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SUMMARY

This research investigates the spatial and temporal patterns of trends on monthly scale time series data
(1950-2020) at meteorological, hydrological and hydrogeological monitoring posts located within the
San River basin, which is a transboundary territory of Poland and Ukraine. The temporal trends were
analyzed using the Mann-Kendall (MK) test at 5% significance level. The spatial variation of the
magnitude of trends in temperature, precipitation, surface water level and discharge, groundwater
level series was interpolated using the Inverse Distance Weighted (IDW) method in ArcGIS
environment. The created maps of spatial variability of trends may help the water resource managers
to figure out the risk and vulnerability related to climate change and improve the environmental
monitoring network in the study region.
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Introduction

Climate change and anthropogenic factors adversely affect the hydro-meteorological process in a
continuous manner, and their impacts appear in the forms of trends (Heruk et al., 2017, Malik et al.,
2019, Sen, 2014). The different direction of trends depends both on the direct human impact on
groundwater (water withdrawal, irrigation and drainage, etc.) and on the indirect effect (the effect of
man-induced climatic transformations). The analysis of long-term observations of groundwater levels
made it possible to establish tendencies to grouping of dry and wet year series (Kovalevsky, 1992,
Heruk at al., 2017, Bagriy at al., 2017). The objective of this research is to identify statistically
significant trends, assess their direction and patterns of distribution within the study area using non-
parametric statistical Mann-Kendall test and spatial analysis in GIS.

Study area and datasets

The San is the biggest Carpathian tributary of the Vistula, and in the same time it is the natural border
between Ukraine and Poland. The length of the river is 447 km (including 87.5% within Poland and
12.5% within Ukraine), and its basin area is 16861 km? (86.3% within Poland and 14.7% within
Ukraine). The climate of the basin is temperate continental with mild winters and relatively humid
summers. Climatic conditions are gradually changing from the west to the southeast: the rate of
precipitation and runoff decreases, evaporation increases. The major landforms within the area are
hills with elevations around 350-400 meters. The basin is geologically confined to the outer zone of
the Carpathian Foredeep, which was formed in the Middle and Upper Miocene. The territory is
composed of alluvial deposits of the Middle Pleistocene age (sands, sandy loams, loams, pebbles) and
middle Badenian deposits of the Middle Miocene (sands, fractured sandstones, limestones). Depths,
deposits, and capacities of individual aquifers and complexes in Cretaceous, Paleogene, Neogene, and
Quaternary sediments vary from a few meters to hundreds of meters. The main source of water supply
is the aquifer of anthropogenic sediments. The statistical analysis was based on the monthly scale time
series of the observations of groundwater level from 25 hydrogeological wells, temperature and
precipitation from 11 weather stations, surface water level and discharge from 19 stream gauging
stations. The data were provided by Polish Geological Institute, Institute of Meteorology and Water
Management National Research Institute (Poland) and State Scientific-Production Enterprise “State
Information Geological Fund of Ukraine” (Ukraine).

Methods

The Mann-Kendall (MK) test (Mann, 1945, Kendall, 1975) is a rank based non-parametric test to
detect significant trend in time series data. The MK test does not require the assumption of normality
or homogeneity of variance and it is widely used in detecting trends of variables in meteorology and
hydrology fields (Suryavanshi et al., 2014; Zhou et al., 2016; Kisi et al., 2018, Azam et al., 2018,
Malik et al., 2019, Yilmaz et al., 2020). The test statistic Z is denoted by equation:
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where n is the length of the sample, x; and xx are from 4=/, 2, ..., n-1 and /= £+1, ..., n. If n>8,
statistic S approximates to normal distribution. The mean of S is 0 and the variance of S can be
acquired as follows:

n(n-1)(2n+5) @)
18

If Z>0, it indicates an increasing trend, and vice versa. Given a confidence level o, the sequential data
would be supposed to experience statistically significant trend if |Z|>Z(1-a/2), where Z(1-0/2) is the
corresponding value of P=o/2 following the standard normal distribution. In this study, 0.05
confidence level was used. In the case of seasonal MK test, the seasonality of the series is taken into
account. This means that for monthly data with seasonality of 12 months, one will not try to find out if
there is a trend in the overall series, but if from one month of January to another, and from one month
February and another, and so on, there is a trend. The method has been executed using XLSTAT
software.

var(S)=

The magnitude of a time series trend was evaluated by a simple non-parametric procedure developed
by Sen (Sen 1968). The trend is calculated by

B = Median( [ ),}' >i, (5
j—i
where S is Sen’s slope estimate. >0 indicates upward trend in a time series. Otherwise, the data
series presents downward trend during the time period.

xj—x]

The spatial variation of the Sen’s slopes within the study area was interpolated using Inverse Distance
Weighted (IDW) method of Spatial Analyst Toolbox in ArcGIS environment.

Results

At this stage of the research, the results of observations of the studied hydrogeological, hydrological
and meteorological parameters, accumulated during all monitoring periods, were considered. For the
study area, the temporal-spatial analysis of trends based on the MK criteria has determined the
following results (Figure 1): for monthly average temperatures, positive trends have been set for 10
weather stations out of 11 (Figure 1, a); the trends in monthly precipitation have been defined as
statistically insignificant for 9 weather stations, 1 positive and 1 negative trend have been confirmed
for the other 2 weather stations (Figure 1, b); among 19 gauging stations, significant positive trends in
monthly average discharges have been defined for 3 points, negative trends have been defined for 2
points, for the remaining 14 gauging stations, significant changes in average monthly discharges are
not typical (Figure 1, c); significant decreases in surface water levels have been observed at 10
gauging stations, increases have been observed at 10 gauging stations, and significant changes in the
level have been not confirmed for the remaining 6 gauging stations (Figure 1, d); a significant
increase in groundwater levels has been found for 6 wells, a decrease in groundwater levels has been
found for 8 wells, and significant changes in groundwater levels have been not confirmed for 11 wells
(Figure 1, e). It should also be noted some limitations of using MK criterion, namely the dependence
of the results on the character of incoming time series and the seasonal features of its first and the last
member. To increase the reliability of the results, it is necessary to use data with uniform observation
periods in the analysis. In practice, it is often impossible due to differences in the organization of
monitoring of different environmental components and gaps in the series of observations.

Conclusions

The results of the MK test indicate the presence of divergent trends in the studied time series. The
exception is the variability of average monthly temperatures, as for almost all-weather stations there is
a statistically significant increase. The exception is the variability of average monthly temperatures, as
for almost all-weather stations there is a statistically significant increase. The weather station
“Przemysl”, the only one for which a significant trend is not typical, has a slightly shorter series of
observations (1954-2001), which explains the anomaly: recent years, when there is a significant
temperature increasing, is not taken into account for this point.
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Figure 1 Maps showing the significance of trends and the spatial patterns of Sen’s slopes for monthly
average temperature (a), monthly precipitation (b), monthly average discharge (c), monthly average
of surface water level (d) and monthly average of groundwater level (e) across the study area

At the same time, the obtained results do not confirm the presence of long-term trends in the monthly
precipitation series for the study area. For the majority of weather stations (with the exception of
“Yavoriv” with a negative trend and “Jarocin” with a positive one), the trends are not statistically
significant. A similar situation is typical for the stream discharge observed at the gauging stations of
the study area. No significant increases or decreases in the stream discharge were observed during the
monitoring periods for the majority of gauge stations with only a few exceptions. Slightly different
results were obtained for the average monthly water levels at the gauging stations. There is a
significant decrease in the water levels altitudes for most observation points. Such differences in the
formation of long-term variability of hydrological parameters may be explained by the higher level of
anthropogenic factors influence (hydraulic engineering, water use, melioration) on the formation of
surface water levels compared to stream discharge, which is formed mainly under climatic factors,
such as precipitation.
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In the case of groundwater levels in monitoring wells, different trends are also observed. There is a
certain territorial regularity, and decreasing tendencies in groundwater levels series of different
aquifers are typical for the wells, which are located in the plain part of the basin while increasing
trends and absence of statistically significant changes are normal for the mountainous area.
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