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SUMMARY

The atmosphere’s moisture content is an important parameter that characterizes climate
change dynamics. A parameter such as actual evapotranspiration (ET) is used to assess the
moisture content in the atmosphere quantitatively. This indicator is necessary for water
balance and is vital for predicting drought phenomena. The research was based on the
MOD16A3GF annual product data from the TERRA/MODIS satellite, with a spatial
resolution of 500 m. The product is generated at the end of each year. The distribution of ET
values analysison the graph during the research period from 2001 to 2023 showed that the ET
values are constantly increasing. Changes occur cyclically, 3 cycles of changes in values are
distinguished. In conditions of insignificant changes in the amount of precipitation in the
research area, this indicates the development of arid processes. In addition, it was found that
with an increase in the marks of the modern relief, the values of ET also increase. This is
observed throughout Ukraine.
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Introduction

Modern global warming has triggered significant changes in the hydrological cycle and an increased
frequency of anomalous atmospheric circulation patterns. These developments have led to a surge in
hazardous hydrometeorological phenomena worldwide. The scale of current transformations of
climate system and its various components (soil, water surfaces, and vegetation cover) underline the
severity of this issue. The adverse impacts of climate change are particularly significant in Ukraine’s
arid regions, especially within the Steppe zone. A critical parameter linking climate change dynamics
to aridity processes is atmospheric moisture content, with total evaporation serving as a key indicator.
Some researchers refer to total evaporation as water consumption, while others, particularly abroad,
use the term evapotranspiration (Stanhill, 2019). Evapotranspiration has a significant influence on
hydrological, agricultural, and ecological processes on both global and regional scales. As an essential
component of the water balance, evapotranspiration is an important instrument in predicting many
events such as droughts (Apostolov et al., 2020; Zhao et al., 2022; Khodorovskyi et al., 2023;
Yelistratova et al., 2024) and water resource depletion (Azimov, 2024). Furthermore, it serves as a
vital climate indicator—alongside factors such as temperature, precipitation, and water balance—in
identifying climate threats and assessing the risks and vulnerabilities of various systems (e.g., socio-
economic sectors, ecosystems, regions, communities, infrastructure, and supply chains) to climate
change (IPCC, 2023; ISO 14091:2021, 2021). For example, elevated temperatures and insufficient
rainfall, coupled with high evapotranspiration levels, create moisture deficits in certain areas. In
regions where inefficient irrigation techniques persist, these conditions pose significant risks to the
agricultural productivity of small farms (Giz and EURAC, 2017; Lubskyi et al., 2022). Additionally,
analyzing spatial and temporal variations in climatic indicators is crucial for determining emission
factors and other parameters as part of the National Inventory System (IPCC, 2008; Temna and
Kokhan, 2024). In conclusion, systematically analyzing current climate trends and forecasting future
changes is essential for the development of reliable adaptation strategies. Such efforts provide a robust
foundation for creating equitable climate adaptation plans and strategic documents aligned with state
policy objectives.

Method and Theory

The MOD16A3GF product contain the following layers: actual evapotranspiration (ET), latent heat
flux (LE), potential evapotranspiration (PET), and potential latent heat flux (PLE), as well as a quality
control level.

The MOD16A3GF product data was analyzed using the following methodology:1) Downloading the
annual evapotranspiration (ET) data from the MOD16A3GF product to a personal computer. Scene
products with the following attributes — h19v03, h19v04, h20v03, and h20v04 were selected for the
territory of Ukraine. 2) Extracting the evapotranspiration (ET) layer from the input dataset for each
year. 3) Creating a mosaic of space imagery for evapotranspiration (ET) for each year. 4) Creation of
a multi-channel image of evapotranspiration (ET) for 2001-2023 and separation of the territory of
Ukraine. 5) Calculate average values of actual evapotranspiration (ET) for the entire territory of
Ukraine and for each administrative oblast for 2001-2023. 6) Calculate average values of actual
evapotranspiration (ET) for five-year periods for the territory of Ukraine and for the physical and
geographical zones of Ukraine separately. To compare ET data with climatic indicators (air
temperature and precipitation), ground-based observation data from 25 weather stations in each
administrative oblast were used. Based on these data, actual data on air temperature and precipitation
for 22 years were calculated, as well as averaged data using a 5-year window.
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Results

Climate change has been observed in Ukraine for many years. Over the past two decades, each year in
Ukraine has been warmer than average, and 2020 became the hottest year in Europe and Ukraine,
exceeding the long-term period of 1961-1990 by 2.8°C. Since 2010, Ukraine has experienced many
impacts associated with climate change, including severe droughts. Accordingly, with an increase in
surface temperatures and a decrease in precipitation, the moisture deficit will further decrease on the
territory. Under the current conditions of climate change, the moisture level in Ukraine is the main
factor limiting crop production and potential agricultural productivity.

Evapotranspiration is an essential factor in assessing water demand. For the territory of Ukraine,
averaged values of actual evapotranspiration (ET) by year were calculated (Figure 1a).
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Figure 1 Actual values of evapotranspiration (ET) (a) and 5-year sliding values of actual
evapotranspiration (ET) (b) for the territory of Ukraine according to the annual product
MOD16A3GF from the TERRA/MODIS satellite for the period 2001 — 2023.

Analysis of the distribution graph of actual evapotranspiration (ET) values for 2001-2023 shows that
evapotranspiration values constantly increase. To eliminate fluctuations, the actual data were averaged
over a 5-year sliding window (Figure 1b). This approach is often used in climatology; it allows you to
eliminate random values and obtain reliable dependencies.

Changes in evapotranspiration values during the observation period occurred cyclically. Three cycles
can be distinguished: the first cycle includes observations until 2007, the second from 2007 to 2017,
and the last from 2018. This is especially clearly seen in Fig. 1b. The indicated boundaries of the
distribution of evapotranspiration values are characterized by a sharp, significant increase in
temperature values, which, under conditions of constant precipitation or their decrease, cause the
development of desertification processes within Ukraine.

In Fig. 1b. the global minimum for 23 years of the study is very clearly distinguished, which
corresponds to 2007, this year was the hottest in Ukraine according to meteorological studies. As can
be seen in Fig. 1b, after averaging the actual data by 5-year moving averages, the graph reflects a
trend towards an increase in the value of evapotranspiration (ET) for the territory of Ukraine; the
coefficient R?=0.89. The values of evapotranspiration (ET) for the territory of Ukraine increased by
10.45% over 23 years.

To analyze the patterns of spatial distribution of evapotranspiration (ET) values, a map of ET
distribution compiled for the entire territory of Ukraine for the period 2001 - 2023 was used, on which
the boundaries of physical and geographical zones are drawn (Figure 2). This allows us to study the
distribution of evapotranspiration values in relatively homogeneous natural conditions.
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Figure 2 Averaged values of actual evapotranspiration (ET) of the annual product MODI16A3GF
according to data from the TERRA/MODIS satellite from 2001-2023. Legend: I-VI: geographical
zones of Ukraine: I — zone of mixed forests, 1l — zone of broad-leaved forests, IIl — forest-steppe zone,
1V — steppe zone, V — Ukrainian Carpathians, VI — Crimean Mountains.

Visual analysis of the distribution of actual evapotranspiration (ET) values shows a high correlation
with the physical and geographical zoning of Ukraine's territory.

The trends of the change in the distribution of evapotranspiration values over the area indicate the
complex nature of their spatial distribution. Given that, it is possible to distinguish two large regions
of Ukraine based on evapotranspiration values: western region, within which zone V (Ukrainian
Carpathians) and zone II (broad-leaved forest zone) are located, and the eastern region, in which all
other zones are located.

Western region, within which the Ukrainian Carpathian Mountains are located, is characterized by the
highest evapotranspiration values. To the southwest and northeast of the axis of the mountain ranges,
there is a natural decrease in evapotranspiration values.

Medium and low-intensity evapotranspiration values are observed in the Eastern region;
evapotranspiration values decrease from north to south. The lowest evapotranspiration values are
observed in the steppe zone (zone 1V). Zone VI - the Crimean Mountains somewhat violate the
general pattern. However, they occupy a small area and can be considered local anomalies. In
addition, within zones I, III, and IV, a slight increase in evapotranspiration values is observed in the
east of these zones, located within the Central Russian Upland and the Donetsk Ridge. At the same
time, the central part of Ukraine, where the Dnieper River valley is located, is marked by a slight
decrease in evapotranspiration values.

In conclusion, there is a direct relationship between changes in evapotranspiration values and changes
in the height of Ukraine's relief. It is likely that an increase in precipitation is associated with an
increase in the height of the relief.

Conclusions

Establishing the quantitative level of moisture inputs to the atmosphere detected by the
evapotranspiration instrument is an additional factor affecting the diversity of the environment both in
space and time. According to the results of research, the values of evapotranspiration (ET) were
determined using satellite data for the period 2001-2023. It was found that there was an increase in ET
values, while the amount of precipitation did not increase or slightly decreased. This indicates the
development of arid processes in Ukraine between 2001-2023. It enables to identify drought processes
and provide irrigation recommendations for agriculture, what is especially valuable for crop
production. Quantitative maps of the distribution of ET values within the physical and geographical
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zones were compiled. The boundaries of the physical and geographical zones of Ukraine correlate
well with the distribution of actual evapotranspiration (ET) values. It was found that with an increase
in the marks of the modern relief, there is an increase in evapotranspiration values. This is observed
both within the mountainous massifs of Ukraine and in plain areas.
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