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SUMMARY

The research examines the water balance of the Dniester River Basin using Google Earth
Engine (GEE) to assess the impacts of recent droughts on water availability. Water distribution
and consumption across the basin have been quantified by integrating satellite-derived
precipitation and evapotranspiration data. This research is the first to apply GEE to this region,
offering novel insights into water resource dynamics. The findings will support sustainable
water management strategies and enhance understanding of hydrological responses to climate
variability.
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Introduction

The Dniester River, the second largest river in terms of water content, plays a crucial role in the region's
water resources. With a catchment area of 72900 km2, of which 53490 km2 (73%) is located within
Ukraine, the river significantly influences the region's water balance and resource management. The
total length of the Dniester River is 1352 km, of which 912 km (67%) is within Ukraine. Ukraine owns
the upper reaches of the Dniester and its estuary. Ukraine and Moldova share a 225 km section of the
river, and a 475 km section is located in Moldova. Only a tiny section of the upper Dniester basin is
situated in Poland. Climate change, inefficient management of natural resources and, more recently, the
consequences of military aggression are leading to a pressing issue of significant depletion and scarcity
of water resources in the Dniester basin. This issue affects ecosystems, the region's population, and the
economy (Didovets et al., 2020). The negative impacts include increased variability in the regime and
volume of river flows (Popov et al., 2021), degradation of water quality (Adamenko et al., 2017), lower
groundwater levels (Heruk et al., 2017), intensification of dangerous exogenous geological processes
(Trevoho et al., 2021), reduction of biodiversity (Zhu et al., 2024), increased frequency and intensity of
droughts and other extreme events (Loboda et al., 2021), etc.

To develop effective strategies for managing and protecting water resources, it is necessary to
understand the quantity and peculiarities of their formation (Fediv, & Davybida, 2015). This study
utilises the Google Earth Engine cloud geographic information platform, a powerful spatial and
temporal modelling tool, to analyse the water balance's main components in the Dniester basin.

Method and Theory

The water balance in a hydrological system is a fundamental concept that includes both input (P —
precipitation (rainfall and snow)) and extractions (Q — runoff and ET — evapotranspiration) of water.
AS indicates water balance changes in groundwater and soil storage. In its simplest form, the water
balance can be defined as the difference between the total input and the total extraction of water, which
determines the overall water availability in a given area.
P-ET=0Q0+AS

An adapted and improved algorithm proposed by researchers from the Spatial Informatics Group (USA)
and the Asian Disaster Preparedness Centre (Thailand) was used to create spatial and temporal water
balance models in Google Earth Engine (Poortinga et al., 2024).
The input datasets used in the research were:

e The Climate Hazards Center InfraRed Precipitation with Station data (CHIRPS) — more than
30 years quasi-global rainfall dataset that combines 0.05° resolution satellite imagery with in-situ station
data to provide gridded rainfall time series for trend analysis and seasonal drought monitoring;

e The MODI16A2 Version 6.1 Evapotranspiration/Latent Heat Flux product — an 8-day composite
dataset with a 500-meter pixel resolution.
Additionally, the algorithm developed allows us to determine the essential EVI and MSI indices, which
are crucial indicators because they allow us to display spatial and temporal drought patterns in great
detail (Crespo et al., 2024; Ivanyshyn, & Kasiyanchuk, 2024).

Results

The developed spatial-temporal precipitation model in the Dniester River Basin (Figure 1) reveals
significant spatial and temporal variability. The mean monthly precipitation distribution indicates that
the upper basin receives the highest precipitation levels, exceeding 69 mm monthly. In contrast, the
lower basin near the Black Sea experiences lower precipitation, below 32 mm per month. The temporal
analysis of monthly precipitation from 2014 to 2024 shows strong fluctuations, with periodic peaks and
troughs corresponding to seasonal variations. The spatial distribution of mean monthly
evapotranspiration (Figure 2) highlights a contrasting pattern compared to precipitation.
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Figure 1 Mean precipitation in the Dniester River Basin (left) and the monthly average precipitation
in 2014-2024 (right)
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Figure 2 Mean evapotraspiration in the Dniester River Basin (left) and the monthly average
evapotranspiration in 2014-2024 (right).

The water balance, calculated as the difference between precipitation and evapotranspiration,
demonstrates significant spatial and temporal variability (Figure 3). The upper basin generally exhibits
a positive water balance, with precipitation exceeding evapotranspiration, while the lower basin
frequently experiences a negative balance, indicating water deficits. The temporal analysis reveals
fluctuations between surplus and deficit periods, emphasising the seasonal variability of the water
balance. During months of high precipitation, the water balance is positive, contributing to groundwater
recharge and surface water availability. Conversely, a negative water balance in drier months with
elevated evapotranspiration may impact water resources and ecosystem stability.
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Figure 3 Mean water balac in the Dniester River Basin (left) and the monthly average water balance
in 2014-2024 (right).
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Figure 4 combines spatial (maps) and temporal (time series) data to comprehensively view the study
area's vegetation health and moisture dynamics. The monthly mean Enhanced Vegetation Index (EVI)
map shows the spatial distribution of vegetation health, whereas the monthly mean Modified Soil
Adjusted Vegetation Index (MSI) map depicts the moisture content. The time series graph tracks the
EVI and MSI values over time (from January 2017 to October 2024), providing a detailed understanding
of the seasonal variations in both indices. EVI shows more pronounced peaks (indicating periods of
higher vegetation health), corresponding to growing seasons. MSI shows more frequent fluctuations,
suggesting more rapid changes in moisture levels.
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Figure 4 Monthly mean EVI (top left), monthly mean MSI (top right), and the time series for the indices
(bottom,).

Conclusions

The territory of the Dniester basin faces challenges due to climate change, inefficient resource
management, and recent military actions, leading to significant water scarcity. These issues negatively
affect ecosystems, communities, and the economy, causing variability in river flows, water quality
degradation, declining groundwater levels, and increased drought frequency.

Analysis shows significant variability in precipitation, evapotranspiration and water balance. The water
balance reveals a positive balance in the upper basin, indicating adequate water resources, but a negative
balance in the lower basin points to deficits. These findings highlight the need for effective management
strategies to address seasonal variability in water availability and ensure ecosystem stability.

Future research should continue to leverage advanced technological tools like the Google Earth Engine
to monitor water resources, evaluate the effectiveness of management strategies, and adapt to the
evolving climatic and ecological landscape in the Dniester basin. The developed script is effective for
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the Dniester basin and adaptable to other territories, allowing for a broader application of the
methodology and potentially contributing to a wider understanding of water resource management.
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