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SUMMARY

War in Ukraine has already led to devastating soil cover damages, unprecedented in Europe
since World War II. Warfare caused physical disturbances and chemical contamination, and
led to demise of soil biota and vegetation. The development of a comprehensive methodology
for assessing of war-induced soil cover damage is a complex task which has already been
properly discussed in the literature. However, there is no applicable comprehensive
methodology for soil assessment during or immediately after the war. This paper aimed to
present a new methodological approach applied in the affected areas of Kharkiv region. The
proposed methodology comprises the following steps: geospatial analysis, field studies, data
synthesis and processing, economic assessment and recommendations. The methodology
combines various methods, namely remote sensing analysis, cartographic, soil science,
geochemical, ecological, geomorphological, economic etc. The results of the analysis are
presented in this paper on the example of the Oskilska hromada, which was the most affected
by military operations. Within the Oskilska hromada, 187 170 craters (up to 48 m in
diameter) have been identified, therefore 27% of agricultural land is at risk to be
contaminated by explosives and ammunition fragments.
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Introduction

The ongoing war in Ukraine has resulted in a broad spectrum of soil disturbances unparalleled in
Europe since World War II. Soils have endured both physical disruptions (such as bombturbation,
compaction, and disaggregation) and chemical contamination (primarily from explosives and their
byproducts). As a result, there is an immediate necessity to evaluate the war's impact on soil coverage,
aiming to quantify the depletion of land resources and enhance the efficiency of post-war land
utilization.

The war-induced soil disturbances due to the acute phase of Russian invasion of Ukraine has already
been discussed in the literature. Particularly, Zaitsev et al. (2022) and Solokha et al. (2022) have
published the first results of studies of soil contamination with heavy metals. Splodytel et al. (2023)
presented a comprehensive study of war-induced soil damage in the Vilkhivska (Kharkiv region) and
Sartanska (Donetsk region) hromadas based on remote sensing data and partly field data. Baliuk et al.
(2022) published a comprehensive scientific report in which considered the theoretical background of
soil reclamation and the calculation of soils damage. Ma et al. (2022) analyzed the state of croplands
in war zones based on remote sensing data.

This paper aims to present methodology of the comprehensive assessment of soil disturbances due to
warfare and its application for the study of damaged soils in the Kharkiv region. This paper presents
the analysis of the most affected territorial hromada of Kharkiv region: Oskilska.

Methods

The proposed methodology has been previously tested in the analysis of the Kyinska territorial
hromada (Bonchkovskyi et al., 2023) and includes four steps: (i) geospatial analysis; (ii) field studies;
(iii) data synthesis and processing; (iiii) economic assessment and recommendation. The steps and
objectives of the methodology is given on the Figure 1. On the basis of the NextView license for the
use of satellite images by Maxar from the G-EGD web catalog and on the basis of the Education and
Research Standard license by Planet Labs from the Planet Explorer web catalog, databases were
analyzed and a series of satellite image mosaics for the study area were downloaded. At the second
step, the downloaded mosaics were processed, and satellite images were created. Their geometric and
spectral correction was performed. The generated images of the study area cover three periods: before
the Russian invasion (October - November 2021), active warfare (July - November 2022), and the
period of recovery of agricultural activity (May - June 2023).

Craters were identified on the satellite imagery based in the round and oval shape of the objects.
Craters with a dimeter of less than 0.5 m were neglected due to the resolution of the Maxar images
and less than 3 m for the Planet Labs images. Since the angle of inclination of the nadir on the satellite
images differs, an appropriate correction was applied to identify the precise location of the craters.
The largest craters are mainly 15-20 m in diameter, reaching up to 48 m in diameter in some cases.
The volume of displaced soils was calculated according to two different approaches proposed in
(Strange and Rooke, 1988).

We propose to distinguish two principal zones around the crater, which represent different impacts of
the explosive munition on the soil cover: 1) the bombturbation zone and 2) the contamination zone.
The bombturbation zone is an area around the crater that was directly affected by the blast of an
explosive munition, namely redeposition, displacement, compaction and deformation of soil. The
bombturbation zones in our understanding correspond to those defined in (Hupy and Schaetzl, 2006).
The bombturbation zone is displayed on satellite images as an area of soil debris fallen to the surface
due to a preceding explosion. The contamination zone is a larger area around the crater that is mostly
physically undisturbed, however, contaminated by explosive compounds, shells, and bomb fragments.
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The contamination zones are defined according to the relationship between the area of the
bombturbation zone and crater diameters as well as on the fragmentation range of munitions of
various calibers

Step 1: Geospatial analysis

Deciphering satellite images
for the assessment of war-
induced soil cover disturbances|

Identification of cultivated land
as of autumn 2021 based on
remote sensing data

Identification of cultivated and
uncultivated agricultural land
as of May-June 2023

Vectorization of the soil cover
map and identification of
exclusively valuable soils

Modelling the potential of soils
to retain pollutants

Assessment of soil erosion risk
and risk of pollutant migration
with surface runoff

Identification of localities with
potential  geomorphological
hazards

Step 2: Field studies

Ecological and soil studies
including description of the
morphological features of the

Field instrumental measure-
ments: pH, mV, soil density,

Sampling for geochemical and
soil studies

Field geomorhological obser-
vations: morphological and

colour (Munsell scale) morphometric

bombturbation

Step 3: Data synthesis and processing

Synthesis and  processing
remote sensing, field and
laboratory data

Laboratory soil survey: grain-
size analysis, organic matter
content etc.

Geochemical analysis: heavy
metals, inorganic pollutants
content etc.

Step 4: Economic assessment and recommendations

Economic assessment of
direct and potential crop
losses due to  military
operations

Developing recommendations
for the use and reclamation of
damaged agricultural land

Economic assessment of soil
loss due to military operations

Figure 1 Steps of assessing of war-induced soil damages

The soil maps of the study area are based on the most detailed soil maps of the Ukrainian SSR (1966-
1970) at a scale 1:200 000. These maps were georeferenced and refined as soils were interpolated in
settlements according to the shape of soil plots and DEM SRTM 30 m. Forests and water bodies were
mapped as of 2023. Soil types as well as their parameters were adapted to the 4™ edition of World
Reference Base for Soils Resources (2022). Base on the soil map, a map of soil leaching potential,
namely the ability of the soil to retain or move contaminants downward and to act as a physical
barrier, were created. Soil leaching potential categories were defined according to (Lilly and
Baggaley, 2014). Soil erosion risk was determined according to the data of soil profile erodibility,
which contained in the soil maps. The following categories of soil erosion risk are distinguished: very
low, low, moderate, high, accumulation of soil deposits.

Based on PlanetScope satellite imagery data from Planet Labs (October - November 2021), cultivated
land before the acute phase of Russian invasion was identified. The cultivated land was divided into
three classes: household plots, dacha plots and fields. The current state of land used was identified on
the basis of PlanetScope satellite imagery data from Planet Labs (May - June 2023).
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Results

The Oskilska hromada is situated in the south-eastern part of the Kharkiv region in the Izium rayon.
The area is 856.2 km?. The population (as of 01.01.2022) is 8 310. In the Oskilska hromada, 187 170
craters were identified. The diameter of the craters varies between 0.5-48.1 m. The estimated volume
of displaced soils is 321 856.9 m* and 430 965.4 m* according to crater depth and weight charge of
ammunition, respectively. The area of bombturbated zones is 1651.2 ha (4.7% of the area of
cultivated land) and the area of potentially contaminated zones is 9 634.7 ha (27.5% of the area of
cultivated land) (Figure 2).

As of autumn 2021, cultivated (arable) land covered 40.9% (35 043 ha) of the Oskilska hromada,
including 4 811 household plots (1 236 ha) and 1 453 fields (33 807 ha). No craters were identified in
82.9% of household plots and in 22.1% of fields, mainly located in NE part of the hromada. The
number of craters in some fields reaches 2000-4000. Thus, the density of craters reaches 70-130 per
hectare. As of June 2023, only 6.9% (2 409.1 ha) of the former arable lands were cultivated, mostly in
the NE part of the hromada. The highest concentration of uncultivated land is observed in the southern
part of the hromada, which may indicate heavy mining of these territories. The presence of
uncultivated land here can also be caused by the occurrence of UXO and heavy bombturbation.

Figure 2 Bombturbation and contamination zones in the Okzlsd homada (a), a crater from an
aerial bomb (b) and an artillery shell (c) near the Oskil village in July 2023

The studied area is dominated by Chernozems (53.0%), particularly Haplic Chernozems (50.8%),
Calcic Leptic Chernozems (1.2%) and Luvic Greyzemic Chernozems (1.0%). These soils according to
their parameters are characterized by low or intermediate soil leaching potential (classes L and 12),
which can absorb or prevent contaminants from infiltrating.

Conclusions

The proposed methodology enabled to a comprehensive study of war-affected soils in the Kharkiv
region and can be applied in other regions. The methodology includes remote sensing, field and
laboratory analysis. As a result, it may become the basis for calculating soil cover and soil fertility
lose, and can be a useful tool for reasonable agricultural land reclamation, UXO disposal and
demining. However, in order to obtain a more comprehensive methodology, it is also necessary to
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establish scientific cooperation and involve other methods, namely geophysical, measuring of organic
pollutants, groundwater contamination monitoring etc.
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