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The paper presents the results of assessing pyrogenic emissions of carbon compounds in
Russian forests for 2020 using remote monitoring methods. The area of forests damaged by fires
was 6.5 mln ha, whereas the amount of carbon emissions was 36.5 MtC. Although the total area of
damage is higher than the average annual values, the amount of pyrogenic carbon emissions is
lower than the average annual ones. In absolute terms, the year corresponds to 2016. We registered
an increase in annual carbon emissions from fires since the abnormal 2012. A preliminary analysis
of the entire observation period for fires suggests that 2021 may be the next abnormal year after the
years of 2003 and 2012 in terms of forest fires and direct pyrogenic carbon emissions into the

atmosphere.
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Estimates of direct annual emissions of
carbon dioxide (CO;) and other greenhouse
gases (GHG) to the atmosphere from forest
fires are needed to calculate the carbon budget
in forests. Many current approaches use the
results of the analysis of burned forested areas
and data on the pre-fire stock volume of forest
fuel load (FFL) biomass for modelling of
pyrogenic carbon emissions  (Kasischke,
Bruhwiler, 2002; Isaev et al., 2002; Rinsland
et al., 2007; Junpen et al., 2011; Dolman et
al., 2012; Zamolodchikov et al., 2017). The
method developed at the CEPF RAS and
modified by the authors in different years
provides for the calculation of the stock
volume of the main burn conductors of FFL
before the fire (Sochilova et al., 2009).
Further, the type and intensity of fire are
determined by satellite products (Stytsenko et
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al., 2013), as well as the corresponding FFL
consumption and the volumes of GHG
(Ershov et al, 2009) emitted during
combustion in the Russian forests. The data
on burned areas and fire forest disturbances
are formed in the IKI-Monitoring Center for
Collective Use (Lupyan et al., 2019). The
advantage of the method is the estimation of
direct pyrogenic carbon emissions on the
basis of spatial analysis of fire type maps, fire
intensity and pre-fire FFL stock volumes
(Isaev et al., 2002). As a result, we can
estimate emitted carbon during forest fires at
different spatial levels of the territory of
Russia.

The method was tested on Russian forests
at the national level in the period from 2006
to 2015 using the TerraNorte RLC vegetation
map, pre-fire FFL stocks and burn severity
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levels of forests damaged by fires (Ershov et
al., 2016). Currently, we use the developed
technology for the annual assessment of direct
fire carbon emissions in Russian forests based
on satellite monitoring data. The latest
information on fire emissions over a long-
term observation period was presented at the
conference Contemporary Problems ... held
by RAS Space Research Institute (Ershov,
2019). According to satellite monitoring data
(2002-2018), the total
damaged by fires during the specified period
was 78.6 mln ha, whereas the amount of
direct fire carbon emissions was 578.5 MtC.
Table 1 presents statistics on direct fire
carbon and GHG emissions for 10 years —
from 2010 to 2019. Figure 1 shows the
dynamics of damaged areas and volumes of
specific carbon emissions over a ten-year

areca of forests

period. According to satellite monitoring data,

the total area of forests damaged by fires for
the defined period was 51.1 mln ha; direct fire
carbon emissions amounted to 375.1 MtC.
Annually, the average area of damaged forests
in Russia is 5.1 (£ 2.0) mln ha, while
emissions are estimated at 37.5 (£ 12.3) MtC
per year. According to satellite monitoring
data, 2020 is comparable to 2016 in terms of
the area of forests damaged by fires and
carbon emissions. Although the area of
damaged forests exceeds the average long-
term values by 1.4 mln ha, absolute carbon
emissions are less by 091 MtC. GHG
emissions are also less than the average
annual values over a ten-year period. Thus,
when compared with the data obtained for the
period from 2010 to 2019, the level of
pyrogenic emissions in 2020 was average.

Table 1. Estimates of direct emissions of carbon and greenhouse gases from forest fires over the
past 10 years of satellite observations in the territory of the Russian Federation

C'art?on Damaged Spe@ﬁc C Greenhouse gas emissions, t
Year emissions, emissions,
C area, ha t/ha
t CO, CO CH, N,O NO,
2010 15,321,461 | 2,107,599 727 56,178,690 | 2,145,005 | 245,143 1,685 60,914
2011 26,770,414 | 3,850,295 6.95 98,158,185 | 3,747,858 | 428327 2945 106,432
2012 83,821,145 | 11,365,539 7.38 307,344,198 | 11,734,960 | 1,341,138 | 9220 | 333,249
2013 28,093,793 | 3,420,556 8.21 103,010,574 | 3,933,131 | 449,501 3090 111,693
2014 35,882,796 | 4,441,315 8.08 131,570,251 | 5,023,591 | 574,125 3947 142,660
2015 20,413,097 | 3,691,087 5.53 74,848,024 | 2,857.834 | 326,610 | 2245 81,157
2016 37,188,902 | 6,341,329 5.86 136,359,307 | 5,206,446 | 595,022 4091 147,852
2017 40,089,468 | 3,334,361 12.02 146,994,716 | 5,612,526 | 641,431 | 4,410 159384
2018 43,339,633 | 6,622,768 6.54 158,911,988 | 6,067,549 | 693,434 | 4767 172,306
2019 44,213,928 | 5,904,418 7.49 162,117,736 | 6,189,950 | 707,423 4864 175,782
Total 375,134,637 | 51,079,267 7.34 1,375,493,669 | 52,518,849 | 6,002,154 | 41,264 | 1,491,429
Long-term | 35 513 464 | 5,107,927 7.53 137,549,367 | 5251885 | 600215 | 4,126 | 149,143
average
CO* 12,282,064 | 1,960,469 1.8 45,034,234 1,719,489 | 196,513 1,351 48830
2020 36,603,092 | 6,465,819 5.66 134,211,337 | 5,124,433 | 585,649 4026 145,523
Relative to
average 910,372 | +1,357,892 -1.68 -3,338,030 127,452 | -14,566 -100 3,619
long-term
values

* the average deviation is calculated in accordance with the formula CO = %Z(x — X), where x is

the annual value of the parameter (carbon and greenhouse gas emissions); x is the average value of
the parameter for n (10) years.
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The analysis of the entire time series of
pyrogenic carbon emissions in the period
from 2002 to 2020 gave interesting results
(Fig. 2). We registered two anomalous years,
namely 2003 and 2012, in which the absolute
pyrogenic emissions were 127.1 MtC and
83.8 MtC, respectively. The time interval
between the two anomalous years is 9 years.
Probably, 2021 may turn out to be the next
extraordinary or anomalous year in terms of
fires and the scale of pyrogenic carbon
emissions in Russia, since there have been no
anomalous years since 2012The second
important conclusion that can be drawn from
the analysis of the results obtained is that the
areas of damaged forests and the intensity of
direct pyrogenic carbon emissions after 2012
increased by 1.4 times. Until 2012, the

average area of damaged forests and carbon
emissions amounted to 3.95 min ha and 29.2
MtC, whereas over the past 9 years they
amounted to 5.7 mln ha and 41.1 MtC,
respectively. As a result, carbon emissions
from 2003 to 2011 (9 years) are comparable
to carbon emissions from fires from 2012 to
2018 (7 years).

A spatial analysis of the obtained estimates
of carbon emissions from fires in Russia in
2020 (Fig. 3) shows that the main
contribution is made by Uralian (Khanty-
Mansi and Yamalo-Nenets autonomous
areas), Siberian (Tomsk region, Krasnoyarsk
territory, and Irkutsk region), and Far Eastern
regions (Republic of Sakha (Yakutia), Trans-
Baikal territory, and Amur region).
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Figure 1. Dynamics of areas damaged by forest fires and specific direct pyrogenic carbon
emissions (2010-2020)
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Figure 2. Dynamics of annual carbon emissions from fires during 2002—-2020

Fire carbon emissions (t'/ha) for 2020
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Figure 3. Map of distribution of direct specific fire carbon emissions (t/ha) in Russian forests in
2020
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Figure 4 shows the deviation of the specific pyrogenic carbon emissions in 2020 relative to

the long-term average values.

l:l more than long-term average values

l:l less than long-term average values
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Figure 4. Map of deviations of direct pyrogenic carbon emissions in 2020 from averaged long-term

In 2020, an excess of carbon emissions
relative to long-term average values was
observed in the forests of the western part of
the Khanty-Mansiysk region, the northern
part of the Perm territory and the Sverdlovsk
region, the eastern part of the Krasnoyarsk
territory, the northern and central regions of
the Irkutsk Region and Yakutia, in the north
of the Khabarovsk Territory and in most of
the Magadan region, as well as on the forest
lands of the Chukotka lands, and Kamchatka
region. In the European part of Russia there
are some local and fragmentary cases of a
slight increase in carbon emissions over the
long-term average values.

Conclusion
According to the estimates, in 2020 carbon
emissions from forest fires in Russia
amounted to 36.5 MtC. Although the area of
damaged forests was 1.4 mln ha larger than
the average annual values whereas pyrogenic
carbon emissions were lower than the average
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annual values and corresponded in absolute
values to 2016. We registered a 1.4-fold
increase in annual direct carbon emissions
from fires since 2012. In terms of carbon
emissions from fires in Russia, the period
from 2012 to 2018 (7 years) was comparable
to the period from 2003 to 2011 (9 years). A
preliminary analysis of the entire observation
period for fires suggests that the anomalous
year of 2021 may be ranked after 2003 and
2012 in terms of forest fires and direct
pyrogenic carbon emissions, comparable with
2003 and 2012 in terms of forest damage.
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