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Zibtsev et al.

Abstract. The russian military aggression and the related socio-economic and environmental
consequences have significantly affected the climate and production of ecosystem services through
damage to forests, ecosystems, landscape fires and emissions of gases into the atmosphere. The
study aims to estimate carbon dioxide emissions due to landscape fires in Ukraine during the year
2022. The OroraTech wildfire monitoring technology was used to detect fires, while perimeters of
burned areas were delineated with Sentinel 2 time series. The Copernicus Dynamic Land Cover map
was used to extract burned land covers. Emissions were calculated based on the intensity of fires
(dNBR) with the share of burned biomass in different types of land cover. Biomass models were
selected considering the dominant tree species within a specific region and the species structure
of the sown areas of croplands. The volume of biomass losses was estimated as a result of fires of
different severities. It was estimated that during in 2022, landscape fires burned 749.5 thousand
hectares thereof: croplands — 419.1 thousand hectares; other natural vegetation — 273.8 thousand
hectares; conifer forests — 31.1 thousand hectares; other forests — 25.5 thousand hectares. The
impact of the war on landscape fires is confirmed by the large proportion of fires in the 60-kilometre
buffer zone along the frontline — 68.9% of the total area of fire. Among all fires, 42.5% of fires
occurred in the occupied territory. Total CO, emissions from all types of landscape fires reached
5.20 million tons and other greenhouse gases — 0.28 million tons. It is the first detailed mapping
of landscape fires with an analysis of each polygon for the whole territory of Ukraine. The results
provide important information for assessing the loss of ecosystem services and estimating carbon
dioxide emissions as well as for confirming the impact of hostilities on landscape fires

Keywords: wildfires; burned area; CO, emissions; land cover type; biomass; mapping

Introduction

An unprovoked russian full-scale military inva-
sion that started on February 24, 2022, result-
ed in unprecedented consequences for people,
infrastructure, and environment. In particular,
disturbances related to battles, shelling, mili-
tary vehicles and infantry activities, and fortifi-
cation facility establishment occurred on areas
of millions of hectares, including protected are-
as. Landscape fires, i.e., forest fires, intentional
but uncontrollable burning of vegetation resi-
dues on cultivated lands (croplands, pastures),
uncultivated grasslands or degraded lands, and
associated greenhouse gas emissions, became
one of the most essential and wide-scale con-
sequences of the war.

Carbon emission assessment of wildfires
is an important part of the development of a
new green climate global policy and action

plan similar to Green Deal or others. L. Volk-
ova et al. (2022) found that a loss of just 1%
biomass could be detected between low- and
high-severity fires with foliage and partial bark
combustion and unburned stem wood. Carbon
emissions from forest fires in 2020 across the
western United States were in a range from
18.60+1.04 Mg C-ha!to 29.70+1.66 Mg C-ha!
(Bartowitz et al., 2022). According to S. Ger-
rand et al. (2021) average tree C losses were
114.0 Mg C ha! (std. dev. #9.9 Mg C ha™) in
wet riparian sites and 86.9 Mg C ha'! (std. dev.
*13.5MgCha!)inthedryvalleysite ofthe south-
ern Canadian montane valley ecosystem, in
Waterton Lakes National Park, Alberta Canada.

As a result of high-intensity fires, high
tree mortality converts live trees to deadwood,
which gradually decomposes. J.E. Stenzel et
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al. (2019) found that high-intensity fire com-
busts less than 5% of live tree biomass in ma-
ture stands. The regional emissions estimates
using widely implemented combustion coef-
ficients are 59%-83% higher than emissions
based on field observations.

Despite a significant number of publica-
tions on carbon emissions after fires (Zheng et
al., 2021), this issue has been researched frag-
mentarily in Ukraine. Assessment of carbon
losses using remote sensing methods in Ukraine
was implemented for the Chornobyl Exclusion
Zone (CEZ) (Matsala et al., 2023). In this publi-
cation, post-fire carbon stock on training forest
polygons was calculated by applying local com-
bustion factors within the CEZ. The relative
carbon loss was derived using the stand-alone
delta of backscatter at vertical-horizontal po-
larisation or based on the model calibrated with
four SAR-based predictors. The total loss of car-
bon stock resulting from the 2020 catastrophic
wildfire was estimated at 156.3 Gg C. Carbon
loss in Scots pine stands was 7.4+2.8 Mg C-ha™'.
The estimated average carbon loss based on
inventory data is 9.3%#5.1% and the mean pre-
dicted carbon loss was 11.0+4.1%. According to
L.A. Pysarenko & M.V. Savanets (2020), the av-
erage long-term values of carbon emissions for
the territory of Ukraine vary within the limits of
0.2-1.0 ggm?month . For dry particle flows, the
average values are mainly 1.0-3.0 g-m*month.
According to the 2023 National Inventory Re-
port (NIR) (2023), the CO, emissions from for-
est fires were 5.75 kt in 2021.

There have been only a few studies to es-
timate carbon emissions from fires during the
war in Ukraine, mainly due to data gaps in such
assessment. Among them the most completed
assessment of the joint team of L. de Klerk et
al. (2023), who provided the first and second
interim assessments. One of the good reviews
of the problem of estimating carbon emissions
from fires was made by S. Malo (2023). The main

methodological issues of carbon emissions es-
timation are assessing the burn area, determin-
ing the type of affected vegetation, estimating
the total biomass, and calculating the propor-
tion of biomass burned. The main research ob-
jective of this study is to estimate carbon emis-
sions from landscape fires in Ukraine in 2022.

Materials and Methods

The carbon emissions in 2022 were calculated
throughout the entire territory of Ukraine. The
research was conducted following the Conven-
tion on Biological Diversity (1992) and the Con-
vention on the Trade in Endangered Species of
Wild Fauna and Flora (1973). To achieve the
aim of the study, it was necessary to calculate
the following indicators: burned areas and fire
severity; carbon emission from forest fires; car-
bon emission from cropland burning; and car-
bon emissions from fires within other natural
landscapes.

Burned areas and fire severity

Two remote sensing data sources were har-
nessed for fire detection and burn area delin-
eation. The special wildfire monitoring service
OroraTech was used to detect ignition locations.
The system uses aggregated data from over 20
satellites for tracking daily fire. It combines
different fire detection approaches provided by
more than 20 satellites for the daily identifica-
tion of fire locations. A time series of Sentinel
2 (Level 2A) surface reflectance data was used
for mapping the fire perimeter based on the
identified ignition points and corresponding
dates. Scene Classification (SCL) band classes
were applied to exclude clouds, cloud shadows,
and snow. Median image mosaics, generated
within a 14-day timeframe, were utilized to
manually outline fire perimeters. The Coper-
nicus Dynamic Land Cover 100 m resolution
map (2019) was used for land cover type iden-
tification within the established fire polygons
(Buchhorn et al., 2020). The delta NBR (dNBR,
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Normalised Burn Ratio) approach was applied
to assess burn severity (Key & Benson, 2006).
Pre-fire image mosaics were created by select-
ing the pixels with the highest NBR values in the
40-day window before the fire. Then, post-fire
median mosaics were created from cloud-free
images within 5, 10, 15, ..., and 40-day intervals
after the fire. The burn severity was mapped
using maximum dNBR-value composites ob-
tained for the specified post-fire intervals. This
iterative method mitigated the impact of po-
tential vegetation regrowth during the post-fire
period and ensured sufficient cloud-free data
coverage. The dNBR values were categorized
into three discrete burn severity classes: low
(0.090-0.179), medium (0.180-0.549), and high
(more than 0.550) (Myroniuk et al., 2022). Mean
values of burn severity levels were calculated
for different land cover types (coniferous for-
ests, broadleaf forests, croplands, other natural
vegetation, and urban territories), which were
subsequently used in carbon loss assessments.
The study primarily focused on the emission of
carbon compounds such as CO,, CO, and CH,,
which constitute 95% of wildfire emissions (Ur-
banski, 2014).

Carbon emission from forest fires

Species and age structure of forest stands were
used for carbon emissions estimation. The age
and species structure of forest stands deter-
mine the total volume of biomass and the level
of biomass losses from fires of different inten-

sity. According to the latest data of the forest
assessment in Ukraine (Handbook of the Forest
Fund of Ukraine, 2012), the distribution of for-
ested area between coniferous and broadleaved
species was estimated for each administrative
oblast (region) of Ukraine. Then, their areas
were distributed between young, middle-aged
and premature, mature and overmature forest
stands. Further, the total volume of biomass
within the classified forest stands was esti-
mated using mathematical models, compiled
by A.Z. Shvidenko et al. (2014) and A.M. Bil-
ous (2018). The models were selected consid-
ering the dominant tree species within a spe-
cific region: coniferous (pine, spruce), broadleaf
(oak, beech, birch, aspen, and alder). Different
types of forest fires as a surface, canopy (crown)
or combined can form different degrees of dam-
age: low (damage to the upper layer of the litter,
ground cover, undergrowth and slight burning
of the bark of tree stems), medium (damage to
the bark of tree stems and lower branches of the
crown, destruction of trees of category IV and V
according to the Kraft scale) and high (destruc-
tion of a significant number of elements of the
forest stand). There is lack of scientific publica-
tions on forest biomass losses due to different
intensities of forest fires in Ukraine. Thus, the
study used only limited scientific data (Bartow-
itz et al., 2022; Matsala et al., 2023) and experts’
estimates. Coefficients of forest biomass losses
due to forest fires are presented in Table 1.

Table 1. Average forest biomass losses coefficients due to forest fires, %

Fire Component of forest biomass
e grou; severi
Age group 1 evz‘ll él\%R Stem** | Bark Branches | Undergrowth* Litter
Coniferous species

Low 10 10 30 30

Young (0-20 years) Medium 20 X 30 50 50
High 40 X 60 100 100
Low X X 10 30 30

Young (21-40 years) Medium 1 20 50 50
High 2 40 95 95
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Table 1, Continued

Fire Component of forest biomass
Age group 1 e\szi‘lle;i\tﬁ;R Stem**| Bark Branches | Undergrowth* Litter
ddl dand Low X X X 30 30
Middle-aged and premature Medium . 1 . 50 50
(41-80 years) -
High X 2 5 90 90
d Low X X X 30 30
Mature and overmature Medium . < . 50 50
(81 years and older) -
High X 1 5 90 90
Deciduous species
v Low 5 X 10 20 20
oung -
(0-20 years) Me<.11um 10 X 20 30 30
High 30 X 40 80 70
. Low X X X 20 20
oung -
(21-40 years) Me<;11um X 1 10 30 30
High X X 30 70 70
. Low X X X 20 20
Middle-aged and premature Medium . N N 25 30
(41-100 years) -
High X 1 X 65 70
Low X X X 15 20
Mature and overmature Medium . . . 25 20
(101 years and older)
High X X X 65 70

Note: * Undergrowth (living ground cover, young trees, and brushwood); ** — Stem with bark
Source: K.J. Bartowitz et al. (2022), M. Matsala et al. (2023)

The carbon emissions as a result of forest fi-
res were calculated using the following equation:

Cem:Mfr'ch.Klf’ (1)

where C, - volume of carbon emissions, t; M, -
dry matter mass of individual components of
biomass, t; K, - coefficient of carbon content in
a component of biomass (bark, branches - 0.5;
leaves, living ground cover, litter - 0.45); K, -
coefficient of forest biomass loses due to forest
fires of different severity (Table 1).

Carbon emission from fires on cropland
Dominant crop species within the sown areas
were determined using the crop area distribu-

tion in different regions of Ukraine. According
to the Ministry of Agrarian Policy and Food of
Ukraine, in 2022, wheat, barley, sunflower, and
corn dominated among crops, covering almost
85% of the sown areas. The following ratios of
the mentioned crops were used: wheat — 37.3%,
barley - 10.8%, sunflower — 26.1%, and corn -
25.8%. Yields of the crops (in t-ha™') within each
region was determined based on national sta-
tistics data (Verner, 2021). Biomass volume was
determined by the coefficients of the total yield
of surface and root crop residues (Table 2) with
the yields of crop species considered (Kokhana
& Glushchenko, 2015).

Table 2. Coefficients of yield residues depending on crop harvests

Crops Coefficient of the total yield o_f by- Non-marketable biomass remaining on field, %
products, stubble, and root residues by-products stubble and root residues

Wheat 1.5 53 47

Barley 1.3 52 48

Vol. 15, No. 1, 2024

Ukrainian Journal of Forest and Wood Science

130



Zibtsev et al.

Table 2, Continued

c Coefficient of the total yield of by- Non-marketable biomass remaining on field, %
rops products, stubble, and root residues by-products stubble and root residues
Sunflower 3.5 50 50
Corn 1.4 58 42

Source: A.V. Kokhana & L.D. Glushchenko (2015)

The calculations considered that not only
by-products but also the main crop would be
lost due to fire in the 60-km buffer zone during
May and July 2022, as a high density of shelling
was observed. Volumes of carbon emissions as
a result of fire on croplands were calculated by
the following equation:

C,.=B, K, K, 2)

where C, - volume of carbon emissions, t; B -
plant biomass in a completely dry state, t; K .-
coefficient of carbon content in a unit of bio-
mass (0.45); K, — coefficient that considers the
fire severity (low — 0.9; medium and high - 1.0).
Carbon emission from fires on other natural
landscapes

Using the Official website of the State Sta-
tistics Service of Ukraine (n.d.) for geodesy,

cartography, and cadastre, the regional struc-
ture of other landscape types was determined.
In 2020, the regional structure of landscapes, in
addition to forest areas and arable land, also in-
cludes hayfields, fallows, and pastures. Accord-
ing to the Land Directory of Ukraine (2020), the
share of each of the listed types of agricultural
landscapes within each region was calculated.
Productivity and biomass volumes were deter-
mined by types of landscapes. The productivity
of the mentioned types of landscapes (in t-ha™')
within each region is estimated following scien-
tific data from numerous botanical and ecolog-
ical publications and grouped by natural zones
of Ukraine (Table. 3). Biomass losses are differ-
entiated depending on the level of site damage
and the type of landscape. Equation 2 was used
to estimate carbon emissions from fires within
other natural landscapes.

Table 3. Productivity of certain types of landscapes within natural zones

Dry matter yield, t-ha!
Natural zone
Hayfields Pastures Fallows
Steppe 2.7 2.4 1.8
Forest steppe 4.2 3.8 2.8
Ukrainian Polissya 3.8 34 2.5
Ukrainian Carpathians 3.2 2.8 2.1

Source: M.I. Stakal (2020), V.I. Grigoriev et al. (2021)

As a result of applying the described algo-
rithm by category (forest fires, fires on crop-
land, fires on other natural landscapes) burned
areas by burn severity classes, biomass and car-
bon losses and greenhouse gas emissions were
determined.

Results and Discussion

The total area of landscape fires in Ukraine in
2022 reached 749.5 thousand hectares. The ma-
jority of the affected territories were agricultur-
al lands (croplands), accounting for 419.1 thou-
sand hectares, and other natural vegetation
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(abandoned lands) amounting to 273.7 thousand
hectares. Forest fires burned 56.7 thousand hec-
tares. In total, about 20 thousand fires were de-
tected in 2022. A significant proportion of these
fires occurred within a 60-kilometer buffer zone
along the frontline, comprising 69% of the total
fire-affected area, and 43% of all fires occurred
in occupied territories (Zibtsev et al., 2023). The
territories most affected by fires are those where

Legend
Zone of active armed conflict
and occupied territories

I Burned area

SRB

5

active military operations were ongoing in the
eastern, southern, and northern parts of Ukraine.
Specifically, the most significantly impacted
regions were Donetsk (146.3 thousand hec-
tares), Kherson (84.1 thousand hectares), Kyiv
(70.9 thousand hectares), Zaporizhia (65.6 thou-
sand hectares), Luhansk (65.6 thousand hec-
tares), Mykolaiv (47.7 thousand hectares),
and Kharkiv (42.6 thousand hectares) (Fig. 1).

Figure 1. Distribution of fire perimeters in 2022 over the territory of Ukraine

Source: S. Zibtsev et al. (2023)

The distribution of the area affected by fires
of different severity levels (based on dNBR val-
ues) showed that natural landscapes were most-
ly affected by medium burn severity (43.6-47.7%

of total area). High fire severity (ANBR >0.550)
observed on a small proportion of forested ar-
eas and, among all other land categories, high
fire severity prevailed on croplands (Table 4).

Table 4. Assessing the condition of woody plants

Proportion of fire severity classes, %
Land category A "

Low Medium High

Coniferous forest 51.9 43.6 4.5

Other forest 46.8 44.4 8.8
Other natural vegetation 34.0 47.7 18.3
Cropland 22.7 45.9 314

Total 29.1 46.3 24.6

Source: calculated by the authors

Vol. 15, No. 1, 2024

Ukrainian Journal of Forest and Wood Science 132



Zibtsev et al.

Emissions of carbon dioxide from land-
scape fires in Ukraine reached 5.20 million
tons in 2022 (Table 5). Carbon emissions were
largest from fires on croplands (59%) and on
uncultivated land (24%). Forest fires emitted
over 16.9% of total carbon emissions (12.6%
from fires in pine forests and 4.3% in broadleaf
and mixed forests). Average carbon losses per 1
hectare during fires in coniferous forests were
more than 2 times higher compared to other
landscape types and broadleaf forests. Such

high carbon losses are associated with signif-
icant fuel load in pine forests and higher fire
intensity. In broadleaf prevailing fires of low
intensity burning dry surface fuel.

Results of the assessment done by
L. de Klerk et al. (2023) showed a significantly
different distribution of areas of fires by land
cover types in comparison with current results
(Table 6): 11.3% less area of fires on agricul-
tural lands and 78.6% less area of fires in other
landscapes (abandoned lands).

Table 5. Burned area, biomass and carbon losses, CO, emission by land category

Land B::::d Biomass Biomass Carbon Carbon emfs(:izon gregltll}lli)l;lse
) -ha-! -ha! g
category thous. ha loss, Mt loss, t-ha loss, Mt loss, t-ha Mt gases, Mt
Coniferous 31.1 0.33 10.66 0.14 4.59 0.53 0.05
forest
Other forest 25.5 0.17 6.49 0.07 2.69 0.25 0.02
Other
natural 273.8 0.78 2.83 0.35 1.28 1.28 0.06
vegetation
Cropland 419.1 1.90 4.54 0.86 2.05 3.14 0.15
Total 749.5 3.18 4.33 1.42 1.89 5.20 0.28
Source: calculated by the authors
Table 6. Comparison of areas of fire on land categories
in L. de Klerk et al. (2023) report and current study
Land catego Area of landscape fires, thous. | Area of landscape fires, hous. Difference
gory ha (de Klerk et al., 2023) ha (current study) Hectare %
Forests 58.9 56.7 2215 3.9
Agricultural lands 371.7 419.1 -47409 | -11.3
Other landscapes 58.6 273.7 -215167 | -78.6

Source: prepared by the authors based on L. de Klerk et al. (2023)

Even though in our assessment the area of
fires on croplands and grasslands was more than
262.6 thousand ha, the calculated carbon emis-
sions from such types of lands in the study of
L. de Klerk et al. (2023) were 11.69 million tons
higher (Table 7). The reason for such difference
is a peculiarity of the methodology for calcu-
lating biomass burned during fires for different
types of natural and cultural landscapes. The

release of carbon during forest fires according
to L. Klerk et al. (2023) is 210.8 t-ha’!, while in
our study this indicator is on average 13.7 t-ha’!
(15 times lower). Among all landscape fires in
2022 in Ukraine, only a small share are forest
crown fires that result in immediate biomass
burning and carbon release. Fire weather dur-
ing the fire season of 2022 was rather safe in the
northeastern and eastern regions of Ukraine
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and close to pretty safe in the 2013 year. More
complete burning of biomass was typical for
open types of landscapes (agricultural lands and
other landscapes). Another source of differenc-
es with the report of L. de Klerk et al. (2023) is

methodological approaches in assessing the pro-
ductivity of biomass on agricultural lands and
other landscapes, which also contributed to an
overestimation of 49.6-50.3% for CO, emissions
in the L. de Klerk et al. (2023) report (Table 7).

Table 7. CO, emissions in the different land categories

Land category CO,, Mt CO,, Mt CO,, t-ha! CO,, t-ha!
(current study) | (de Klerk et al., 2023) | (current study) | (de Klerk et al., 2023)
Forests 0.78 12.41 13.7 210.8
Cultivated lands **3.14 *4.19 7.5 11.3
Other landscapes 1.28 0.41 4.7 7.0
Total 5.20 17.01 - -

Note: *all agricultural lands included croplands, pastures, and haymakers; **croplands
Source: developed by the authors based on L. de Klerk et al. (2023)

L. de Klerk et al. (2023) used data on fires
(number of fires, fire start and end time, coordi-
nates of the boundaries of each fire, land cate-
gories for each fire) from fire prevention infor-
mation systems: Fire Information for Resource
Management System (FIRMS) (n.d.) and the Eu-
ropean Forest Fire Information System (EFFIS)
(n.d.). Following the data given by L. de Klerk et
al. (2023), 75% of forest fires in 2022 occurred in
coniferous forests, 21% in broadleaf forests, and
4% in mixed forests. It is assumed that 75% of
fires are canopy (crown), 25% — surface.

According to current research data, 55%
(31.1 thousand hectares) of forest fires occurred
in coniferous forests, mostly pine stands while
45% (25.5 thousand hectares) — in broadleaf
and mixed forests. Analysis of the dNBR index
showed that 30% of the fire areas are of low se-
verity — weak or average surface fires. At this
level, only the upper layer of the forest litter,
the living above-ground forest grasses and,
partially, undergrowth burns out. The bark of
trees can be burned up to 1 meter in height
with some temperature impact on external live
layers of stems. More heavy impact on stands
occurred with intensive ground fires (up to 1.5
flame length) that were a case in 46% of areas of
fires, while severe impact (crown fires) occurred

in 24% of all fires. In the L. de Klerk et al. re-
port (2023), it is assumed that 70% of forest bi-
omass is lost due to the impact of crown fires
that resulted in carbon emissions in the year
of fires according to the Tier 1 approach of the
Intergovernmental Panel on Climate Change
(IPCC) guidelines. The average stock of wood
was taken at the level of 233 m3®ha'. The same
approach was used when estimating emissions
from forest fires in the 2023 National Inventory
Report (NIR) (2023).

L. de Klerk et al. (2023) considered emis-
sions of other greenhouse gases: carbon mon-
oxide (CO), methane (CH,), non-methane
volatile organic compounds (NMVOC) and ni-
trogen compounds (N,0, NOx). According to
S. Urbanski (2014), emission factors are 1600-
1641 (wildfire), 1705 (grassland) g/kg CO,; 95-
135 (wildfire), 61 (grassland) CO; 3.38-7.38,
1.95 (grassland) CH4; 23.15-33.87 (wildfire),
16.87 (grassland) NMOC; 1.0-2.0 (wildfire),
2.18 (grassland) NOx, the share of others is in-
significant. According to H. Keith et al. (2014)
in temperate Australian forests, 6-7% of bio-
mass is lost as a result of low-severity wildfires
and 9-14% as the result of high-severity wild-
fires. Direct emissions occurring during forest
fires are caused by the burning of such forest
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combustible materials as leaves, branches,
woody debris, and other organic material on
the soil surface. The proportion of the total
carbon stock burned was relatively small (more
than half of the stock losses from burning came
from short-lived biomass components). A sig-
nificant proportion of biomass, although not
burned, is redistributed to dead components.
The decomposition of these components and
new recovery have the largest impact on carbon
stocks in the coming decades. M.D. Hurteau &
M.L. Brooks (2011) noted that long-term effects
of fire are manifested in indirect fire emissions
from the long-term decomposition of trees that
have dried up, but not consumed by fire; this
source can be as much as three times the size
of direct carbon emissions. Established car-
bon dioxide emissions for forests during fires
were 13 times lower compared to the data of
L. de Klerk et al. (2023). Such differences were
caused by significant differences in calculation
methods: this article considered carbon emis-
sions directly during a fire without addressing
long-term changes in the redistribution of car-
bon in fire-damaged forests caused by post-fire
tree mortality.

Conclusions

Russian military aggression against Ukraine
has caused a drastic increase in the number and
area of forest fires in Ukraine. Besides disturb-
ing forests and open natural landscapes, bio-
diversity and negative social impacts, wildfires
also produce large amounts of carbon emis-
sions. Based on the data on wildfires mapped by
the authors using remote sensing data of Sen-
tinel 2 satellite images, this paper presents the
results of the assessment of carbon emissions
from landscape fires that occurred in Ukraine in
2022. The war was found to be a major factor
in the fire situation, with 69% of the total area
affected by fires in the 60-kilometre buffer zone
along the frontline. In general, in 2022, there
were about 20 thousand landscape fires on a

total area of 749.5 thousand hectares, with the
most affected agricultural land (arable land) —
56%, other natural vegetation (abandoned
land) - 37%, and forest fires — 7%.

It was estimated that direct emissions of
carbon dioxide due to landscape fires in 2022
amounted to 0.78 million tons (775348.8 tons)
on forest lands, on croplands — 3.14 million
tons (3142750.8 tons), other landscapes 1.28
million tons (1280089.4 tons). Compared to de
Klerk et al. (2023), the area of forest fires in our
study was smaller by 3.9%, while fires on agri-
cultural lands were higher by 11.3%, and other
landscape fires by 78.6%.

To obtain more accurate data on carbon
emissions from fires in Ukraine’s natural land-
scapes and to assess the negative environmen-
tal consequences caused by the war, it is neces-
sary to conduct massive fieldwork to establish
burning intensity (burn severity) for different
types of landscapes. The next step to improve
the proposed methodology for estimating car-
bon emissions after a fire is to predict the post-
fire dynamics of forest ecosystems, which may
include the recovery or degradation of damaged
territories. The results also are an important
step toward collecting scientifically proven ev-
idence of the ecocide of the russian war against
Ukraine of the war in international courts.
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AHoranis. BijicbkoBa arpecis pociiicbkoi denepaltlii Ta mos’si3aHi 3 Helo COLiaIbHO-eKOHOMIUHI Ta
€KOJIOTiUHi HaCTiAKY CYTTEBO BIUIMHY/IM Ha KJIiMaT Ta BUPOOGHUIITBO €KOCUMCTEMHMX MOCTYT Yepes
TTOIIKOIKEHHS JIiciB, ekocucTeM, jJaHAmadTHI MOXexki Ta BUKUAM TasiB B aTMocdepy. MeToio
TOCITiTKeHHS 6YJTI0 OI[IHUTY BUKUIM BYTJIEITI0 BHACTI IOK IaHA A THMX IMOXKEX B YKpaiHi yImpomoBK
2022 poxky. [I1s1 BUSIBJIEHHSI TTOKeK BUKOPUCTOBYBAIACS TEXHOJIOTiSI MOHITOPUHTY JIiCOBUX TTOXKEK
OroraTech, a mepuMeTpy MPOIiIeHUX BOTHEM [AiJITHOK OKPECTIOBAINCS 3a AOTIOMOTOI YaCOBUX
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DSIIiB CYIyTHUKOBUX 3HIMKiB Sentinel 2. 751 po3MoAiny mMpoiieHnX MoskeskaMy TUIOIN, 38 TUITaMU
3eMHOTO TTOKPMBY BUKOpUCTOBYBasnacsi kapra Copernicus Dynamic Land Cover. Bukuau Byrieito
Oy/u po3paxoBaHi 3a JaHUMU iHTeHCUBHOCTI 1okexk (ANBR) Ta uacTku crianeHoi 6iomacu B pisHUX
TUIaX 36 MHOTO ITOKpUBY. Mozei 6iomacy 6y 06paHi 3 ypaxyBaHHSIM TOMiHYIOUMX IepeBHUX ITOPi
Y KOHKpPETHOMY PeTiOHi Ta JOMiHYI040i BUI0BOI CTPYKTYPM IOCiBHUX IIJIOL Ci/TbChKOTOCIIOAaPChKIUX
KyabTyp. O6CSTM BTPAT 6ioMacH OI[iHIOBAIMCS 3 BpaXyBaHHIM iHTEHCUMBHOCTI ITOsKeX. [TigpaxoBaHo,
mo mpotsirom 2022 poKy Ionia JaHmmadTHUX ToKeX csirayaa 749,5 tuc. ra, 3 Hux 419,1 tuc. ra
Ha OPHMX 3eMJIsIX; 273,8 Tuc. ra B iHIMX MPUPOTHUX TUIIAX POCIMHHOCTI; 31,1 THC. ra B XBOMHNUX
micax; 25,5 Tuc. ra B iHIIMX jTicax. Briius BiitHYM Ha TaHaAIIadTHI TTOKeKi MiATBEPIKYETHCS BEIUKOIO
YACTKOI0 MOXKeX y 60-KioMeTpoBiit 6ydepHiit 30Hi B3ZOBXK JiHii ppoHTYy — 68,9 % Bim 3araabHOi
mommi nosxkesk. Cepep ycix moskesk 42,5 % Toskesxk cTanucst Ha OKyroBaHii Teputopii. CymapHi
sukuayu CO, Bif ycix BuziB JaHama@THUX MOKeXK cArHyau 5,20 MJIH TOHH, a iHIIMX MapHUKOBUX
rasiB — 0,28 MiH TOHH. Ile mepiie getaabHe KapTorpadyBaHHs JaHAMAOTHUX MTOXKEXK 3 aHATi30M
KOXXHOTO TIONITOHY [Jis Bciel TepuTopii YKkpaiHm. PesynbraTit JOCTiIKEHHS HAJalOTh BaKIUBY
iHdopmarito I OLUiHKM BTPAT eKOCUCTEMHMX MTOCTYT Ta OLiHKM BUKHUIIB BYTJIEII0, & TAKOXK JJIst
MigTBePIKeHHS BIUIMBY O0MOBMX il Ha JaHAMAbTHI MTOXKEXi

Knrouosi cnmoBa: jticoBi moxexi; Buropina moma; Bukuay CO,; TUII IPYHTOBOTO IIOKPUBY;
6iomaca; kaprorpadyBaHHS
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