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SUMMARY 

 

The study is devoted to analyzing the impact of hydrotechnical reclamation on the moisture 
conditions of the Polissya, particularly within the Kholonevychi drainage system in the Volyn region 
(Northwestern Ukraine). In their natural state, these territories are characterized by excessive 
moisture, but the operation of drainage systems has changed the hydrological regime, leading to both 
improved conditions for agriculture and the degradation of natural ecosystems. Remote methods were 
used to assess spatial and temporal changes in moisture, in particular the NDMI (Normalized 
Difference Moisture Index) and NDMI for moisture stress indices. Analysis of data for 2020–2025 
revealed a predominance of water stress on most of the drained land, especially on plowed areas. 
Conversely, areas with natural or semi-natural vegetation retain higher moisture levels. There is a 
tendency toward a decrease in soil moisture despite a slight increase in precipitation, which is due to 
rising temperatures and changes in precipitation patterns. The results obtained confirm the need to 
transition to regulated water management, take climate change into account, and combine agricultural 
and environmental goals in the functioning of land reclamation systems. 

Keywords: drainage reclamation, NDMI, soil moisture, water stress, Volyn Polissya, Kholonevychi 
drainage system 

Corresponding author: fesyuk@ukr.net 

  



 

 
International Conference of Young Professionals “GeoTerrace-2025” 

6-9 October 2025, Lviv, Ukraine 

Introduction 

 

Hydrotechnical reclamation has significantly changed the moisture conditions in the Polissya region. 
In its natural state, this area was characterized by excessive and unstable moisture, high groundwater 
levels, and widespread swampland. Drainage systems (a network of canals and drains) lower the 
groundwater level and remove excess surface moisture, especially in the spring during snowmelt and 
heavy rainfall. As a result, conditions for agriculture are improved. The groundwater level stabilizes at 
a depth of 0.8–1.2 m, which is optimal for growing most crops. At the same time, hydraulic 
reclamation leads to significant transformations in the hydrological regime. While it reduces 
waterlogging in the spring, in the summer, the use of sluices and regulators makes it possible to 
partially retain moisture, preventing the soil from drying out. This creates a more uniform and 
controllable moisture regime in the area. However, prolonged operation of systems without proper 
regulation often has the opposite effect — excessive drainage, especially of peat soils. This is 
accompanied by their mineralization, surface subsidence, an increased risk of peat fires, and the 
degradation of natural wetland ecosystems. Current trends in land reclamation development involve a 
transition from complete drainage to regulated water management. Thanks to the use of hydraulic 
structures, it is possible to combine the tasks of agricultural production with the need to maintain 
ecological balance and preserve natural wetland complexes. In this way, land reclamation in Polissya 
is now seen not only as a means of intensifying land use, but also as a tool for adaptive management 
of moisture conditions. 
 
Many scientific works are devoted to the study of moisture conditions within drainage systems and 
their impact on the hydrological regime of the territory. In particular, Fedoniuk et al. (2021) examine 
differences in the assessment of vegetation indexes of Lutsk district lands, while Fedoniuk, Fesyuk & 
Fedoniuk (2023) analyze dynamics and precipitation regime in the cross-border region Poland-
Belarus-Ukraine. The work of Fesyuk et al. (2025) is devoted to the monitoring of eutrophication of 
lakes in Volyn Polissya, while Ismail et al. (2025) examine the monitoring and analysis of soil 
moisture and vegetation health in oil palm plantations. Important articles include Kuzmych et al. 
(2021), which examines issues related to improving water supply capacity of drainage systems in 
humid areas in a changing climate; Rokochinskiy et al. (2021) on traditional and optimization 
approaches to substantiating the parameters of agricultural drainage and the results of their 
comparative effectiveness; Treby et al. (2021) on soil hydrology in a drained tropical peatland. 
Azimov, Tomchenko, Shevchenko & Kireev (2024) investigate monitoring of water resources in 
radiation-contaminated drainage systems using a combination of satellite imagery and ground-based 
observations in the context of regional climate change. Scientific publications also examine the 
current state of other drainage systems in the Volyn region. For example, the Kopayivska system in 
the work of Usatyi, Kozytskyi & Usata (2024). Or drainage systems in the Lviv region – in the article 
by Kozak, Kozak & Kozlovskyi (2009). 
 
Method and Theory 

 
There are many indices for assessing soil moisture conditions, including for drained areas. This study 
uses two of them: the normalized differential moisture index (NDMI) and its modification, NDMI for 
moisture stress, proposed by Monja Šebela. NDMI is used to determine the moisture content in 
vegetation and monitor drought (Figure 1). It varies from -1 to 1. Negative NDMI values (values close 
to -1) correspond to open soil. Values close to zero (from -0.2 to 0.4) usually indicate water stress. 
High positive values correspond to well-developed vegetation cover that is not experiencing water 
stress (from 0.4 to 1). The NDMI for moisture stress index is most often used to identify the need for 
irrigation or to establish the fact of unauthorized use of water for irrigation. It visualizes 4 classes of 
moisture. Areas experiencing water stress are marked in white, while other areas are marked in shades 
of blue. The intensity of the index indicates the moisture conditions. The SSMI GPCPMON v3.3 
dataset was used to evaluate spatially averaged precipitation data within the Lutsk district of the 
Volyn region. This is a satellite climate dataset containing global monthly data on atmospheric 
precipitation, compiled within the framework of the GPCP (Global Precipitation Climatology 
Project). Obtained from Giovanni NASA. 
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Results 

 

Analysis of the spatial distribution of the NDMI (Figure 1) shows that water cells are most common in 
the central and eastern parts of the system. This is where the plowed fields are located. NDMI values 
range from -0.1 to 0.32. In contrast, in the northern and western parts of the system, the moisture level 
at the beginning of summer 2025 is significantly higher (more than 0.4). Here are areas of natural 
forests (western part of the system), pastures, and grasslands (northern part). More detailed images of 
the territory reveal overgrown canals and waterlogged soils. NDMI for moisture stress (right side of 
Figure 1) shows even more contrasting differences in the moisture content of individual drainage 
maps of the system. Neighboring land plots can have very different moisture conditions. Areas of 
water stress are characteristic of the central, southern, and northeastern parts of the system. The areas 
of water stress on both maps correlate clearly with each other. They tend to be concentrated in plowed 
fields and pastures. In contrast, areas overgrown with forest and shrubs have significantly higher 
index values (above 0.4). 
 

 

  
NDМI NDMI for moisture stress 

Figure 1. Spatial distribution of the NDMI and NDMI for moisture stress for the Kholonevychi 

drainage system as of June 1, 2025 (built in Copernicus Browser) 

 

 
Figure 2. NDMI dynamics for the Kholonevychi drainage system during 2025 with a highlighted 

trend 

 

The dynamics of the NDMI for the Kholonevychi drainage system during 2025 (Figure 2) are as 
follows: during January and half of February, the index values were negative; on February 21, the 
value was 0.41; on February 24, it decreased to 0.14; and on February 26, it decreased to -0.1. 
Subsequently, the index remained negative until May 22 (0.16). During the summer period, the index 
values ranged from 0.22 to 0.39. In fact, for more than half of the year, the index values did not 
exceed the water stress limits (-0.2; 0.4). For example, during the previous year, the NDMI values 
exceeded the water stress limits only on December 13 (0.57). The dynamics of NDMI for the 
Kholonevychi drainage system during 5 years show that during most of the year, the average moisture 
content of the system's land does not exceed water stress limits (Figure 3). Thus, NDMI values above 
0.4 increased only from mid-January to mid-March 2021, from December 2021 to February 2022, in 
December 2022, briefly in December 2024, and episodically in January 2025. The rest of the time, the 
system's land was characterized by water stress. For example, during 2023, no NDMI values above 
0.4 were recorded. In general, during the second half of 2020 to the first half of 2025, the NDMI level 
tends to decrease slightly. 

y = -2E-08x4 + 0.0033x3 - 229.04x2 + 7E+06x - 8E+10
R² = 0.7434
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Figure 3. NDMI dynamics for the Kholonevychi drainage system over 5 years with a highlighted 

linear trend 

 
It is very important to assess the climatic background against which the moisture conditions of 
individual drainage systems in the Volyn region are formed. Especially precipitation. The 
precipitation pattern and amount have changed significantly in recent years. Whereas previously, 
widespread precipitation prevailed in the Volyn region, now it is torrential. Moisture from such 
precipitation does not remain in the soil or other elements of the landscape. Instead, it immediately 
flows into surface watercourses and is carried beyond the boundaries of the drained areas. The amount 
of precipitation is increasing. This is shown in the graph (Figure 4). 
 

 
Figure 4. Time Series, Area-Averaged of multisatellite precipitation monthly (mm/day) during 2020-

2024 for the territory of Lutsk district (SSMI GPCPMON v3.3) 

 
According to the SSMI GPCPMON v3.3 dataset on the NASA Giovanni website, the average 
monthly precipitation (mm/day) during 2020-2024 for the territory of the Lutsk district increased from 
2.96-3.05 mm/day at the end of 2019 to 3.18-3.24 mm/day in the second half of 2024. This is more 
than 6%. However, along with a slight increase in precipitation, air temperature is rising significantly. 
Therefore, moisture conditions are still deteriorating. In years with less precipitation, the territory will 
experience significantly greater water stress. Therefore, stabilizing the ecological situation and 
adapting to climate change are very important measures. 
 
Conclusions 

 
The results of the study showed a significant impact of drainage reclamation on the moisture 
conditions of the Polissya region. Analysis of the spatial and temporal dynamics of the NDMI showed 
that most of the drained lands of the Kholonevychi system are under water stress for most of the year. 
The most severe manifestations of water deficit are observed in the central and eastern parts of the 
system, where plowed fields prevail. In contrast, higher moisture values were recorded in areas with 
natural vegetation (self-seeded forests, pastures, hayfields). A downward trend in the NDMI index has 
been observed for 2020–2025, indicating a gradual deterioration in the hydrological condition of the 
territory. At the same time, the increase in precipitation is accompanied by rising temperatures and 
more intense rainfall, which does not contribute to moisture accumulation in the landscape. 
 
Future research should focus on improving methods of regulated water management, assessing the 
effectiveness of hydraulic structures, and long-term monitoring of NDMI changes in the context of 
climate fluctuations. It is also important to study the impact of different types of land use on the water 
balance of territories. 
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In the current context of climate change and deteriorating water resources, there is an urgent need to 
review approaches to the operation of drainage systems. It is advisable to focus on the implementation 
of adaptive moisture management, which involves flexible regulation of the water regime depending 
on weather conditions, seasonal fluctuations, and the overall hydrological situation. This approach not 
only prevents waterlogging but also retains the necessary moisture during dry periods. Another 
important area is the restoration of the water network—the reconstruction or cleaning of canals, 
sluices, and other hydraulic structures that ensure effective water flow management. Along with this, 
it is strategically important to support natural wetland ecosystems, which play a key role in preserving 
biodiversity, regulating the microclimate, and retaining carbon. The updated strategy should combine 
the interests of agricultural production with environmental priorities, promoting more balanced and 
sustainable development of reclaimed areas (Fedoniuk, Fesyuk & Fedoniuk (2023)). 
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