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The analysis made in terms of this research shows, that the military-
technogenic load leads to high levels of pollution of the territory with oil products,
lead, cadmium and aromatic hydrocarbons. The impact of military operations on
agricultural land use in the territory of the Bucha city territorial community of Bucha
district of Kyiv oblast is assessed. The level of damage to agricultural land affected by
military actions is investigated. To calculate the assessment of the impact of military
actions on agricultural land use, the "Visual Determination of Land Damage Levels"
was used. The amount of damage caused by hostilities to agricultural land use was
calculated. The method of expert assessment was used to calculate the economic level
of damage caused by hostilities. The ecological condition of the soil within the Bucha
urban community was determined. To assess the ecological condition of the soil, an
indicator of the ecological stability of the territory in the post-war period was

calculated and compared to the pre-war period.

Taking into account the proposed research methods and their results, it is
analysed that agricultural land within the territory of the Bucha city territorial
community can be used for any crops, but the harvested products’ quality have to be
controlled. There is a need for agrotechnical measures to reduce the impact of metals
on agricultural products.
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Problem statement

The agricultural sector and land market in Ukraine have been severely impacted
by Russia's full-scale invasion on 24 February 2022. The blockade of maritime trade
initiated by Russia in mid-February became an obstacle to agricultural exports, while
land market operations were halted on the day of the invasion, and as a result of the
hostilities, agricultural exports resumed, making Ukraine one of the world's leading

grain exporters.

Since the beginning of Russia's full-scale invasion of Ukraine in February 2022,
various types of weapons, military equipment and ammunition have been used, leading
to serious damage and contamination of the soil cover [1]. The military-technogenic
load leads to significant soil pollution and degradation. Military operations involve the
use of various munitions, such as high-explosive, fragmentation, armour-piercing and
cumulative shells and mines. They cause shock waves and explosive products to be
generated and spread in the environment. This leads to deformation of the ground in
all directions of shock wave propagation. Combustion, explosions and detonations of
ammunition generate a variety of toxic and hazardous products that can pollute the
environment. The main source of pollution from live fire is the explosion products,
consisting of fine particles and heavy metal ions. These elements enter the soil along
with water and ammunition fragments. The distribution and impact of chemical
components of ammunition on the natural environment depend on the conversion rate

and mass of the explosive in the projectile.
Analysis of recent research and publications

The analysis of scientific and methodological works on assessing the impact of
hostilities on land productivity was studied by the following scientists: Butenko Y.,
Kharytonenko R., Petrychenko S. [2]. The purpose of their study was to investigate the
productivity of land affected by military operations in Ukraine.

The productive potential of land in Ukraine was highlighted in the scientific

works of the following scientists: Dorosh Y., Dorosh O., Kupriianchyk I., Butenko Y.,



Kharytonenko R. and others [3,4]. The article highlights the essence of the term
"productive potential of land", takes into account the prerequisites for its emergence
and the importance of assessment. The key indicators for determining the productive
potential of agricultural land, taking into account the qualitative characteristics of soils

and modern agricultural technologies, are proposed.
Objective

To assess the impact of military operations on agricultural land use in the

territory of the Bucha urban territorial community.
Materials and methods of the study

The choice of research methods was based on a comprehensive analysis of

information on assessing the state of agricultural land use.

In the course of the research, various methods were used, including an abstract
and logical approach to determine the provisions on agricultural land that has been
damaged. The monographic method was also used to analyse scientific research on the
effects of Russian aggression on agricultural land use. The desk-based method was
used to collect and analyse literary, cartographic and other sources in order to
determine objective methodological approaches. Additionally, the method of
generalisation and the method of expert evaluation were used, which allowed for a

comprehensive assessment to achieve the research objective.
Research results and discussion

The object of the study was agricultural land use on the territory of the Bucha
city territorial community. The territory of the entire community has been under
occupation since the first days of Russia's full-scale invasion of Ukraine and was
liberated on 31 March 2022. A large proportion of agricultural land was damaged as a
result of hostilities (Fig. 1).
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Figure 1. Borders of damaged agricultural land plots on the territory of the Bucha territorial
community.
(satellite images were taken from Google Earth, resolution 3000 dpi) [5].

According to the community's passport, agricultural land covers 9073.34
hectares (100%) [6]. There are 11 agricultural enterprises within the Bucha urban

community that grow grain and industrial crops.

According to our calculations, the agricultural land affected by Russian

Figure 2. Land plots affected by military impact
(satellite images were taken from Google Earth, resolution 3000 dpi) [5].



To visually assess the level of land damage, the methodology "Visual
Determination of Land Damage Levels" proposed by such scientists as A. Sploednik,

O. Holubtsov, S. Chumachenko, and L. Sorokina was used, as cited in [1].

The study (Fig. 1, Fig. 2) shows that among the damaged agricultural land use
(2245.12 ha), visual inspection revealed a low level of land damage (from 10% to 25%
of the area on each plot). This indicates that they are suitable for use for any crops,
subject to quality control of agricultural products.

The impact of hostilities was assessed using the following approach:

1) visual assessment of the affected land plots using Google Earth;

2) economic assessment of the damage to land plots affected by Russian
aggression.

3) assessment of the ecological condition of the soil by calculating the

ecological stability of the land;

Ukraine has developed a number of methods for assessing the amount of
damage caused by military operations, including the "Methodology for Determining
the Amount of Damage Caused to Land and Soils as a Result of Emergency Situations
and/or Armed Aggression and Hostilities during Martial Law" [9] of the Ministry of
Environmental Protection and Natural Resources of Ukraine (MEPNR), which
provides for the determination of "the amount of damage caused to land and soils by
states, executive authorities, local governments, business entities and individuals due
to soil pollution, with There is also the "Methodology for Determining Damage and
Losses Caused to the Land Fund of Ukraine as a Result of the Armed Aggression of
the Russian Federation” [10] of the Ministry of Agrarian Policy and Food of Ukraine
(MAPF), which provides for "determining damage and losses caused to the land fund
of Ukraine as a result of the armed aggression of the Russian Federation, including

losses of the land fund, as well as related lost profits" [10].

However, these methods are not yet fully tested, requiring a large range of

specific data on land plots, in particular, agrochemical soil surveys. For example,



agrochemical soil testing requires additional costly research and time, which makes it

difficult to apply the methodology in operational calculations.

Therefore, in the absence of other reliable data necessary to apply the methods
of the Ministry of Environment and the Ministry of Agrarian Policy, we consider it
acceptable to use the normative monetary value (NMV) indicator for the expert method
of assessing damage to land plots affected by Russian aggression. Such an assessment
of damages based on NMV is easy to carry out operational calculations in a particular
territory, and makes it possible to take into account at least the order of magnitude of

the damage in planning decisions.

In accordance with the current Procedure [11], the NMV of a land plot takes
into account such factors as: the capitalised rental income rate and the area of the land
plot, the location of the territory of the territorial community in the zone of influence
of large cities, the resort and recreational value of settlements, the location of the
territory of the territorial community within the areas of radiation contamination, zonal
factors of the location of the land plot, the designated purpose of the land plot, the use

of the land plot in accordance with the main purpose within the relevant

The calculation was based on the NMV of agricultural land as of 01.01.2024

[12]. The results of the calculations are presented in Table 1.

Table 1: Assessment of damage to land affected by Russian aggression

Ne plots Area, ha NMV, UAH/ha Estimated losses, UAH
1 89,8761 27884,08 2506112,68
2 17,8110 27884,08 496643,62
3 30,5466 27884,08 851763,06
4 99,8554 27884,08 2784375,81
5 142,6914 27884,08 3978818,30
6 102,3670 27884,08 2854409,64
7 76,5951 27884,08 2135783,97
8 51,3866 27884,08 1432869,18
9 31,0655 27884,08 866232,72




Ne plots Area, ha NMV, UAH/ha Estimated losses, UAH
10 23,3833 27884,08 652021,58
11 24,0570 27884,08 670806,50
12 141,8480 27884,08 3955300,15
13 12,9401 27884,08 360823,02
14 40,5598 27884,08 1130973,61
15 71,8360 27884,08 2003080,03
16 28,2551 27884,08 787868,28
17 78,3596 27884,08 2184985,27
18 229,4201 27884,08 6397168,60
19 35,6212 27884,08 993265,21
20 107,7678 27884,08 3005007,04
21 26,3207 27884,08 733929,26
22 62,8909 27884,08 1753654,14
23 69,6255 27884,08 1941442,02
24 75,8739 27884,08 2115674,75
25 44,3395 27884,08 1236366,96
26 17,8333 27884,08 497263,87
27 12,1757 27884,08 339506,98
28 19,7109 27884,08 549621,67
29 67,0396 27884,08 1869337,25
30 31,1083 27884,08 867426,91
31 36,9860 27884,08 1031321,43
32 41,6583 27884,08 1161602,69
33 69,9886 27884,08 1951568,35
34 41,2619 27884,08 1150549,63
35 13,5959 27884,08 379108,65
36 37,1610 27884,08 1036200,39
37 23,8434 27884,08 664851,21
38 53,7867 27884,08 1499791,67
39 42,9236 27884,08 1196885,11
40 10,5444 27884,08 294020,82
41 10,2144 27884,08 284819,30
)y 2245,1251 - 62603251,31




Thus, the amount of damage caused, based on the normative monetary
assessment of losses, is UAH 62 million 603 thousand 251.31.

In addition, due to the lack of data on agrochemical soil surveys, we consider
it permissible to conduct an environmental assessment of the soil condition by
calculating the coefficient of environmental stability of the land use area, according to
the methodology [7,8] (Table 2).

Table 2. Calculation of the environmental sustainability factor

Lands K1 (thoﬁggﬁahr?a) p K1*p
Built-up land 0 3897,3498 0
Arable land 0,14 3591,5842 343,7046

Hayfields 0,62 5481,7573 5625,4717

Water 0,38 261,3147 99,2996

Forest 1 7776,0000 7776,0000

Total 2,14 21008,0060 11776,8109

Kensu. = 11776,8109+21008,0060%0,7=0,39

The environmental assessment of the soil condition determined that the
coefficient of environmental stability in the territory of the Bucha territorial community
is 0.39, which decreased by 0.17 compared to the pre-war period, indicating its
environmental instability and significant environmental deterioration as a result of
military actions. However, due to the fact that the land does not have an active
anthropogenic load and is not used, the ecological condition of agricultural land will

improve.
Conclusions

To achieve this goal, the impact of hostilities on agricultural land use was
assessed. This assessment within the Bucha territorial community revealed that there
are 9073.34 hectares (100%) of agricultural land, of which 2245.12 hectares (24.74%)



were damaged as a result of hostilities. However, the level of damage ranges from 10%
to 25%, which indicates a low degree. Thus, the land plots remain suitable for growing
various crops, subject to quality control of agricultural products. This points to the need
for agrotechnical measures to reduce the impact of metals on products. In addition, due
to the impossibility of using the damaged land and not obtaining gross output from it,

it is proposed to exempt landowners and land users of these plots from paying land tax.
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B.B. OuimeBcbkuii

OIIHKA BIIVIUBY BOE€HHHUX T HA
CIUIBCBKOTI'OCITIOJAPCBKE 3EMJIEKOPUCTYBAHHSA

llpoananizosano, wo B60EHHO-MEXHO2EHHE HABAHMANCEHHS HNPU3BOOUNDb 00

BUCOKUX CMYNEHi8 3a0pyOHeHHA mepumopii HaghmonpooyKmamu, cUHyem, KaoMiem



ma apomMamudHumMu 6y2ne800HAMU. Busznaueno oyinky enaugy 6ocHHux Oill Ha
CLIbCLKO20CN00APChbKe 3eMIAeKOPUCMYB8anHs Ha mepumopii byuancoxoi micvkoi
mepumopianvHoi epomaou byuancvrkozo pationy Kuiscekoi obnacmi. Jlocniodceno
Pi6eHb NOWKOONCEHb 3eMelb  CLIbCbKO2OCNO00APCbKO20 3eMIeKOPUCHLYBAHHS, WO
3a3HANU HACAIOKI6 80EHHUX Oili. /{1 pO3PAXYHKY OYIHKU GNAUBY BOCHHUX Oill HA
CIIbCLKO2OCN00ApChKe — 3eMIeKOpUCmysanus — Oyno  3acmocosano  «Bizyanvne
BU3HAYEHHS PIBHI8 NOUKOOXMCeHHS 3emenvy. Po3paxosano po3mip wkoou 3a80anoi
BHACNIOOK  BOEHHUX Oili  CLIbCLKO2OCNOOAPCHLKOMY  3eMleKopucmysannio. s
PO3DAXYHKY, €KOHOMIUHO20 PIi6HS 3A80AHUX 30UMKI8 8HACAIOOK BOEHHUX Oill, 010
3aACmMoCcO8aHO MemoO eKCNepmHO20 OYIHI08aHHA. BusHaueno exono2iuHuti cmaw
Ipyumy 6 medxcax byuancovkoi micokoi mepumopii epomaou. s oyiHKu eKoni02iuHo20
CMauy tpyHmy, 6yi10 po3paxo8arHo NOKASHUK eKOJI02IYHOI cmabiibHOCmi mepumopii y
NOBOEHHUL NEPi00 Ma NOPIBHAHO 3 00BOEHHUM NEPIOOOM.

Bpaxosyiouu 3anpononosani memoou 00cCnioxceHv ma ix pe3yibmamu,
NPOAHANI308AHO, WO 3eMli CLIbCbKO2OCNOOAPCHLKO20 NPUSHAYEHHS 8 MedHcax
mepumopii byuancvkoi micbkoi mepumopianbHoi 2pomMadu MO CHA BUKOPUCMOBY8AMU
nio 06y0b-sKi Kyibmypu 3a YMOBU KOHMPOJIO CLIbCbKO20CNOOAPCbKOI NpOoOyKyii.
lIpoananizosano, wjo € HeoOXiOHICMb Y NPOBEOEHHI A2POMEXHIYHUX 3AX00I8, 3 MemOoI0
3MEHULeHHS HAOX0O0NCEHHS 8NIUBY MEMAI8 HA CLIbCbKO20CNOO0APCHKY NPOOYKYIIO.

Kuro4oBi cioBa: BoeHHI1 i1, BITHOBJICHHS TEPUTOPIH, CUILCHKOTOCIIOAAPCHKE
3eMJICKOPUCTYBAHHS, METOMKA OIIHIOBAaHHS 30MTKIB, HOPMaTHBHA I'POIIOBA OIIHKA,

TepUTOpiajgbHa TPOMAJa.



