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SUMMARY

Groundwater level data from wells of the State Hydrogeological Monitoring Network in Ukraine were
used to analyze the relationship between selected remote sensed drought indices and groundwater level
fluctuation. Obtained results have shown that drought indices can be used for a rapid assessment of
drought impact on groundwater levels. Investigating group of wells in the study area with different
hydrogeologic properties can help to understand the influences of meteorological and hydrological
drought on groundwater aquifers.
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Introduction

Groundwater is a critically important natural resource that is vulnerable to the effects of climate change
and artificial factors. In addition, groundwater is one of the most dynamic components of the geological
environment, the activity of which affects the formation, development and activation of landslides,
karst, mudflows, suffusion, etc. (Heruk at al., 2017, Davybida at al., 2018). That is why systematic and
continuous monitoring of the groundwater regime is necessary, since the information obtained on
changes in observed parameters is the basis for effective management of water resources, making
forecasts about the conditions of aquifers and surface waters, the risk of dangerous exogenous
geological processes and artificial disasters (Hurska at al., 2015, Bagriy at al., 2017, Davybida at al.,
2020). Standards for water resources monitoring and management are outlined in the Water Framework
Directive (WFD) of the European Union (Directive 2000/60 / EU) (Directive, 2000). Currently, the
network of the State System of Hydrogeological Monitoring in Ukraine is in an extremely unsatisfactory
state, which is due to insufficient funding and a lack of systematic optimization and updating. The
number of hydrogeological monitoring wells has been decreased from over 7,000 in 1990 to 846 in
2020. The negative consequence is the loss of continuous time series of groundwater levels,
observations of which at some points began in the 1940s. It is evident that due to hostilities on the
territory of Ukraine and a large-scale economic crisis, the situation with the functioning of the State
Network of Hydrogeological Monitoring will not be improved shortly. Therefore, the development of
methods for gaps restoration in the series of observed indicators of the groundwater regime is an urgent
and important task. Taking into consideration the above-mentioned, the objective of this study was to
investigate the relationship between basic drought indices and groundwater level variability in the
Carpathian region, the territory of which is one of the least covered by the network of observation wells
in Ukraine (Davybida at al., 2018).

Study Area and Datasets

Within the Carpathian region, which includes Zakarpattia, Ivano-Frankivsk, Lviv, and Chernivtsi regions
and occupies an area of 5,660.7 thousand hectares, 36% of the water resources of river runoff are formed
and 42% of underground mineral water deposits of Ukraine are located. Such ecologically unfavorable
phenomena as floods, landslides, erosion, surface and underground water pollution, deforestation, etc. are
observed in the Carpathian region (Kasiyanchuk at al., 2016). At the same time, the Carpathian region has
significant potential for achieving the goals of sustainable development. Groundwater is the main source
of drinking water supply in the Carpathian Region. The conditions of emergence and abundance of
groundwater in the region are different, depending on a specific type of the hydrogeological basin to which
a given area belongs. There are such basins as the Carpathian Basin, the Fore-Carpathian Basin (the Outer
Eastern Carpathians) and the Volhynian-Podolian Basin (Chaly, 2011).

Monthly groundwater depth data of 6 monitoring wells of shallow unconfined aquifers were provided
by the State Service of Geology and Subsoil of Ukraine (Table 1).

Table 1 Basic groundwater monitoring well information

Number of wells |Longitude Latitude Depth, m |Stratigraphy Period of observations
st s wwar | w2 | o | e
@ 49;”3200 54) 24°57°29”|  48°32°58” 25,0 AQ3 1970'12909167’_33(1);‘2012’
(249‘3VS391 10) 25°01°48”| 48°31°48” 15,0 AQs 1993-2013, 2017-2019
(24 4‘2”5401 4y |P2240487 481651 33,0 AQi4 1973'12909126’_;(933'2013’
(249}))2%001) 25°54°59”|  48°18°57” 13,0 Q 1954-2009, 2015-2019
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The multispectral images used in this study were scenes from Landsat 8 OLI/TIRS Collection 2,
provided by United States Geological Survey (USGS) and available for free download for the period
from April 2013 to present.

Theory and Method

There are many drought indices useful for monitoring and assessment different types of drought
(meteorological, hydrological, agricultural and socio-economic) (Bhuiyan, 2004, Leelaruban at al.,
2017, Niranga & Mahesh, 2022) in any area, in this analysis we used such standard remote/satellite
sensed drought indices as Normalize difference vegetation Index (NDVI), Normalized Difference
Water Index (NDWI) and Modified Normalized Difference Water Index (MNDWI) (Szabé at. al., 2016
Qiandong Guo at al., 2017). The logic for the use of the NDVI for drought monitoring is that soil
moisture plays a significant role in the growth and healthiness of vegetation and, as result, vegetation
density responds to the plant water content (Lavender, 2016). The NDVTI is calculated based on the ratio
between the near-infrared band and the red band:

NDVI = NIR - RED

NIR + RED’

(1)

The NDWTI is often used to estimate vegetation water content and delineate open water features. The
NDWI is calculated using the following equation:
GREEN - NIR

NDWI = GREEN + NIR' (2)

The MNDWI uses green and SWIR bands for the enhancement of open water features:
GREEN - SWIRI

MNDWI = GREEN + SWIRI® (3)
The Pearson correlation coefficient () is used to measure the correlation of remote sensing indices and
hydrogeological data at monthly scale, and the equation is

e EH T EY) @)

Vh E2-ExP I E-CyP]

where the x; and y; are the groundwater depth and index data in i month.

The formation of the input database, the calculation of index values based on multispectral images, the
creation of cartographic models for the study area, the calculation of the average values of the indices
and the construction of time series for the locations of observation wells with R=2 km, as well as the
further analysis was carried out using the Google Earth platform Engine (GEE).

Results and Discussion

Significant spatial (Fig. 1) and temporal variability of the considered drought indices is typical for the studied
territory in general and individual local recharge zones directly of the groundwater aquifers, which are first from
the surface. The temporal variability of NDVI, NDWI, MNDWI is characterized by a clear 12-month periodicity,
which can be compared with the seasonality of levels for the undisturbed (natural) groundwater regime. The lack
of a statistically significant relationship between the variability of indices and groundwater levels in the considered
wells may be an indicator of a disturbance to the hydrogeological regime due to the influence of artificial factors.
It also should be taken into account that the different depths of the water table, and the nature of geomorphological
and hydrogeological conditions can affect the response of the groundwater regime to the influence of climatic
factors. For further research into the nature of the relationship, it is worth increasing the sample of studied wells
and supplementing the data with the results of previous remote monitoring programs.

Conclusions

Based on a combination of remote sensing and groundwater observation data, the relationship between drought
indices and groundwater levels in the hydrogeological monitoring wells of the study area was determined.
Obtained results allow to suggest that satellite imagery can be used to observe the occurrence of drought in the
study area.
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Figure 1 Example of NDVI (a), NDWI (b) and MNDWI (c) indices of the territory of Carpathian
region, calculated using Google Earth Engine by Landsat-8 imageries
from 01-01-2021 to 31-12-2021
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