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Abstract: This paper provides an analysis of the seasonal fluctuations in the depth of the sub-surface
water table that are determined by changes in the weather conditions in the catchment of the Elma
River, a tributary of the Lyna River, in the Old-Prussian Lowland in north-eastern Poland. The studies
were conducted from 15 July 2022 to 31 March 2024. This article presents the correlation between air
temperature and precipitation and the fluctuations of the shallow water table. The authors analysed
the temporal delays in the depth of the water table in the well where the studies were conducted in
reference to the fluctuations in air temperature and precipitation totals. These studies enabled the
authors to distinguish periods when the meteorological factors listed above had the strongest
influence on the depth of the sub-surface water table as well as the variations in how changes in air
temperature and precipitation totals affected water table depth.

Keywords: hydrogeology; shallow groundwater; influence of weather conditio; Staropruska
Lowland

1. Introduction

Groundwaters constitute one of the main sources of fresh water globally. Unfortunately, the
consequences of climate changes are noticeable not only on the surface of the Earth, but also below
it. Several research projects have been conducted to determine the influence of climate changes on
groundwaters. For example, research conducted in Ukraine has confirmed that climate changes
resulting in the shift of climate zones towards the north interfere with the cycle of the groundwater
regimen, and that air temperature is the main factor that determines periodical changes [1]. Climate
changes pose a threat to freshwater resources [2,3]. This was confirmed by research carried out in
Poland [4-6] and throughout the world e.g., [7-9]. The main source of global freshwater resources is
atmospheric precipitation. However, the frequency and intensity of rainfall are changing as a result
of climate change [10,11]. This, in turn, leads to water deficits in the warmer half-year and water
excess in the colder six months in many locations, including Central Europe [7,10]. One may also
notice the changes in the distribution of precipitation, as an increase is noted at higher latitudes, while
lower latitudes are witnessing a decrease [7,10,12]. Therefore, groundwater deficits have become
most severe in dry and semi-dry areas at low latitudes, where the high evaporation caused by
constantly increasing air temperatures and the decrease in total precipitation contribute to a depletion
of water resources [7,9,10]. Another problem is posed by increasingly frequent droughts that lower
the water table [13]. However, climate change is not the only factor that leads to the depletion of
groundwater resources. Another important factor is a human activity. The research conducted by
Zhang et al. [9] reveal that in areas with a high population density, such as the north of India, eastern
Brazil, the Middle East, and the North China Plain, groundwater resources are diminishing rapidly.
Groundwaters are also absorbed by plants, mainly during the vegetation season, when most of the

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.0402.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 June 2025 d0i:10.20944/preprints202506.0402.v1

2 of 16

water evaporates as a result of global warming [4]. The above considerations are an inspiration to
monitor the changes in the volume of groundwater resources (among others, the depth of the water
table) on a wider scale, in order to ensure more rational management of these resources.

Research conducted in Poland [4] and in Latvia [14] has confirmed that air temperature and
precipitation have the strongest influence on groundwaters. Therefore, the objective of this study is
to analyse the seasonal fluctuations in the depth of shallow groundwaters determined by changes in
air temperature and precipitation totals. Moreover, the authors analysed the delays in the response
of sub-surface waters to the fluctuations in the aforementioned weather elements. This research will
help determine the temporal variability in the influence of air temperature and precipitation on the
depth of the subsurface groundwater table.

Research on shallow groundwaters is almost non-existent. Most of the groundwater studies
discuss deeper aquifers. These research projects were carried out in the Bialowieza National Park [4],
in the Lodz Voivodeship and in neighboring areas [15], in the Masovian Lowland [16], Lublin Upland
[17,18], in Lower Silesia [19], in the catchment of the Rozany Strumien Stream in Greater Poland Lake
District [20], the Gardno-Leba Lowland [21], and in the Kashubian Marginal Stream Valley [22].
Similar studies were also conducted in neighbouring countries, including Latvia [14], Lithuania [23],
Slovakia [24], and Germany [13]. Some projects involved the whole of Europe [25] or the world [9].
As a result, it is necessary to broaden our knowledge about subsurface waters.

2. Research Area

The well where the studies were conducted is located in the village Zielenica (54°14'36.6"N,
20°31'1.355"E; Figure 1), which is situated in the Gérowskie Hills lying in the Polish part of the Old
Prussian Plain. It is situated at an altitude of 126 m a.s.l. The area is characterised by hilly, early post-
glacial relief [26]. Zielenica is located in a depression formed by the melting of a block of dead ice that
was surrounded by moraine ramparts consisting of melted post-glacial sediment [27]. Due to the fact
that the area was covered by ice-sheet during the northern Poland glacial period, it consists mostly
of glacial sediments, in particular boulder clays cut by glacial channels that are filled with sand and
gravel [26].
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Figure 1. Location of the well. Source: Adapted from Geoportal (2025) [28] and Esri (2025) [29].

The permeability of the ground in the area of the well where the measurements are conducted
is classified as weak due to the presence of low-permeable rock formations [30]. Exceptions are scarce
areas with medium or changeable permeability characteristic of river valleys [30].

The climate in the research area is described as warm moderate, with a summer without a dry
season [31]. As a result of the proximity of the sea, the climate is milder than in the east of Poland
[32]. The area is characterised by changeable weather [33]. The average long-term air temperature in
the research area was approximately 7.8°C [34], lower than the average air temperature in Poland,
which is 8.7°C [35]. Additionally, it should be emphasised that, as a result of global warming, air
temperatures have been rising [7,10]. The total precipitation in the research area [36] is higher than
the national average — approximately 700 mm/year. In the Old Prussian Plain, the winter periods
bring heavy snowfall, moderately cold weather, and are often cloudy [26].

The analysed well is located in the catchment of the Elma River (Figure 2), which is a tributary
of the Lyna that is, in turn, a part of the basin of the Pregota River. The Gérowskie Hills that form the
western part of the Old Prussian Plain are characterised by a dense river network consisting of small
watercourses. Lakes form only a small share of the catchment [37], although it contains a large
number of relatively small wetland areas that contribute to slightly more efficient water retention
[33,38].
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Figure 2. (a) catchment of the Lyna within the borders of Poland with marked data acquisition sites; (b)
catchment of the Elma. Source: Adapted from Geoportal (2025) [28] and OpenStreetMap contributors (2025) [39].

In the analysed area, groundwaters are present mainly in Quaternary formations and they are
separated by layers of clay, silt, and loam. The table of subsurface waters is shallow and extends to 2
m. In the location of the analysed well, according to a hydrological map [30], the groundwater table
is situated at a depth of approx. 1 m.

The Gérowskie Hills” landscape is dominated by arable lands and forests, usually mixed. The
region is almost free from industrial and degraded areas, and the development of human settlements
has caused only minor changes [40]. The negligible human activity in the area has facilitated the
creation of protected areas.

3. Materials and Methods

The depth of the subsurface water table was measured in a utility well situated on private
property. The well is 357 cm deep with a diameter of 100 cm. It is covered by a watertight roof that
prevents water from penetrating the well during rainfall (Figure 3). The tests were conducted in the
well from 15 July 2022 to 31 March 2024. The depth of the water table in the well was measured daily,
at 17:00. The measurements were taken with the use of a rope with a weight attached to the end. The
depth of the water table was determined based on the length of the rope needed for the weight to
contact the water.
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Figure 3. A drawing of the analysed well.

The influence of the weather conditions on shallow groundwaters was analysed based on daily
averages and the maximum and minimum daily air temperatures as well as daily total precipitation
from the period 15 July 2022-31 March 2024, obtained from the public database [41] of the Institute
of Meteorology and Water Management — National Research Institute (IMGW-PIB) Data on the air
temperature were obtained from the weather station situated in Lidzbark Warminski, whereas the
precipitation totals amounts and data on the type of precipitation were obtained from Gdérowo
Haweckie (Figure 2). Other information used in the analysis included data on hydrological droughts
[42], published by the State Water Holding — Polish Water (PGW Wody Polskie).

The authors of this article analysed the daily values of air temperature, total precipitation, and
the depth of the water table with the use of selected classical and positional measures presented in
form of box plots. Additionally, a graphic comparison of the average monthly air temperatures and
the monthly precipitation totals in the analysed period (1 July 2022-31 March 2024) is given with the
long-term averages in the last normal period (1991-2020). The authors also present the depths of the
water table in the well on individual days (15 July 2022-31 March 2024) in the context of the periods
of hydrological drought in the catchment of the Lyna River announced by PGW Wody Polskie.

Then, the distribution of probability of the occurrence of specific values for all the analysed
variables was compared to the normal distribution via the Shapiro-Wilk test. This led to the rejection
of the zero hypothesis on the normal distribution of such variables as the depth of the subsurface
water table, the average, maximum, and minimum air temperatures, minimum temperatures at
ground level, and the total precipitation from the daily data collected in the period from 15 July 2022
to 31 March 2024. Therefore, the correlation between weather elements and the depth of the shallow
groundwater table was analysed via the non-parametric Spearman rank-order correlation coefficient.
The strength of the correlation is determined based on the value of the coefficient, with possible
absolute values from 0 to 1, in the following way:

e  0-0.2 -very weak correlation;

e  0.2-0.4 — weak correlation;

. 0.4-0.6 — moderate correlation;

e  0.6-0.8 — strong correlation;

e  0.8-1-very strong correlation [43].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.0402.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 June 2025 d0i:10.20944/preprints202506.0402.v1

6 of 16

In order to determine the delay in the reaction of groundwaters to air temperatures and
precipitation totals, the correlation coefficients between the depth of the subsurface groundwater
table and the daily values of air temperature and precipitation totals were calculated for the
preceding day and then for two, three, etc, days before. The days when the value of the correlation
coefficient was the highest were those when the influence of the analysed weather elements on the
subsurface waters was the strongest (for example, the average temperature of the 1st of July had the
strongest impact on the depth of the water surface on July 26-28 days, which was confirmed by the
highest Spearman rank-order correlation coefficient with a delay of so many days).

4. Results

The analysis of the daily air temperatures revealed strong variability. The amplitude between
the largest and smallest median of the average daily air temperature was 11.6°C. The vast majority
of air temperatures were above zero. On over 75% days in the period from 15 July 2022 to 31 March
2024 the average and maximum air temperatures remained above 0°C (Figure 4). The highest
maximum daily air temperature in the analysed period was 34.6°C and the lowest minimum daily
temperature at ground level was -23.0°C (Figure 4).
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Figure 4. Selective characteristics describing the daily air temperatures in Lidzbark Warminski (15 July 2022-31
March 2024): Ta — average daily air temperature, Tmax — maximum daily air temperature, Tmin — minimum
daily air temperature, Tgr — minimum daily air temperature at ground level. Source: Own work based on
Institute of Meteorology and Water Management — National Research Institute IMGW-PIB) data.

In the analysed period, most days were without precipitation. However, single days with very
intensive rainfall did occur, which raised the arithmetic average precipitation higher than the median
(Figure 5). The highest total daily precipitation in the analysed period was 46.5 mm (Figure 5) on the
5 August 2023. In 14 months of the analysed period a total of 35 days with a precipitation totals >10
mm (strong rainfall) were noted. The graeter numbers of intense rainfall events were noted in July
2022 and August 2023 (4 days in each month). Although the number of days with strong rainfall was
the same, the total rainfall in July was lower, as the total amount of strong rainfall in this month
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amounted to 64.4 mm, while in August it was significantly higher: 111.5 mm. The longest dry period
in the analysed area lasted for 25 days, from the 20 May 2023 to the 13 June 2023.
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Figure 5. Selected characteristics describing the total daily precipitation in Gérowo Ifaweckie (15 July 2022-31
March 2024). Source: Own work based on IMGW-PIB data.

The analysed period (15 July 2022-31 March 2024) was relatively warm and humid. It was
dominated by months when the average values exceeding the long-term averages, in particular in
summer and winter. The largest difference between the monthly average and the long-term average
air temperature was noted in February 2024, when the monthly average was 5.5°C higher than the
long-term average (Figure 6). The precipitation totals in the analysed period varied depending on the
season. In certain seasons, such as the autumn of 2022 and the spring (April and May) of 2023,
precipitation was very low, but there were also seasons when the total precipitation significantly
exceeded the long-term average. These were the winter of 2022/2023, the autumn of 2023 (apart from
September), and the winter of 2023/2024 (Figure 6).
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Figure 6. Average monthly air temperatures in Lidzbark Warminski and monthly precipitation totals in Gérowo
taweckie in the analysed period (1 July 2022-31 March 2024) and in the long-term period (1991-2020). Source:
Own work based on IMGW-PIB data.

The average depth of the subsurface water table in the analysed period was 83 cm (Figure 7).
For 75% of the analysed days the depth of the water table ranged from 38 cm to 129 cm, which is
proven by the bottom and top quartiles (Figure 7). The largest depth noted in the analysed period
was 151 cm. On 11 days (10 of which occurred in the winter of 2023/2024), groundwaters were present
on the surface. This happened usually after massive snow thaw.
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Figure 7. Selected characteristics describing the daily depths of the subsurface groundwaters in the well (15 July
2022-31 March 2024).

The fluctuations in the depth of shallow groundwaters show a noticeable seasonal variability. In
the winter season, the water table of subsurface waters is shallower than in summer. This is why, in
both winters in the analysed period, a rapid increase of the water table towards the surface was noted.
The most rapid decrease in the depth of the groundwater table was noted on the 22-24 December
2022, when the water table rose by 117 cm within two days. In the spring, the groundwater level
gradually decreased, until the maximum depths of both warm seasons were reached when
hydrological droughts were officially declared in the Lyna catchment. The lowest levels of water in
the well were noted on the 17-18 November 2022 (151 cm) and on the 5 August 2023 (139 cm). As a
result of precipitation deficits in the second half of 2022 and high air temperatures in the summer of
2023 (Figure 6), the median depth of the groundwater level in these periods significantly exceeded 1
m. Although the dates of the officially announced periods of hydrological drought were generally
the same as the periods of the lowest water table levels in the analysed well, the official
announcements on hydrological droughts did not always match the local conditions. One example
may be the official announced period of drought from the 11 September 2023 to the 21 November
2023. During that time, the level of the water table rose dramatically, by 88 cm in a week, ultimately
reaching a depth of 26 cm below ground surface, i.e. 83 cm above the average depth of the subsurface
water table. One should also note the differences in the rate at which the water table of shallow
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groundwaters fell during the analysed period. In the second half of 2022, the level of the groundwater
table dropped at a faster rate than in 2023. As a result, the maximum depth of the water table was
lower in 2022 than in 2023 (Figure 8). Nevertheless, in the middle of the year (15.07) the water table
was lower (130 cm) in 2023 than in 2022 (87 cm), as a result of low total precipitation amounts in May
and July 2023.
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Figure 8. Depth of the subsurface water table in the analysed well and the periods of hydrological drought
officially announced by PGW Wody Polskie (15 July 2022-31 March 2024). Source: Own work based on PGW
Wody Polskie data.

The drop in the shallow groundwater table was particularly noticeable in the months when the
monthly air temperature exceeded the long-term average. In warm months, intense evaporation
resulted in a systematic drop in the water table — for example, in August 2022 (Figure 8), when the
air temperatures exceeded the average long-term levels by 2.7°C (Figure 6). On the other hand, when
the average temperatures exceeded the long-term average in the cold season, the lowering of the
water table was interrupted by rapid increases towards the surface as a result of intensive rainfall or
rapid snow melt — for example, in January 2023 (Figure 6; Figure 8). The influence of precipitation
was the strongest in the cold half-year, due to lower evaporation than in the warm season. In the
months when the total monthly precipitation was lower than the long-term average, the subsurface
water table decreased noticeably. These were often months when the water table was relatively deep.
In warm months, the influence of precipitation was negligible. The water table rose by approx. 5-9
cm only in situations when intensive (=10 mm per day) or long-lasting rainfall occurred (Figure 8). In
the cold months, the influence of precipitation on groundwaters was stronger. As a result of long-
lasting rainfall, the water level rose and even reached the ground level (Figure 8).

Long dry periods interrupted by torrential rain, which are characteristic manifestations of
climate change, had a very disadvantageous effect on groundwaters. As a result of a long (2 April
2023-13 June 2023) period with hardly any rainfall, interrupted only by single rainy days, the depth
of the groundwater level continued to increase, and short rainfall events caused only a slight, short
term increase in the level of the water table, followed by yet another significant decrease (Figure 8).
An example of such a situation is the period from 24-25 April 2023, when 11 mm of rain fell within 2
days. After 2 days, the water table rose by 2 cm and then started to fall again. On the other hand, in
the cold half-year, the water level rose more efficiently after rainfall, for example on the 11-13 March
2024, when, after the rainfall events of the 11th and 12th of March (15.4 mm) the water level in the
well rose by 18 cm on the 13th of March. The factor that had a major influence on the groundwaters
was the lingering snow cover. Melting snow led to a rapid increase in the shallow groundwater table,
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which was particularly noticeable in December 2022. In winter, during periods without snow cover,
the volume of water in the well decreased significantly (Figure 8).

Analysis of the influence of air temperature on the shallow groundwater table revealed that it is
not immediate, but is apparent after some time (Table 1). The value of the R correlation coefficients
also confirms the differences in the reaction time of the groundwaters to changes in the average,
maximum, and minimum daily air temperature, and in the minimum temperature at ground level.
A moderate correlation (0.4<R<0.7) between these temperatures and the level of the water table was
noted. Groundwaters react the fastest, after only 26 days, to the increase or decrease in the average
air temperature and air temperature at ground level (Table 1). The minimum daily temperature had
the strongest influence on the depth of the water table in the well after 27 days, while the effect of the
maximum daily temperature was felt as late as 33 days following the observation of specific
temperatures (Table 1).

Table 1. The Spearman rank-order correlation coefficients between daily values of the depth of the subsurface
water table in the analysed well and the air temperature in Lidzbark Warminski (15 July 2022-31 March 2024).

Delay in . . Minimum
reaction Average daily Maxlfnum Mmlfnum daily
(number of temperature daily daily temperature at
temperature temperature
days) ground level

0 0,44 0,42 0,43 0,41
1 0,43 0,43 0,45 0,41
2 0,44 0,44 0,46 0,42
3 0,45 0,45 0,47 0,42
4 0,46 0,46 0,48 0,43
5 0,47 0,48 0,49 0,45
6 0,48 0,49 0,50 0,46
7 0,49 0,50 0,51 0,46
8 0,51 0,51 0,53 0,48
9 0,52 0,52 0,54 0,48
10 0,53 0,54 0,55 0,49
11 0,54 0,55 0,56 0,50
12 0,55 0,56 0,57 0,51
13 0,56 0,57 0,58 0,52
14 0,57 0,58 0,60 0,53
15 0,58 0,59 0,61 0,54
16 0,59 0,60 0,61 0,55
17 0,60 0,61 0,62 0,56
18 0,60 0,62 0,63 0,56
19 0,61 0,63 0,64 0,56
20 0,61 0,63 0,65 0,57
21 0,62 0,64 0,65 0,57
22 0,62 0,65 0,66 0,57
23 0,62 0,65 0,66 0,57
24 0,62 0,65 0,66 0,57
25 0,62 0,65 0,66 0,57
26 0,63 0,65 0,66 0,58
27 0,63 0,66 0,67 0,58
28 0,63 0,66 0,67 0,57
29 0,62 0,66 0,67 0,57
30 0,62 0,66 0,67 0,57
31 0,62 0,66 0,67 0,57
32 0,62 0,66 0,67 0,57
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33 0,62 0,66 0,67 0,58
34 0,62 0,67 0,67 0,58
35 0,62 0,67 0,67 0,57
36 0,61 0,67 0,67 0,57
37 0,61 0,66 0,66 0,56
38 0,60 0,66 0,66 0,55
39 0,59 0,65 0,65 0,54
40 0,58 0,64 0,64 0,53
41 0,56 0,64 0,63 0,51
42 0,55 0,63 0,62 0,50

All the coefficients are statistically significant at the level of p <0.05. Source: Own work based on IMGW-PIB

data.

The longest steady influence on groundwaters was noted for the minimum daily temperature,
which had the strongest influence for 7 days, and the shortest influence was found for maximum
daily temperature, for which the values of the correlation coefficient were the highest for 3 days. The
analysis ended on the 42nd day after the occurrence of a specific air temperature, as the correlation
coefficient decreased rapidly during subsequent days, which proved that the correlation between the
analysed variables faded over time.

As far as the influence of precipitation on the depth of the subsurface water table is concerned,
the values of the correlation coefficient pointed to a weak correlation. This is resulted from the
irregularity and high variability of precipitation over time, which affects the correlation results. This
is why the correlation coefficient should not be considered to reflect the strength of correlation with
absolute accuracy. Nevertheless, it was noted that the precipitation influenced the groundwaters
significantly faster than air temperatures. The values of the correlation coefficient demonstrated that
precipitation had the strongest influence on the water level in the well after 2-3 days (Table 2). The
analysis of the coefficient of correlation between the depth of the groundwater table and precipitation
ended after 42 days as the correlation between the analysed variables weakened during subsequent
days.

Table 2. The Spearman rank-order correlation coefficients between daily values of the depth of the subsurface

water table in the analysed well and the precipitation in Gérowo Ifaweckie (15 July 2022-31 March 2024).

Delay in reaction (number of days) Daily precipitation totals
-0,17

-0,22

-0,24

-0,24

-0,23

-0,22

-0,20

-0,19

-0,18

-0,17

-0,18

All the coefficients are statistically significant at the level of p <0.05. Source: Own work based on IMGW-PIB
data.
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5. Discussion

The research conducted in the catchment of the Elma River confirmed that subsurface waters,
which are the shallowest groundwaters, are extremely sensitive to the weather conditions in their
location [44]. Analysis revealed that subsurface waters are characterised by a noticeable seasonal
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variability of the level of the water table, with high levels in the winter months and low levels in the
warm months. This was also confirmed by studies of the groundwaters in deeper aquifers, conducted
by other authors [4,18,21,22]. The analyses carried out in lowland rivers catchments [16] and in peat
areas [23] showed that the lowest levels of groundwaters were noted in autumn, when the water
resources in the catchments are exhausted, although this was not the rule in the analysed well. In the
autumn of 2022, as a result of low precipitation in the second half of the year, the subsurface water
table was relatively deep, but in the autumn of 2023, long-lasting rainfall resulted in a relatively
shallow level. In the analysed area, the level of the subsurface water table was the highest in winter
and early spring, due to the relatively low depth of the water table and quick supply of water by
snowmelt and rainfall waters. On the other hand, research conducted in Poland [16] and in
Lithuanian peat bogs [23] revealed that the level of the subsurface water table was the highest only
in the middle of spring, as the water resources are supplemented by precipitation in winter and
snowmelt, which has, however, not been confirmed for subsurface waters.

The fluctuations in the groundwater level in the spring and summer seasons are shaped, among
others, by air temperature, which fosters intensive evaporation. Even if rainfall events occur, the
water often does not reach the groundwater level as a result of evapotranspiration [14,20]. In the
analysed well, such phenomena occurred relatively often, sometimes leading to an increase in the
water level by only 1-2 cm. After that, the water table continued to decrease. In dry and hot periods,
the level of shallow groundwaters decreases significantly, as it was noted in the analysed well, or
they may even disappear completely [45]. Another factor that influences the lowering of the
groundwater table in the warm months is vegetation, which intensifies in the spring and the summer.
Plants absorb water from the soil, thus contributing to the decrease in the groundwater volume [4,14].

The research conducted in the utility well revealed that groundwaters strongly react to
precipitation, particularly in the winter season, as a result of lower evaporation. This was also
confirmed by studies conducted in Poland [18] and in Latvia [14]. The influence of precipitation on
groundwaters is particularly noticeable for daily values and is characterised by a short increase of
the water table [21]. This may also be noticed in the fluctuations of the water table of subsurface
groundwaters in the analysed well. The amplitude of the fluctuations in the groundwater level and
their delay depends on the depth at which the analysed aquifer is located and on the type of rocks
that form the aeration and saturation layers in the given area. Waters that are closest to the ground
level react to precipitation the fastest, which was confirmed, among others, by research projects
conducted in the Masovian Lowland [16], on the border of Western Roztocze and the Lublin Upland
[18], and in Latvia [14]. In low-permeable rocks, such as clay, silt, and loam (in which the analysed
well is also located), groundwaters usually react to precipitation after 2-3 days. This was confirmed
by studies by Polish and Latvian authors [14,15]. In the winter season, precipitation that accumulates
in the form of a snow cover has a significant influence on the volume of subsurface water resources
in the early spring, which was also demonstrated in this study. As far as deeper situated
groundwaters are concerned, the strongest influence of the snow cover does not become apparent
until the warm half-year [17].

The analysis of the values of temperature in Lidzbark Warminski clearly revealed that the
average monthly air temperatures significantly increased, in particular in the winter season. These
temperatures have a significant influence on groundwaters, which was confirmed by research
conducted in Poland and in Lithuania [4,46,47]. Europe is witnessing a noticeable decrease in
groundwater resources [9,25] manifested, among others, in droughts that have occurred in the 21st
century [9]. Short periods with lingering snow cover and earlier snowmelt lead to more depleted
groundwater resources in spring and summer [16,46]. Meteorological and hydrological droughts that
result from the increasing global air temperatures lead to a lowering of the groundwater table as a
result of reduced water supply to aquifers caused by evaporation and long dry periods [19,48]. This
is also noticeable in the analysed well. In the periods when hydrological droughts were officially
announced, the water table was usually situated at relatively larger depths. This was also confirmed
by studies conducted in Slovakia, where groundwaters are used for municipal purposes [24]. As far
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as subsurface waters are concerned, low water levels may be supplemented relatively quickly as a
result of supply in the spring [19].

6. Summary and Conclusions

e  The depth of the subsurface water table varied during the year. In warm months, the water table
was deeper than in cold months ones. This was caused, first of all, by the intensive evaporation
of water from the land surface. In the cold season, the water table was relatively high, then falling
gradually with increases in the air temperature.

e  Airtemperature had a significant influence on the depth of the groundwater level. It determined,
first of all, the intensity of water evaporation from the soil, which affects the water resources.
This was noticeable in the warm seasons of the analysed period, when, as a result of high air
temperature values, the groundwater table was situated at greater depths, even in spite of
relatively high precipitation totals.

e  The influence of precipitation was the most significant in the cold half-year, when the intensity
of evaporation decreased. During those periods, precipitation can effectively supplement
groundwater resources, which is proven by the relatively high level of the water table in the well
in the winter and its noticeable rise after rainfall or rapid snowmelts. An example may be
December 2022, when the subsurface water table rose by 117 cm in two days as a result of rapid
snowmelt, and October 2023 when, after long rainfall, the subsurface water table increased by
88 cm within one week.

e In the warm season, however, only long-lasting rainfall could effectively supplement the
subsurface water resources. Short, torrential rains had only a slight influence on groundwaters.
This is proven by the event of 5 August 2024 when, in spite of intensive rainfall (46 mm in a day),
the groundwater table increased by 14 cm and then started to drop again after a week.

e Air temperature had the strongest influence on shallow groundwaters after 26-35 days, and
precipitation — after 2-3 days.
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