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The 2022 Russia’s full-scale military invasion, particularly the Kakhovka Hydroelectric Dam
destruction in June 2023, significantly disrupted Ukraine’s Ramsar sites, which are significant for
biodiversity and ecosystem services. Further effective restoration and management of Ukraine’s
Ramsar wetlands require a proper assessment of the war-induced damage and their current extent. For
that purpose, remote sensing offers great potential to support cost-effective and large-scale
monitoring. Thus, the study proposes an approach to assess war-induced changes in Ukrainian Ramsar
sites using satellite-derived surface water occurrence data. As the primary data source, we selected the
Dynamic World dataset. This approach implies obtaining the surface water occurrence map, which
could be divided into three classes: Permanent water, Temporary water, and No Water. The developed
approach was applied to three Ramsar sites—Archipelago Velyki and Mali Kuchugury, Sim Maiakiv
Floodplain, and Dnipro River Delta across two periods: pre-damage (June 2022—June 2023) and post-
damage (June 2024-June 2025), after conditions stabilized following the Kakhovka Dam destruction.
The obtained results demonstrated significant drying in upstream sites: Permanent Water in the
Archipelago dropped from 82.76% to 6.04%, and in Sim Maiakiv Floodplain from 92.59% to 0.14.
The downstream Dnipro River Delta was nearly unchanged, namely Permanent water (from 38.65%
to 39.63%), Temporary water (from 8.34% to 10.58%), and No Water (from 53.02% to 49.79%).
Thus, this study demonstrated that the Dam destruction caused significant changes for the selected
Ramsar sites. Further, this approach could be applied to other Ramsar sites to enhance monitoring and
restoration efforts.
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Introduction

Nowadays, Ukraine has 50 wetlands recognized as sites of international importance under the Ramsar
Convention on Wetlands (https://www.ramsar.org/country-profile/ukraine). These wetlands are
globally significant for biodiversity, ecosystem stability, water and climate regulation, supporting
migratory birds, and ecosystem services (Delle Grazie & Gill, 2022).

Since 2022, Ukraine's wetlands have been severely impacted by Russia’s full-scale military invasion
(Weng, 2023). About one-third of all Ramsar wetlands have been occupied or directly affected
(Ramsar Resolution XIV.20, 2022). The most severe environmental consequences resulted from the
destruction of the Kakhovka Hydroelectric Dam in June 2023. In the Lower Dnipro, the disaster
caused a dramatic outflow of water, exposing the reservoir bed at the locations of two Ramsar sites —
Archipelago Velyki and Mali Kuchugury and the Sim Maiakiv Floodplain. Further downstream, by
contrast, the Dnipro Delta was massively flooded.

Further effective restoration and management of Ukraine’s Ramsar wetlands require a proper
assessment of the war-induced damage and their current extent. In this framework, remote sensing
offers great potential to support cost-effective and large-scale monitoring of wetlands (Hakimdavar et
al., 2020). Satellite-based mapping of wetlands has become the subject of many studies, mostly
resulted in developing global maps (Ludwig et al., 2019). However, being still a challenging task,
especially for local scales (JRC, 2023), the classification of wetland types within their environmental
context has shown promising results when high-resolution surface water occurrence mapping was
applied (Kozlova et al., 2025).

This study proposes an approach to assess war-induced changes in Ukrainian Ramsar sites using
satellite-derived surface water occurrence data. Based on high-resolution satellite imagery, the
frequency of surface water occurrence in most affected wetlands in the Lower Dnipro was quantified.
This reveals seasonal dynamics and long-term changes in the selected wetlands. The main focus was
on classifying areas as permanent, seasonal, or non-water, and tracking their changes over time.

Method

The developed approach is based on the surface water occurrence map (SWOM) (Kozlova et al.,
2025), which represents the pixel-wise frequency of water occurrence during the study period. Since
developing custom classifications, such as neural network models, can be highly time- and resource-
intensive (Andreiev et al., 2024; Rodrigues et al., 2022), we have selected the Dynamic world dataset
(Brown et al., 2022) as an input data source. Its key advantages include: 1) this dataset is based on
Sentinel-2 satellite imagery with a spatial resolution of 10 meters, the highest among freely available
satellite datasets; 2) it provides a ready-to-use land classification, including water class; and 3) this
dataset is pre-processed with cloud-masking. The algorithm of the approach is illustrated in Figure 1.
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Figure 1. The algorithm of the developed approach to surface water occurrence mapping
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The analysis begins with the selection of the Dynamic World layers that intersect the study area
during the entire study period. Next, these layers are used to create the daily mosaics. This step is
necessary because a single image may not fully cover the study area on a given day.

After that, each obtained daily mosaic is converted to a water binary mask. Since the Dynamic World
classification labels the water class with the value 0, each of such pixels transforms to 1 in the
obtained water binary mask. On the other hand, all other pixels are assigned a O value in the mask.

The next step is a pixel-wise sum of all obtained water binary masks. The resulting geospatial layer is
then normalized to obtain values ranging from O to 1. This normalization is performed by dividing
each pixel value by the number of observation days. As a result, the SWOM is generated.

Finally, the obtained SWOM is classified into 3 classes, namely No water, Temporary water, and
Permanent water. This classification is executed by thresholding, where each threshold value is
determined by an expert.

Results

In order to analyze changes in water-related ecosystems, the developed approach was applied to three
Ramsar sites, namely Archipelago Velyki and Mali Kuchugury, Sim Maiakiv Floodplain, and Dnipro
River Delta. For these sites, two study periods were selected: 1) June 2022- June 2023, representing
the pre-damage period before the Kakhovka Dam destruction and 2) June 2024 — June 2025,
representing the period one year after the damage, when conditions had become relatively stable.

As stated in the approach algorithm, the thresholds for the 3 SWOM classes should be assigned. Thus,
the No water class was defined for values between 0 and 0.1, Temporary water for values between 0.1
and 0.9, and Permanent water class for values between 0.9 and 1. Figure 2 illustrates the 3-class
SWOMs for both study periods in each selected Ramsar site.

2022-2023
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Figure 2. The obtained SWOMs for Ramsar sites: a) Archipelago Velyki and Mali Kuchugury, b) Sim
Maiakiv Floodplain, and c) Dnipro River Delta
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According to the obtained SWOMSs, we have calculated the area statistics for each class. These
statistics are presented in Figure 3.
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Figure 3. Area distribution of SWOM classes (% of total area) before (2022-2023) and after (2024—
2025) the damage for Ramsar sites: Archipelago Velyki and Mali Kuchugury, Sim Maiakiv
Floodplain, and Dnipro River Delta.

As shown in Fig. 3, initially (2022-2023), Permanent Water dominated in the Archipelago Velyki and
Mali Kuchugury (82.76%) and Sim Maiakiv Floodplain (92.59%). After the damage (2024-2025),
this class reduced to 6.04% and 0.14%, respectively. Now, the Archipelago is mainly covered by
Temporary Water (39.08%) and No Water (54.88%) classes. Meanwhile, Sim Maiakiv Floodplain is
almost entirely covered by the No Water (96.27%) class. In contrast, the Dnipro River Delta had no
significant changes across the assessed periods, with the following area distribution: Permanent Water
(from 38.65% to 39.63%), Temporary Water (from 8.34% to 10.58%), and No Water (from 53.02% to
49.79%).

Conclusions

In this study, we have presented the approach to assess war-induced changes in Ukrainian Ramsar
sites using the Dynamic World dataset, which involves the analysis of the frequency of surface water
occurrence. This approach was applied to such Ramsar sites as Archipelago Velyki and Mali
Kuchugury, Sim Maiakiv Floodplain, and Dnipro River Delta during two periods (June 2022—June
2023 and June 2024—June 2025). The results revealed a reduction in Permanent Water in the
Archipelago (from 82.76% to 6.04%) and Sim Maiakiv Floodplain (from 92.59% to 0.14%),
indicating their significant drying. In contrast, the Dnipro River Delta remained nearly unchanged in
the area of water classes: Permanent water (from 38.65% to 39.63%), Temporary water (from 8.34%
to 10.58%), and No Water (from 53.02% to 49.79%). This disparity is due to the upstream location of
the first two sites relative to the Kakhovka Dam and the secondary origin of these Ramsar sites, which
were formed after the creation and flooding of the reservoir in 1955-1958. Thus, this study revealed
that the Kakhovka Dam destruction led to significant changes in the assessed water-related
ecosystems. In further research, the application of the developed approach could be extended to other
Ramsar Sites and enhanced by incorporating ancillary data sources, such as C-Band SAR data, to
assess vegetation disturbances and soil moisture changes in affected wetlands (Kozlova et al., 2021),
and precipitation data to better understand hydrological changes (Chakri et al., 2025).
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