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SUMMARY 

This research investigates the temporal patterns of trends in time series data of 

hydrogeological monitoring posts located within the Carpathian region, which is a 

transboundary territory of Ukraine. The temporal trends were analyzed using autocorrelation, 

regression and spectral analysis. The obtained temporal patterns and trends may help the 

water resource managers to improve the hydrogeological monitoring network in the study 

region. 
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Introduction 

 

Groundwater is a vital resource and, at the same time, the most dynamic component of the geological 

environment. In Ukraine, despite a sufficient knowledge about the hydrogeological conditions of the 

territory, an extremely unfavourable situation has been created due to the insufficient funding, out-

dated measuring equipment, suspension and abandonment of the observation wells, absence of the 

single database and coordinated interaction between organizations subjected to monitoring and 

suspending of the observations and the loss of the long-term observation data as a result render 

impossible to make a reasonable prediction and control over the groundwater (Davybida & 

Kuzmenko, 2018). The Carpathian region is among the areas within Ukraine, which are the least 

covered by the observation hydrogeological network (Davybida at al., 2018). The purpose of the 

research is to establish the features and patterns of long-term variability of groundwater levels within 

the territory of the Carpathian region for the further optimization of the observation network of 

hydrogeological wells and the development of a hydrogeological monitoring strategy (Directive 

2000/60/EC, 2000, Shestopalov & Lyuta, 2016). 

 

Method and Data 

 

The primary and necessary task to study the peculiarities of a hydrogeological regime formation and 

develop a modelling and spatial and temporal forecasting methodology for its is conducting a 

comprehensive statistical analysis of the long-term observation input data of the level regime, to 

identify certain regularities in their distribution functions. 

The input data are the results of long-term observations (values of the average monthly depths of the 

levels, calculated based on the results of periodic measurements) of the groundwater level regime of 

unconfined and confined aquifers in hydrogeological wells of the studied region, provided by SSPE 

"Geoinform" (Fig. 1). In total, data on the level dynamics of 75 wells with different periods of 

continuous observation in the general time frames of 1947-2019 were processed. 

The analysis of the available materials from long-term observations and previous studies related to 

groundwater regime forecasting (Kovalevsky, 1992, Davybida et al., 2018, Zhou et al., 2016) shows 

that the most characteristic parameters of the groundwater level regime are average annual and 

extreme (maximum and minimum) annual values of the level position. 

 

Results and Discussion 

 

The phase homogeneity of groundwater level fluctuations is essential when studying long-term 

regularities of the hydrogeological regime since directly measured extreme values of the level position 

can be observed in different seasons and do not reflect general multi-year trends. Autocorrelation and 

spectral analysis of the time series of monthly average level positions for continuous observation 

periods showed the presence of a statistically significant 12-month periodicity for the majority of 

considered wells (Fig. 2). 

Groundwater of unconfined aquifers in the Carpathian region is characterized by seasonal recharge. 

At the same time, for the intra-annual regime, the spring maximum position of the levels is observed 

in March-May due to infiltration recharge by precipitation accumulated during the winter. Summer 

precipitation is mainly spent on evaporation and practically does not participate in groundwater 

recharge. The annual minimum is observed, as a rule, from August to November (Fig. 2a). 

The graphs of level variability for many wells of confined aquifers in the studied area indicates a 

significant similarity of their intra-annual regime with the groundwater regime. This type of confined 

groundwater regime is characteristic of recharge zones or layers that directly enter the surface or have 

a strong hydraulic connection with a water-table aquifer (Fig. 2b). 

As a rule, seasonal fluctuations in the considered time series are superimposed on the trend-cyclical 

component. For most wells, the contribution of seasonal fluctuations to the overall variability of levels 

is significant compared to multi-year changes. The 12-month cyclicity is observed as statistically 
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insignificant trends or the seasonal component does not appear at all in the time series of some 

considered wells. 

 

 
Figure 1 Location of observation wells within the study area 

 

The absence of seasonal fluctuations in the time series of groundwater levels is one of the signs of 

disrupting the groundwater regime. In such cases, it is advisable to carry out an assessment of the 

long-term variability of the levels, taking into account the existing principles and criteria of the 

hydrogeological regime naturalness, with the evaluation of the feasibility of using the observation 

results obtained at hydrogeological monitoring points for further study and long-term forecasting of 

the natural groundwater level regime of the region. 

Histograms of actual distributions of level probability and graphs of their theoretical equivalents were 

constructed for each observation point to study the nature of statistical distributions of average annual 

levels.  

The obtained graphs and frequency distribution histograms of the average annual groundwater levels 

show that the following types of long-term groundwater level variability are typical for the monitoring 

wells of the study area based on conventional hydrogeological mathematical and statistical models 

(Kovalevsky, 1992): 
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 empirical points are located on a straight line or close to a straight line, which indicates a normal 

(symmetric) law of distribution; 

 empirical points are placed in the form of a convex-upward curve, which is characteristic of 

right-asymmetric distributions; 

 empirical points are located in the form of a concave curve that straightens on a logarithmic 

scale, which indicates a lognormal distribution law; 

 empirical points are placed in the form of a concave-upward curve, which is characteristic of 

left-asymmetric distributions; 

 the curve has a concave-convex shape, which characterizes the complicated character of the 

distribution for heterogeneous conditions of groundwater regime formation in years of high 

and low water content or changed conditions of the regime formation due to disturbance. 

 

 
Figure 2 Typical graph of an autocorrelation function of multi-year average monthly data and graphs 

of groundwater levels for (a) – unconfined and (b) – confined aquifers  

 

The fifth type should be considered the most general type of probabilistic curve for average annual 

values of groundwater levels. It can be evidence of artificial changes in regime formation conditions 

or heterogeneous influence of regime formation conditions in years of different water contents. Thus, 

the lower position of the curve is determined by the impossibility of lowering the level below the 

hydraulic limit (level of a river, lake, or swamp) or bedrock. The upper position is determined either 

by an increase in the intensity of evaporation when the groundwater level rises or by an increase in 

their outflow in the direction of drains, which is characteristic of interfluves and sloping areas. 

However, the simultaneous influence of the upper, lower and lateral boundaries can be manifested 

only in the case of significant fluctuations in the level of groundwater or in the case of a shallow 

aquifer of low capacity.  

The first and third types of curves are characteristic for aquifers closely related to atmospheric 

precipitation, in particular with shallow groundwater. 

In cases where only the lower or lateral limits are affected, the fourth type of curve is observed, when 

only the upper limit is significant, the second type is observed. 

For the coastal type of groundwater regime, which is determined mainly by the regime of surface 

water flow, the fourth type of curve, characteristic of surface runoff, is typical (Kovalevsky, 1992). 

The theoretical basis of temporal regional forecasts is the concept of the cyclic character of natural 

processes. The possibilities of long-term forecasting depend on the established relationships with 

regime-forming factors, detection of the genetic nature of fluctuations and, naturally, the possibility of 

obtaining forecasts of the relevant factors (Kovalevsky, 1992, Mirzavand & Ghazavi, 2014). 

Autocorrelation and spectral analysis of the level time series for all monitoring posts were carried out 

to identify the main time periods of harmonic oscillations (Davybida et al., 2018). 
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The results of the analysis indicate some heterogeneity of the long-term groundwater regime in the 

observation wells of the studied region. Periodogram and autocorrelation analysis of the longest series 

of groundwater level measurements confirm tendencies to 3-4, 5-6 and 8-11-year cyclical 

fluctuations, the reliability of which is higher than for longer cycles. 

It is obvious that any conclusions about the subordination of the groundwater level regime parameters 

to a certain statistical law of distribution or the cycles in level variability time series are preliminary 

due to the limited amount of input monitoring data.  

The free interpretation of the periods of cyclicity in the groundwater regime is a consequence not only 

of the limitations of the actual data but also of the lack of clear ideas about the cause-and-effect 

relationships that condition the cyclicity.  

 

Conclusions 

 

Long-term cyclic fluctuations of groundwater levels do not have a strict temporal periodicity. 

Irregularity of cycles in level fluctuations is due to the interference of regime-forming factors with 

different durations and phases of fluctuations, the long-term variability of which, in turn, is not strictly 

periodic. All this makes it difficult to predict the regime, however, the revealed regularities of multi-

year level fluctuations can help to outline the main periods of changes and to assess the trends of 

further variability of the groundwater state. 

For the long-term variability of groundwater levels in some wells of the study area, signs 

uncharacteristic of the natural regime can be observed (absence of seasonal level fluctuations, 

significant linear multi-year trends in groundwater level changes, multimodal distribution of level 

regime parameters), which may indicate an artificial disturbance of the quantitative hydrogeological 

regime of the territory. Therefore, it is appropriate to assess the compliance of the long-term 

variability of the level with the existing criteria for the naturalness of the regime and to select 

representative observation points for further study and forecasting of the natural hydrogeological 

regime. 
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