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ABSTRACT
Severe lightning flashes, 120,000 a year or four times more than in the average year, started
around 300 fires in each of the three years of 2004, 2005, and 2007 but the burnt area of
each year differed considerably. The burnt areas in 2004 and 2005 were the largest and
the third largest in the last 55 years (1956-2010), respectively; the burnt area in 2007 was
smaller than the average 3,541 km’. Overall, a comprehensive understanding of active forest
fires in severe lightning years in Alaska was achieved based on various fire characteristics
including the newly introduced “number of live fires” and “daily fire activity by hotspots”
from NASA. These fire characteristics established the fact that severe lightning ignited
Alaska’s forests in June and July, and that most of the large fires in 2004 and 2005 started
and lasted until August. Large numbers of live fires became active during drought and high-
air-temperature conditions, which increased the burnt area in 2004. In 2005, continuous
precipitation started from June but a large burnt area was also created by a very active

forest fire period in August. The burnt area in 2007 was not so large due to continuous

precipitation from the beginning of June.
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1. Introduction

Recent research on boreal forest fires including those
in Alaska is now being carried out for a number of
reasons such as “emission of global warming gases”
and the “fire return interval.” In Alaska, recent active
forest fires occurred since around 1990 suggesting a
short “fire return interval.” This fire trend in Alaska
appears to contradict recent research results for cen-
tral Russia and other arcas (Wallenius et al., 2011;
Flannigan et al., 2005). The authors are now trying to
substantiate this by analyzing forest fire activity and

lightning occurrence in Alaska.
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Although lightning plays a very important role in for-
est fires as a natural igniter, there have been only few
studies associating lightning strikes with fire starts
(Fuquay et al., 1972; Wierzchowski et al., 2002; Lar-
javaara et al., 2005). Wildfires are a major disturbance
in interior Alaska, and ecological processes such as
post-fire succession, carbon cycling, and permafrost
degradation can be dramatically changed directly and
indirectly by fires (Johnstone and Chapin, 2006; Kane
et al., 2007; Johnstone et al., 2008; O’Donnell et al.,
2009). Morris (1934) and Barrows (1954) studied the
relationship between thunderstorm days and lightning
fires in northwest US and the Rocky Mountains. The
authors have studied the weather conditions of anom-
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alous lightning occurrences in 2005 in Alaska and
proposed a lightning forecasting method for Alaska
using various weather indices (Farukh, Hayasaka,
and Kimura, 2011a,b). Price and Rind (1991, 1994)
analyzed a global climate model and found that, in as-
sociation with an increased global air temperature of
4°C, global mean lightning activity increased by 26%,
and would ignite 44% more fires and burn a 78%
wider area than under current conditions.

Recent active fire trends in Alaska may be due to so-
called global warming as global climate change mod-
els predict warmer, longer, and drier summers (Soja
et al., 2007) leading to greater fire occurrence and
severity (Flannigan et al., 1998; 2000; Gillett et al.,
2004; Kasischke and Turetsky, 2006) and a significant
change in carbon storage and emissions (Kasischke
et al., 2002; Tan et al., 2007). Sandberg et al. (2002)
reported that on average, Alaska contributes around
41% of the USA carbon emissions from wildland
fires. During the summer, the risk of fire in this region
is high due to the relatively small amount of precipi-
tation (Kasischke, 2000). Campbell and Flannigan
(2000) reported that the recent trend towards warmer
and drier summers is expected to increase the number
and size of boreal forest fires. Stevens and Dallison
(2005) suggested that recent climate changes in boreal
forests could substantially impact the number and size
of wildfires in Alaska. Hess et al. (2001) investigated
the influence of El Niflo weather events on fires and
concluded that many of the large fire years occurred
just after a warm ENSO episode. The patterns of large
fires over the last 50 years in Alaska have been stud-
ied by Kasischke et al. (2002) by analyzing the Large
Fire Database (LFDB) and other information.

One of the purposes of this paper is to explain the
severe forest fires by lightning in 2004 and 2005 that
consumed 10% of the forest area of Alaska. A large
number of lightning flashes also occurred in 2007 but
the burnt area was only one-tenth that of 2004. This
may imply that forest fire activity in Alaska is strong-
ly dependent on weather conditions. In this paper, the
activities of about 300 forest fires in 2004, 2005, and
2007 occurring as a result of around 120,000 light-
ning flashes in those years are discussed using various
fire characteristics such as fire distribution, fire size,
fire duration, fire detection, and number of live fires
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extracted from fire data by NASA and the AFS (Alaska
Fire Service). The effects of weather condition on fire
activity are also examined by comparing hotspot data
with daily precipitation and air temperature data.

2. Data and Methods

2.1 Lightning Data

Daily lightning data from 1986 to 2010 were obtained
from the Alaska Interagency Coordination Center
(AICC, 2011), Bureau of Land Management, and
Alaska Fire Service (AFS, 2011) with data missing
for 1987 and 1989. The data from AFS include the
coordinates, dates, times, signal strength, polarity, etc.
for each lightning flash, and are detected over larger
areas from the Bering Strait to the Canadian moun-
tainous areas (135°W to 179°W longitude), and from
the tundra in the Arctic region to the forest areas on
the southeast coast (70°N to 50°N latitude). There are
nine lightning detection sensors working in Alaska,
and the system was upgraded in 2000. This lightning
detection system had a positional accuracy of 2~4
km and a detection efficiency of 40~80% up to 1999
(Dissing and Verbyla, 2003). The detection accuracy
and efficiency increased to 0.5~2 km and 80~90%,
respectively, from 2000.

2.2 Fire Data (AFS data and MODIS hotspot data)
Fire and areca burnt history data from 1956 to 2010
were provided by the University of Alaska Fairbanks
(UAF) and Alaska Fire Service (AFS). The data in-
cluded fire information regarding location, detection
date, out date, size (final burnt area), cause, and oth-
ers. The data were divided into human-caused fires,
lightning-caused fires, and other fires.

Moderate Resolution Imaging Spectroradiometer
(MODIS) hotspot data were obtained using software
developed by NASA based on the NASA ATBD-
MOD 14 algorithm (Giglio et al., 2003) where MO-
DIS WGS-84 geographic projection (the “latitude/
longitude projection”) data were used as input. Each
MODIS dataset represents active fire data (NASA,
2002) of the area of interest, i.e., Alaska. The data
may include fire detection from MODAPS, the defini-
tive version of Collection 5 (version 5.1), and from
MODIS Rapid Response [MRR] (version 5.0). The
active fire products of MODIS obtained from the Web
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Fire Mapper (Justice et al., 2002) also clearly depict
and describe hotspot occurrence in Alaska. The recent
daily hotspot data from January 2000 to December
2010 were processed and analyzed to determine fire
occurrence tendencies. Various satellite images ac-
quired by Terra and Aqua (NASA: MODIS Rapid
Response System, 2011) from the Aeronet Bonanza
subset of North America were comprehensively vi-
sualized to compare fire locations with hotspots, and
sometimes to obtain information on wind directions.
ArcView 3.3 and CAD (VectorWorks, 2010) software
were used for accurate plotting of the hotspots on a
digital map of Alaska.

2.3 Weather Data

Weather data from Fairbanks Airport were chosen
as those typical of Alaskan weather because it may
be expected to be the most reliable and has been
available for the longest period. Weather data were
obtained from the Alaska Climate Research Center,
Fairbanks (2011) and the summary of day data of the
National Climatic Data Center (2011), and these data
were analyzed. The weather components considered
were average and maximum air temperatures, sea
level pressure, wind speed and direction, and precipi-
tation. In this paper, the weather data from 1990 to
2010 for Fairbanks were mainly used due to unavail-
ability of “daily” data before this period.

3. Lightning Trend and Wildland Fire in Alaska

A time series of the total number of yearly (May to
August) lightning flashes from 1986 to 2010 (except
1987 and 1989 due to missing data) from north lati-
tudes 62° to 68.5° and west longitudes 141° to 163° is
shown in Figure 1. The recent years of 2004, 2005,
and 2007 were all extreme in terms of total annual
lightning flash numbers within this area. There is
about a fourfold difference between these anomalous
lightning numbers of around 120,000 each year and
average lightning number of around 31,000. Com-
pared to 2005, the largest contrast in the annual light-
ning flash count was found in 1996 with only around
13,000 annual flashes.

The monthly lightning occurrence is also shown in
Figure 1 with different patterns for May, June, July,
and August. As 90% of all lightning flashes occur in
June and July, most lightning-caused forest fires in
Alaska tend to start in these two months, which is evi-
dent from the accumulated curves for the number of
fires for 2004, 2005, and 2007 in Figure 6. The num-
bers at the top of the several bars show the rank of
the burnt area: 2004 was the largest fire year by burnt
area, 2005 was the third largest, and 2007 was the
twenty-first largest, though all these three years ex-
perienced very similar numbers of lightning flashes.
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Fig. 1. Yearly and monthly number of lightning flashes in Alaska from 1986 to 2010
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This may imply that the burnt area of each year may
be mainly influenced by weather conditions after the
fire has started. Overall, lightning-caused forest fires
are responsible for more than 90% of the annual burnt
area in Alaska (Shulski et al., 2005).

Alaska’s forest fire distribution by using wildland fire
history data from 1956 to 2010 provided by the UAF
and AFS is shown in Figure 2. In Figure 2, the burnt
area due to human-caused fire was not very large
except in 1969 and 1980. The difference between the
human- and lightning-caused burnt area bars clearly
indicates that wildland burnt areas are mainly caused
by lightning.

In the last 55 years, the average area burnt by light-
ning-caused fires was calculated to be 3,541 km’.
Recently, large forest fires occurred consecutively in
2004 and 2005. The burnt areas were 26,591 km® in
2004 and 18,822 km” in 2005, the largest and third
largest, respectively, since 1956. Alaska lost 10% of
its total boreal forest in these two consecutive years.
The burnt area for 2007, the third most severe light-
ning year discussed here, was only 2,389 km’. The
standard deviations in burnt area (cw.) for these three
years were 4.15 ov. for 2004, 2.8 ov, for 2005, and
-0.21 ov. for 2007. Large values of 4.15 for 2004 and
2.8 for 2005 may partly be due to the recent trend in
boreal forest fires (Wallenius et al., 2011; Flannigan

an

900

etal., 2005).

4. Forest Fire Occurrences in Severe Lightning
Years (2004, 2005, and 2007)

4.1 Fire Distribution and Fire Size

Lightning-caused forest fire distribution maps of
2004, 2005, and 2007 are shown in Figure 3, which
also includes tundra fires of 2007. Each fire location
in this figure is shown by a black dot. The number of
lightning-caused fires was 257, 326, and 259 in 2004,
2005, and 2007, respectively. In addition, circles with
different diameters are used to show the size and lo-
cation of large fires. The diameter of each circle for
large fires was determined by considering the final
burnt area although it does not show the actual fire

size.

In this paper, “very large,” “large,” and “small” are
used to distinguish fires by size of burnt area. “Very
large” is used for fires with a burnt area of more than
1,000 km®, “large” means a burnt area of more than
500 km?, and “small” is for burnt areas of less than
500 km®. The fire size distributions for 2004, 2005,
and 2007 are shown in Figure 4.

Figure 3 shows that most of the fires in 2004, 2005,
and 2007 were confined mainly to the center of
Alaska, or that fires were distributed uniformly in the
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Fig. 2. Burnt area distribution in Alaska from 1956 to 2010
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Fig. 3. Fire distribution maps for 2004, 2005, and 2007
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Fig. 4. Fire size distributions in 2004, 2005, and 2007

boreal forest areas of interior Alaska or south of the
Brooks Range and north of the Alaska Range. Fires
in the northern areas and near the coast were mainly
tundra fires. The fire distribution map of 2004 (Figure
3) clearly shows several very large fires that occurred
concentrically in the eastern part of interior Alaska.
None of such large fires occurred in 2005 and 2007,
and the fire year 2004 could be termed a “very large
fire year.” In 2005, fires were distributed uniformly
in interior Alaska and the fire sizes were restricted to
areas smaller than 1,000 km’. Thus, fire year 2005
could be termed a “large fire year.” The fires in 2007
were also distributed uniformly all over Alaska (Fig-

ure 3) except on the northern slope of the Brooks
Range, near Fairbanks, and near Anchorage. We may
call the fire year 2007 a “small fire year.”

4.2 Fire Starting Date and Fire Duration

General information on fire sizes, burnt areas, and fire
durations is summarized in Table 1. The fire dura-
tions were calculated by the following equation:

Fire duration = Fire out date
— Fire discovery date +1

where “fire discovery date” and “fire out date” were
derived from the AFS fire data.
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Table 1: Fire size and fire duration in 2004, 2005, and

2007
2004 | 2005 | 2007
Number of very large fires (>1,000 km?) 9 0 1
Number of large fires (500~1,000 km?) 8 12 0
Number of small fires (<500 km?) 240 314 258
Total number of lightning-caused fires 257 326 259
Average burnt area (km®) 103 58 9
Total burnt area (kmz) 26,591 | 18,822 | 2,389
Average fire duration (days) 38 32 20
Maximum fire duartion (days) 159 146 157
Average fire starting date (DN) 170 175 168

Table 2 lists the ten largest fires of 2004, 2005, and
2007 with the burnt areas, fire starting dates, and fire
durations. There was a total of 257 fires in 2004 (Table
1), and 17 large fires (burnt area > 500 km’) were
responsible for 76.5% of the total burnt area in 2004
(26,591 km’). The total burnt area of nine very large
fires (burnt area > 1,000 km®) corresponded to 53.6%
of the total. The reason for the high contribution of
fires with large burnt areas may be explained by the
starting dates and the long duration of these fires. The
average duration of all 2004 fires was 38 days (Table
1), while the mean fire duration of the ten largest fires
was 133 days, more than four months (Table 2). The
nine very large fires started mainly in the middle of
June and lasted longer, and the largest fire (a bound-
ary fire) in 2004 started on June 12 and lasted 159
days.

Among the 326 fires in 2005, the number of large
fires (burnt area > 500 km®) was 12, which cor-
responded to 48.1% of the total burnt area (18,822
km?®). The average fire duration of all 2005 fires was

32 days (Table 1) with the mean fire duration of the
ten largest fires being 92 days or about three months
(Table 2). These durations are shorter than the fires
of 2004 but longer than those of 2007. The 2005 fire
starting dates (Table 2) show that three large fires
started in the middle and the end of July. The duration
of these fires was from 63 to 68 days, and these late
July fires may have increased the burnt area of 2005
in August.

In 2007, 259 fires occurred and the total burnt area
was 2,389 km’; there was only one large fire, a tundra
fire (Anaktuvuk River fire, observed on July 16, with
a burnt area of 1,039 km’). The burnt areas of the re-
maining 258 fires in 2007 were all smaller than 162
km®. Small fires in 2007 lasted 20 days on average
while the ten largest fires lasted longer, 82 days. This
was largely because some of the fires in 2007 started
early or from April and May (Table 2). This situation
implies that some of the fires in less active fire years
could last longer and become larger under certain

weather conditions.

4.3 Number of Live Fires

In this paper, the term “live fire” is used to explain
the overall “active fire” situation in 2004, 2005, and
2007. Live fire was calculated using the “fire discov-
ery date” and the “fire out date” as determined by
the AFS data, and the number of daily live fires was
summed up; the trend in the number of daily live fires

for each year is shown in Figure 5.

In 2004, the number of live fires increased from the
beginning of June and reached 100 at the end of July.

Table 2: Ten largest fires in 2004, 2005, and 2007

2004 2005 2007
Fire Rank | Burntarea  Firestarting Fire duration| Burntarea  Firestarting Fire duration| Burntarea  Fire starting Fire duration
(km’) date (DN) (days) (km’) date (DN) (days) (km’) date (DN) (days)
1 2176 12 Jun (164) 159 990 13 Jun (164) 104 1039 16 Jul (197) 85
2 1956 6 Jul (188) 104 958 19 Jul (200) 68 161 5 Jul (186) 87
3 1878 17 Jun (169) 144 938 16 Jun (167) 105 135 28 Apr (118) 157
4 1699 12 Jun (164) 131 785 25 Jul (206) 66 89 6 Jun (157) 100
5 1635 15 Jun (167) 125 783 11 Jun (162) 110 87 23 May (143) 128
6 1395 15 Jun (167) 125 775 24 Jul (205) 63 85 9 Jul (190) 20
7 1296 14 Jun (166) 147 773 16 Jun (167) 77 77 18 Jun (169) 84
8 1152 20 Jun (172) 141 697 30 May (150) 122 73 22 May (142) 29
9 1076 28 Jun (180) 125 674 20 Jun (171) 97 72 8 Jul (189) 94
10 987 14 Jun (166) 126 625 11 Jun (162) 106 40 9 Jul (190) 39
Average 1525 18 Jun (170) 133 800 24 Jun (175) 92 186 17 Jun (168) 82
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In 2005, the largest number of daily live fires among
three years, 125 fires, was observed at the end of
June. After the end of June, the number of live fires
decreased to 65. But in August, the number of live
fires was almost constant, about 100. In 2007, the de-
creasing trend in the number of live fires started just
after the number of fires reached 100, and the number
of live fires decreased to 20 at the end of August. Fi-
nally, the duration of the periods with large numbers
of live fires, i.e., more than 60 consecutive live fires,
must be noted: about 90 days in 2004, about 100 days
in 2005, and 25 days in 2007. These differences could
explain the differences in the total final burnt area of
each year.

4.4 Lightning and Fire Occurrences

Figure 6 shows the daily occurrences of lightning
(from the upper x-axis) and fires (from the lower x-
axis) from May to August in 2004, 2005, and 2007.
The two line curves from the upper and lower x-axes
represent the accumulated number of lightning flashes
and fires detected by AFS, respectively.

Figure 6 shows that the number of fires in 2004,
2005, and 2007 closely coincided with the lightning
occurrence tendencies. But several different char-
acteristics of the lightning and fire occurrences are
also notable in this figure, such as at the third peak
of lightning at the beginning of July in 2004, and at
the third and fourth peak of lightning in the middle

‘ 2‘1b

Aug 240 Sep 270 Oct 300

Day number

Fig. 5. Number of live fires in 2004, 2005, and 2007
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of July in 2005. These discrepancies arise due to the
different detection systems for lightning and fires, as
well as to the so-called time lags mainly due to the
schedules of survey flights by AFS and holdover fires
(Hayasaka and Lynch, 2001).

The situation around lightning and fire occurrences
may be understood by considering the gradient of the
line curves for the accumulated number of lightning
flashes and fires in Figure 6. Steep and large gradi-
ents of the curves show a “peak” and a “most intense
period” for lightning and fire occurrences, with low
and zero gradients of the curves suggesting no or few
occurrences of lightning and fires.

The accumulated curve for lightning shows four ma-
jor lightning peaks in 2004. Two major peaks and one
continuous period of lightning in July are shown by
the curve for 2005. One continuous active lightning
period occurred in July of 2007. Under the different
lightning occurrence patterns in these three years, the
accumulated AFS fire curves showed different fire oc-
currence patterns. There is one sharp fire peak in the
middle of June in both 2004 and 2005, but only one
small peak in 2007. Fire occurrence in the middle of
June is one of the major fire characteristics in Alaska.
In 2004, the one fire peak in June corresponds to the
second lightning peak, and the number of fires contin-
uously increased until the third fire peak in the middle
of July. In 2005, the one sharp fire peak corresponded
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to the first sharp peak of lightning, and fires occurred
continuously until the beginning of August. In 2007,
the occurrence of fires started from the beginning of
June and lasted until the middle of July following a
very similar fire occurrence rate as in the other two

years.

4.5 Onset of Large Fires and Final Burnt Area

To show the behavior of each individual fire, an
evaluation of the burnt areas was carried out by sum-
ming up the final burnt area of each fire for the same
fire detection date. The accumulated burnt area for the
same fire detection date was calculated by the follow-
ing equation:

(Accumulated burnt area) py = ZFBA DN, i
i=1
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where DN is the “specified day number,” FBA is the
“final burnt area,” and n is the number of fires de-
tected on the same DN.

The bars from the lower x-axis in Figure 7 represent
daily burnt areas and show when the larger fires oc-
curred. But with only this bar graph, it was not pos-
sible to identify the severity of the fires i.e., fire ex-
pansion, final burnt area, and overall fire activities. To
compensate for this, an accumulated curve (line curve
from the lower x-axis) for the percentage of the total
burnt area was added to Figure 7. The steep gradient
of this curve could show the tendency of severe fire
occurrence in each year.

In 2004, one very severe fire occurred in the middle
of June and the percentage of accumulated burnt area
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reached 50%. A severe fire was also found in the
middle of June 2005. But after reaching 50%, two dif-
ferent fire patterns for both of the years were found.
In 2004, the percentage of accumulated burnt area
reached 90% at the beginning of July but this percent-
age (90%) was reached at the beginning of August in
2005. This implies that severe fires occurred concen-
trically from the middle of June to the beginning of
July in 2004. But there were two severe fire periods
in 2005: in the middle of June and at the end of July.
In 2007, some small fires occurred at the beginning
of July and the percentage of accumulated burnt area
reached 90% just after a severe fire in the middle of

July.

Finally, it is necessary to bear in mind that the above
severe fire occurrence trends only interpret large fire
occurrences, and are not directly related to fire activi-
ties or fire propagation after ignition by lightning.
This suggests that assistance from other data such as
daily hotspot data and weather data is needed so as to
evaluate the fire activities of each year.

4.6 Fire Activity and Weather

Daily hotspot data from NASA-MODIS are used
here to evaluate fire activity and its interaction with
weather conditions like precipitation and air tempera-
ture. For this purpose, weather data of the Fairbanks
station could not explain all Alaskan weather changes
but could be used as a weather indicator representa-

tive of weather conditions in the interior of Alaska.

(VIII)

4.6.1 Fire Activation by Drought and Precipitation

The accumulated precipitation for 2004, 2005, and
2007 (dotted curve), and the average accumulated
precipitation for 1990 to 2010 (solid curve), with bars
for the number of daily hotspots from May to August
are shown in Figure 8. The standard deviations (+1
o and -1 oy) for the average accumulated precipi-
tation with the o, values for 2004, 2005, and 2007
are shown on the y-axis for each year. The gradient
(dashed line) of the accumulated precipitation curves
in Figure 8 expresses the overall precipitation pat-
tern. Where the gradient is flat or zero, it shows the
occurrence of a rainless day or drought. The average
accumulated precipitation curve in Figure 8 shows a
constant gradient from the beginning of June to the
end of August, and the average precipitation rate dur-
ing the fire season (May to August) is about 1.5 mm/
day in Alaska. The total accumulated precipitation
in 2004, 2005, and 2007 was 114 mm (-0.86 &,), 223
mm (1.13 6,), and 195 mm (0.63 o;), respectively.

There were three distinct periods and peaks of daily
hotspots in 2004 (bars in Figure 8), and they occurred
during the two drought periods. This result sug-
gests that the fires in 2004 became active in the two
drought periods, the one drought period being in June
and July and the other being in August. The fires oc-
curring from the beginning of June were not so active

due to precipitation from the middle of May 2004.

The largest peak in the number of daily hotspots in
2004, 2005, and 2007 occurred in the middle of Au-
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Fig. 8. Accumulated precipitation and daily hotspots (fires) in 2004, 2005, and 2007
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gust 2005 (Figure 8). This active fire period occurred
due to drought from the middle of July. Other fires in
June and July 2005 may have been suppressed by the
continuous precipitation that started from the middle
of May. The precipitation rate from the middle of
May to the middle of July 2005 was 3.5 mm/day, and

this was around twice the average.

There was no noticeable hotspot peak in 2007. This
may be explained by different lightning occurrence
tendencies in 2004, 2005, and 2007 found in Figures
6 & 7. Active lightning occurrences in the middle of
June in 2004 and 2005 left fatal fires in number and
burnt area as shown in Figures 6 & 7. On the other
hand, a small but notable lightning occurrence could
be found in the middle of June in 2007. Active light-
ning occurrence in 2004 and 2005 could be partially
explained by the high maximum air temperature in
Figure 9. Other weather factors related to active light-
ning occurrence in Alaska have already been clarified
by the authors (Farukh, Hayasaka, Kimura, 2011a,b).

4.6.2 Fire Activity and Air Temperature

To evaluate the effect of the “maximum air tempera-
ture” (Tmax) on fire activity, the daily Tmax change
along with hotspots is shown in Figure 9 for each
of the years 2004, 2005, and 2007. In this figure, the
average Tmax is shown by the thick solid line curve
and the other two line curves (shown by dotted lines)
are for the standard deviations (+1 o and -1 o).
The monthly averages of Tmax for each year are also

shown, by heavy dotted horizontal lines.

Figure 9 shows that most of the hotspot periods in
2004 and 2005 coincided with higher-Tmax periods and
days. The Tmax of most of these days exceeded 30°C.
In addition, a few hotspot peaks like at the end of
June and the middle of August 2004 and the middle of
August 2005 occurred at the final stage of the higher-
Tmax periods, when the temperatures exceeded +1 o..
These trends support the idea that forest fires become
active during high-temperature periods with rainless
or drought conditions.

Table 3: Factors for the normalized standard deviation
(ot) of each monthin 2004, 2005, and 2007

May June July  August
2004 0.18 2.20 0.54 1.94
2005 1.13 0.00 -0.36 0.29
2007 0.11 0.24 0.51 1.31
*Ave. Tmax (°C) 16.4 22.1 22.7 18.9
1 0. 2.50 1.39 1.77 1.95

*Average in the period from 1990 to 2010

The effect of Tmax on the fire behavior of each year
is shown in Table 3. Due to the large fluctuations in
daily temperature, normalized standard deviations of
monthly average temperatures are used here. Table 3
shows that the temperatures in June and August 2004
were significantly higher (+2.20 o; and +1.94 o, re-
spectively) than the average. These high temperatures
could be one of the causes of the largest fire occur-
rences in 2004. Although the monthly temperature of
August 2005 was not very much higher (+0.29 o), the
temperatures at the beginning of August were signifi-
cantly higher (Figure 9). These results suggest that air

2004
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Average Tp,.x

Hotspots

T 4,000

1 3,500
i 3,000
R

4 2,500

T 2,000

Number of hotspots
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T 500

175
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2007

205
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Fig. 9. Daily maximum air temperature (Tmax) and hotspots (fires) in 2004, 2005, and 2007
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temperature is also a key factor in active forest fires
in Alaska.

4.7 Summary of Fire Characteristics

A number of fire characteristics together with fire and
lightning occurrences are listed in Table 4. In this
table, several kinds of downward arrow marks for
lightning and precipitation, and upward arrow marks
for fire numbers and areas, hotspots, and drought, are
used. The arrow sizes express the severity, and the
percentages show the accumulated value of listed fire

characteristics at that time point.

In Table 4, 50% of lightning tended to occur before
the beginning of July for all the years (shown by
“150%”), and about 70% of the fires in 2004 and
2005 had already started before the beginning of July
(Figure 6). This situation would occur due to differ-
ences in precipitation pattern and moisture condition
of the forest floor. Thus, fires starting before the be-
ginning of July could possibly remain active if they
are surrounded by enough fuel, and the duration of
some of these fires is more than 100 days (Table 2).

The arrows for the “accumulated final burnt area”
(AFBA) in Table 4 show the approximate date of fire
starting as well as the date of severe fires for 2004,
2005, and 2007. The AFBA clearly shows that severe
fires started mainly in June and July in the case of
2004 (Table 4 & Figure 7). The hotspot numbers
suggest severe fires in 2005 starting in June and July
as well as in August. Fires in 2004 became active in
three major fire periods: at the end of June, the middle
of July, and August (Table 4 & Figure 8). The most
severe fire activity occurred in the middle of August
2005, and there was only small fire activity in 2007.
The occurrence of two long drought periods (Table 4)
of more than 30 days in 2004 may have assisted fire
expansion. The considerably high temperature (Tmax =
+2.20 o, Figure 9 & Table 3) in June 2004 may have
been a factor in the active fires. The total precipita-
tion from May to August 2005 was larger than aver-
age (+1.13 o) but more than 100 live fires became
very active during the long drought from the middle
of July. In August 2007, the temperatures were high
(+1.31 o) but fires were not active due to the continu-
ous precipitation from the beginning of June.

Table 4: Fire and lightning occurrences, and fire characteristics in 2004, 2005, and 2007

Month June Jul August
Year <— —><— y 9 Remarks
DN 150 160 170 180 190 200 210 220 230 240
Lightning 1 1 [ 150% 1 190% 1 1 ! 4 major peaks
Fire (num.) t Ts0% t 470% N 190% 1 major peak
Fire (area) 1 major peak
AFBA Tsow b trow Mooy 1 small peak
< 3 major peaks
S Hotspot t T t 1 t t t T 3 major periods
N Number of
live fires 10 30 50 50 65 100 90 90 85 80
Precipitation [ I 114 mm (-0.860,)
Drought T T T T T T T T 2periods
Tmax (SD) +2.200¢ +0.540¢ +1.940;
Lightning 150% ! 190% |, NE 2 major peaks
Fire (num.) T $50%  470% 4 190% 1 1 major peak
Fire (area) 1 major peak
AFBA TSO% T 1 1 /1\70% /1\90% 1 small peak
0w 2 major peaks
S Hotspot t t t t t T T t 2 major periods
N
Number of 10 50 90 110 105 80 105 105 105 90
live fires
Precipitation ! 1 1 [} 223 mm (+1.130;)
Drought 4 T T T T T T 1 period
Trmax (SD) 0.000¢ -0.360¢ +0.290¢
Lightning 1 ) il »LSO% \L l 190% v N2 1 continuous peak
Fire (num.) t 4 N $50% $70%  490% 1 peak
ZE(:\BI(Aarea) t 50-90% 2 small peaks
'é Hotspot t
& Numberof 10 20 3 60 8 8 60 30 25 25
live fires
Precipitation 1 [ ! 1 1 [l [l 195 mm (+0.630,)
Drought t t t t t t
Tmax (SD) +0.240¢ +0.510¢ +1.310¢

Explanation of arrow markings:
v v used for lightning and precipitation,

T A A used for fire number, fire area (AFBA), hotspots, and

drought, and arrangement of arrows from left to right indicates the severity from high to low.
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5. Conclusions

Severe lightning flashes, 120,000 a year or more than
four times the annual average, started around 300
fires in each year of 2004, 2005, and 2007. Several
fire characteristics introduced by the authors such as
fire duration, accumulated final burnt area (AFBA),
and number of live fires were found to be effective in
explaining forest fire activity in Alaska. Discussion
focusing on the various fire characteristics may reach
the following conclusions or causes of forest fires in
each of the years surveyed.

1. The 2004 forest fires left the historically largest
annual burnt area in Alaska mainly due to severe
fire occurrence under drought (-0.86 o) and high-
air-temperature (+2.20 o) conditions in June.
Three active fire periods in June, July, and August
also triggered the largest burnt area under drought
conditions, with a large number of live fires (> 80)
in August.

2. The forest fires of 2005 were characterized by se-
vere fire occurrence in June, July, and August. The
most active fire period in August started in July
under drought with a large numbers of live fires (>
100) despite the relatively heavy precipitation from
May to the beginning of July (+1.13 o,). These
conditions resulted in the third-largest annual burnt
area.

3. The 2007 forest fires left the twenty-first-largest
annual burnt area with no severe fire occurrence
under non-active lightning conditions in June, and
limited fire occurrence under severe lightning and
precipitation (+0.63 o,) in July. Although there was
one very large tundra fire, there were no August
fires even with drought and high-air-temperature
conditions (+1.31 o).

Finally, it could be concluded that severe fires in

Alaska tend to occur from the middle of June to the

beginning of July, and that these severe fires could be-

come active even in August under drought and high-

air-temperature conditions.
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