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Abstract — This study provides estimates of the amount
of carbon dioxide (CO,) sequestration and release by
managed forests in Siberia and the Russian Far East. The
data from ""National report of the Russian Federation
on the inventory of human-induced emissions by
sources and removals by sinks of greenhouse gases not
controlled under the Montreal Protocol for 1990-2010"
served as input data. We calculated the amounts of CO,
taken up and released. The net CO, flux is the difference
between the CO, sequestrated and CO, released.
The sequestration potential of forests depends on the
climatic conditions of the area and the species of woody
plants growing there. Many forests die every year, and
the CO, release by forests is caused by clear-cuttings
and natural disasters. The highest sequestration rate
of forests was observed in Omsk and Irkutsk regions,
the lowest — in the Chukotka autonomous district and
Magadan region. The largest amounts of CO, were
sequestrated in the Republic of Sakha (Yakutia) and
Krasnoyarsk territory. The highest release rates were
observed in the Chukotka autonomous district and the
Khabarovsk territory, the lowest — in the Novosibirsk
region, Kemerovo region, and Kamchatka territory. We
conclude that nearly half of the total CO, sequestration
by managed forests in Russia was contributed by its
Asian regions, with 27.5% by the Siberian Federal
District and 20.9% by the Russian Far East.

Index Terms: sequestration potential of forests,
sequestration of human-induced emissions, carbon
dioxide sequestration, managed forests in Russia.
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1. INTRODUCTION

In 2015, the Paris Climate Agreement [1] was adopted
to strengthen the global response to the threat of climate
change by keeping the global average temperature increase
to 2°C by 2050 and preferably 1.5°C by 2040. In the
future it is planned to build a climate-neutral world. The
Agreement also aims to strengthen the ability of countries
to cope with the effects of climate change.

As many scholars and politicians believe, it is
greenhouse gas emissions that cause global climate
change [2]. Therefore, among the key measures aimed at
combating climate change within the framework of the
Paris Agreement, the Parties to the agreement emphasize
the following: the use of renewable energy sources, the
development of hydrogen power and smart technologies, a
radical reduction in energy losses. However, the principle
of carbon neutrality implies not only the reduction in
greenhouse gas emissions to zero, but also the possible
compensation of emissions by sequestration of greenhouse
gases by terrestrial ecosystems, in particular forests
[3]. Therefore, another measure that is anything but
unimportant is to expand the area of managed forests and
significantly reduce the area of wildfires and clear-cutting.

Given the abundant forest resources of the Asian part
of Russia, it is through the sequestration potential of the
forests that the country can make a significant national
contribution to achieving the goal of the Paris Climate
Agreement [4]. As part of this study, we estimated the
amount of carbon dioxide (CO,) sequestration and removal
as the main component of greenhouse gases by managed
forests in Siberia and the Russian Far East by pools
(aboveground and belowground portions of live biomass,
deadwood, litter, soil). Data on the amount of carbon (C)
sequestration and removal by managed forests in Russia by
federal districts and subjects from 1990 to 2020 were taken
as input data for the study [5, 6]. Based on these data, we
calculated the amount of CO, sequestration and removal
for all subjects of the Siberian and Far Eastern Federal
Districts, as well as the net CO, flux of managed forests.
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TABLE 1. Sequestration and emissions of greenhouse gases in the LULUCF sector in 2020

Category of land Greenhouse gas emissions (+) and sequestration (—), million
tons co2-eq year-1

Forest lands —-622.3
Cropland 69.6
Grassland -31.8
Wetlands 2.6
Settlements 2.5
Other land 0.9
Harvested wood products 9.2
Indirect emissions from managed land 0.1
Total —569.2
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Fig. 1. Greenhouse gas emissions and sequestration in the LULUCF sector.
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Fig. 2. Amounts of carbon dioxide sequestration and removal by managed forests by subjects of the Siberian and
Far Eastern Federal Districts.


http://esrj.ru/

E.V. Gubiy

Energy Systems Research, Vol. 6, No. 1, 2023

II. METHODS AND DATA

The basis of the study was the National report of the
Russian Federation on the inventory of human-induced
emissions by sources and removals by sinks of greenhouse
gases not controlled under the Montreal Protocol for
1990-2010 [5, 6], which was drawn up and submitted in
accordance with the obligations of the Russian Federation
under the UN Framework Convention on Climate Change
and the Kyoto Protocol to the UN Framework Convention
on Climate Change.

We processed the data for 1990-2020 on removal and
sequestration of greenhouse gases that result from human-
induced activities in the course of land use, land-use
change, and forestry (LULUCEF) [5, 6].

The conversion of C emissions to CO, emissions was
done by multiplying carbon by a carbon-to-carbon-dioxide
conversion factor of 44/12 (molar weights are as follows: C
is 12 g/mol, 0,=2-16=32 g/mol, CO,=12+2-16=44 g/
mol, respectively).

III. CONTRIBUTIONS OF DIFFERENT LAND CATEGORIES TO
GREENHOUSE GAS SEQUESTRATION

According to the principles of the Intergovernmental
Panel on Climate Change (IPCC) for national greenhouse
gas inventories, there are the following categories of land
use in the LULUCF sector (land use, land-use change,
and forestry): forest land, cropland, grassland, wetlands,
settlements, other land, harvested wood products, indirect
emissions from managed land.

The greenhouse gases sinks are forest land as well as
grassland. The remaining categories of land are emission
sources. Cultivation of agricultural land and logging have
the highest emissions associated with these activities
(Table 1).

As shown in Table 1, the net flux of greenhouse
gases is most dependent on forestry. Accounting for the
contribution of all other land categories in 2020 reduced
sequestration by as little as 8.5%.

Fig. 1 shows that from 1990 to 2020 the amounts of
both sequestration and emissions of greenhouse gases have
changed significantly for all categories of land. This is due
to the transfer of land from one category to another. For
example, the area of managed forests was increased due
to the transfer of some of the unmanaged forest land to
this category. And it was decreased, among other reasons,
due to designating some of managed forests as settlement
land. Cropland and grassland are annually transformed into
unmanaged forest land when naturally overgrown with
shrubs and small woods.

CO, is the main cause of climate change. In addition,
methane (CH,) and nitrogen oxide (NO,) emissions are
present in the LULUCF sector, which are mainly caused
by wildfires. Their share in the net flux of greenhouse gases
over the entire area of Russia is less than 4% [5].

Without having sufficient statistical data on the spatial
distribution of lands of each category over the territory
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of Russia and data on emissions and sequestration of
greenhouse gases on lands of different categories, it is the
contribution of managed forests as the main sink of CO,,
which will be detailed below.

IV. CONTRIBUTION OF MANAGED FORESTS IN THE ASIAN
PART OF RUSSIA TO CARBON DIOXIDE SEQUESTRATION

Currently, managed forests in Russia include forest
lands of the forest fund (except reserve forests), defense and
security lands, protected natural areas (PNA), and urban
forests [8]. Combined, they occupy 691.2 million hectares
(or 77.1% of the forest lands of the Russian Federation).
In [5, 6] the amounts of emissions and sequestration of
CO, in urban forests was not estimated. Therefore, these
metrics will be considered in detail for managed forests of
the forest fund, defense and security lands, and protected
natural areas (a total of 690 million hectares, or 77.0% of
the forest lands of the Russian Federation).

The sequestration potential of forests is related to the
climatic features of the area and the species of woody
plants that grow there. Carbon dioxide release by managed
forests is caused by clear-cutting, destructive fires, and
other causes of loss of standing forest cover.

Data on CO, sequestration and removal rates by
managed forests of each subject of the Siberian and Far
Eastern Federal Districts are presented in Table 2. Table
2 shows that the highest sequestration rate of forests was
observed in Omsk (2.93 t/ha) and Irkutsk (2.41 t/ha) regions,
and the lowest — in the Chukotka autonomous district
(0.45 t/ha) and the Magadan region (0.74 t/ha). Among the
subjects of the Siberian and Far Eastern Federal Districts,
the highest removal rates were observed in the Khabarovsk
territory, Chukotka autonomous district, and the Republic
of Khakassia — 1.72; 1.58 and 1.51 t/ha, respectively. The
lowest emission rates were in Novosibirsk and Kemerovo
regions, and the Kamchatka territory — 0.24; 0.26 and 0.28
t/ha, respectively.

The largest amounts of CO, were sequestrated and
removed by managed forests in the Republic of Sakha
(Yakutia), Krasnoyarsk territory, Irkutsk region, and
Khabarovsk territory (Fig. 2). This is due to the fact that the
area of forests in these subjects of the Russian Federation
is the highest.

The net CO, flux was calculated as the difference
between CO, sequestrated and CO, removed. Data on the
net CO, flux of managed forests in the Siberian and Far
Eastern federal districts are shown in Fig. 3. The largest
contribution to CO, sequestration in the eastern part of
the country comes from managed forests in the Irkutsk
region (56.0 million tons/year), Krasnoyarsk territory
(46.3 million tons/year), Trans-Baikal territory (45.9
million tons/year), and the Sakha Republic (Yakutia) (36.7
million tons/year). The negative net flux was observed in
two subjects of the Far Eastern Federal District with the
least favorable climatic conditions: Chukotka autonomous
district (—11.1 million tons per year) and Magadan region
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TaBLE 2. CO, Sequestration and Removal Rates by Managed Forests in the Siberian and Far Eastern Federal Districts

Al Rate of
Federal districts and subjects of the Russian Federation o rea, aeo. Rate of CO2 removal,
million hectares COz sequestration, t’/ha t/ ha
siberian Federal District 181.9 1.83 0.92
Altai republic 3.9 1.27 0.66
Republic of Tuva 3.5 1.29 1.04
Republic of Khakassia 3.1 1.76 1.51
Altai territory 39 2.27 0.44
rasnoyarsk territory 86.1 1.40 0.88
rkutsk region 47.0 241 1.29
{emerovo region 52 2.09 0.26
Novosibirsk region 4.8 1.89 0.24
Jmsk region 4.7 2.93 0.74
[omsk region 19.6 2.18 0.64
“ar Eastern Federal District 265.6 1.49 1.02
Republic of Buryatia 159 1.96 0.62
Republic of Sakha (Yakutia) 100.0 1.32 0.96
[rans-Baikal territory 26.3 2.11 0.44
>rimorsky territory 10.5 1.57 0.98
<habarovsk territory 36.5 1.89 1.72
Amur region 24.7 1.55 1.38
{amchatka territory 7.2 1.96 0.28
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Fig. 3. Amounts of carbon dioxide sequestration and removal by managed forests by subjects of the Siberian and Far Eastern
Federal Districts.
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Fig. 4. Contribution to carbon dioxide sequestration by managed
forests in the Siberian and Far Eastern Federal Districts.

(-3.2 million tons per year). In almost all federal subjects
of the eastern part of the Russian Federation, the net flux
of CO, of the forest fund accounted for more than 80% of
the total net flux of managed forests. The exception was the
Primorsky territory, where the net CO, flux of the forest
fund accounted for 69.4%, and 27.1% was contributed
protected natural areas. The net CO, flux of defense and
security lands accounted for no more than 3.5%.

Overall, almost half of the total contribution to CO,
sequestration by managed forests in Russia comes from its
Asian regions. As can be seen from Fig. 4, the Siberian
Federal District accounted for 27.1% and the Far Eastern
Federal District for 21.5%.

V. CONCLUSION

The forest resources of the Asian part of Russia, due to
the sequestration potential of forests, can make a significant
national contribution to the country’s achievement of the
goal of the Paris Climate Agreement. The study estimated
the amount of sequestration and removal of CO, as the
main component of greenhouse gases by managed forests
in Siberia and the Russian Far East. Since the net flux of
greenhouse gases depends to the greatest extent on the
sequestration and removal of CO, by forests, we studied
their amounts by federal districts, and in the case of the
Asian part of Russia — also by subjects of the Russian
Federation.

The study found out that the contribution of managed
forests in the Asian part of Russia accounted for almost
half of all CO, sequestrated by managed forests in Russia,
despite much harsher climatic conditions than in the
western part of the country, the main reason for this being
large areas of forested land.
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