 1 and 2 shows the
fire weather conditions related to RWB. Heights at 500 hPa in Table 2 vary from 5640 to
5780 m, and the average value is 5693 m. The three fires with heights below 5700 m, (9),
(11), and (13), can be considered low-pressure-type fires.

Temperatures at 925 hPa in Table 1 vary from 288◦ to 294◦ K, and the average value
is 292.4◦ K. Temperatures at 925 hPa in Table 2 vary from 287◦ to 291◦ K, and the average
value is 289.0◦ K. The average temperature difference of 3.4◦ K suggests RWB occurred
under relatively warm air conditions.

3.2.3. Annual Fire Trends and Standard Deviation

Figure 3 is prepared to illustrate the contribution of the 13 active fire-periods and fires
related to RWB in Alaska. Figure 3 shows the annual fire history during the 20 years from
2004 to 2023 using MODIS daily hotspots data. The total number of daily HSs of the past
20 year was 300,988. The average number of HSs per year is 15,049, as shown in the
rightmost bar graph in Figure 3. There are six active fire years (2004, 2005, 2009, 2015, 2019,
and 2022) where HS numbers exceed the average value. We call those years “fire year”
when HS numbers exceeded the average value in this paper. The number of hotspots (HSs)
outside of six fire years was smaller, with the largest being 791 in 2013.

Figure 3. Annual number of hotspots (HSs) for the period 2002–2023. (1)–(13): Short name of 13 active
fire-periods. (1) is the short name of (1) 14 Aug.2005 (see Table 1). R: RWB (Rossby Waves Break).
T and R in bar graph are average number of HSs for 13 and 7 active fire-periods, respectively. σ:
standard deviation.

Figure 3 shows all 13 active fire-periods occur only in six fire years. The contribution
of each active fire-period in each fire year is shown using (1) through (13), which are short
names of 13 active fire-periods. It can be seen that most of the fires occurred during active
fire-periods. For example, the total number of HSs in 2004 was 77,220, and the total number
of HSs during the three fire-periods was 71,922, with 93.2% of fires occurring during three
fire-periods of (2), (4), and (13).
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Active fire-periods related to RWB are shown by “R”, which is put after the short name
of active fire-periods such as “(1)R”. The total number of HSs of seven active fire-periods
related to RWB is 164,422. As the total number of HSs is 300,988, approximately half of
fires (54.6%) occurred related to RWB in Alaska. This suggests fire weather conditions
during active fire-periods related to RWB need to be better defined. The total number of
HS during the 13 active fire-periods is 218,16, so the active fire-periods selected cover about
three quarters (72.5%) of the total number of HS (300,988) over the study period.

Figure 3 shows the results of the statistical analysis. Standard deviations for seven
fire years are +3.65σ (2004), +2.99σ (2005), +1.29σ (2009), +1.59σ (2015), +1.37σ (2019), and
+1.13σ (2022). Of note is the standard deviation of fires related to RWBs in 2004 and 2005.
Standard deviations for RWBs ((2R) + (4R)) in 2004 and (1R) in 2005 are about 2σ and 1σ,
respectively. From these high standard deviations, we may say the 2004 and 2005 fires
related to RWBs were extreme events.

3.3. Weather Conditions Related to RWB
3.3.1. Conditions in the First HS Peak (P1)

Figure 4 shows the various fire weather conditions and fire distribution on 10 August
2005, the first fire peak ((1) P1) of the fire-period “(1) 14 Aug.2005”. Figure 4a shows a
weather map at 500 hPa. We could find Rex blocking (H5900 and L5560), large jet stream
meandering shown by the red isoline of 5640 m, local easterly wind flow at the 10 m level,
and an estimated height of 5880 m over central Alaska. Figure 4b is a 10 m wind map
and shows major wind flow and high- and low-pressure systems. High-pressure systems
(H1031) over the Gulf of Alaska supply southerly wind into southwestern Alaska, and local
low-pressure systems (L1023 and L2020) moved from south to northeast. Wind direction over
central Alaska is southerly in western Alaska and westerly in central Alaska. Under these
wind conditions, fires became active, like the satellite image shown in Figure 4c. Figure 4d
is a temperature map at the 925 hPa level and shows warm air masses covering central
Alaska. We call warm air masses continental temperate (cTe) [53] in this paper. The highest
temperature is 294 K. The main conditions mentioned above are summarised in Table 1.

  
(a) (b) 

Figure 4. Cont.



Remote Sens. 2025, 17, 2719 10 of 15

  
(c) (d) 

Figure 4. Various fire weather conditions on 10 August 2005 (the first fire (HS) peak P1 during the
active fire-period “(1) 14 Aug.2005”). (a) Weather map with wind at 500 hPa. The red isoline for
5640 m is thickened to highlight the estimated location of the polar jet stream. The green arrow shows
easterly wind. (b) Weather map with wind at 10 m. The green arrows indicate the respective wind
direction. (c) Worldview image on 10 August 2005. The green arrows indicate the respective wind
direction. (d) Temperature map at 925 hPa. The red number is the temperature over Alaska. The
main conditions for each figure are listed in Table 1.

Weather maps and satellite images for the remaining active fire-periods from (2) to (7)
are shown in Supplementary Material (Figures S1-1, S2-1, S3-1, S4-1, S5-1 and S6-1). Their
main conditions are summarised in Table 1.

3.3.2. Conditions in the Second HS Peak (P2)

Figure 5 shows the various conditions on 14 August 2005, the second fire (HS) peak
((1) P2) of the fire-period “(1) 14 Aug.2005”. Figure 5a shows weather conditions at 500 hPa.
We could find Rex blocking (H5800 and L5560), large jet stream meandering shown by the red
isoline of 5640 m, local easterly wind flow, and an estimated height of 5780 m over central
Alaska. Figure 5b is a 10 m wind map and shows major wind flow and high-pressure
systems (H1030) in the Beaufort Sea, which moved from the south. Movement of high-type
vortex and high-pressure systems from southwest Alaska to the Beaufort Sea is shown by a
red dotted line with arrows. Hourly weather data (wind speed and direction, temperature,
and relative humidity) measured at Caribou Peak, located 40 km north-east of Fairbanks,
showed that a continuous strong easterly wind (average wind speed: about 7 ms−1 without
a large diurnal range) from the Beaufort Sea High (BSH) blew for about 36 h from the
evening before the HS peak day [45]. Fires become active, like shown in the satellite image
in Figure 5c, and make the second fire (HS) peak ((1) P2). The temperature map in Figure 5d
shows warm air masses covering central Alaska. The highest temperature is 294 K. The
main conditions mentioned above are summarised in Table 1.

Weather maps and satellite images for the remaining active fire-periods from (2) to (7)
are shown in Supplementary Material (Figures S1-2, S2-2, S3-2, S4-2, S5-2 and S6-2). Their
main conditions are summarised in Table 1.



Remote Sens. 2025, 17, 2719 11 of 15

  
(a) (b) 

 
(c) (d) 

Figure 5. Various weather and fire conditions on 14 August 2005 (the second fire (HS) peak P2
during the fire-period “(1) 14 Aug.2005”). (a) Weather map with wind at 500 hPa. The red isoline
for 5640 m is thickened to highlight the estimated location of the polar jet stream. The green arrow
shows easterly wind. (b) Weather map with wind at 10 m. The dotted red circle shows fire areas. H is
high-pressure systems and V is high-pressure type vortex. The green arrow shows easterly wind.
(c) Worldview image on 14 August 2005. The green arrows indicate the respective wind direction.
(d) Temperature map at 925 hPa. Red number indicates the maximum temperature. The main
conditions for each figure are listed in Table 1.

4. Discussion
This paper reported that many of Alaska’s wildland fires occur under fire weather

conditions related to Rossby Wave Breaking (RWB). We already reported active fires in 2004
and 2005 occurred related to RWB. However, there are few research reports on weather
conditions during RWB-related fires and the frequency of RWBs. Therefore, in this study,
we used hotspot (HS) data (total number of HSs = 300,988) from satellite observations over
the past 20 years since 2004 to extract active fire-periods and examined the fire weather
during those periods using various weather maps.

Major analysis results are summarized in the below.
Contribution of RWBs to all fires in Alaska:
Analysis results show that there are 13 active fire-periods of which seven active

fire-periods are related to RWB. The total number of HSs during the seven RWB-related
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fire-periods was 164,422, indicating that about half (54.6%) of the recent fires in Alaska
occurred under fire weather conditions related to RWB.

The frequency of RWB-related fires:
The frequency of fires associated with RWBs was about once every three years

(2.86 = 20 years/7 fire-periods) on a simple average calculation. From Figure 3, it can
be seen that the intervals between fire years related to RWBs are 3 years, 5 years, and
3 years from 2005 to 2019, respectively, which indicates that the occurrence frequency is not
so low. However, to determine the frequency of occurrence, a long-term analysis looking
back at past fires is needed.

Height (atmospheric pressure) over Central Alaska:
Table 1 shows the height at 500 hpa varied from 5880 m at its highest to 5610 m at

its lowest; there was a significant difference of 270 m. This large difference suggests that
there are two types of fires related to RWB: high-pressure type and low-pressure type.
High-pressure-type active fires have occurred at altitudes above 5800 m, such as (1) P1 in
2005 and (4) P1 in 2004. Low-pressure-type active fires have occurred at altitudes below
5700 m, such as (3) P1 in 2015 and (7) P1 in 2019. These two types of RWB have also been
observed in the northern regions of Eastern Siberia [40].

Type of blocking and its position:
Three types of blocking (Rex and Ω-blocking, ridge [52]) were formed over Alaska

(see Table 1 and Figures 4a and 5a, Supplementary Figures S1-1a, S1-2a, S2-1a, S2-2a,
S3-1a, S3-2a, S4-1a, S4-2a, S5-1a, S5-2a, S6-1a and S6-2a). Under this blocking, strong wind
conditions were made and movement of the high-pressure system occurred. Western North
America was impacted by a highly anomalous meteorological event related to RWB [41].
Their Rex blocking occurred over the eastern Pacific Ocean, far from the North American
land area. In comparison, the downward warm and dry flows from high-pressure systems
over Alaska may intensify the combustion process and favor the fire propagation.

The role of wind (direction change):
Fires tend to become more active with changes in wind direction and faster wind

speeds. Fire activation due to changes in wind direction is a well-known tendency at
fire sites [42] and is well documented in fire cases associated with the passage of a cold
front [35]. This paper showed that different wind directions were blowing on the two HS
peak days. Wind direction of the 7 fire-periods changed from westerly to easterly (see
Table 1 and Figure 4b,c and Figure 5b,c, Supplementary Figures S1-1b,c, S1-2b,c, S2-1b,c,
S2-2b,c, S3-1b,c, S3-2b,c, S4-1b,c, S4-2b,c, S5-1b,c, S5-2b,c, S6-1b,c and S6-2b,c).

The role of wind (wind speed):
Strong winds at P1 and P2 of the seven fire-periods, the easterly winds at P2 were

from the Beaufort Sea High (BSH). The distinctive feature of this wind is that it blows
continuously day and night. With strong winds from BSH, the number of HSs in P2 was
larger than in P1, with one exception ((3) 25 June.2015, see Table 1 and Figure 5b). The
duration times of wind speeds of 5 ms−1 or more of three fire-periods ((1)14 Aug,2005, (2)29
Jun.2004, and (4)20 Aug.2004)) were about 36 h, about 60 h, and about 60 h, respectively.
Their average wind speeds were from 6 to 7 ms−1.

5. Conclusions
This study focused on synoptic-scale fire weather conditions during 13 active fire-

periods in Alaska over the two decades since 2004. In particular, the analysis focused on
7 active fire-periods related to Rossby waves breaking (RWB). The analysis results showed
the contribution of RWB-related fires to all fires in Alaska, the frequency of RWB-related
fires, the relationship between mid-level air pressure and fire, and the effect of low-level
winds on fire.
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The major results are summarized as follows:

(1) The contribution of RWBs to all fires in Alaska is significant, with about half (54.6%)
of recent fires in Alaska occurring under RWB-related fire weather conditions.

(2) The frequency of fires related to RWBs was about once every three years (2.86 = 20 years/7
fire-periods) on a simple average calculation.

(3) The average height (atmospheric pressure) values over Alaska of active fire peaks of P1
and P2 at middle-level (500 hPa) were 5757 and 5786 m, respectively. The downward
dry and warm flows from high-pressure systems could activate the fires.

(4) The change in wind direction during the RWB-related fires is thought to be one of the
factors that contributed to the spread of the fire.

(5) Strong winds blowing day and night from the Beaufort Sea High (BSH) will be the
most important factor, as they may intensify the combustion process and favor the fire
propagation.

Finally, this paper reported that active fires related to RWBs occur every few years.
Based on the results of this study, it is expected that further research will be conducted to
clarify the relationship between lightning, rainfall, fuel, etc., and RWB-related fires.

Supplementary Materials: The following supporting information can be downloaded at: https://
hhaya05.wixsite.com/photographers-portfo/blank-cee5. Supplement pdf contains Figures for 3.3.
Weather Conditions Related to RWB.
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