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The full-scale war in Ukraine caused significant environmental damage affecting atmospheric systems, water resources, soils,
ecosystems, biodiversity, and environmental safety at both national and transboundary levels. Military operations, destruction
of industrial infrastructure, fires, fuel combustion, chemical contamination, and damage to hydraulic structures created complex
environmental risks extending beyond national borders. Under wartime conditions, traditional environmental monitoring systems
often face serious limitations due to restricted territorial access, damaged infrastructure, safety constraints, and interruptions in field
observations. In this context, Earth Observation technologies become critically important instruments for environmental assessment,
monitoring, and evidence generation.

The article examines the role of satellite Earth Observation technologies in assessing war-related environmental impacts in Ukraine.
Particular attention is devoted to transboundary environmental risks associated with atmospheric pollution transport, contamination of
international river basins, marine pollution in the Black Sea region, and ecosystem degradation affecting neighbouring countries. The
study analyses the potential of modern remote sensing instruments and environmental monitoring platforms, including Sentinel-5P,
Copernicus services, NASA atmospheric products, and geospatial environmental intelligence tools for detecting environmental
anomalies and supporting environmental assessment under conflict conditions.

The research highlights the importance of integrating Earth Observation data into environmental governance, environmental
security frameworks, post-war recovery planning, and sustainable development strategies. The article also demonstrates that satellite
monitoring technologies provide opportunities for objective, large-scale, and continuous environmental observations in inaccessible
or high-risk territories. The proposed conceptual framework emphasises the growing importance of remote sensing technologies
for documenting environmental consequences of war, supporting environmental accountability, and strengthening international
environmental cooperation. The study contributes to the development of interdisciplinary approaches combining environmental science,
geospatial technologies, environmental security, and sustainable recovery planning under conditions of armed conflict. Key words:
Earth Observation, environmental impacts of war, Ukraine, transboundary pollution, remote sensing, environmental monitoring,
environmental security, sustainable recovery, Sentinel-5P, Copernicus, war-related pollution.

Earth observation for assessing environmental impacts of war in Ukraine: transboundary risks and monitoring approaches.
T'opo6eii M.C.

[ToBHOMacmTaOHa BiliHa B YKpaiHi 3aBaia 3HAYHUX CKOJIOTTYHUX 30UTKIB, HETaTUBHO BIUIMHYBIIHM Ha aTMOC(EpHE MOBITPs, BOAHI
pecypcu, IPYHTH, €KOCUCTEMH, 0i0PI3HOMAHITTS Ta KOJIOTiYHYy Oe3leKy sIK Ha HalllOHAJIbHOMY, TaK i Ha TPAHCKOPAOHHOMY DPiBHSIX.
Boenni aii, pyiiHyBaHHSI IPOMUCIIOBOI 1HPPACTPYKTYPH, TOXKEXKI, CIATIOBAHHS MAJIBHOTO, XIMIiYHE 3a0pyAHCHHS Ta ITOIIKOKCHHS
T1IPOTEXHIYHUX 00’ €KTIB (HOPMYIOTH KOMIUIEKCHI €KOJIOTIUHI PH3HUKH, HACHIIKH SKUX BUXOISITH 32 MEXi TepuTopii Ykpainu. B ymoBax
BIiHY TPaAMLiIHI CHCTEMHU €KOJIOTTYHOTO MOHITOPHHTY YacTo (DYHKIIOHYIOTb 13 CyTTEBHMHU OOMEKEHHAME Yepe3 0OMEKEHUH JOCTyI
JI0 TEPUTOPii, pylHYBaHHS 1HOPACTPYKTYPH, OC3MEKOBI PU3MKH T4 HEMOMKJIMBICTH MPOBEACHHS MOJbOBUX MOCITIHKEHb. Y TaKOMY
koHTeKceTi TexHouorii Earth Observation cTaroTh KpUTHYHO BRXKIMBUMH IHCTPYMEHTAMH CKOJIOTIYHOT OLIHKH, MOHITOPUHTY Ta (op-
MYBaHHS JIOKa30BO1 0a3u.

OxpecieHo 3HaueHHS CyMyTHUKOBHX TexHoioriid Earth Observation y BHBYEHHI Ta OLIHI BOEHHO-OOYMOBICHHX E€KOJOTTYHHX
BIUTHBIB B YKpaiHi. Oco0NMBY yBary npH/iJIeHO TPAHCKOPIOHHUM €KOJIOTTYHUM PHU3UKaM, [TOB’SI3aHUMH 13 3a0pyAHEHHSIM Ta epeHe-
CEHHSIM aTMOC(EPHOTO IOBITPsI, HETaTHBHUM CTaHOM MDKHAPOJIHHUX PIYKOBHX OaceifHiB, MOPCEKUM 3a0pyHEeHHIM y Oacelini YopHoro
MOpSI Ta JIerpajialli€lo eKOCHCTEM, 110 BIUIMBAIOTH HA CYCi/IHI JeprkaBH. [IpoaHai3oBaHO MMOTEHIIIA] Cy4yaCHUX IHCTPYMEHTIB JUCTaH-
LiHHOTO 30HIyBaHHA 3eMIli Ta MIaTGOpM EKOJIOTTYHOTO MOHITOPHHTY, 30kpeMa Sentinel-5P, cepsiciB Copernicus, aTMOChEpHHIX MPO-
nykTiB NASA Ta reoinpopMaiifHuX CHCTEM €KOJIOTTYHOTO aHalli3y /sl BUSIBJICHHS €KOJIOTIYHUX aHOMAJIiH, 31l ICHeHHS eKOJIOTTYHOT
OLIIHKH B yMOBax 30pOHHOT0 KOHQIIIKTY.

VY mpani o3HaueHa BakIHBicTh iHTerpamii nanux Earth Observation y cucteMu €KOJOTI9HOTO YIPaBIiHHSA, EKOJIIOTIYHOI OC3MEKH,
IUTaHYBaHHS MiCISIBOEHHOTO BITHOBICHHS Ta 3a0€3MEUEHHS CTAJIOro po3BUTKY. HaromomeHo, oo CymyTHHKOBUH MOHITOPHHT 3a0e3-
Hevye MOXKJIUBICTD 3/1iHiCHEHHs 00’ €KTMBHUX, MaclITaOHUX Ta Oe3MepepBHUX SKOJOTIYHHUX CIIOCTEPEKEHb Ha TEPUTOPISIX 3 0OMeKe-
HUM JOCTYIIOM 200 MiJIBHIIEHNM piBHEM HeOe3MeKH. 3alporoHOBaHHI KOHIENTYaIbHHUHN MiAX1J aKLIEHTY€E yBary Ha 3pocTarodiid poii
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TEXHOJIOTiH JUCTAHIIHOTO 30H/yBaHHS y IOKyMEHTYBAaHHI €KOJIOTIYHIX HACIIKIB BIHHH, MIATPUMIII €KOJIOTIYHOT BiIIOBIJaIBHOCTI
Ta PO3BUTKY MIXKHAPOTHOTO €KOJIOTTYHOTO CIiBpoOiTHHITBA. CTaTTs pOOUTH BHECOK Y PO3BUTOK MKIUCUUILTIHAPHUAX TT1IXOMIB, IO
MOEAHYIOTh EKOJIOTIUHY HayKy, reoiH(opMaLiiiHi TEXHOJIOT11, €KOIOTi4Hy O€3MeKy Ta MiAXO0IH 10 CTAJIOr0 MiCIIBOEHHOTO BiTHOBICHHS
B yMOBax 30poitHoro koHMikTY. Kurouosi criosa: Earth Observation, ekooriuHi HacIiIKK BiHH, YKpaiHa, TPaHCKOPIOHHE 3a0pyi-
HCHHS, IUCTaHIlIHEe 30HyBaHHs 3eMJIi, CKOJIOT1YHII MOHITOPHHI, €KOJIOTiYHa Oe3meka, craie BiqHoBieHHs, Sentinel-5P, Copernicus,

BOEHHO-00yMOBJICHE 3a0pyAHCHHS.

Problem Statement. The full-scale war in Ukraine
caused significant environmental impacts affecting
atmospheric systems, water resources, soils, ecosystems,
biodiversity, and environmental safety at both national
and transboundary levels. Military operations are
accompanied by industrial fires, destruction of energy
infrastructure, contamination of river basins, emissions
of hazardous substances, ecosystem degradation, and the
generation of large volumes of demolition waste. Many
of these impacts have long-term and transboundary
consequences, creating environmental risks not only for
Ukraine but also for neighbouring countries and shared
regional ecosystems, including the Black Sea basin.

Under wartime conditions, traditional environmental
monitoring approaches face serious limitations due
to restricted territorial access, safety risks, damaged
monitoring infrastructure, and the impossibility of
conducting systematic field observations. This creates
the need for alternative environmental assessment
tools capable of providing operational, large-scale, and
objective environmental information. In this context,
Earth Observation technologies and satellite remote
sensing become increasingly important instruments for
assessing environmental impacts under armed conflict
conditions.

Relevance of the Study. The relevance of the study
is determined by the growing need to develop modern
approaches for assessing war-related environmental
impacts and establishing scientifically grounded
environmental monitoring frameworks under conditions
of armed conflict. The war in Ukraine demonstrated that
environmental consequences of military activities may
extend far beyond local territories and affect regional
environmental security, public health, water quality,
food systems, biodiversity, and sustainable development
processes.

At the same time, Earth Observation technologies have
significantly expanded the possibilities for environmental
monitoring by enabling continuous and independent
observations of inaccessible or high-risk territories. Satellite
monitoring systems provide opportunities for detecting
atmospheric pollution, monitoring fires and industrial
accidents, assessing ecosystem degradation, analysing
water contamination, and identifying environmental
anomalies at regional and transboundary scales. The
integration of geospatial technologies into environmental
assessment processes therefore becomes increasingly
important for environmental governance, environmental
accountability, and post-war recovery planning.

Connection of the Author's Work with Important
Scientific and Practical Tasks. The author's work is

connected with current scientific and practical tasks
related to environmental security, environmental impact
assessment, sustainable recovery, and the application
of Earth Observation technologies for environmental
monitoring under wartime conditions. The study
contributes to the development of interdisciplinary
approaches combining environmental science, remote
sensing, geospatial analysis, and environmental
governance.

The research also addresses practical challenges
associated with documenting environmental damage,
supporting environmental monitoring in inaccessible
territories, strengthening transboundary environmental
assessment, and improving the scientific basis for
sustainable post-war recovery strategies. The proposed
conceptual framework may support decision-making
processes in the fields of environmental policy,
environmental monitoring, ecological restoration, and
international environmental cooperation.

Analysis of Recent Research and Publications.
Recent scientific studies increasingly focus on the
environmental consequences of armed conflicts and
the growing role of remote sensing technologies in
environmental assessment. International organisations,
including UNEP, the European Environment Agency,
NASA, ESA, and Copernicus services, emphasise
the importance of satellite monitoring for detecting
pollution events, assessing ecosystem degradation, and
monitoring atmospheric changes under crisis conditions
[1-4].

Several studies demonstrate the potential of
Sentinel-5P TROPOMI data for monitoring atmospheric
pollutants such as nitrogen dioxide (NO:), sulfur
dioxide (S0O2), carbon monoxide (CO), aerosols, and
methane emissions [5-7]. Other researchers highlight
the importance of geospatial intelligence and Earth
Observation technologies for assessing environmental
risks associated with industrial accidents, wildfires,
infrastructure destruction, and water contamination
during military conflicts [8—10].

At the same time, current literature mainly focuses
on individual environmental components or specific
technical applications of remote sensing technologies.
Comprehensive interdisciplinary approaches integrating
transboundary environmental risks, Earth Observation
technologies, and sustainable recovery perspectives
remain insufficiently developed.

Identification of Previously Unresolved Aspects of
the Overall Problem. Despite the growing number of
studies dedicated to environmental impacts of war and
satellite environmental monitoring, several important
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aspects remain insufficiently addressed. Existing
research often concentrates on isolated environmental
components, such as atmospheric pollution or
infrastructure damage, without considering the systemic
and interconnected nature of wartime environmental
impacts.

Limited attention is also devoted to the transboundary
dimension of environmental risks associated with
military activities and to the integration of Earth
Observation technologies into broader environmental
governance and sustainable recovery frameworks.
Furthermore, there is still a lack of conceptual approaches
combining environmental assessment, transboundary
environmental security, remote sensing technologies,
and post-war environmental recovery within a unified
analytical framework.

Novelty. The scientific novelty of the study lies
in the development of an integrated conceptual
framework for assessing war-related environmental
impacts through the application of Earth Observation
technologies and transboundary environmental
analysis. The article systematises the main categories
of environmental impacts caused by war in Ukraine
and demonstrates the role of satellite monitoring
technologies in supporting environmental assessment
under conditions of restricted territorial access and
environmental uncertainty.

The study also proposes an interdisciplinary
approach combining environmental science, geospatial
technologies, environmental security, and sustainable
recovery perspectives for analysing environmental
consequences of armed conflicts.

Methodological or General Scientific
Significance. The methodological significance of the
study lies in the development of an interdisciplinary
analytical approach integrating Earth Observation
technologies, environmental assessment,
transboundary environmental analysis, and sustainable
recovery perspectives within the context of armed
conflict. The proposed framework demonstrates
the potential of satellite monitoring technologies
for supporting environmental assessment under
conditions where conventional monitoring systems
become limited or partially inaccessible.

The study also contributes to the broader
scientific discussion regarding the role of remote
sensing technologies in environmental governance,
environmental security, and post-conflict environmental
management. The integration of geospatial environmental
intelligence into environmental assessment processes
may strengthen scientific decision-making, improve
environmental accountability mechanisms, and support
evidence-based recovery planning. Furthermore, the
research highlights the growing importance of Earth
Observation technologies for assessing complex
environmental  interactions  across  atmospheric,
hydrological, terrestrial, and ecosystem components at
regional and transboundary scales.

Presentation of the Main Material

Environmental Impacts of War in Ukraine

The environmental consequences of the war in
Ukraine represent a complex and multidimensional
environmental crisis affecting atmospheric systems,
water resources, soils, ecosystems, biodiversity,
and environmental security at both national and
transboundary scales. Military activities generate
interconnected environmental pressures associated with
industrial destruction, hazardous emissions, ecosystem
degradation, infrastructure damage, and long-term
environmental contamination [11-13].

One of the most significant environmental challenges
relates to atmospheric pollution caused by industrial
fires, explosions, fuel combustion, and damage to energy
infrastructure. Large-scale fires release particulate
matter, greenhouse gases, toxic compounds, nitrogen
oxides, sulfur compounds, and combustion-related
pollutants capable of affecting both environmental
quality and public health. Environmental risks further
increase in regions characterised by dense industrial
infrastructure and hazardous industrial facilities.

Water contamination also represents a major
environmental challenge under wartime conditions.
Damage to wastewater treatment systems, industrial
sites, hydraulic infrastructure, and river ecosystems
may contribute to deterioration of water quality and
increased ecological risks for aquatic systems. In
addition, contamination of river basins connected to
transboundary water systems creates broader regional
environmental threats affecting neighbouring territories
and marine ecosystems [14].

Military activities additionally contribute to soil
degradation and ecosystem disturbance. Heavy metal
contamination, explosive residues, landmine pollution,
destruction of vegetation cover, habitat fragmentation,
and biodiversity loss significantly reduce ecological
resilience and complicate future environmental
restoration processes.

The environmental consequences of war should
therefore be understood not as isolated environmental
incidents but as interconnected systemic impacts
generating  cumulative  long-term  environmental
risks affecting environmental security, public health,
sustainable development, food systems, and ecological
resilience [15].

Military activities in Ukraine generated significant
environmental pressures affecting atmospheric systems,
water resources, soils, ecosystems, and biodiversity.
According to the Joint Research Centre report on the status
of environment and climate in Ukraine (Belis et al., 2025),
war-related military operations generated approximately
77 MtCO2-eq during the first eighteen months of the
full-scale invasion [16]. Simultaneously, large-scale
destruction of industrial facilities, energy infrastructure,
oil depots, and military operations contributed to
substantial atmospheric pollution and environmental
degradation across multiple regions of Ukraine.
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Particular concern is associated with large-scale land
and soil degradation caused by military activities. Recent
environmental assessments indicate that approximately
10.5 million hectares of Ukrainian land, representing
nearly 40% of the country’s territory, are vulnerable to
degradation processes intensified by warfare, including
soil contamination, crater formation, fires, heavy metal
accumulation, and explosive remnants of war [17, 18].
Such environmental degradation creates long-term risks
for agricultural productivity, ecosystem recovery, food
security, and sustainable land management in post-war
Ukraine.

The environmental consequences additionally
extend beyond national borders. Pollutants released
during industrial fires, explosions, fuel combustion,
and infrastructure destruction may spread through
atmospheric transport pathways and river basin
systems, creating transboundary environmental risks for
neighbouring countries and the Black Sea region [19].

Transboundary Environmental Risks

The transboundary nature of environmental pollution
represents one of the most significant characteristics
of war-related environmental impacts. Atmospheric
pollutants generated by industrial fires, explosions,
and combustion processes may spread across extensive
geographical distances depending on meteorological
conditions and atmospheric circulation dynamics [20,
21].

Environmental consequences generated within
conflict zones may therefore affect neighbouring
countries and regional ecosystems beyond national
territorial boundaries. Such transboundary risks are
particularly relevant in regions characterised by

interconnected atmospheric circulation systems, shared
river basins, and marine ecosystems.

The Black Sea region represents a particularly
vulnerable environmental system due to the
interconnected nature of river basins, marine systems, and
atmospheric transport pathways. Pollution transported
through the Dnipro, Dniester, and Danube river systems
may contribute to regional ecological degradation and
increased environmental risks for coastal and marine
ecosystems.

In addition to atmospheric and hydrological impacts,
transboundary environmental consequences may affect
biodiversity corridors, migratory species, protected
ecosystems, and regional ecological connectivity. Such
environmental interactions demonstrate that wartime
environmental impacts require coordinated international
monitoring approaches and strengthened transboundary
environmental governance mechanisms [22-25].

Monitoring Challenges under Wartime Conditions

Environmental monitoring during armed
conflicts faces substantial operational, technical, and
methodological limitations. Active military operations,
restricted territorial access, damaged infrastructure,
occupation of territories, and safety risks significantly
limit the possibility of conducting field observations and
conventional environmental assessments [16, 26].

In many affected regions, environmental monitoring
stations may be damaged, destroyed, or temporarily
unavailable, resulting in fragmented environmental
datasets and reduced monitoring continuity. Additional
challenges emerge due to the dynamic nature of wartime
environmental impacts, including industrial fires,
explosions, flooding events, infrastructure destruction,
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Fig. 1. Environmental impacts of war in Ukraine: key environmental dimensions and systemic risks (developed by
author based on Belis et al., 2025, UNEP, 2022; FAO, IUCN and environmental assessment materials)
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TRANSBOUNDARY ENVIRONMENTAL IMPACTS OF WAR
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Fig. 2. Transboundary environmental impacts of war: atmospheric transport pathways, shared river basins,

and regional environmental risks (developed by author based on UNECE, WHO, ICPDR, Black Sea Commission
and scientific sources)

and hazardous emissions occurring across extensive
geographical territories [27, 28].

Under such conditions, timely access to reliable
environmental information becomes critically important
for environmental risk assessment, emergency response,
environmental governance, and sustainable recovery
planning. These limitations significantly increase the
importance of alternative monitoring approaches capable
of providing large-scale environmental observations
independent of local infrastructure conditions.

Earth Observation technologies therefore become
essential tools for environmental assessment under
wartime conditions. Satellite monitoring systems provide
opportunities for detecting environmental anomalies,
monitoring ecosystem changes, identifying pollution
events, and supporting evidence-based environmental
analysis in inaccessible or high-risk territories [3, 4].

Role of Earth Observation Technologies

Earth Observation technologies play an increasingly
important role in environmental monitoring and
environmental assessment under conditions of
armed conflict and environmental instability. Unlike
conventional monitoring systems, satellite-based
observations provide continuous, objective, and spatially
extensive environmental information regardless of
accessibility limitations or damaged infrastructure [4, 5,
21].

Modern Earth Observation systems support the
monitoring of atmospheric pollution, wildfire activity,
water contamination, vegetation degradation, land-
use changes, infrastructure destruction, and ecosystem
disturbances. Satellite platforms such as Sentinel-5P,

Sentinel-2, Landsat, MODIS, and Copernicus services
provide environmental datasets that may be integrated
into environmental monitoring and decision-making
processes.

Particular significance is associated with the
capability of remote sensing technologies to identify
environmental anomalies resulting from military
activities. Atmospheric monitoring instruments enable
the observation of pollution transport pathways,
combustion-related emissions, and aerosol distribution,
while optical and radar imagery support the assessment
of damaged infrastructure, flooded territories, and
ecosystem fragmentation.

The integration of Earth Observation technologies
into environmental assessment processes significantly
improves environmental situational awareness and
strengthens evidence-based environmental governance.
Satellite monitoring additionally supports long-term
environmental assessment and contributes to the
development of sustainable recovery strategies for
conflict-affected regions.

To better systematise the role of Earth Observation
technologies in wartime environmental assessment,
Table 1 presents the relationship between major
categories of environmental impacts, monitoring
challenges under conflict conditions, and applicable
satellite and airborne monitoring approaches. The
proposed framework demonstrates how different Earth
Observation technologies may support operational
environmental —monitoring, rapid environmental
assessment, and long-term environmental recovery
planning in conflict-affected territories.
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Fig. 3. Earth Observation technologies for environmental monitoring and assessment under wartime conditions
(developed by author based on Copernicus, NASA Earth Observatory, ESA and environmental monitoring frameworks)

Table 1

Application of Earth Observation technologies for wartime environmental monitoring

Environmental impact
category

Atmospheric pollution

Monitoring challenges
under wartime conditions

Restricted field access,
damaged monitoring
stations

Inaccessible territories,
active combat zones
Limited sampling
possibilities, destroyed
infrastructure

Landmine contamination,
unsafe territories

Industrial and
infrastructure damage

Water contamination

Soil and land
degradation

Ecosystem disturbance  Restricted biodiversity

monitoring

The presented classification demonstrates that Earth
Observation technologies provide significant advantages
for environmental assessment under wartime conditions,
particularly in territories with restricted physical
accessibility and damaged monitoring infrastructure.
Satellite observations, airborne monitoring systems,
and geospatial analytical tools enable continuous large-
scale environmental monitoring and support rapid
identification of environmental anomalies, pollution
hotspots, ecosystem disturbances, and infrastructure-
related environmental risks. Consequently, Earth
Observation technologies become essential instruments
for operational environmental assessment and evidence-
based environmental governance during armed conflicts.

Applicable Earth Observation

Sentinel-2, SAR, drone imagery
Sentinel-2, Landsat, SAR
NDVI analysis, multispectral
imagery

MODIS, Sentinel-2

Potential monitoring

technologies outputs

Sentinel-5P, TROPOMI, CAMS NO2, SO, aerosol and

fire-related atmospheric
anomalies

Damage mapping, thermal
anomalies, burned areas
Flood mapping, turbidity,
oil spills, water quality
changes

Vegetation stress,
degraded land, ecosystem
fragmentation

Forest loss, habitat
fragmentation, wildfire
assessment

Applications of Earth Observation for
Environmental Assessment

The practical applications of Earth Observation
technologies for wartime environmental assessment
continue to expand due to advances in satellite monitoring
capabilities and geospatial analytical methods. One of
the most important applications involves atmospheric
pollution monitoring and assessment of pollutant
transport processes. Satellite observations enable
identification of large-scale atmospheric anomalies
associated with industrial fires, explosions, and
combustion-related emissions.

Remote sensing technologies are also widely applied

for wildfire detection and burned area assessment.
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Thermal anomaly monitoring and multispectral satellite
imagery support rapid identification of fire locations,
estimation of burned territories, and evaluation of
ecosystem damage.

Another important application concerns water
resource monitoring and contamination assessment.
Satellite observations support identification of flooded
areas, sediment transport, water quality changes,
and environmental impacts associated with damaged
hydraulic infrastructure. Earth Observation technologies
additionally provide opportunities for monitoring coastal
ecosystems and marine environmental conditions within
the Black Sea region.

Land degradation assessment represents another
significant application area. Remote sensing technologies
enable monitoring of vegetation stress, soil degradation,
land cover changes, and ecosystem fragmentation
caused by military activities. Geospatial analysis
additionally supports identification of environmentally
vulnerable territories requiring ecological restoration
and environmental remediation.

The integration of multiple environmental datasets
significantly improves the analytical capabilities of Earth
Observation systems and contributes to the development
of environmental intelligence approaches supporting
sustainable environmental management and post-war
recovery planning.

Earth Observation for Environmental Recovery
and Sustainable Development

Earth Observation technologies may significantly

contribute to environmental recovery processes
and sustainable reconstruction strategies in post-
war Ukraine. Reliable environmental information

is essential for identifying priority recovery areas,
assessing environmental damage, supporting ecological
restoration, and strengthening environmental resilience.

Satellite monitoring systems provide opportunities
for long-term environmental assessment and evaluation
of ecosystem recovery dynamics over time. Continuous
environmental observations support monitoring of
vegetation restoration, water quality improvement,
land rehabilitation, and effectiveness of environmental
remediation measures.

Earth Observation data may additionally support
climate adaptation planning and sustainable land-use
management by identifying environmentally vulnerable
territories and assessing environmental risks associated
with future development scenarios.

Another important aspect concerns environmental
governance and international environmental
cooperation. Satellite observations provide transparent
and scientifically grounded environmental information
supporting environmental accountability mechanisms,
international reporting processes, and transboundary
environmental cooperation initiatives.

Consequently, Earth Observation technologies should
be considered not only as monitoring instruments but also
as strategic tools supporting sustainable development,

environmental resilience, evidence-based environmental
governance, and environmentally responsible post-war
recovery planning.

Main Conclusions. The conducted study
demonstrates that the environmental impacts of war
in Ukraine represent a complex and interconnected
system of atmospheric, hydrological, terrestrial, and
ecological disturbances with significant long-term
and transboundary consequences. Military activities
generate environmental risks extending beyond
directly affected territories and influencing regional
environmental security, ecosystem stability, and
sustainable development processes.

The research confirms that conventional
environmental monitoring approaches are often
insufficient under wartime conditions due to restricted
physical access to territories, damaged monitoring
infrastructure, and security limitations. In this context,
Earth Observation technologies provide substantial
scientific and practical advantages for operational
environmental assessment and long-term environmental

monitoring.
The study additionally demonstrates that satellite
observations, airborne monitoring systems, and

geospatial analytical approaches may support the
detection of atmospheric anomalies, pollution transport
pathways, ecosystem degradation, land disturbance,
water  contamination, and  infrastructure-related
environmental risks. Earth Observation technologies
therefore become essential instruments for evidence-
based environmental governance and environmental
damage assessment during armed conflicts.

Particular importance is associated with the capability
of Earth Observation systems to support monitoring in
inaccessible or high-risk territories where traditional
field investigations remain limited or impossible.
Satellite  monitoring enables continuous large-
scale environmental observations and contributes to
transparent environmental assessment and international
environmental cooperation.

Overall, the study confirms that Earth Observation
technologies should be considered strategic tools
for environmental security, post-war environmental
recovery, sustainable development planning, and
strengthening environmental resilience in Ukraine.

Prospects for the Application of the Study Results.
The presented research may serve as a conceptual and
methodological foundation for further investigations
dedicated to wartime environmental monitoring,
environmental security assessment, and post-war
ecological recovery in Ukraine.

Future studies may focus on the integration of
satellite observations with atmospheric transport
modelling, geographic information systems (GIS), field-
based environmental measurements, and environmental
risk assessment methodologies for the development of
comprehensive environmental monitoring frameworks
under conflict conditions.
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A particularly promising direction remains the
application of high-resolution Earth Observation data for
detailed assessment of atmospheric pollution dynamics,
wildfire impacts, land degradation, water contamination,
biodiversity disturbances, and infrastructure-related
environmental risks in war-affected territories.

The obtained results may additionally support the
development of national environmental monitoring
systems, post-war environmental recovery programmes,

climate adaptation strategies, environmental governance
mechanisms, and  international environmental
cooperation initiatives.

The methodological approaches presented in the study
may also be adapted for environmental assessment in
other regions affected by military conflicts, technological
disasters, or large-scale environmental emergencies
where traditional environmental monitoring remains
limited due to accessibility and security constraints.
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