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INTEGRATED ASSESSMENT OF DISTURBED ECOSYSTEMS 
USING REMOTE SENSING TECHNIQUE

Introduction. Today, there is a need for a shared vision of restoration of disturbed ecosystems, which is defi ned as “the 
process of stopping and reversing degradation, leading to improved ecosystem services and restoration of biodiversity.”

Problem Statement. The assessment and restoration of disturbed ecosystems has become especially relevant 
for the Ukrainian society now, as warfare has caused large-scale changes in environment and both short-term and 
long-term consequences for ecosystems in Ukraine.

Purpose. Assessment of ecosystems disturbed as a result of warfare impact by remote sensing.
Materials and Methods. Multispectral satellite imagery, ground truth data and ecosystems characteristics 

of study area have been used. Remotely sensed data processing, geospatial modelling, and mathematical statistics 
have been applied.

Results. A warfare impact on the ecosystems of Ukraine has been overviewed. Possibility of using remote sen-
sing methods have been considered; their advantages and disadvantages have been generalized.

A demo example of the described technique for assessing the ecosystem conditions along the E40 highway on 
the west of Kyiv has been shown with the use of multi-time satellite imagery of very high resolution (0.5 m on the 
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ground) between May 2020 and March 2022. The analysis of the obtained maps allows us to assess short-term changes in land 
cover: a decrease in the area of water bodies, coniferous and leafy plants, an increase in the open soil area. The ecosystem condi-
tions map of the studied area enables identifying plots of high risk.

Conclusions. Integrated remote assessment of the condition of disturbed ecosystems and geospatial analysis of corresponding 
risks are useful tools for the territory management. Remote sensing techniques are particularly important in the context of large-
scale warfare. In many cases, only remote sensing techniques can provide information on the condition of ecosystems that are 
inaccessible or dangerous for ground-based research. Currently, the proposed approach has been elaborated and tested over 
other territories, diff erent ecosystems and other data sources. Completed and tested integral geo-information technology will be 
relevant for the post-war recovery of the territory of Ukraine. Further research should be focused on building a pool of quantita-
tive models for probabilistic assessment of the risk of disruption of various ecosystems under diff erent conditions, as well as on 
obtaining an array of statistical data to increase the reliability of the resulting maps.

Keywords: remote sensing, disturbed ecosystems, warfare, and geoinformation technology.

The critical need to halt, prevent, and reverse 
ecosystem degradation and to eff ectively restore 
degraded terrestrial, freshwater, and marine eco-
systems across Europe and globally necessitates 
a shared vision of ecosystem restoration. This 
vision is defi ned as “the process of halting and 
reversing degradation, resulting in improved 
ecosystem services and recovered biodiversity.” 
Ecosystem restoration encompasses a wide con-
tinuum of practices that vary depending on local 
conditions and societal choices [1].

The principles and methodology behind the 
pro ject are mainly based on the Ecosystem App-
ro ach and the Short-Term Action Plan for Ecosys-
tem Restoration, both adopted by the Par  ties to 
the Convention on Biological Diver si ty, as well 
as the International Union for Con ser vation of 
Nature’s Principles for Nature-Based Solutions, 
Principles for Ecosystem Based App roaches, Prin-
ciples for a Landscape Approach, Principles for 
Fo rest and Landscape Restoration, the Society 
for Eco logical Restoration (SER)’s International 
Prin ciples and Standards for the Practice of Eco-
lo gical Restoration.

Each of ten principles that underpin Ecosystem 
Restoration and presented in the UN Decade 
have to be considered and implemented in envi-
ronmental programs for ecosystem restoration. 
Successful ecosystem restoration aims to contri-
bute to the achievement of the 2030 Agenda for 
Sustainable Development and its 17 Sustainable 
Development Goals. The above determines the 

extreme relevance of the mentioned topic, espe-
cially in the near future.

In the view of ongoing degradation of diff e-
rent ecosystems, restoration is an inevitable com-
ponent of nature protection and conservation 
ma  na gement. The UN Decade on Ecosystem Res-
to ra tion runs from 2021 through 2030. Restoring 
eco systems and enhancing biodiversity is a cor-
nerstone of the European Green Deal.

Currently, the European Commission adopted 
proposals to restore damaged ecosystems and 
bring nature back across Europe, from agricul-
tural lands to forests and urban environments. 
The proposal for a Nature Restoration Law is a 
key step in avoiding ecosystem collapse and pre-
venting the worst impacts of climate change and 
biodiversity loss. As far as the mentioned pro-
posal concerns almost every country, the topic of 
ecosystems restoration includes active outreach 
and educational work spreading knowledge about 
EU subjects to wider society and bringing the EU 
closer to the public.

For the last decades the topic of restoring da-
ma ged ecosystems has also been of high priority 
for the Ukrainian society. But since the start of 
the war, it became much more important as the 
war has caused widespread and severe damage 
to the environment and infl icted both immedi-
ate and longer-term consequences on the ecosys-
tems and the Ukrainian economy and beyond. 
Nowadays Ukraine has been tracking the envi-
ronmental damage done by the warfare activities 
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and in the nearest future restoration of damaged 
ecosystems will require common eff orts and dia-
logue between the academic world and society, ci-
vil servants, civil society actors, representatives of 
the diff erent levels of education and of the media.

Essential elements of the restoration approach 
are:

(1) introduction to environmental problems that 
restoration can address;

(2) rationale for restoration;
(3) training in a stepwise process for restorati on; 

and
(4) group problem-solving and design of ecologi-

cal restoration projects to address various problems.
In this paper we are supposed to stop on the 

fi rst two aspects. We are considering the impact 
on ecosystem within the territories of active war 
fare and within the territories under occupation. 
Then we are going to emphasize on remote sen-
sing methods available to use in case of hard to 
reach objects and integrated assessment of dama-
ged ecosystems. Training in stepwise process for 
restoration and group problem-solving are defi -
nitely followed after the fi rst two are considered.

WARFARE IMPACT ON ECOSYSTEMS 
OF UKRAINE (overview)

An ecosystem is a system consisting of biotic and 
abiotic components that function together as a 
unit. The biotic components include all the li-
ving things whereas the abiotic components are 
the nonliving things. Thus, an ecosystem science 
defi nition entails an ecological community con-
sisting of diff erent populations of organisms that 
live together in a particular habitat [2]. 

In other words, the concept of an ecosystem 
refers to a structural and functional unit of the 
biosphere. This unit encompasses both organisms 
and the abiotic environment, which interact and 
infl uence each other’s properties. These interac-
tions are essential for sustaining life [3]. A system 
that arises in nature and develops due to the con-
stant interaction between biotic and abiotic fac-
tors of the environment is defi ned as natural eco-

system (forests, mountains, oceans, deserts, etc.). 
A system created by man and consisted of plants, 
animals, people and technology for its own be-
nefi t is defi ned as artifi cial ecosystem (cities, vil-
lages, power plants, pipelines, etc.). Mr. Arthur 
G. Tansley coined the term ecosystem in 1935. 

For the entire time of the full-scale invasion 
(since 24.02.2022), the military actions have al-
ready caused losses to Ukraine’s ecosystems worth 
USD 40 billion. This is pollution of atmo sphe ric 
air, soil, damage to forest resources, pollution of 
the Black sea and the Sea of Azov. Because of the 
war, almost 700 fauna species and over 800 plants 
species are endangered. Some of them are listed 
to the Red Book [4].

Among all the natural ecosystems of Ukraine, 
forest ecosystems suff er severely from intensive 
hostilities. The full recovery of these ecosystems 
requires a long time of 20—30 years, on average. 
The massive use of artillery, missiles and strike air-
craft against military and infrastructure facilities 
in and near forests causes forest fi res that in dry 
conditions may destroy thousands ha forest. So, for 
example, this happened during the spring of 2022 
in the Chornobyl exclusion zone and its surroun-
dings, where more than 10,000 ha forest burned.

In total, 3 million ha forest that is almost a third 
of the forest stock have already been aff ected in 
Ukraine. Some of them are lost forever. Loud exp-
losions cause severe stress to forest animals, and 
tens of thousands of vertebrates die in the fi res 
caused by shelling, not to mention countless in-
vertebrates and plants.

At the same time, soils and underground waters 
are polluted with large quantities of toxic metals 
and other chemical compounds — products of the 
ammunition detonation, the impact of which on 
forest ecosystems, although not as strong as from 
the shock waves of explosions, but will continue 
tens of years.

The construction of trenches and fortifi cations 
destroys vegetation cover and increases soil ero-
sion. Garbage and military waste pollute the soil 
and groundwater. A lot of unexploded ammuni-
tion remains in the forests of Chernihiv, Sumy, 
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Luhansk, Donetsk and Kherson regions. The pre-
sence of signifi cant areas of mined forest territo-
ries, the complete demining of which will be ext-
remely expensive and time-consuming, means 
that certain areas of the forest will be removed 
from any economic use for decades [5–7].

Damaged industrial facilities and settlements 
become sources of chemical pollution of coastal 
and marine environment. Fuel spills from stricken 
vessels endanger protected wetlands, and the 
widespread use of sea mines increases the risk 
to vessels and the subsequent risks of releases to 
the environment in the event of mine detonation. 
The activity of surface ships and submarines in 
the Black Sea during the war has already led to 
the death of hundreds of marine mammals, most 
of which are bottlenose dolphins [8].

Ecosystems of freshwater bodies, from which 
the population uses drinking water, are being pol-
luted. The destruction of water pipes and other 
water infrastructure during shelling, water treat-
ment facilities and the impossibility of quickly 
repairing them aff ects the quality and quantity 
of water available to the Ukrainian population. It 
also leads to the pollution of freshwater reservoirs 
as a result of untreated sewage entering them. As a 
result of such actions, return water already enters 
the Dnipro and the Siverskyi Donets rivers wi-
thout any treatment [9, 10]. A large number of fi sh 
die due to the ingress of chemicals into  reservoirs.

Let us consider agricultural ecosystems. They 
are also highly subjected to chemical pollution. 
The detonation of rockets, artillery shells and mi-
nes form a number of chemical compounds — car-
bon monoxide and carbon dioxide, water vapor, 
nitrogen oxide, nitrogen and other toxic organic 
matter. Also, many toxic elements evaporate. 
Among them, there are sulfur and nitrogen oxi des 
that during oxidation may cause acid rains. This 
can cause burns to plants, mucous tissues of hu-
man respiratory organs, birds, etc. Chemicals can 
enter the soil with precipitation. Fragments of am-
munition pose a danger — poisonous substances 
enter the soil, then into groundwater, and later — 
into the food chains of animals and people [10, 11].

Ukrainian chernozem, the formation of which 
takes at least 10,000 years, is being destroyed. The 
military activities take place precisely on the ter-
ritory where this unique and very fertile soil layer is 
spread. Sulfur that settles in the soil after the exp-
losion, reacts with dew or fog and turns into sul-
furic acid that causes burns to vegetation, bacteria, 
and worms — everything that forms the soil [10].

The movement of heavy weapons and military 
equipment on agricultural lands leads to critical 
negative impacts and changes of landscape. As a 
result of their movement, the soil is polluted with 
fuel and lubricants and other petroleum products. 
This leads to a decrease in water permeability of 
the soil, displacement of oxygen, disruption of 
plant root nutrition, and, as a result, inhibition of 
their growth and development.

The numerous fi res that broke out in agricul-
tural fi elds in 2022 due to hostilities led not only 
to the destruction of crops and the infl iction of 
signifi cant damage to the food supply of Ukraine, 
but also to the infl iction of great damage to the 
organic part of the soil [11].

Artifi cial ecosystems are also subjected to ac-
tive missile attacks by Russian troops during the 
war. Populated areas (cities, villages, etc.), where 
facilities of the defense industr, state and military 
administration are located: warehouses with am-
munition; weapons and military equipment; con-
centration of troops; logistical military facilities; 
storages of oil products, oil refi ning enterprises; 
chemical enterprises; thermal power plants; trans-
port infrastructure, etc. In the zone of direct hosti-
li ties, such ecosystems practically cease to function 
as a result of their partial or complete destruction.

Attacks on oil products storage, oil refi neries, 
chemical enterprises, industrial warehouses lead 
to the fact that spilled oil and chemicals penet rate 
into the soil, then to underground water, and kill 
all living things in the earth. Fires that are the re-
sult of attacks lead to air pollution and wor sening 
conditions for the population’s brea thing. Large 
amounts of military waste, including destroyed mi-
litary equipment, will in the future create diffi  cul-
ties during disposal and cleaning of the area [12].
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Numerous attacks during hostilities on the resi-
dential and administrative infrastructure of cities 
lead to the destruction of buildings, numerous 
fi res in buildings caused by explosions of various 
munitions, which may cause long-term health 
threats, such as the risk of cancer and respiratory 
diseases. Damage to the infrastructure of water 
supply, sewerage, treatment facilities, and indust-
rial facilities in cities causes the leakage of toxic 
substances into the environment, and can also be 
the cause of the emergence of various diseases due 
to the contamination of sources of drinking water 
supply. Due to damage to the water supply infra-
structure, approximately 1.4 million Ukrainians 
currently do not have access to safe water, and 
another 4.6 million have limited access. The de-
struction of large livestock farms, where the agg-
ressor has destroyed the entire livestock popula-
tion, poses an additional risk to public health due 
to unused animal carcasses [12, 13].

We are currently able to preliminarily assess 
the damage caused to ecosystems from the di-
rect action of military aggression within the 
territories that have been liberated. As for the 
temporarily occupied territories and territories 
where military actions continue to this day, this 
can be done only with the help of satellite ima-
ges [14].

ECOSYSTEM CONDITIONS ASSESSMENT 
BY REMOTE SENSING

The ecosystem conditions assessment itself is a 
crosscutting complicated contradictory problem 
that is usually solved by decomposing scores for 
separate indicators and then combining ones into 
a fi nal score [15, 16]. This problem’s complica-
tedness is further strengthened if remote sensing 
mainly is engaged for it. It is clear that the re-
mote sensing techniques will be diff er for various 
ecosystems and distinct types of assessments, but 
it is possible to draw out a certain sequence of 
operations common to all cases, which forms the 
core of any assessment technique. In this study, 
the authors propose just such a core.

The main entities that form the core of tech-
nique for remote assessment of the ecosystem 
con ditions are:
 (bio)physical foundation of the involved indi-

cators and data products;
 use of several (many) separate channels for 

ob taining information simultaneously;
 formation of a time series of observations, the 

length of which (seasonal, perennial) is deter-
mined by the nature of the phenomenon under 
study;

 multilevel (spatial, temporal, heterogene ous) 
statistical processing of observation results;

 multifold data fusion for obtaining a fi nal map 
of the studied ecosystem conditions assess-
ment.

The geoinformation core of the general tech-
nique for the ecosystem conditions assessment by 
remote sensing is shown in Fig. 1.

The assessment begins with the identifi ca-
tion of n drivers that determine the ecosystem 
conditions. In many circumstances, the drivers 
themselves cannot be measured remotely, so this 
process shall be mediated by the acquisition of 
certain signals that can be registered remotely 
and associated with drivers — i.e. indicators [17]. 
Often the relationship between drivers and in-
dicators is indirect, “one-to-many” or “many-to-
one”, and therefore the number of indicators m, 
as a rule, does not equal the number of drivers. 
Henceforth, only remotely acquired indicator 
maps are being handled. Within the framework of 
the proposed paradigm, indicators are not opti-
cal signals of remote sensors or their direct de-
rivatives, such as, for example, spectral indices. 
Indicators should have a (bio)physical essence 
inherent in the land surface, for example, vege-
tation cover fraction (VCF) or leaf area index 
(LAI), land surface temperature (LST), surface 
soil moisture (SSM), terrain slope, composition 
of rocks and minerals, etc. The transformation of 
the sensor’s “raw” optical signals into the (bio)
physical parameters of the land surface requires 
intricate thematic processing and sophisticated 
geospatial modelling [18].
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The other problem is related to the impossibili-
ty of a direct combination of measurements of dif-
ferent physical nature. Indeed, how to interpret 
the diff erent indicators infl uence on the resul ting 
assessment, if their relationship is not exactly 
known, and besides, contradicts each other? We 
propose additional thematic or statistical model-
ling that converts the value of each indicator into 
a corresponding partial conditional probability 
of a particular fi nal state of the ecosystem under 
this value. Then, it becomes possible to combine 
(fuse) partial probabilities into a single joint pro-
bability of the studied ecosystem conditions by 
one of the well-known methods of probability 
theo ry, evidence theory, and so on [19].

At the end, the analysis of the obtained time se-
ries of fused probabilities will provide the assess-

ment not only the current conditions of ecosys-
tem, but also to predict its subsequent change [20].

Below, there is a demo example of the described 
technique applying for ecosystem conditions as-
sessment along the E40 highway at west of Kyiv 
with the use of multi-time satellite imagery of ve-
ry high resolution (0.5 m on the ground) bet ween 
May 2020 and March 2022. Changes in the land 
cover and vegetation cover classes, which are 
cha racterized by the visible atmospherically re-
sis tant index (VARI), have been chosen as indica-
tors of the ecosystem conditions.

The specifi c implementation of general tech-
nique shown in Fig. 1 is illustrated in Fig. 2.

Two data products are created for each observa-
tion period over the study area, namely — the land 
cover classifi cation and the VARI distribution. 

Fig. 1. Flowchart for ecosystem conditions assessment by remote sensing

Fig. 2. Demonstration of assessing the state of ecosystems by remote methods
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Then these products are converted into par tial 
probability maps of ecosystem conditions, which 
are further fused into a single combined probabi-
lity map at each time frame. Based on the results 
of the obtained time series analysis, a fi nal map of 
the ecosystem conditions assessment is formed.

More detailed satellite images used, intermediate 
data products and the fi nal map of the ecosystem 
conditions over the study area are in the Annex.

CON CLUSIONS

Integrated remote assessment of the condition of 
disturbed ecosystems and geospatial analysis of 
corresponding risks is an important, fl exible, con-
venient and useful tool for managing and plan-
ning the development of territories. Remote sen-
sing techniques gain in essential importance in the 
context of large-scale warfare that are currently 
taking place in Ukraine. In many cases, only re-
mote sensing techniques can provide information 
on the ecosystems condition that are inaccessible 
or dangerous for ground-based research.

However, remote sensing techniques have a 
num ber of shortcomings, such as limited detaili-
ty, dependence on seasonal and weather condi-
tions, diffi  culty for direct interpretation, etc. To 
overcome these shortcomings, this study propo-
ses an approach for the ecosystem disturbance 
risk mapping, which is based on extracting a set 
of remote indicators of the ecosystems condition, 

pro babilistic convolving of ones and a long-term 
ob ser vations time series analysis.

At moment the proposed approach is being 
elaborated and tested over diff erent territories, 
diff erent types of ecosystems and diff erent data 
sources. In particular, a demonstration example is 
presented in this paper too. Upon completion of 
the development and debugging of a core geoin-
formation technology, its implementation will be 
quite useful for the postwar reconstruction of the 
territory of Ukraine.

Future works should be focused on developing 
a pool of quantitative models for probabilistic as-
sessment of the risk of various ecosystems dis tur-
bance under various conditions, as well as on col-
lecting big statistical data to improve the reliabi-
lity of the maps obtained.
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КОМПЛЕКСНА ОЦІНКА ПОРУШЕНИХ ЕКОСИСТЕМ 
ЗА ДОПОМОГОЮ МЕТОДУ ДИСТАНЦІЙНОГО ЗОНДУВАННЯ

Вступ. На сьогодні існує потреба у спільному баченні відновлення порушених екосистеми, яке визначається як «про-
цес припинення та звернення назад до деградації, що призведе до покращення екосистемних послуг і відновлення 
біорізноманіття».
Проблематика. Оцінювання та відновлення порушених екосистем останнім часом є актуальним, оскільки воєнні 

дії спричинили широкомасштабні зміни довкілля та обумовили коротко- й довгострокові наслідки для екосистем 
України. 
Мета. Дослідження причин та наслідків впливу воєнних дій на екосистеми за допомогою дистанційного зондування.
Матеріали й методи. Використано багатоспектральні космічні знімки, наземні завіркові дані та екосистемні ха-

рактеристики території дослідження. Застосовано аналіз дистанційних даних, геопросторове моделювання, матема-
тичну статистику.
Результати. Подано огляд впливу воєнних дій на екосистеми України. Розглянуто можливості дослідження дис-

танційними методами, визначено їхні переваги й недоліки. Наведено результати дослідження екосистем території 
автомагістралі E40 західніше Києва за матеріалами багаторазового супутникового знімання надвисокої розрізненості 
у період з травня 2020 до березня 2022 року. Аналіз отриманих карт дозволяє оцінити зміни земних покривів за ко-
роткий час: зменшення площі водних об’єктів, хвойних і листяних насаджень, збільшення площ відкритого ґрунту. 
Карта порушення екосистем території дозволяє визначити ділянки високого ризику.
Висновки. Комплексне дистанційне оцінювання стану порушених екосистем та геопросторовий аналіз відповід-

них ризиків є корисним інструментом управління територіями. Дистанційні методи набувають особливого значення 
під час воєнних дій. Наразі запропонований підхід перевіряється на інших територіях, різних типах екосистем та 
джерелах даних. Завершена та апробована цілісна геоінформаційна технологія буде актуальною для післявоєнного 
відновлення території України. Подальші дослідження варто зосередити на побудові пулу кількісних моделей для 
імовірнісної оцінки ризику порушень різноманітних екосистем за різних умов, а також на отриманні масиву статис-
тичних даних для підвищення достовірності одержуваних карт.

Ключові слова: дистанційне зондування, порушені екосистеми, воєнні дії, геоінформаційна технологія.
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ANNEX. Geospat ial data used for the ecosystem conditions assessment within the study area

Fig. A1. Multispectral image of study area, acquired on May 15, 2020 by 
SuperView-1 satellite, 0.5 m spatial resolution (pansharpening)

Fig. A2. Multispectral image of study area, acquired on October 26, 2021 
by WorldWiev-2 sa tel lite, 0.5 m spatial resolution (pansharpening)

Fig. A3. Multispectral image of study area, acquired on March 10, 2022 by 
WorldView-2 satellite, 0.5 m spatial resolution (pansharpening)
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Legend:  — Artifi cial pavement;  — Grass land;  — Coniferous forest;
 — Deciduous forest;  — Open soil;  — Barren ground;  — Shrubland; 
 — Water surface;  — Unclassifi ed 

Fig. A4. Land cover classifi cation of study area on May 15, 2020

Fig. A5. Land cover classifi cation of study area on October 26, 2021 (legend 
is the same)

Fig. A6. Land cover classifi cation of study area on March 10, 2022 (legend 
is the same)
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Legend: 0  10 

Fig. A7. VARI spatial distribution within the study area on May 15, 2020

Fig. A8. VARI spatial distribution within the stu dy area on October 26, 2021 
(legend is the same)

Fig. A9. VARI spatial distribution within the stu dy area on March 10, 2022 
(legend is the same)
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Legend: 0.0  1.0 

Fig. A10. Combined probability map of study area on October 26, 2021

Fig. A11. Combined probability map of study area on March 10, 2022 
(le gend is the same)

Legend:  — No risk;  — Low risk;  — Mo derate risk;  — High risk; 
 — Unclassifi ed 

Fig. A12. Ecosystem conditions map of study area on March 10, 2022


