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Wildfires are a natural part of the boreal forest* GLOSSARY
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However, in recent years, the fires seem to be more .
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Observatory). This led to an extreme fire season in rest of the world. This
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THE EVENT: Above average amount of wildfires in the summer 2019

c It is not unusual for the state of Alaska to experience wildfires, as they are a natural part of
the boreal forest ecosystem. However, in July and August 2019, the number of fires burning

Fire Weather Index (FWI): i, Alaska was much higher than average, and the burnt area was very large. This was

A meteorologically based  reflected in the Fire Weather Index (FWIF. Anomalous high conditions of FWI were present
index used worldwide to
estimate fire danger. It
consists of different
components that account
for the effects of fuel January February March April
moisture (obtained from N °
precipitation) and the a5t =%,
drying rate (computed 50N -

from temperature, st

humidity, wind speed and
time of year) on fire ]
behaviour and spread. .
The higher the FWl is, the
more favorable the :
meteorological conditions -
to trigger a wildfire are. It September October November December
is used widely in Canada Gy Lo
and Alaska, as it has been 65°N
developed for 60N -

over Alaska in the period April-September. Fire danger was particularly high in the south
coast of Alaska during July and August (Fig. 1).
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Fig.1. Fire Weather Index for Alaska in 2019. Source: Fire danger indices historical data from the
Copernicus Emergency Management Service (CEMS), ECMWF (Vitolo et al. 2020). Credit: Claudia Vitolo.

D Fig.2. Fires and “thermal anomalies” (can include volcanoes and gas flares) between 31 July and 1
August 2019. Source: NASA FIRMS.

Heatwave

A prolonged period of  The conditions that show an anomalous high FWI often coincide with Aeatwaves® and
abnormally hot weather.  groughts. This combination, that was present in Alaska at the time, is sometimes called “fire
-weather" because it increases the probability of a wildfire happening. Fire-weather also

makes it easy for fire to spread once it is ignited because the soil and above-ground

vegetation are dried out (Phillips, 2019). In such dry conditions, fire spreads fast, and even
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faster when aided by the wind. Indeed in 2019, Alaska saw what is considered to be an
“extreme” fire season, with over 2.5 million acres (1 million hectares) burned (Fig. 2). Some
of the wildfires, such as the McKinley, Deshka Landing, and Swan Lake wildfires were
particularly large and destructive. Out of all the wildfires recorded in Alaska during summer
20719 (719), 339 were caused by humans (intentionally or unintentionally), 8 had
undetermined causes, while the majority of them (372) were caused by lightning (AICC,
2020).

THE IMPACT: Air pollution and greenhouse gas emissions

Air pollution from smoke affecting local communities

Intense fire seasons can create dangerous conditions for everybody who visits or lives in
Alaska. Some communities have already been evacuated in the past, and many more were
affected by the smoke from these wildfires, which can pollute the air even in areas very
distant from the burning ground (Fig. 3). The black soot can harm both people and
ecosystems' health. For many Alaskans, staying indoors with closed windows in high
summer temperatures to avoid the air pollution is not an option because they do not have
air conditioning in their homes. Fires can also contribute, along with industrial pollution, to
the creation of acid rain. This can dry up plants that people and animals eat, resulting in
food security issues.
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Fig.3. Soot (black carbon) concentration on the 24, 26 and 29 July. Dark red marks a high
concentration. Source: NASA, Aqua/Modis, GEOS-FP.

APPLICATE User Group members pointed out that wildfires are a major issue for villages in
Alaska, especially since many houses are under-insured or not insured for fire loss,
resulting in losses of homes. Insurance companies could grasp this as a business
opportunity for property insurance, which would help the affected villagers in the future.
Besides houses, effects were felt on state infrastructure, such as communications and

utility lines. E
Greenhouse gas emissions contributing to climate change Heat trapping or
greenhouse gases:

Burning of trees and foliage during a wildfire releases carbon dioxide into the atmosphere, .
Any of various gaseous

compounds (such as
also store huge quantities of carbon, that has accumulated over millennia, in permafrost  carbon dioxide or

which contributes to global warming. Other than in trees and foliage, Alaska's ecosystems

and soil. When a wildfire appears in such an ecosystem, it combusts soil and accelerates ~ methane) that absorb
infrared radiation, trap

heat in the atmosphere,

I . . ] and contribute to the
midlatitudes. Besides Alaska, such ecosystems are present in other areas of the Arctic  greenhouse effect.

permafrost thaw, both of which release additional heat trapping gases® to the atmosphere.
That is why northern wildfires have a bigger impact on global warming than wildfires in

circle, many of them also affected by an extreme wildfire season in 2019. In June 2019, the
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INTERESTING FACT
The global northern
permafrost zone stores
around 1 500 billion
tonnes of organic
carbon (Schuur et al,,
2015), which is almost
twice as much as
currently stored in the
atmosphere. Alaska, as
well as the Arctic in
general, normally act
as a net sink of
atmospheric CO,
(Schuur, 2019). As the
climate becomes
warmer and wildfires
more frequent and
intense, permafrost
thaws more quickly
and challenges the
global carbon balance.

F
Peatland

Ground made from slowly
decomposing organic
matter, like moss, that
gradually builds up into a
layer up to several meters
thick. Given enough time
and enough pressure, it
will eventually harden into
the undisputed
heavyweight champion of
carbon emissions: coal.
Peatlands are the largest
natural terrestrial carbon
store on Earth.

Arctic circle fires emitted more carbon dioxide than all the Arctic circle fires in the same
month from 2010 to 2018 together (CAMS). In addition, in the case of intensive forest fires in
the Arctic region, black soot settles on sea ice, which decreases the albedo effect and
further adds to the warming.

Interestingly, members of the APPLICATE User Group from Alaska noticed that summer
2019 had much more lightning than usual, and that they occurred in places where they do
not usually happen. This crowd-sourced information supports the research stating that
lightning strikes are becoming more common due to climate change (Veraverbeke et al.,
2017; Romps et al.,, 2014), thus increasing the possibility of ignition and adding to the
carbon release loop. Accordingly, if the trend of global warming continues, an increase in the
frequency of lightning strikes could make the fire season in Alaska even worse.

Maintenance of boreal forests' health

Forest fires in the Arctic can also involve burning of peat/and . Under normal conditions and
in a healthy ecosystem, there is a balanced forest age distribution and the ground is covered
with mosses. This cover keeps humidity and acts as a fire break. The change in disturbance
regime can decrease the extent of older forest, i.e. it increases the proportion of early-
successional, regenerating forest stands (Kuuluvainen and Gauthier, 2018). These changes
can also affect peatland that dries more easily and becomes a very flammable substance.
Once ignited, peat gradually burns deeper and deeper into the ground, moving laterally
across the ecosystem. These fires are very persistent and can last for months or even years.
Peat fire leads to massive carbon emissions, while damaging the soil and the tree root
systems. Thus, the moss at the surface of peatland is important to keep a healthy
ecosystem. It is particularly important on the surface of permafrost ground because it keeps
it from melting and releasing the captured carbon (Jean et al., 2018). Wildfires can therefore
cause much more damage to forests than meets the eye, emphasizing the importance of
maintaining healthy forests.

THE CAUSE: Heatwaves in Alaska in late spring and summer 2019

High temperatures smash all-time records in Alaska in early July

Globally, July 2019 was the
hottest month ever measured
(NOAA).  This
apparent even in the world's
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Fig.4. Temperatures on July 8thin
Alaska. Temperatures cooler than
18°C are shades of blue; those
warmer than 18°C go from yellow
to red. Source: NOAA Climate.gov,
based on RTMA data.
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Higher than normal temperatures

Alaska's average temperature in July was 14.5°C, which is higher than the previously highest
recorded temperature in July 2004 of 14.05°C, and almost 2°C higher than the long-term
average (NOAA). The duration of this heatwave was an important factor in setting the
conditions that favour wildfires, as above average temperatures were observed from June to
August.

Dry vegetation

A prolonged period of abnormally high temperatures contributed to a low level of air humidity,
which increased evapotranspiration and left the vegetation extremely dry. Additionally, much
of the South-eastern coast of Alaska (the Northeast Gulf and Panhandle regions) experienced
below average precipitation during the summer months (NOAA), which enhanced the drought
conditions, favouring the spread of wildfires (Fig. 5).

U.S. Drought Monitor

Alaska

July 23, 2019
(Released Thursday, Jul. 25, 2019)
Valid 8 a.m. EDT

Drought Conditions (Percent Area)

None [ D0-D4 |D1-D4 | D2-D4 fn=zaZ et

Current 3037 | 6963 (2447 | 579 | 088 0.00

Last Week

07162019 e

69.31 | 2410 | 200 | 0.88 | 0.00

3 Months Ago
04-23:2019

Start of
Calendar Year
01072019
Start of
Water Year
03252018

9417 | 583 | 374 | 193 | 000 | 0.00

9417 | 583 | 235 102 | 0.00 000

9565 435 | 234 | 206 | 0.00 | 0.00

One Year Ago
07242018

9375 625 | 234 | 000 | 0.00 | 0.00

Intensity:

|:| None |:|D2 Severe Drought
I:| D0 Abnormally Dry -DS Extreme Drought
[] D1 Moderate Drought  [Jlll D4 Exceptional Drought
The Drought Monitor focuses on broad-scale conditions.

Local conditions may vary. See accompanying text summary
for forecast statements.

Author:
Brad Rippey
U.S8. Department of Agriculture

USDA (™
Pt

droughtmonitor.unl.edu
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Fig.5. Drought in Alaska during the week 16-23 July, 2019. Shades of yellow and red mark abnormally dry
areas, with dark red marking exceptional drought. Source: U.S. Drought Monitor. Credit: Brad Rippey, U.S.
Department of Agriculture.

What was going on in the atmosphere?

A high pressure system was present over Alaska in the beginning of July, keeping clouds
away and maintaining dry weather. That is what allowed for such high temperatures to
persist in Alaska during many consecutive days.

What was going on in the ocean?

Sea surface temperature as well as the interaction between the atmosphere and the ocean
both have a major influence on Alaska's weather and climate. Therefore it should be noted
that while the air temperatures were above average, the temperatures of the ocean around
Alaska were also much higher than usual. Additionally, the sea ice extent was on a record-
low level in the Bering and Chukchi seas which separate Alaska from Russia (Fig. 6). Both
the high ocean temperatures and the low sea ice extent potentially influenced the high air
temperatures recorded in Alaska.

INTERESTING FACT
Heatwaves in high
latitudes mean that
more sea ice will be
melting, which
contributes to more
global warming. 2019
sea ice extent closely
approached that of
2012, which was the
lowest sea ice extent
on satellite record
(NOAA).
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G

Numerical Weather
Prediction (NWP)

Most familiar form of
weather model dataona
day-to-day basis. NWP
focuses on taking
current observations of
weather and processing
them using computer
models to forecast the
future state of weather
for the next few days.

H

Extreme Forecast Index
(EF1)

Index highlighting
regions that are
forecasted to have
potentially anomalous,
extreme or severe
weather conditions
compared to local climate
(e.g. heavy precipitation,
strong winds, heavy
snowfall, extreme
temperatures, etc.). EFI
values higher than 0.8
indicate a likely very
unusual or extreme
weather.

Fig.6. Arctic sea ice extent on
15th July 2019, with 1981-
2010 average extent indicated
in orange. Underlying map
and data courtesy of the US
4 National Snow and Ice Data
East Center (NSIDC). Source: Met
S{berlnn ' : Office UK.
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APPLICATE PREDICTIONS

As the impacts and dangers of wildfires are growing, scientific contribution is becoming
crucial in producing information regarding wildfire activity and developing operational
models that could help to predict it. In this sense, the European Centre for Medium-Range
Weather Forecasts (ECMWF) has developed wildfire danger indices providing global
information extending back 40+ years. Apart from wildfire activityy, ECMWF provides
forecasts of extreme weather that can be used as a proxy for fire risk. For instance,
Numerical Weather Prediction® models (for the next few days) predicted extremely high
values of temperature for 7-9 July 2019 over Alaska already one week in advance of the
drought, as shown by the Extreme Forecast Index" (EFI, Fig. 7). The forecast shows the
likelihood for extreme temperatures over large parts of the north-eastern Pacific.

el Base Time: Monday 01 July 2019 00 UTC 2 metre lempersiune index
15 g an ar o s s a1 na ns s s ur

Fig.7. Predicted
Extreme Forecast
Index (EFI) for 3-day
average temperature
for 7-9 July 2019.
Red colours mark a
high likelihood of
extreme
temperatures. The
black box highlights
the region of interest
in Southern Alaska.
Source: ECMWF
ensemble forecast
issued on 1 July.
Credit: Linus
Magnusson, ECMWF
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Additionally, the Copernicus Climate Change Service (C3S) provides seasonal forecasts of
fire danger (for the next few months and seasons) as well as longer term projections of
future fire danger (for the next few decades), which allow to adapt investments or
management plans to future climate conditions. More precisely, Copernicus Emergency
Management Service (CEMS) integrates the European Forest Fire Information System for
monitoring forest fire activity in Europe and the Mediterranean, while its extension, the
Global Wildfire Information System, is available for doing so on a global level.

Fire danger high resolution forecasts (HRES) estimate the Fire Weather Index (FWI) 10
days in advance. The following figure shows FWI forecast evolution compared to the

observed Fire Radiative Power (FRP) for the region around Anchorage from mid June to
mid July 2019.
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Fig.8. Fire Weather Index (FWI) forecast evolution against observed Fire Radiative Power (FRP) for
Anchorage. On the x-axis are the dates in which FRP was observed and on the y-axis the dates
forecasts were issued. The square cells represent the forecasts and the dashed line shows the
observed FRP. The cell in the bottom left corner refers to day 1 of the forecast issued on 2019-06-15
and it is color-coded to show the percentage of pixels in the study area above the high danger
threshold (90th percentile of the FWI climatology for that pixel and day of the year). The forecasts for
day 2 to day 10 follow on the right hand side on the same row. The forecasts issued on the following
day are in the row above. The dashed line shows the observed FRP (see also secondary y-axis).
Orange-to-red cells signal situations in which 75-100% of the area of interest is above the high danger
threshold (90th percentile of climatology). Credit: Claudia Vitolo, ECMWF.

For the selected region and time (Fig. 8), the peak in fire activity was observed around 27-
28 June (see highest peak of dashed grey line). A sharp increase in fire danger was
evident 6 days ahead (see days 5-7 for the FWI issued on 23rd June), and the high danger
period lasted until 11 July. This forecast would have given local authorities a significant
amount of time to prepare. That is why an accurate prediction of fire weather is
instrumental for early-warning of the risk of wildfires.

I
Fire Radiative Power (FRP)

A measure of the rate of
heat output from a fire. Itis
related to the rate at which
fuel (e.g. dry vegetation) is
being consumed and
smoke emissions released
to the atmosphere.
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F

Seasonal Climate
Forecast:

Prediction of average
seasonal conditions
for different climate
variables for the
upcoming seasons.

CONSIDERATIONS

APPLICATE does not directly provide predictions of wildfires, but it does provide the prediction
of essential climate variables (temperature and precipitation) and indices (EFI for precipitation
and temperature) that are highly related to the risk of wildfires occurrence. These predictions
can be related to the likelihood of wildfire outbreaks, but the relationship is not linear.

FIRE MANAGEMENT UNDER THE CHANGING CLIMATE

Forest fires of low intensity are good for the boreal forest ecosystem because they help
maintain the forest's composition and structure in balance. However, in the past three
decades wildfires have been drastically increasing in intensity (AICC, 2020). This could affect
boreal forests' health and shift the carbon balance of the boreal ecosystem from net
accumulation to net loss (Bond-Lamberty et al., 2007; Walker et al., 2019).

The year 2019 has been marked by unusually extreme fires. The fires were taking place in
parallel in forests that are not accustomed to seeing such extreme wildfires, and in regions
where large-scale forest fires are more common, such as South America, Australia and
western North America.

In the future, the fire season is expected to start earlier and last longer because of an earlier
snowmelt and start of the growing season (Lehtonen et al., 2015). This means that the period
in which ignitions are likely to occur would be longer and within that period soil and vegetation
would be drier (Westerling et al., 2006). If decreasing trends of summer precipitation continue,
the result will likely be a continuing pattern of dry, warm summers that result in increasingly
severe wildfires.

Wildfires have already been extending over a larger area during fire seasons of the past
decade, raising concerns among fire managers about competition and overlap in firefighting
resources. If in the future fires occur at the same time in areas that usually step in for each
other when one of them is affected by a strong wildfire, the result may be a lack of resources
to put out the fire. These concerns point to the importance of predicting fire weather more
accurately, so that firefighting resources can be relocated and on standby near the areas
where fire danger is high.

Even though the Federal firefighting costs have been steadily increasing (NIFC, 2020) and fire
management could be calling for additional resources in the near future, it also presents an
overlooked opportunity: it is a known and applicable technique of reducing the amount of
carbon released from wildfires (Phillips, 2019). Seeing that large fire seasons might become
more common in Alaska and thus emit more carbon dioxide into the atmosphere, authorities
could reconsider fire management as a relevant approach to mitigate climate change.

OUTCOMES FROM THE CASE STUDY

With the effect of global warming, heat waves are now longer, hotter and more frequent. This
was a contributing factor in the extreme wildfire season Alaskan boreal forests have seen in
summer 2019. Although these forests are used to wildfire as a part of their natural cycle, this
was an extreme year with over 700 fires in Alaska and more than a million hectares of land
burned. The event on such a scale heavily impacted the Alaskan community and their
environment. With the wildfire activity increasing and becoming more intense even in places
that are not used to seeing fire, it is becoming urgent to develop and use accurate prediction
systems to allow towns and communities to be better prepared. This also needs to go hand in
hand with improved planning that allows us to more efficiently manage our forests in order to
protect the communities and ecosystems locally and, on a larger scale, to reduce greenhouse
gases emitted from wildfires.
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