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SUMMARY

The hostilities cause significant damage to the environment, which includes pollution of soil,
surface and underground water, air, disturbance of landscapes, damage to flora and fauna, etc.
Ukraine has sustained considerable damage from the russian military aggression since 2014.
The purpose of this work is to pose a question regarding the role of monitoring in the
assessment of the damage caused directly to the subsoil: damage and destruction of
geological objects (deposits, unique stratotype sections, and other geological elements of
ecosystem services). Based on the analysis of the created projectile impact map, the deposits
that were damaged were determined, which is extremely important in the absence of access to
such objects. It has been established that among of total 2,164 mineral deposits in Ukraine
(excluding water): — 358 deposits are located in the temporarily occupied territory as of
09/23/2022; — 95 deposits are damaged or were occupied. In total, the 453 deposits (21%).
Thus, the application of monitoring based on GIS tools in the assessment of subsoil damage
as a result of hostilities allows not only qualitative but also quantitative assessment of the
general situation regarding deposits that were/are located in the occupied territories and/or in
the war zone.
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Introduction

Hostilities inflict heavy losses not only to infrastructure and industrial objects but also to the
environment, which includes pollution of soil, surface and underground water, air, landscape
disturbance, decommissioning of agricultural land, causes damage to flora and fauna, etc. Despite the
existence of several important legal instruments for environmental protection, it still remains a silent
victim and casualty of armed conflicts all over the world. A thousand-year history of mankind
demonstrates a strong relationship between natural resources and armed conflicts. The “natural
resources” that cause these problems are largely oil and hard-rock minerals — including gold, coltan,
diamonds, and other gemstones (Shnyukov, 2008). From more than 20 post-conflict observations over
the last two decades, the United Nations Environmental Programme (UNEP) has concluded that
significant environmental harm is caused during armed conflicts. Only recently, however, have the
assessment, management, and restoration of the natural resource base become essential components of
post-conflict peacebuilding (Protecting the Environment ..., 2009). Ukraine has sustained
considerable damage (and that to geological environment as well) from the russian military aggression
since 2014. As a result of hostilities and missile attacks, the entire network of major metallurgical and
chemical industry facilities concentrated in the east of Ukraine, in particular, the most
environmentally dangerous plants — "Azovstal", Avdiivka Coke Plant, Lysychansk Oil Refinery Plant,
"Sumykhimprom" and others, was completely destroyed. In total, at least 60 oil depots and other
storage facilities for fuel and lubricants were affected in 23 regions. As a result, soil, surface and
underground water, vegetation, etc. are polluted. The destroyed military equipment and ammunition,
exploded missiles, etc., pollute the soil and groundwater with chemicals, heavy metals in particular.
Unfortunately, this list of impacts on the environment as a result of aggression is almost endless. To
systemically overcome these terrible consequences, in April 2022, in accordance with the Decree of
the President of Ukraine dated April 21, 2022 # 266/2022 ‘Issues of the National Council for Ukraine
Reconstruction’, the National Council for Ukraine Reconstruction from the Consequences of the War’
was established. To provide scientific and methodological support of the working group of
‘Ecological Safety’, experts have been involved, in particular, those in the field of Subsoil, including
underground water. With mankind moving to humane civilizations, after armed conflicts, litigations
are opened in international courts for obtaining compensation, including that for damages caused to
the environment. But for that, it is necessary to evaluate and justify the claimed amounts of losses, for
the evaluation of which special procedures have been developed. These procedures are to take into
account a number of factors and parameters, with one of the key ones being the “zero point/point of
reference”. The pivotal role in obtaining reliable data for evidence is played by the data of monitoring
varied environment elements and remote sensing.

Therefore, the aim of this study is to outline various aspects of the impact of armed aggression on the
geological environment, the subsoil, and issues regarding the role of GIS-assisted monitoring in the
assessment of the damage caused directly to the subsoil: the damage or destruction of mining
facilities, deposits (disturbance of the geological environment), the damage and destruction of
geological objects (unique stratotype sections, geological landmarks, landscape parks, which are the
elements of ecosystem services).

Theory and Materials

The analysis of the materials of existing court cases on compensation for the environmental damage
caused by armed conflicts, has revealed no precedent for assessing damage to the subsoil, except for
the damage caused by oil spills and, as a result, pollution of surface and underground waters (Kuwait,
Lebanon, etc.) and that due to illegal mineral appropriations during a war conflict (Rwanda).

The United Nations Compensation Commission (UNCC) was established by the United Nations
Security Council (UNSC) as a special quasi-judicial body to award financial compensation for
damage caused by Iraq's invasion of Kuwait and is a unique model of liability and environmental
redress in the international context. UNCC provided a legal process that cataloged, appraised, and
allocated money to pay for the cleaning and repair of damaged soil, water, coastal ecosystems, and
other damage caused by the 1990-1991 Gulf War. Its contributions include integrating environmental
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law principles into the reparations process; employing advanced methods for environmental damage
assessment (Payne, 2017).

The research is based on the analysis of international experience and practice concerning the
assessment of geological and environmental damage caused by military operations, databases of
licensed mineral areas, and databases of hostilities (with the marked points of shelling hits and front
line movements), as well as using the author's updated database of evaporites formations of Ukraine
(Interactive Dashboard ..., n.d.; Map of the licensed areas, n.d.; Shekhunova et al., 2019, 2021a, b).

Results and Discussion

The UNEP has conducted over twenty post-conflict assessments since 1999, using state-of-the-art
science to determine the environmental impacts of war. From Kosovo to Afghanistan, Sudan and the
Gaza Strip, UNEP has found that an armed conflict causes significant harm to the environment and
the communities that depend on natural resources. (Protecting the Environment ..., 2009). Direct and
indirect environmental damage, coupled with the collapse of institutions, lead to environmental risks
that can threaten people’s health, livelihoods and security, and, ultimately, undermine post-conflict
peacebuilding.

The mineral and raw material complex of Ukraine provides a significant share of its gross national
product. Up to 48% of the country's industrial potential and up to 20% of its labor resources are
associated with the extraction and use of minerals. 20—40% of total investments are concentrated in
the mining industry. There is no country in Europe, except for russia, with a similar mineral and raw
material base, which critically affects Ukraine’s economic, socio-political and geopolitical stability, as
well as the livelihood of its population. Therefore, the entire economy is very sensitive to losses and
destruction of the mineral and raw material bases. As a result of the occupation of a part of its
territory in 2014, Ukraine lost a number of objects in the Southern oil and gas region, 100% of
dolomites for metallurgy, 100% of carbonate raw materials for the production of sodium carbonate, a
raw material base and a complex for the production of bromine and magnesium oxide, the production
of hafnium, 90% of sawn stone, more than 80% of flux raw material deposits, which yielded 98% of
the product, as well as over 95% of refractory clay deposits that were developed, etc. The Artemivsk
rock salt deposit — the only one that is being developed — is now in the front-line zone.

It has been established that of the total of 2,164 mineral deposits in Ukraine (excepting water), 358 are
located in the temporarily occupied territory as of 09/23/2022; 95 deposits have been damaged or
occupied. Overall, that amounts to 453 deposits (21%). Thus, the application of monitoring based on
GIS tools in the assessment of subsoil damage due to the hostilities allows not only qualitative, but
also quantitative assessment of the general situation regarding deposits that were/are located in the
occupied territories and/or in the war zone (fig. 1). Fig. 2 illustrates the impact of hostilities on
evaporites mineral deposits, as well as related exogenous geological processes, karst in particular. The
aspects of impact on the subsoil, including groundwater, are differentiated into direct and indirect.
The direct ones include those related to the decommissioning of mining facilities and deposits, not
only due to the destruction of infrastructure elements but also through direct disturbance of the
geological environment (integrity of the rock mass) associated with negative alterations in
hydrogeological conditions, which can lead to irreversible changes and would make the restoration of
this mining facility impossible. They can also activate hazardous geological processes leading to the
loss of reserves and/or mineral resources suitable for extraction. Indirect damages include the loss of
benefits (appropriation of minerals, impossibility of mining in the hostilities zone and occupied
territories), the loss of ecosystem services resources (the impossibility of access to recreational
resources — geological landmarks and landscape parks), the loss of scientific geological heritage
(damage to stratotype sections, geological landmarks: mined territories will be inaccessible for a long
time for performing scientific fieldwork). In the occupied territories and in the zone of hostilities,
there are more than 35 stratotype and reference sections of the Phanerozoic of Ukraine of regional and
local significance, among them being unique ones. It is not yet possible to assess their condition and
the degree of their damage/destruction.
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Figuré 1 Overview map comparing active deposits (licensed areas) and hostilities as of 18 Aug. 2022,
generated using QGIS software

Current strategies for assessing losses and damages from the military aggression of the russian
federation in Ukraine recommend extensive use of preliminary monitoring data and remote methods.
It would be a certain challenge to assess the impact on the subsoil (including groundwater). The
system of geological monitoring in Ukraine, which in the past was well organized and included, in
particular, the system of monitoring underground water, hazardous geological processes, etc., has
undergone a destructive “optimization” due to the lack of funding, e.g., of 7,100 observation wells for
underground aquifers, less than 350 remained until recently (Shestopalov, Lyuta, 2016). Therefore,
urgent actions are to be taken to restore monitoring and reform its system.

Thus, monitoring the state of the environment is the key tool for assessing environmental damage
from the military aggression of the russian federation in Ukraine. To monitor environmental impact
assessment, the so-called “Earth observation approach”, should be used, which is based on the use of
remote sensing (satellite data), accompanied by soil survey (portable XRF, hyperspectral
measurements, lab analysis, etc.), and airborne hyperspectral data for validation (Shekhunova et al.,
2019, 2021a, b).

Conclusions

Assessing environmental risks and economic losses for Ukraine's subsoil due to the russian military
aggression against Ukraine requires to take into account a number of parameters, with one of the key
ones being the “point of reference”. The pivotal role in obtaining reliable and internationally eligible
data as evidence is played by the data of geological environment monitoring and its remote sensing.
Consequently, there is a critical need for urgent actions to restore and reform the geological
monitoring system in Ukraine.
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Figure 2 Large-scale map comparing active deposits (licensed areas) of evaporites mineral resources and
hostilities within Donetsk Oblast as of 18 Aug. 2022, generated using QGIS software. Rock salt deposits:

1 — Slovianske; 2 — Artemivske; gypsum and anhydrite deposits: 3 — Zakhidno-Mykhailivske, 4 — Skhidno-

Mykhailivske; 5 — Pshenychanske; 6 — Pokrovske; 7 — Artemivske; 8 — Ivanhradske; 9 — Mykolaivske; 11 —
Popasni Liskyvske (Zaitsivske); 12 — Skhidno-Pokrovske; 13 — Pshenychansko-Dekonske (Preobrazhenka-
Sokolivka),; 14 — Nyrkivske; dolomite deposit: 10 - Mykytivske
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