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SUMMARY 

The destruction of the Kakhovka Hydroelectric Power Plant (HPP) has resulted in profound 
environmental transformations, including the desiccation of the Kakhovka Reservoir, 
disruption of hydrological regimes, and a decline in groundwater levels. These changes have 
adversely affected terrestrial ecosystems, leading to altered biomass distribution and vegetation 
degradation. This study proposes a remote sensing-based methodology for the quantitative 
assessment of vegetation dynamics in the affected region. A mathematical model is introduced 
to estimate biomass variations across impact and control zones, enabling real-time monitoring 
and predictive analysis of ecosystem recovery. Predictive modeling indicates biomass 
regeneration in newly established biotopes, whereas former coastal areas exhibit vegetation 
decline. The findings underscore the effectiveness of remote sensing technologies in tracking 
post-disaster ecological changes, facilitating data-driven environmental management and 
strategic restoration planning. This approach establishes a scalable framework for long-term 
vegetation monitoring in conflict-affected landscapes, providing critical insights into 
ecosystem recovery trajectories and landscape transformation processes. 
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Introduction 

The destruction of the Kakhovka Hydroelectric Power Plant (HPP) has resulted in the catastrophic 
desiccation of the Kakhovka Reservoir, triggering profound transformations within regional 
ecosystems. This event is expected to significantly alter biotope composition, disrupt landscape and 
hydrological conditions, lead to a regional decline in groundwater levels, and exacerbate environmental 
challenges affecting both human habitation and economic activities. 
 
Given the ongoing military activities in the region, the application of remote sensing methods for 
environmental monitoring has become increasingly critical. Remote sensing technologies offer a 
quantitative approach to assessing the impact of war-induced technogenic stress by capturing energy 
and polarization characteristics of both emitted and reflected radiation from terrestrial and aquatic 
surfaces across various electromagnetic wave spectra (Burgas et al., 2014; Ivanyuta, 2015; Ridwan et 
al., 2018). These methodologies facilitate real-time environmental assessments, enabling the 
identification of ecosystem disturbances and supporting evidence-based decision-making in post-
disaster recovery efforts. 
 
Method and Theory 

Remote sensing (RS) technologies are at the core of modern Earth observation systems, employing 
satellite platforms, unmanned aerial vehicles and other airborne sensing methods to monitor 
environmental dynamics (Bychkov et al., 2017). These systems leverage high spectral resolution, 
defined by frequency band discreteness and sensor sensitivity to brightness gradients. As a result, RS 
methodologies provide high-precision and objective assessments of phytocenotic species diversity and 
the ecological state of biotopes. Despite the limited availability of quasi-synchronous remote and in situ 
measurements, a correlation has been established between surface biomass density and the spectral 
brightness coefficient (SBC) in the near-infrared (NIR) spectral range (720–1300 nm). This relationship 
can be mathematically expressed as: (ВМ′ ≅ 𝛥𝛥𝛥𝛥𝛥𝛥

𝛥𝛥𝛥𝛥
) where BM' represents the biomass density per unit 

area, ΔBM is the change in biomass, and ΔS is the corresponding surface area. This relationship is 
expressed by the following equation: 

Н=Н0+(Н1-Н0) ехр(-𝛼𝛼ВМ′), where: 
• Н0 – SBC of a continuous vegetative cover, for which ΔBM→∞ at a finite ΔS≠0; 
• Н1 – SBC of bare soil, for which ΔBM→0 at a finite ΔS≠0; 
• 𝛼𝛼 (𝛼𝛼 >0) – a coefficient dependent on vegetation type, spectral range and RS conditions. 

 
The value of the parameter α\alphaα can be determined under the assumption that Н0 and Н1 are either 
theoretically computed or obtained from specialized experimental studies. For this purpose, selected 
areas within the ecological impact zone of the Kakhovka HPP explosion that remain free from direct 
military disturbances, alongside regions that have been directly affected by military actions. These areas 
serve as RS validation polygon, composed of separate test plots or groups of plots where biomass 
density measurements ВМ𝑗𝑗

′, 𝑗𝑗 = 1, 𝑁𝑁𝑃𝑃 are available at a given time i. At the same moment i, spectral-
zone RS (e.g., satellite imagery) provides SBC values Нj(i) (𝑗𝑗 = 1, 𝑁𝑁𝑃𝑃). These synchronized datasets 
enable further computational analysis and modeling of biomass variations in response to environmental 
disturbances. Using the collected data, the parameter α is computed as follows: 

𝛼̑𝛼𝑗𝑗 = 1

ВМ𝑗𝑗
′

∧
(𝑖𝑖)
𝑙𝑙𝑙𝑙 𝐻𝐻1−𝐻𝐻0

𝐻𝐻𝑗𝑗(𝑖𝑖)−𝐻𝐻0
,  𝑗𝑗 = 1, 𝑁𝑁𝑃𝑃, where: 

• Нj(і)  - the SBC of the j-th test site within the satellite validation polygon at time i; 
• 𝑁𝑁𝑃𝑃 - the number of calibration test sites in the satellite validation polygon, corresponding to 

different biotope types; 

• ВМ𝑗𝑗
′

∧
(𝑖𝑖)  -  the estimated biomass density of the j-th biotope at time iii, obtained from ground-

based measurements. 
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By utilizing satellite imagery covering the entire terrestrial ecosystem within the impact zone of the 
Kakhovka HPP explosion, an assessment of biomass components within biotopes is conducted that have 
been previously aligned with RS test sites. The biomass density is computed as: 

ВМ𝑗𝑗
∧

(𝑖𝑖) = ∫ 1
𝛼̑𝛼𝑗𝑗
𝑙𝑙𝑙𝑙 𝐻𝐻1−𝐻𝐻0

𝐻𝐻(𝑋𝑋,𝑌𝑌,𝑖𝑖)𝑗𝑗−𝐻𝐻0𝑆𝑆𝑗𝑗
𝑑𝑑𝑑𝑑, where: 

• i - the current discrete time step; 
• Sj - the area of the j-th biotope; 
• Н(X, Y)j  represents the SBC value at a given coordinate (X,Y) within the j-th biotope at time i. 

 
By replacing j with jВЕЗ , biomass estimation expressions for environmentally unaffected control areas 
can be derived. This approach enables a direct comparative analysis between impact zones and reference 
areas under identical temporal conditions, utilizing experimentally established relationships to compute 
α. The calculated values are then applied in biomass assessment, with both absolute and relative biomass 
estimates integrated into monitoring, identification, and predictive modeling algorithms. If biotopes in 
the Kakhovka HPP impact zone have corresponding counterparts outside the validation polygon, the 
derived α values, combined with SBC data from these external areas, facilitate the use of remote 
biometric measurements to evaluate the broader ecological impact of the destruction. This comparative 
framework improves the accuracy of ecosystem recovery assessments, supporting data-driven 
environmental management and post-disaster restoration strategies. 
 

 
Figure 1 Satellite-Detected Changes by UNOSAT (June–July 2023). 
 
For further analysis, geospatial datasets from open-access sources were utilized, including UNOSAT 
(United Nations Satellite Centre, 2024) for monitoring the area affected by the Kakhovka HPP 
destruction (see Figure 1) and the Copernicus Land Monitoring Service, which provides two NDVI time 
series for vegetation monitoring and assessment. 
 
Parameter Identification and Nonlinear Regression 

When Н0  and Н1  are unknown, they must be estimated along with α. By selecting L test sites with 
varying biomass densities BMk at the same time i, a system of nonlinear equations is formulated as 
follows: Нk(i)=Н0+(Н1-Н0)ехр(-𝛼𝛼ВМ′

k(i)), k=1,  𝐿𝐿,  𝐿𝐿 ≥ 3, where L represents the number of 
measurement points. The values of Н0, Н1, and α can then be estimated using nonlinear regression 
methods based on known values of Нk(і) and БМ′

k(i).  If L>3, the identification process is performed 
through regression techniques. It is important to note that in some cases, the regression relationship is 
pre-established, and the objective is to determine its specific parameter values rather than proving the 
existence of such a relationship. Assuming that the coefficient α remains consistent between the impact 



Monitoring’2025   

 

 

XVIII International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
14–17 April 2025, Kyiv, Ukraine 

 

zone and the environmentally unaffected area (ВЕЗ) at time i, the relative biomass density can be 
computed for a key indicator point chosen by experts for evaluating pollution effects in the Kakhovka 
HPP impact zone: 

𝐵𝐵𝐵𝐵𝑗𝑗
′
(і) =

ВМ𝑗𝑗
′(𝑖𝑖)

ВМ𝑗𝑗ВЕЗ
′ (𝑖𝑖)

= 𝑙𝑙𝑙𝑙(𝐻𝐻1−𝐻𝐻0)−𝑙𝑙𝑙𝑙(𝐻𝐻𝑗𝑗(𝑖𝑖)−𝐻𝐻0)
𝑙𝑙𝑙𝑙(𝐻𝐻1−𝐻𝐻0)−𝑙𝑙𝑙𝑙(𝐻𝐻𝑗𝑗ВЕЗ(𝑖𝑖)−𝐻𝐻0)

, where: 

• Нj(i) – the SBC value at the characteristic point of the j-th impacted biotope within time i; 
• НjВЕЗ(i) – the SBC value at the characteristic point of the control biotope (ВЕЗ) at time i. 

 
A major advantage of this methodology is that it eliminates the need to explicitly estimate the coefficient 
α. Instead, by leveraging relative biomass values, the approach allows for independent comparison of 
impact and control areas while accounting for variations in SBC values over time. This ensures a more 
robust and adaptable framework for assessing environmental damage and vegetation health within 
conflict-affected ecosystems.  
The computed values of relative biomass density 𝐵𝐵𝐵𝐵𝑗𝑗

′
(і), (і=1, 2, …, N) are then processed in 

evaluation, identification, and forecasting algorithms to assess the impact of environmental changes. 
To enhance the accuracy of biomass assessments, Normalized Difference Vegetation Index (NDVI) 
values are utilized, calculated using the following formulas: 

NDVI𝑅𝑅 = 𝐻𝐻𝑁𝑁𝑁𝑁𝑁𝑁−𝐻𝐻𝑅𝑅
𝐻𝐻𝑅𝑅+𝐻𝐻𝑁𝑁𝑁𝑁𝑁𝑁

, NDVI𝐺𝐺 = 𝐻𝐻𝑁𝑁𝑁𝑁𝑁𝑁−𝐻𝐻𝐺𝐺
𝐻𝐻𝐺𝐺+𝐻𝐻𝑁𝑁𝑁𝑁𝑁𝑁

, where: 

• НR, HG, HNIR – represent the SBC corresponding to the red (R), green (G), and NIR spectral bands, 
respectively, obtained from multispectral RS data. 

 
The relationship between biomass (BM) and NDVI for a given biotope can be significantly simplified 
using the following regression model - BM=а0+а1 NDVI. The coefficients а0 and а1 are determined 
using linear regression methods, such as the least squares method, which requires ground-based 
calibration measurements from the satellite validation polygon. It is important to note that determining 
the values of а0 and а1  is only possible if at least two independent equations can be formulated based 
on biomass measurements and NDVI indices. Assuming that the estimated coefficients 𝑎𝑎�0, 𝑎𝑎�1 are 
consistent for both the control zone (ВЕЗ) and the impact zone of the Kakhovka HPP explosion, as well 
as for the corresponding biotope types, the relative biomass density at time i is computed as: 

𝐵𝐵𝐵𝐵𝑗𝑗(𝑖𝑖) = 𝑎̑𝑎0+𝑎̑𝑎1𝑁𝑁𝑁𝑁𝑁𝑁𝐼𝐼𝑗𝑗(𝑖𝑖)
𝑎̑𝑎0+𝑎̑𝑎1𝑁𝑁𝑁𝑁𝑁𝑁𝐼𝐼𝑗𝑗ВЕЗ(𝑖𝑖)

  

 
This computed relative biomass is then incorporated into assessment, identification, and forecasting 
models to analyze the long-term impact on vegetation and ecosystem recovery. 
 
Results 

Biomass density across various biotopes within the Kakhovka HPP destruction impact zone was 
calculated using the established relationships. A spatial model was developed to visualize biomass 
distribution, revealing significant vegetation stress in the affected areas. In the former backwater 
influence zone of the Kakhovka Reservoir, predictive modeling (Fig. 2, Table 1) indicates a prolonged 
decline in groundwater levels, projected to last 5–15 years. This decline is expected to reduce soil 
moisture availability and disrupt heat transfer processes within soil layers and the unsaturated filtration 
zone (aeration zone). As groundwater levels gradually return to historical depths, the desiccated 
reservoir basin will undergo major landscape transformations. Biomass is expected to increase in newly 
established biotopes, while biomass levels in former coastal areas will decline. These shifts will also 
alter the energetic and polarization properties of emitted and reflected radiation, modifying the spectral 
characteristics of the evolving landscapes. 
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Table 1 Predicted expansion of 
the desiccation front in the 
Kakhovka reservoir over time. 

 
Time (T), 
days since 
desiccation 

Desiccation 
distance 
(R), km 

1 0.7 
10 2.1 
30 3.7 
90 6.4 

365 12.8 
730 18.1 

1825 28.7 
3650 40.5 

  
Figure 2 Desiccation front progression of the Kakhovka 
reservoir: graph of R = f(T). 

Conclusions 

The developed methodology demonstrates the effectiveness of RS in assessing the ecological impact of 
the Kakhovka HPP explosion on terrestrial vegetation. The approach enables: 

• objective monitoring of species diversity and biomass density across different biotopes. 
• identification of critical zones affected by environmental stress. 
• integration of RS data into predictive models for ecosystem recovery and impact assessment. 

A combined monitoring system using ICP Forest + Forest Health Monitoring and RS technologies 
provides a robust framework for analyzing vegetation dynamics in the affected area. It's important to 
note that in the predictive model, it is assumed that the estimated values of the coefficients 𝛼𝛼 and а0, а1 
remain approximately constant within the range: і=0, (10 ÷ 12) where iii represents the discrete time 
steps used in the model calculations. 
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