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ABSTRACT 

The evolution of groundwater levels is very difficult to predict over medium and long 

term, in any geographical conditions, in the context of global climate change and 

increasing human impact activities. For that is important to analyses trends of this 

hydrogeological parameters to estimate the evolution of underground water resources in 

different natural conditions. To estimate groundwater level trends, the Mann-Kendal test 

and Sen slope was used. In additional Innovative Trend Method (ITA) was applied to   

seasonal and annual groundwater level from 9 hydrogeological wells, with different 

depths of water, with data between 1983 to 2018. Most of the trends are related between 

these two methods (from 8 out of 9 hydrogeological wells). The seasonal datasets indicate 

that 55% of slopes values are statistically significant for summer and autumns season and 

44% for annual values. The most increasing trends overlaps +3 cm/year (for 2 

hydrogeological wells) and indicates an important decrease of groundwater volume. The 

results can be implemented in groundwater resources management projects at local and 

regional level. 
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INTRODUCTION 

The evaluation of the trends of the different hydro-climatic parametric indicators from a 

geographical region represents an important stage in estimating the behavior of these 

parameters in different scenarios of evolution of the environmental conditions. Against 

the background of more and more accentuated climate changes, with evolution scenarios 

adapted on short, medium and long term, the evaluation of the tendencies of variation of 

the groundwater level becomes obligatory in the water resources management projects. 

Practically two main directions were differentiated in the analysis of trends. The first is 

based on Mann-Kendall test and estimating trends by the Sen method.  

The results obtained by applying to different climatic or hydrological parameters 

highlighted statistically significant trends of increasing average or maximum annual 

temperatures [1-3], precipitation [4,5] or river runoff [6,7]. Starting with 2012 [8] a new 

approach has been proposed to highlight these trends through graphical methods. This 
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method has also been widely used for hydro-climatic parameters (maximum river runoff, 

maximum temperatures or maximum precipitation) [9-11] and even hydrogeological 

(monthly and annual groundwater level [12]. In this paper we will try to apply the two 

types of methodologies in identifying trends in the seasonal and annual values of 

groundwater level for a series of hydrogeological wells in the north-eastern part of 

Romania. This analysis follows the research conducted in highlighting the groundwater 

level trends in this area, and is intended to be a scientific support in estimating the 

evolution of groundwater resources in this area, in different scenarios of regional climate 

evolution. 

 

STUDY AREA 

The north-eastern part of Romania is characterized by the presence of hilly plain with 

altitudes ranges between 30 and 250 m situated in a temperate continental climate (Figure 

1). The maximum temperatures and precipitations are registered in summer (June, 

respectively July) and the minimum values are recorded during the winter season (in 

February). The rivers flow has a maximum runoff in the spring season and a minimum in 

the winter, when precipitation is stored on the surface in the form of a layer of snow and 

ice. These hydro-climatic features along geological structure has an important influence 

above groundwater resources which are stationed near surface in groundwater bodies with 

the groundwater level varying between 2 and 10 meters. 

 

 
Figure 1. the position of wells in North-eastern part of Romania. 
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DATA SETS AND METHODOLOGY 

In order to identify the trends of the groundwater level for the northeastern part of 

Romania, the data referring to the seasonal and annual average levels from 9 

hydrogeological wells were used. These were made by the Prut Bârlad Water Basin 

Branch, integrated into the “Apele Romane” National Company during 1970-1980. The 

period taken into account is from 1983 to 2018. For the present analysis were used data 

from hydrogeological wells with different depths, located mostly in the major bed of the 

hydrographic network that drains this region. 

To estimate trends of groundwater level the Mann-Kendall test for trend and Sen’s slope 

estimates was used. The Mann-Kendall test is applicable in cases when the data values xi 

of a time series can be assumed to follow the equation [13]: 

 

xi=f (ti )+εi , 

 

where: f(t) is a continuous monotonic increasing or decreasing function of time and the 

residuals εi can be assumed to be from the same distribution with zero mean. It is therefore 

assumed that the variance of the distribution is constant in time. Then the null hypothesis 

of no trend, H0, is tested in order to accept or reject it. The xi observations are randomly 

ordered chronologically, against the alternative hypothesis, H1, where there is an 

increasing or decreasing monotonic trend [14].  

To estimate the slope of an existing trend, the Sen's nonparametric method is used. It 

may be used if the trend can be assumed to be linear accordingly with the equation: 

 

f(t) = St + B 

 

where: S is the slope; B is a constant. 

To get the slope estimate in previous equation the slopes of all data value pairs are 

calculated using the formula: 

kj
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where: i =1 to n; xj and xk are data values at times j and k (j > k), respectively.  

 If there are n values xj in the time series, we get as many as N = n(n-1)/2 slope 

estimates Si. The Sen’s estimator of slope is the median of these N values of Si. The N 

values of Si are ranked from the lowest to the highest and the Sen’s estimator (S) is 

differently calculated if N is odd or even. Thus, 

( ) 2/1+= NSS , if N is odd and 
( ) ( )  2/22/

2

1
++= NN SSS

, if N is even 

Statistical analysis of trends use different significance levels ( = 0.001, 0.01, 0.05, or 

0.1) and for this study we retained only the level of  = 0.05. 

This method was largely used to detect trends in climatic and hydrological data series [15, 

16]. In Romania, the same methodology has also been used with very good results to 

identify trends in different data series (temperature, precipitations, rivers discharge etc.) 

[17-19]. 

Innovative Trend Method (ITA) proposed by Șen [8] simplifies the way of estimating the 

trends by graphically representing the analyzed values. Initially, the data series is divided 

into two series, which are then represented graphically in the scatter-plot system. 
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Depending on the position of the representation points, the tendency of increase, decrease 

or constant of the analyzed parameters can be estimated. At the same time, the trend of 

the data string can be estimated by applying the formula [20]: 

 

s=
2 (𝑦2̅̅̅̅ −𝑦1̅̅̅̅ )

𝑛
 

 

where: s is the slope of the trend, 𝑦1̅̅ ̅, 𝑦2̅̅ ̅ are the averages of the first and second series, 

and n is the total number of data. An important aspect must be mentioned in the analysis 

of the results. Taking into account the fact that in the case of groundwater level the actual 

measurements are related to the land surface, the interpretation of the trends is made 

inversely to the interpretation of the trends in the case of hydro-climatic parameters. 

(Figure 2). 

 

 
Figure 2. Graphical interpretation for climatic and hydrological parameters (A) and  

groundwater level (B) trends using ITA [12] 

RESULTS 

By applying the specific methodologies described above, a series of results have been 

obtained that highlight the positive or negative trends of groundwater level variation in 

recent decades. The slope values obtained by applying the Mann-Kendall test and the 

Sen's nonparametric method show that in 44% of the hydrogeological wells analyzed 

the results obtained are statistically significant for the annual values.  

Table 1. Slopes for groundwater level trends using  

Mann-Kendal test and the Sen's nonparametric method 

No. Well code Average  

depth (m) 

Winter Spring Summer Autumn Annual 

1 RĂDĂUȚI-PRUT F3 13 -2.03* -2.16* -1.70* -1.91* -2.17* 

2 HAVÎRNA F1 2.5 -0.94 -1.46 0.11 -0.05 -0.31 

3 SADOVENI F3 9 3.78* 3.39* 2.84* 3.31* 3.41* 

4 ȘTEFĂNEȘTI F2 6 0.28 0.08 0.19 0.03 0.08 

5 MASCĂTENI F3 6.5 1.98* 1.61 2.56* 2.03* 2.22* 

6 GLĂVĂNEȘTI F3 5 -0.18 -0.62 -0.29 -0.29 -0.44 

7 CIRNICENI F2 5 3.68* 3.88* 3.65* 3.57* 3.81* 

8 PODU ILOAIE F3 2 -0.6 -0.83 -0.91 -0.21 -0.42 

9 IAȘI F9 5 1.01 1.44 1.74* 1.70* 1.38 

*values wist statistical significante for  = 0,05 
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The same weight is kept in the case of values corresponding to the winter season. The 

most statistically significant results were obtained for the summer and autumn seasons 

(over 55%). At 30% of the analyzed hydrogeological wells (Rădăuti-Prut F3, Sadoveni 

F3, Cirniceni F2) the statistical significance of the slopes obtained by this method was 

maintained throughout the year. At two other wells (Mascateni F2 and Iasi F9) there are 

slopes with high statistical significance within the annual and seasonal values. In wells 

with higher groundwater depths, the slope values remain high (regardless of the trend 

throughout the year, Figure 2). It should be mentioned that in the case of groundwater 

level trends the interpretation of the results must be done in reverse to the interpretation 

of the trends in the case of surface hydro-climatic parameters. The highest values of the 

trends +3.81 cm/year at Cirniceni F2 and +3.41 cm/year at Sadoveni F3 show a clear 

tendency of decreasing groundwater level relative to the land surface. Practically in 5 of 

the 9 boreholes 9 (4 having statistically significant values) the tendency to deepen the 

groundwater level is obvious. 

 

 
Figure 3. Annual trends of groundwater level for different wells in  

north-eastern part of Romania using Mann-Kendall test 

In the spring and summer seasons due to the marked variations of the monthly average 

values of the groundwater level under the impulse of the hydric water supply from the 

surface (from precipitations or hydrographic network) the slopes of the trends have the 

lowest significance [21] (Figure 3). In hydrogeological wells with less deep groundwater 

relative to the land surface (Havarna F1 and Podu Iloaiei F3) the trends remain negative, 

but the statistical significance of the results is low. 

The application of the ITA method highlighted the same trends in 8 of the 9 

hydrogeological wells analysis. The only wells where the trend is different between the 

two applied methods is Stefanesti F2 which by the ITA method has a negative 

groundwater level variation trend, and by the Mann-Kendal method a positive one (Table 

2). This divergence can be explained by the influence given by the presence of a large 

accumulation lake near this hydrogeological drilling (Stanca-Costesti lake, at the eastern 

border between Romania and the Republic of Moldova) which substantially changes the 
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water supply infiltrated underground in this area. In general, slope values are lower (in 

the case of positive trends) and higher (in the case of negative trends) than the values 

obtained by the Mann-Kendall test and the Sen's nonparametric method. 

 

 
Figure 4. the seasonal and annual trends of groundwater level in  

north-eastern part of Romania using Mann-Kendall test 

The annual trends of groundwater level by the ITA method are more clearly highlighted 

in the case of the Radauti Prut F3, Cîrniceni F2 and Iași F9 wells (Figure 4). The same 

clear evidence of the trends is kept at seasonal level with the mention that in the case of 

hydrogeological wells: Sadoveni F3, Mascateni F3 and Podu Iloaiei F3, on the graph 

representing the trends (figure 8) they seem to remain relatively constant (Figure 5). 

Table 2. Slopes of groundwater level trends using ITA method. 

No. Well code Average  

depth (m) 

Winter Spring Summer Autumn Annual 

1 RĂDĂUȚI-PRUT F3 13 -3.21 -3.72 -4.9 -3.72 -3.92 

2 HAVÎRNA F1 2.5 -1.31 -1.81 -1.12 -0.92 -1.35 

3 SADOVENI F3 9 0.21 1.18 0.57 0.69 0.85 

4 ȘTEFĂNEȘTI F2 6 -0.81 -1.41 -1.21 -1.15 -1.16 

5 MASCĂTENI F3 6.5 1.12 0.87 2.12 2.53 1.53 

6 GLĂVĂNEȘTI F3 5 -1.52 -2.31 -1.32 -0.89 -1.56 

7 CIRNICENI F2 5 2.42 2.72 2.62 3.26 2.78 

8 PODU ILOAIE F3 2 -0.33 -1.05 -0.33 -0.36 -0.5 

9 IAȘI F9 5 0.87 0.98 2.51 2.31 1.62 
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Figure 5. Annual trends of groundwater level for different wells  

in north-eastern part of Romania using ITA method. 

 
Figure 6. Seasonal trends of groundwater level for different wells in north-eastern part of Romania 
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CONCLUSIONS 

Following the analysis, a series of conclusions can be drawn that can be helpful in 

groundwater resources management projects at local and regional level. First of all, both 

methods can be applied to highlight the trends of groundwater level variations, the results 

obtained, in terms of the trend sign being identical in over 88% of cases. The values 

obtained using the Mann-Kendall test and the Sen's nonparametric method have a higher 

statistical significance (in 55% of cases in the analysis of data on summer and autumn 

seasons and 44% in the case of data on annual values of groundwater level). The ITA 

method, even if it is more expeditious, and the obtained results have a lower statistical 

significance, has the advantage of easier graphical identification of the trends of 

groundwater levels variations. At the same time, we consider that the trends obtained for 

seasonal and annular groundwater level can be correlated with the trends obtained by the 

same methods in the case of hydro-climatic parameters from the surface (precipitation, 

river runoff, etc.). 
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