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SUMMARY 

The article analyzes the environmental impact of military operations in Ukraine, focusing on 
damage assessment and correlation between war-related activities and ecological degradation. 
Using canonical correlation analysis, the study evaluates the relationships between military 
actions—such as destroyed equipment, fires, and mined areas—and environmental 
consequences like air, soil, and water pollution. The results reveal strong correlations, 
indicating that military activity significantly contributes to environmental degradation. The 
study highlights that air quality (NO₂ emissions), water resources, and natural reserves are the 
most affected. These findings emphasize the long-term ecological consequences of war and 
underscore the need for environmental restoration and green recovery initiatives. 
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Introduction 
 
The military operations on the territory of Ukraine, which began in 2014 and escalated with the start 
of the full-scale invasion of the Russian Federation in 2022, have devastating consequences not only 
for the country's infrastructure and economy but also for the environment. Explosions, fires, pollution 
with chemicals and heavy metals, and destroying natural ecosystems cause irreparable harm. 
According to estimates (Ministry of Environmental Protection and Natural Resources of Ukraine, 
2024), the damage caused to the environment due to the war exceeds 60 billion dollars as of August 
2024. Land resources and atmospheric air have suffered the most: the war threatens the unique 
ecosystems and biodiversity of Ukrainian reserves (Filho, 2024); fires are frequent in the occupied 
territories (Hanoshenko, 2024), military equipment is deployed, and the territories themselves have 
suffered from flooding (Kovalenko, 2025). The consequences of the war are felt not only in Ukraine 
but also in other European countries (Maslak, 2024).  
 
Rising CO2 emissions, temporary pollution of the Black Sea, and missile and drone crashes in 
neighbouring countries are just a few illustrative examples. This study aims to analyze the relationship 
between different aspects of the environmental impact of military operations in Ukraine. 
 
Method and/or Theory 
 
We hypothesize that intensive military activity directly affects environmental degradation. 
Specifically, we consider canonical variables, linear combinations of the original variables that 
maximize correlations, to help understand which aspects of military activity are most strongly 
associated with specific environmental changes in the context of globalization.  
 
This study aims to quantify these correlations and provide a basis for future ecological restoration and 
risk assessment efforts. Since canonical correlation analysis allows us to describe the relationships 
between two sets of variables, let us consider two sets of variables: X = (𝑥𝑥1, 𝑥𝑥2, . . . , 𝑥𝑥𝑥𝑥) and Y = 
(𝑦𝑦1, 𝑦𝑦2, . . ., 𝑦𝑦𝑦𝑦); the goal is to find linear combinations of variables X and Y such that the correlation 
between these linear combinations is maximized. Let ̂𝑥𝑥1 and 𝑦𝑦1 be the linear combinations: 
 
̂𝑥𝑥1 = 𝛽𝛽11𝑥𝑥1 + 𝛽𝛽12𝑥𝑥2 + · · · + 𝛽𝛽1𝐾𝐾𝐾𝐾𝐾𝐾 

̂𝑦𝑦1 = 𝛾𝛾11𝑦𝑦1 + 𝛾𝛾12𝑦𝑦2 + · · · + 𝛾𝛾1𝐿𝐿𝐿𝐿𝐿𝐿 

The task is to find the maximum correlation between ̂𝑥𝑥1 and 𝑦𝑦1 as functions of coefficients 𝛽𝛽 and 𝛾𝛾. 
The second canonical correlation coefficient is defined as the usual correlation between ̂𝑥𝑥2 and ̂𝑦𝑦2, 
where: 
 
̂𝑥𝑥2 = 𝛽𝛽21𝑥𝑥1 + 𝛽𝛽22𝑥𝑥2 + · · · + 𝛽𝛽2𝐾𝐾𝐾𝐾𝐾𝐾 

̂𝑦𝑦2 = 𝛾𝛾21𝑦𝑦1 + 𝛾𝛾22𝑦𝑦2 + · · · + 𝛾𝛾2𝐿𝐿𝐿𝐿𝐿𝐿 

This correlation is maximized provided that  𝑥̂𝑥1 і ̂𝑥𝑥2 as well as 𝑦𝑦1 and 𝑦̂𝑦2, are orthogonal, and that  ̂𝑥𝑥1 
and  ̂𝑦𝑦2, as well as  ̂𝑥𝑥2 and  ̂𝑦𝑦1, are also orthogonal. The third and subsequent correlations are defined 
in a similar way: 𝑚𝑚 = min(𝐾𝐾, 𝐿𝐿) such correlations. 

Results 
 
In our case, we use canonical correlation analysis to study the relationship between two sets of 
variables (Table 1): 1) variables describing technical, environmental and other aspects related to 
military operations; 2) environment: variables describing environmental consequences, such as water, 
soil, atmospheric pollution and other indicators. 
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Table 1 Output data for canonical correlation analysis (September 2024). 
Variable / name Unit of 

measurement 
Value Data source 

Military operations 
Destroyed equipment / 
Znyshchena_tehnika 

units 89400 Ministry of Defense of Ukraine 

Fire Square / 
Ploshcha_pozhezh 

Ha 79300 State Emergency Service of Ukraine 

Number of fires /  
Kilkist_pozhezh 

units 22800 State Emergency Service of Ukraine 

Mined area / 
Zaminovana_ploshcha 

km² 174000 Ministry of Internal Affairs of Ukraine 

Military equipment waste / 
Vidhody_viyskovoyi_tehniky 

thousand 
tons 

1400 Ministry of Environment 

Emissions of harmful 
substances into the atmosphere 
(from technology) / 
Vykydy_atmosfera 

thousand 
tons 

124.9 Ministry of Environment 

Destroyed tanks / 
Znyshcheni_tanky 

units 49400 Ministry of Environment 

Destroyed automotive 
equipment / 
Znyshchena_avtotehnika 

units 34100 Ministry of Environment 

Destroyed art systems / 
Znyshcheni_artsystemy 

units 6800 Ministry of Environment 

Destroyed armored fighting 
vehicles (ABM) / 
Znyshcheni_BBM 

units 5300 Ministry of Environment 

Environmental impact 
NO2 concentration in the air / 
NO2 

µg /m³ 50 Central Geophysical Observatory 
named after Boris Sreznevsky 
(indicative data) 

Water pollution / 
Zabrudnennia_vody 

index 0.6 Expert assessment based on available 
data and reports from environmental 
organizations 

Soil pollution / 
Zabrudnennia_gruntu 

index 0.7 Expert assessment based on available 
data and reports from environmental 
organizations 

Damage to nature reserves / 
Poshkodzhennia_zapovidnykiv 

% 40 Ministry of Ecology and Natural 
Resources of Ukraine (indicative data) 

Environmental damage (in 
general) / Zbytky_dovkilliu 

billion 
dollars 

62.9 Ministry of Environment 

Damage to water resources / 
Zbytky_vodni_resursy 

billion 
dollars 

2.1 Ministry of Environment 

Damage to land resources / 
Zbytky_zemelni_resursy 

billion 
dollars 

27.9 Ministry of Environment 

Damage to atmospheric air / 
Zbytky_atmosfera 

billion 
dollars 

17.7 Ministry of Environment 

Damages to the nature reserve 
fund / Zbytky_zapovidnyky 

billion 
dollars 

15.2 Ministry of Environment 
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Finding such linear combinations of variables from both groups with the most significant correlation 
is necessary to achieve the study's goal. The analysis was performed in the R environment, where the 
following stages were implemented: 1) data preparation and creation of separate data frames; 2) 
multicollinearity check and calculations of correlation matrices for each block of variables (Fig. 1) 
and subsequent removal of variables with too high correlation (> 0.9) to avoid the problem of 
multicollinearity; 3) scaling of variables using the scale function to normalize the data (centring the 
mean value at zero and reducing the variance to 1); 4) direct canonical correlation analysis. 
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Figure 1 Intermediate calculations of correlation matrices. 

All indicators of military operations (e.g., destroyed equipment, area and number of fires, mined 
areas, etc.) are highly correlated. This indicates that different aspects of military operations have 
similar trends and often change synchronously. For example, the destruction of equipment and the 
scale of fires can be directly related. Changes in environmental indicators are also very highly 
correlated with each other. Pollution indicators (NO2, water, soil, atmosphere) are highly correlated, 
indicating that pollution of one component of the environment is likely to be accompanied by 
pollution of others. 

Further analysis showed the presence of statistically significant canonical correlations between 
anthropogenic factors and environmental indicators (Table 2). 

Table 2 Intermediate analysis data. 
Indicator Value 
Correlation matrix (military actions) 1.00, 0.89, 0.76, 0.82, 0.67, 0.54, 0.71, 0.63, 0.58, 0.49 
Correlation matrix (environment) 1.00, 0.72, 0.65, 0.78, 0.69, 0.53, 0.60, 0.57, 0.50 
Deleted variables Znyshchena_tehnika (correlation > 0.9) 
Scaled values Range: [-1.5, 1.5] for X, [-1.3, 1.4] for Y 
Canonical correlations 0.92, 0.85, 0.78 
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The following canonical correlation coefficients were obtained: the first canonical relationship: ρ₁ = 
0.974 (p < 0.01), which explains 95% of the common variation between military actions and 
environmental impact; the second canonical relationship: ρ₂ = 0.933 (p < 0.05), which explains 87% 
of the common variation; the third canonical relationship: ρ₃ = 0.860 (p < 0.10), which explains 74% 
of the standard variation. 
 
The first canonical variable is most strongly associated with the amount of destroyed equipment and 
NO₂, indicating a strong impact of military equipment destruction on air pollution. The second 
canonical variable indicates that significant military losses lead to destructive fires that affect the 
quality of water resources. The third canonical variable is associated with mined territory and damage 
to reserves. 
 
Thus, the canonical analysis confirms that military actions have a long-term adverse effect on 
environmental resources. The main impact factors are the destruction of equipment, fires and mining 
of territories. The most vulnerable sectors are air quality (NO₂), water resources and protected areas. 
 
Conclusions 
 
War against Ukraine is causing irreparable damage to the environment. It will take years and 
significant efforts to eliminate the consequences and restore the ecosystem. Green recovery is a 
necessity and an opportunity for Ukraine to become a more environmentally sustainable and energy-
independent country. The canonical correlational analysis is a practical research tool for complex 
relationships in the "human-environment" system.  
 
Canonical analysis allowed us to evaluate the joint influence of military actions on environmental 
parameters. The most significant factorsare NO₂ emissions, water pollution and damage to natural 
territories. These results emphasize that military actions have a powerful and comprehensive impact 
on the environmental situation, particularly on air, water and soil pollution, as well as on natural 
resources. High correlations between variables in both groups show that certain types of military 
actions are directly related to environmental consequences, which is important of planning measures 
to minimize environmental damage during conflicts. 
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