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The management of groundwater resources must take into account their variation trends.
In this sense, 3 statistical methods were used to identify seasonal and annual groundwater
level trends: Mann-Kendall test (MK), Innovative Analysis Method (ITA) and Spearman’s
Rho test (SR). Each method was applied for 5 time series (one annual and four seasonal)
from 148 hydrological wells from Eastern Romania. The wells were classified in 8 cluster
groups based on water depth, using the cluster analysis, covering the full range of depths
from under 1.4 to over 15.5m. Coupling statistical methods (MK and SR test) with one
based on graphical analysis (ITA method) offers the possibility of obtaining statistically
significant results (between 53% and 69% for spring season, 68% and 96% for autumn
season and 68% and 81% from annual values). The decreasing trend of water depth is
more obvious for summer and autumn season, for 72%—-74% from analyzed wells (based
on SR and ITA method) and 68% for annual series (based on MK test). The spatial
distribution of seasonal and annual trends highlights that in the northern and central parts
of the region, the groundwater depth suffers depletion induced by the effects of prolonged
meteorological and hydrological drought manifested in this area in the last decades.

Keywords: groundwater level, trends, MK test, SR test, ITA method

INTRODUCTION

Estimating trends for hydroclimatic parameters is an important step in the evaluation of the behavior of
these parameters in different scenarios of climate evolution. Regional and global-scale effects of climate
change on temperature and precipitation can trigger significant changes in river runoff and groundwater
level, which are later reflected in the evolution of water resources and social development at a regional
level (de Moura et al., 2020; Xiao et al.,, 2021). In such circumstances, it is important to identify methods
for analyzing the trends of the hydro-climatic and hydrogeological parameters that are relevant for
medium and long term, due to the lack of adequate monitoring in some parts of the world (Koster et al,,
2017). In the last decades, the scientific research on the impact of climate change on the various hydro-
climatic parameters has been multiplied, most of the analysis focusing on the identification of trends in
the extreme seasonal and annual values of precipitation, temperature, or rivers’ flow (Taye et al., 2015;
Croitoru et al., 2018). Two main directions were differentiated in the analysis of trends. The first is based
on the Mann-Kendall test (MK) and estimating trends by the Sen method (Biirger, 2017). The results
obtained by applying it to different climatic or hydrological parameters, highlighted statistically significant
trends of increasing average or maximum annual temperatures (Shrestha et al., 2017; Khan et al., 2019),
precipitation (Djebou and Singh, 2016; Zelenekova et al., 2017) or river runoff (Yang et al., 2017; Asraf
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et al, 2020). To verify the obtained results, the method was
compared with Spearman’s RHO trend statistic test (Hamed,
2016) and the Monte Carlo simulations method (Wang et al,
2020). The conclusions of this comparation, indicate that in
addition to the significance level and the data series length, the
MK test’s power, has a close relationship with the sample variance
and the magnitude of the trend. The second direction proposed to
highlight trends through graphical methods using the Innovative
Analysis Method (ITA) (Sen, 2012). This method has also been
widely used for hydro-climatic (maximum river runoff, maximum
temperatures or maximum precipitation) (Tabari et al, 2017;
Caloiero et al, 2018) and even for hydrogeological parameters
(monthly and annual groundwater level) (Minea et al, 2020a).
The application of this method is relieved by the fact that the
comparative analysis of data series can be done without statistical
assumptions (Sonali and Nagesh Kumar, 2013; Kisi and Ay, 2017).
For the eastern part of Romania, previous research based on MK and
ITA have estimated significant changes in climatic (Croitoru et al,
2016), hydrological (Croitoru and Minea, 2015; Dumitriu, 2020) and
hydrogeological parameters (Minea and Croitoru, 2017) as a result
of regional climate changes. Due to a background of more and more
accentuated climate change, with evolution scenarios adapted on
short, medium and long term, the trend evaluation of the
groundwater level becomes obligatory in the water resources
management projects. The main objective of our research is to
analyze seasonal and annual groundwater level trends based on a
correlative approach of the three methods. This objective is
important in the context of the constant pressure of the
increasing impact of climate change and population in a region
with high dependency on groundwater resources availability (Minea,
2020). Studies applying groundwater resources trends analysis, using
cluster method classification on these three statistical methods (MK
test, SR test, and ITA method) were implemented on groundwater
level trends for hydrogeological wells. This approach is new in this
particular area of expertise, especially for Europe (including eastern
part of Roamnia, an area very little analyzed from this point of view
and with special socio-economic problems taking into account the
fact that over 50% of the population is directly dependent on
resources of groundwater).

STUDY AREA AND DATA BASE

The analyzed region overlaps the eastern part of Romania, with
altitudes ranging between 15 and 500 m. From a geological point of
view, Quaternary deposits with a thickness of 12-25m overlap
Sarmatian-Pontian deposits (with a mixture of clay, marl and
sand), and this is where water is retained in groundwater bodies
at the depth between 2 and 15m (Boicu et al, 2019). All
groundwater bodies belong to the porous type and have a free
groundwater level. Largely exposed to eastern continental dry air
masses, the region is one of the driest in the country, with annual
precipitation between 450 mm in the south and 650 mm in the north
(Sandu et al., 2008), and is frequently affected by periods of drought
(Minea et al., 2020b). To identify changes in groundwater level, this
paper uses seasonal and annual values from 148 hydrogeological
wells from eastern Romania (Figure 1). The analysis was performed

Groundwater Trends

based on four seasonal and one annual data set for groundwater level
(with no gaps in the data series) over a timeframe between 1983 and
2020. All the hydrogeological data sets were derived from monthly
values. The data were provided by the Prut-Barlad Basins Branch of
the Romanian Waters Administration. The temporal scale of data
availability is between 1983 (when the national system of the
monitoring  groundwater resources were completed by
establishing hydrogeological observation points) and 2020. This
period was chosen for the data series to be long enough for the
results to have statistical significance.

METHODOLOGY

Three statistical methods were used to identify trends in the
piezometric level in Eastern Romania: Non-parametric Mann-
Kendall test (MK), Innovative Trend Analysis Method (ITA),
Spearman’s Rho Test (SR). MK test and Spearman’s Rho Test
(SR) was chosen due to the fact that it is widely used to identify
trends in hydro-meteorological parameters in different climatic
conditions even if the data does not conform to a normal
distribution (Meals et al., 2011) and and are less sensitive to
outliers (Hamed, 2007). ITA method was used was used to see the
correlation between classical and innovative statistical methods
that are not affected by sample size, serial correlation and type of
distribution (Sen, 2014). The steps of organizing the performed
statistical analysis is represented in Figure 2.

Non-Parametric Mann-Kendall Test
This method has the advantage of being insensitive to outliers
that can bring some deviation in statistical analysis and also of
being suitable for application to data sets that do not fit into a
statistical distribution (Moberg et al., 2006; Tabari et al., 2011).
Accordingly, this method was largely used to detect trends in
climate and hydrological data series, such as temperature,
precipitation, snow cover, fog, rivers’ discharge etc. (El
Kenawy et al,, 2011; Birsan et al., 2014; Asfaw et al., 2018).
The MK method can be applied in the scenarios where the
values of the xi temporal data series can be assumed with
following model (Salmi et al., 2002):

xi=f(t:)+e

where: f(t) is a continuous monotonic increasing or decreasing
function of time and ¢; is residuals which are assumed to be from
the same distribution with a zero mean. Therefore, it is expected that
the distribution’s variance should be constant in time. The aim of the
MK method is to test the null hypothesis (Hy) of no trend, i.e., the data
x; is randomly ordered in time, versus the alternative hypothesis (H;)
where an upward or downward monotonic trend exists (Sen, 1968).
Depending on the length of the data series, two statistic might be
computed, S for data series with less than 10 values, and Z statistics for
the time series having 10 or more data points () (Kisi et al., 2018). The
Mann-Kendall test statistic S can be calculated using the equation:

S=3 2 san(X; - Xi)
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FIGURE 1 | The geographical position of hydrogeological wells analyzed from Eastern Romania.

where: x; and x;. are the consecutive data values of time series over
time k and j, j > k, respectively, n represent the number of data
points and sgn (xj-x;) symbolizes the function that takes the
values of 1, 0 and -1 and can be estimated as follows:

+1when(xj - xk) >0
0, when(xj - xk) =0
-1, when(xj - xk) <0

sgn(xj - xk) =
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If S has positive values, this designates an increasing trend and
if S has negative values, this indicates a decreasing trend in the
time series. For time series with n > 10, the test is followed by a
normal statistic distribution (6> = 1) and mean (4 = 0) with an
estimated probability of E (Hamed, 2009):

E[S] =0

and variance (Var) as shown

VAR(S) = % nn-1)(2n-5) - itp(tp -1)(2t, +5)
p=1

where: g is the number of tied groups; ¢, is the number of data
values in the pth group and the symbol (X) characterizes the
summation of all the tied groups. If there are no tied groups in the
data series, this summary sequence can be ignored.

Because the number of values in the groundwater level data
series is greater than 10, the values of S and VAR(S) are used to
compute the test statistic Z as it follows:

S-1
——, ifS>0
JVAR(S) f
ZMK 0, lfS:0
S+1
b ifS<0

\JVAR(SY

The Zyk values will follow a normal distribution with
variance “1” and mean “0” and it can be used to compute
the magnitude of variation. If Zyk is larger than Za/2 then the
data series exhibits significant trends. Testing the trends is
performed at the specific a significance level. To avoid the
auto-correlation between data series of groundwater level, the
trends test used a = 0.05 (Wang et al., 2020). At the 5%
significance level, the null hypothesis of no trend is rejected
if Zyx >1.96.

Innovative Trend Analysis Method
This method, developed by Sen (2012), was applied to different

hydro-climatic parameters because is facilitated by the fact that
the comparative analysis of data series can be made without
statistical assumptions (Dabanli et al., 2016). The method
involves the separation of the data set into two equal
subseries, in ascending order. The series are plotted into a
two-dimensional Cartesian coordinate system and compared
against the median line (1:1). The points that are located
above the median line represent an increasing trend, while
those located below represent decreasing trends. If the points
are concentrated along the median line, they do not indicate any
trend. To estimate the trend, the following equating can be used
(Sen, 2017):

2 (% — x1)

n

SITA =

where: Syr4 is the slope of the trend based on ITA, X;, X, are the
averages of the first and second series, and n is the total number of
data points. The trend is given by the slope sign, if negative, the
trend is decreasing, if positive, the trend is increasing and if the
slope is 0, there is no trend.

The null hypothesis (Hy) of no significant trend cannot be
rejected if the calculated slope value, s, is below a critical value,
Scrit- At the same time, the alternative hypothesis (H,) of the
presence of a significant trend in time series is applicable if s is
over a critical value (Malik et al., 2019). To apply this method, the
confidence limit (CL) of the trend slope at a level of significance
must be followed, using the equation:

CL(l—oc) =0+ ScritOs

where: CL are the upper and lower confidence limits at a level of
significance, s are the standard deviation values and oy is the
standard deviation of the sampling slope. The significance level
for a was selected to 0.05. Thus, in a two-sided condition, the Hy
and H; are tested at a = 0.05 with Z = £1.96. If + s>+CL, _ ,, then
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FIGURE 3 | Graphical interpretation for groundwater level trends using MK test (A) and ITA method (B).
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Hj is rejected and H; accepted. The magnitude of the data series
trend using ITA method can be calculated with the equation (Wu
and Qian, 2017):

1 &10(y — ;)
b= n; X
where: D refers to trend intensity, x; is the ith value of the first
ordered sub-series, y; is the ith value of the second ordered sub-
series and X is the average of x;. In the present study, trend
analysis for the 1983-2020 interval was based on the extraction of
two subseries with data spanning across 19 years each, namely
1983-2001 and 2002-2020.

Spearman’s Rho Test

The SR test is another non-parametric rank-based method used
to analyze the variations of hydroclimatic parameters in order to
compare the results with other statistical methods (like MK or
ITA). This test assumes that the data series are independent, and
the null hypothesis (Ho) indicates a no-trend and the alternative

hypothesis (H1) shows that the data series have increasing or
decreasing trends (Onyutha, 2020). To test the significance of
trends by comparing the ranks of the values of series X with their
time order SR, the statistics pSR is calculated (Hamed, 2016):

6y (D -y’

=1
Psr Tl(f’lz—l)

where: Di is the rank difference of ith data series value, n is the total
data values in the time series, i is the chronological order number
and pgp, is the student’s ¢ distribution with (n-2) degree of freedom.
In the case of the independent data and when no trend exists in
the data series, pgg is symmetrical around zero, with a variance
equal to I/(n—1) (Kendall and Gibbons, 1990). If psg has positive
values, this indicate an increasing trend in the time series and if
psr has negative values, thisshows a decreasing trend. To estimate
the statistical consistence, the Zgg of the trends is estimated:

n—-2
Zsr = Psp 1-p2
\J SR
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FIGURE 5 | Comparison between seasonal trends values obtained by MK, SR and ITA method.
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If ZSR > t (n-2, 1-a/2), the null hypothesis (HO) is excluded
and the time series show a significant trend (positive or negative).

Measurements on the groundwater level are related to the land
surface. In this case, the interpretation of the results regarding the
values of trends obtained by different statistical methods must
take into account this reporting system which will be inversely
interpreted compared to the analysis system for climatic and
hydrological parameters at the land surface (Figure 3).

Cluster Analysis

In order to identify the best classification of the hydrogeological
wellfor this region, according to the water depth, the cluster
analysis was used. In Figure 4 depicts the configuration of the
clusters for all the hydrogeological wells, analyzed according to
the water depth and the optimal number of clusters obtained by
the Silhoutte method (Goyal and Gupta, 2014). This method
shows how close or how far each point in a cluster is from points
in neighboring clusters. The scale of proximity/distance of the
analyzed points has a range between —1 and 1. Values of the
Silhoutte coefficient near +1 indicate that the sample points are

not in the proximity of the neighboring cluster, and a Silhoutte
coefficient near -1 indicates that the sample points have been
assigned to the different cluster. Values around 0 of the Silhoutte
coefficient show that the sample points are very close to the
boundary limit between two neighboring clusters. The optimal
value of the number of clusters for entire data base of
hydrogeological wells from Eastern Romania is 8. The
minimum water depth values for the 8 cluster groups are
under 1.4m and the maximum are over 15.5m, covering the
full range of depths.

RESULTS

Seasonal Trends of Groundwater Level

The hydrogeological regime of the groundwater level in Eastern
Romania has maximum values in October and November, and
minimum values in March and April. This regime is connected to
the variations in rainfall and water intake from the river system,
and has a delay depending on the local geological conditions and
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the groundwater level depth. Seasonal trends of the groundwater
level from Eastern Romania were investigated using three trend
detection methods, i.e, MK, SR and ITA. The results are
presented in Supplementary Table S1 and Figure 5. The
statistical results obtained show that for the MK test, between
53% (for the spring season) and 68% (for the autumn season) of
the values of the obtained trends are statistically significant. For
the SR and the ITA methods, the statistical significance of the
values of trends varies between 65% and 69% (for the spring
season) and 94% and 96% (for the autumn season), respectively.

For the entire database, between 61% (for the ITA method) and
65% (for the MK test) exhibit a decreasing trend of the
groundwater level from hydrogeological wells. The decreasing
trend of the water depth is more obvious for the summer and
autumn seasons, for 72%-74% of the analyzed wells (based on the
SR and the ITA methods). This decresing trends can be correlated
with the decreasing trends observed for the entire region for the
precipitation (Dumitrescu et al., 2015), river flow (Minea et al.,
2020c) and for the last decades to the increasing periods of
meteorological and hydrological droughts (Ionitd et al., 2016).
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The important decreasing trends were observed for the
hydrogeological wells included in Clusters 1, 2, and 6 (for all
seasons, from the northern part of the region) and Cluster 5 (for
all seasons, in southern part of the region). The tendency of a
decreasing water depth and can be associated with the influence
of the climate conditions across the entire region. In the last
2 decades, Eastern Romania has experienced frequent periods of
meteorological and hydrological droughts, which determined the
appearance of an accentuated hydrogeological drought, especially
in the northern and central parts of the region (Minea et al,

2021). The effects of this prolonged period of drought are felt
immediately in the case of the hydrogeological wells with water
levels close to the land surface (Cluster 1) and in extended time in
the hydrogeological wells with water levels located at great depths
(Cluster 5, 6, 7, and 8). The maximum values for the decreasing
trends (based on the MK and the SR methods) were observed for
Nicoresti F1 (from Cluster 7) and Podu Iloaiei F5 (based on the
ITA method, from Cluster 8). The local geological conditions
generated by the presence of sandy deposit determine
accentuated dynamics for the groundwater (Iversen et al,
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2008), highlighting even more the effects of the prolonged
hydrogeological drought that is manifested in this area. Only
for 5 hydrogeological wells (1 for the spring season, 1 for the
autumn season and 3 for the winter season) no trends were
identified using the MK method.

Annual Trends of Groundwater Level

As is the case with the seasonal time series, the variation of the
hydrostatic level was examined using the same three statistical
methods. The results are presented in Figures 6-8. In general, the

same tendencies of decreasing or increasing groundwater levels
were observed, for all wells as analyzed in the different seasons.
The statistical results obtained show that for the MK test, 68% of
the annual values of trends are statistically significant. For the SR
and the ITA methods, the statistical significance of the values of
trends varies between 73% and 81%, respectively. At cluster level,
67% of the trends calculated for wells included in Cluster 1 are
statistically significant, based on the MK test. Statistical
significance increases in the case of the SR and ITA methods,
for this very cluster, to 70% and 75%, respectively. For wells
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included in Cluster 2, the statistical significance of annual trends
based on the MK test, is over 84%, growing up to 92% for the SR
test and 96% for the ITA method. Close values for statistical
significance are calculated for wells included in Cluster 3 (80% for
the MK test, 90% for the SR test and 94% for the ITA method).
The lowest values of statistical significance were calculated for
wells included in Cluster 4, which was just one of the three
analyzed wells having a statistically accepted trend. For Cluster 5,
73% of the annul trends obtained, are statistically significant
based on the MK test. 50% of the annual trends based on the MK
test are statistically significant, for Clusters 6 and 7 and just 75%
for Cluster 8. Compared to the seasonal trends, the annual ones
do not undergo significant changes. At 7% of the analyzed wells
included in Cluster 6 and 5% from Cluster 1, there are changes in
the annual trends reported in the spring season, based on the MK
test. The comparison matrix for the annual and seasonal trends,
for different clusters, highlights much larger differences in the
case of the ITA method (between 33% for Cluster 1 and 15% for
Cluster 5). For the SR test, the differences between annual and
seasonal trends are minimal (2 cases for Cluster 1, 5, and 6). The
maximum annual values of trends were observed for Nicoresti F1
(from Cluster 7) and Podu Iloaiei F5 (from Cluster 8), based on
the SR test as observed in the case of seasonal trends (Figure 9).
For 5 wells, no trends were identified when using the ITA method.
The spatial distribution trends have the same pattern like the
spatial distribution trends for seasons, with small differences
depending on the local hydrogeological conditions. For wells
included in Clusters 1 to 4 and in Cluster 6, and some from
Cluster 5 and 8, located in the northern part of the region, the
annual trends highlighted by all 3 methods are of a decreasing
hydrogeological level. For wells from the southern part of the
region, included in Cluster 1, 6, and 7 (and some from Cluster 5
and 7 from the northern part of the region), annual trends are
growing in relation with some positive trends in precipitation and
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river flows identified in the region (Croitoru and Minea, 2015;
Minea and Chelariu, 2021).

DISCUSSIONS

The eastern part of Romania is subject to frequent climate and
hydrological risk phenomena. These materialize either in the
form of large amounts of precipitation with the effects of extreme
hydrological phenomena such as flash floods and floods (Iosub
et al.,, 2020) or the occurrence of long periods of drought, which
manifests across all natural components (Minea et al., 2021).
Many of the climate scenarios designated for the Eastern part of
Europe, suggest an increasing warming of the entire region, with
effects that translate in increased aridity and reduced agricultural
productivity (Angearu et al., 2020). These effects are already seen
through the appearance of accentuated periods of drought (Ionita
et al., 2015) and increases in evapotranspiration (Pravilie et al.,
2018), with impact on surface and groundwater resources. In this
context, the analysis of the seasonal and annual trends of the
groundwater level, completes the studies carried out in the field
and comes as support for identifying sustainable solutions in the
medium and long term in a context in which more than 50% of
the population from this region does not have access to a public
water supply network (Minea, 2020). The obtained results that
highlight an increase of the depth of the piezometric level,
especially in the summer and autumn seasons (at over 70% of
the analyzed hydrogeological wells) will further accentuate the
vulnerability of local communities to groundwater resources. The
high dependence on groundwater resources means that
communities and natural ecosystems are vulnerable to climate
change (Minea and Croitoru, 2017). This is also reflected in the
perception of natural hazards at local and regional stakeholders’
level (Margarint et al., 2021) where climate change’s impact is
accounts for 40% of the population, at a high level of threats.
Application of various methods in the analysis of groundwater
level trends requires obtaining statistically significant results that
can constitute the basis for viable water management systems.
Coupling of well-known statistical methods (like the MK and the
SR tests) with one based on graphical analysis (the ITA method)
can complete the analysis on the tendencies of various hydro-
climatic parameters. These were made in order to identify trends
for different climatic (Wu et al., 2018) or hydrological parameters
(Ali et al., 2019) and in addition, for groundwater level (Halder
et al, 2020). Using cluster analysis to identify the best
classification of the hydrogeological wells, based on water
depth, integrates the results obtained on groundwater level
trends in regional studies. The method was also used to
classify air temperature (Firat et al, 2012) and watersheds
(Rao and Srinivas, 2006) for identifying climate and
hydrological homogenous regions. It was also extended, in
order to identify the homogeneous hydrogeological regions
based on groundwater depth and variation (Pathak and
Dodamani, 2019; Sahoo et al., 2021).

The limitation on this research resides in the fact that: 1) most
of the analyzed hydrogeological wells are located along the
hydrographic network (only 10% are in interfluvial zones, but
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they also have very deep water depth); 2) part of the area is not
covered with hydrological wells (especially in the western part,
near the Siret river); 3) for the same hydrogeological station, there
may be multiple boreholes with different trends, due to the
geological structure and the proximity to the hydrographic
network.

The application of the three statistical methods (the MK test,
SR test and the ITA method) to identify groundwater level trends
for hydrogeological wells, classified based on cluster analysis is a
new analysis model for identifying the evolution of the
groundwater resources. This analysis can complete the studies
that were already conducted on groundwater level trends in
Europe, which did not analyzethe eastern area (Fan et al,
2013; Tegel et al, 2020; Nygren et al, 2021) and be coupled
with the climate change scenarios and increasingly negative
anthropic impact in the region (Cheval et al., 2017).

CONCLUSION

A total of 740 time series (of which 148 for annual time series and
592 for seasonal time series) from 1983 to 2020, were analyzed in
order to identify groundwater level trends for the Eastern part of
Romania. In order to achieve statistical significance, two classical
statistical methods (the MK and SR tests) and a graphical one (the
ITA method), were applied to 148 hydrological wells. For the Cluster
analysis of the water depth, these were grouped in 8 clusters. For 68%
of the annual time series (based on the MK test) and between 72%
and 74% in the summer and autumn seasons (based on the SR and
ITA method), a tendency of a statistically significant decrease in the
groundwater level was observed. Most of this trends appeared in
wells with water depths near the surface, in the northern and central
parts, were the influence of prolonged meteorological and
hydrological drought manifested in this area in the last decades is
obvious. Given the high degree of dependence of the local population
on groundwater resources (which is the main source of water supply)
and the increasing effects of climate change in the region (manifested
through rising air temperatures and reduced water supply from
precipitation and the hydrographic network) it is important to
identify sustainable solution for medium and long time, in order
to reduce the impact of such tendencies.
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