
  

 

Abstract—An important function in both engineering 

hydrology and integrated catchment area management is 

performed by statistical analysis. This paper presents the trend 

analysis of low water flows in selected rivers in Eastern 

Slovakia. There are many statistical methods for data 

evaluation. The most of useful, presented in this paper, is 

the non-parametric Mann-Kendall test. This analysis was 

carried out for statistical data from 63 river stations lying in the 

eastern part of Slovakia, namely in Hornád, Poprad, Bodva, 

Bodrog river basins. The data were obtained from the Slovak 

Hydrometeorological Institute, Regional Centre Košice. 

Because the low flow data are not comparable for the individual 

stations, normally it is only possible to do the statistical analysis 

for each river station separately. The relative sizes of the low 

stream flow trends in individual river stations were calculated 

as directives of the trend lines. Using ArcView GIS was created 

thematic map from geographical map of Eastern Slovakia and 

was performed hydrological drought risk regionalization. 

 
Index Terms—Hydrological drought, low flow, 

Mann-Kendall test, river station, trend analysis. 

 

I. INTRODUCTION 

Droughts rank first among all natural hazards when 

measured in terms of the number of people affected. 

Although as a natural hazard, droughts differ from other 

natural hazards in several ways. First, the onset and the end of 

a drought are difficult to determine, the impacts of a drought 

increase slowly, often accumulate over a considerable period 

and may linger for years after termination. Second, it is 

difficult to define a drought which leads to confusion for not 

having a universal definition of drought. Third, drought 

impacts are non-structural and spread over large 

geographical areas than damages that may result from other 

natural hazards [1]. In contrast to floods, hurricanes, 

earthquakes, and tornadoes a drought affects water bodies of 

water resources structures and it seldom results in structural 

damage. The quantification of the drought impact is far more 

difficult than for other natural hazards. Fourth, human 
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activities can directly trigger a drought unlike other natural 

hazards, with exacerbating factors such as overfarming, 

excessive irrigation, deforestation, over-exploiting available 

water, and erosion, adversely impacting the ability of the land 

to capture and hold water [2]. 

Depending on where it shows a lack of water by the World 

Meteorological Organization [3] classifies four basic types of 

drought, including: meteorological, hydrological, 

agricultural and socio-economic droughts [2]. The drought 

effects have been observed on all continents and over the past 

decade the frequency of drought increases. 

Hydrological drought is a phenomenon which rise with 

existence of occurrence of no- precipitation period coupled 

with extreme temperatures. The genesis of hydrological 

extremes also affects the morphological conditions of origin, 

climatic factors, geological and hydrogeological conditions 

and anthropogenic activities [4], [5]. This type of drought is 

defined by long-term decrease in levels of surface water 

bodies (e.g. rivers, lakes, reservoirs and other) and drops in 

groundwater levels [6]. Low water content is proof of this 

type of drought [7]. On the mathematical-statistical 

evaluation of low water content are used to the flow and 

no-flow characteristics [8]. Low flow is defined as the 

smallest untouched average daily flow volume in time. 

There is a distinction made between stream flow droughts 

and low flows (minimal flows). The main feature of a 

drought is said to be the deficit of water for some specific 

purpose. Low flows are normally experienced during a 

drought, but they feature only one element of the drought, i.e. 

the drought magnitude. Low flow studies are described as 

being analyses aimed at understanding the physical 

development of flows at a point along a river at a short-term 

(e.g. daily). Hydrological drought analyses in terms of stream 

flow deficits are said to be studies over a season or longer 

time periods and in a regional context. A stream flow drought 

event definition quantitatively defines whether the flow can 

be regarded as being in a drought situation or not and gives 

the duration of a drought, whereas low flow indices 

characterise specific features of the low flow range [9]. 

During the past decades, many parametric and 

nonparametric techniques for the detection of long-term 

trends in time series were developed and applied [10]. A 

discussion on whether to choose a parametric or 

non-parametric test can be found in [11]. In the present study 

the widely used non-parametric tests was applied: the 

Mann–Kendall test, which is also recommended by the 

World Meteorological Organization [3]. The non-parametric 

Mann-Kendall statistical test has been effectively and the 

most used to assess the significance of trend in hydrological 

time series [12]–[14]. 

A number of recent studies have identified trends in 
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streamflows. Despite several reports on recent droughts in 

Europe, the non-parametric Mann–Kendall test and a 

resampling test for trend detection in the paper [10] was 

showed that it is not possible to conclude that drought 

conditions in general have become more severe or frequent. 

The period analysed and the selection of stations strongly 

influenced the regional pattern. It was also proved in the 

study [15] that investigates streamflow trends in a 

newly-assembled, consolidated dataset of near-natural 

streamflow records from 441 small catchments in 15 

countries across Europe. It elucidated spatial patterns and 

regional variability of streamflow trends. Trends were 

calculated by the slopes of the Kendall-Theil robust line for 

standardized annual and monthly streamflow, as well as for 

summer low flow and low flow timing. 

Burn and Elnur [12] utilizes the Mann–Kendall 

non-parametric test to detect trends in hydrologic variables 

for Canadian catchments. There were found differences in 

the geographic location of significant trends. Douglas et al. 

[16] were evaluated trends in flood and low flows in the US 

using a regional average Kendall's trend test. They found 

evidence of upward trends in low flows at the larger scale in 

some of the Midwest regions. 

In [17] the existence of trend in maximum, mean, and low 

flows of Turkish rivers has been investigated. Trend analysis 

has been carried out using the parametric t test and 

nonparametric (Mann–Kendall) test.  

Kapor [18] analyzed the time series of hydrological data 

from 30 hydrological stations, which have a series of at least 

50 years in water bodies belonging to the Danube river basin 

in the Republic of Serbia. The results indicate that the 

observed changes do not have a clearly defined trend. 

The article presents a methodology for prediction of 

hydrological drought based on statistical testing of minimum 

monthly stream flows by non-parametric statistical test. The 

main objective is to identify low stream flow trends in 

selected 63 river stations in Eastern Slovakia in time interval 

1975-2010. The Mann-Kendall non-parametric test has been 

used to detect trends in hydrological time series. Statistically 

significant trends have been determined from the trend lines 

and the prediction of hydrological drought risk in each month 

of hydrological year for the whole territory of Eastern 

Slovakia has been made. Using ArcView GIS, was created a 

graphical representation of hydrological drought risk. The 

aim of this contribution is to demonstrate a statistical analysis 

of low water flows for the purpose of evaluating the 

hydrological drought risk in selected river basins in the 

eastern part of Slovakia. 

 

II. MATERIALS AND METHODS 

A. Study Area 

Study area, as was mentioned, is situated at eastern part of 

Slovakia. In this territory 63 river stations are located (Fig. 

1). Evaluated stations are divided at stations affected by 

human activity and without human influence. The affected 

river stations are considered as a station where the 

hydrological regime altered the flow by interference of 

human activities (by water works, by excessive water 

abstraction, etc.).  

 
Fig. 1. A spatial distribution of river stations. 

 

B. Data 

The first step in the evaluation was to obtain values of the 

minimal monthly flow for selected river stations. 

Hydrological data were provided by Slovak 

Hydrometeorological Institute Regional Centre Košice, at 

monthly intervals during years 1975-2010. 

C. Statistical Analysis 

Basic datasets was created by chronologically ranking the 

values of low flows to the statistical files. One set of values is 

for one river station in mentioned 35-year period. This length 

of data set satisfies the required length in hydroclimatic 

time-series as proposed by Burn and Elnur [12]. In this study 

non-parametric Mann-Kendall test is used for the detection of 

the trend in a hydrological time series. The Mann-Kendall 

test is a non-parametric statistical test. That means that we 

needn’t make any assumptions about distribution of the 

random variable. A statistical hypothesis is an assumption 

about the distribution of a random variable generally. 

A statistical test of the hypothesis is a procedure which is 

used to find out whether we may “not reject” (“accept”) the 

hypothesis, that is, act as though it is true, or whether we 

should “reject” it, that is, act as though it is false. This 

statistical test has a variety of applications for trend analysis 

[15], [19], [20]. 

Mann-Kendall test is following statistics based on standard 

normal distribution (Z), by using Eq.(1). 
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where  

n is the number of data points,  

m is the number of tied groups (a set of sample data having 

the same value).  

According to this test, the null hypothesis H0 states that the 

depersonalized data (x1, …, xn) is a sample of n independent 

and identically distributed random variables. The alternative 

hypothesis H1 of a two-sided test is that the distributions of xk 

and xj are not identical for all k, j ≤ n with k ≠ j.  

The value α is called the significance level; we choose α = 

0.05 and Z/2 is a table value for normal distribution, in this 

case Z/2 = 1.95996. Hypothesis H0 - no trend is if (Z < Zα/2) 

and H1 - there is a trend if Z > Zα/2. Moreover, the value of 

Z gives further information about any increasing or 

decreasing of the trend, but not its magnitude exactly [17], 

[20]. 

The magnitude of the trend was determined using Sen`s 

estimator. Sen’s method assumes a linear trend in the time 

series and has been widely used for determining the 

magnitude of trend in hydro-meteorological time series [15], 

[21]–[24]. In this method, the slopes (β) of all data pairs are 

first calculated by 

 Median ( ) / ( )j kx x j k                        (5) 

for i = 1, 2, ..., N, where xj and xk are data values at time j and 

k (j > k), respectively and N is a number of all pairs xj and xk.  

A positive value of β indicates an upward (increasing) 

trend and a negative value indicates a downward (decreasing) 

trend in the time series. 

All mathematical relations from (1) to (5) were 

programmed in Visual Basic in Microsoft Excel 2003 and 

sizes of significant trends in individual river stations were 

calculated in each month. Using ArcView GIS was created a 

graphical representation of analysis results. 

 

III. RESULTS 

After the statistical analysis each river station is assigned 

trends of low flow in each month. Tables I to IV present 

statistically significant trends in the months with the 

favourable development water levels shown in double plus 

sign, if prevailing water levels drop are shown in double 

minus sign. Stations affected by human activity are 

highlighted in dark colour. 

Evaluation of the trend analysis of the monthly stream 

flow series at 63 river stations in river basins Hornád, Poprad, 

Bodva and Bodrog in the eastern Slovakia in 35 years’ time 

period has been performed by the Mann-Kendall test. 

Percentage of decreasing trends in mentioned river basins for 

each month is presented in Table I. It was found that the river 

basins: Hornád and Bodva are most vulnerable to drought. 

The optimal regime of low flows is in those river basins: 

Poprad and Bodrog. Most of the decreasing trends of low 

flows in the streams in Eastern Slovakia in river catchments 

Poprad, Hornád, Bodva a Bodrog can be expected during 

summer months – May, June, July, and August as was proved 

by Mann Kendall test. In river stations affected by human 

activity are negative trends in water levels especially in 

Kysak, Brezovica, Ţdaňa, Hosťovce and in Michalovce – 

Stráňany.  

 
TABLE I: DECREASING TRENDS OF LOW FLOWS IN % IN RIVER BASINS 
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Hydrological drought regionalization is based on the 

obtained statistically significant trends and their sizes. The 

results of statistical analysis were recorded in the tabular in 

MS Excel and then exported to the ArcView GIS, which has 

been linked with a layer of "river station" means of 

identification numbers of stations. Maps of hydrological 

drought regionalization were created by spatial interpolation 

sizes of trends in individual months. Each map (Fig. 2) 

contains a schematic network of evaluated stations, and also 

the classification of hydrological drought regionalization 

which has four levels: high, medium, low and no risk of 

hydrological drought. Classification was obtained from the 

output intervals incurred in the interpolation entry data. 
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Fig. 2. Hydrological drought risk regionalization in Eastern Slovakia. 

 

IV. CONCLUSION 

Hydrological drought analyses in terms of stream flow 

deficits are said to be studies over a season or longer time 

periods and in a regional context. A stream flow drought 

event definition quantitatively defines whether the flow can 

be regarded as being in a drought situation or not and gives 

the duration of a drought, whereas low flow indices 

characterise specific features of the low flow range.  

The article presents a methodology for prediction of 

hydrological drought risk based on statistical testing of flow 

characteristics of low water content (minimum monthly 

stream flow) with non-parametric statistical test. The main 

objective was to identify low flow trends in the selected 63 

river stations in Eastern Slovakia in time period 1975-2010. 

The Mann-Kendall non-parametric test was used to detect 

trends in hydrological time series. Statistically significant 

trends have been determined from the trend lines and the 

prediction of hydrological drought risk regionalization in 

each month of hydrological year for the whole territory of 

Eastern Slovakia was made. Some of stream flow records in 

rivers in Eastern Slovakia are affected by human activities 

and another are without its influence.  

Statistical tests can detect the existence of trends in 

hydrological time series. The purpose of the tests is to detect 

a statistically significant trend of decrease or increase of low 

flow values. Non-parametric Mann-Kendall test doesn t́ 

make assumption on the probability distribution of random 

variable. It has wide application in testing of 

hydro-meteorological characteristics. 

The results confirmed the rising incidence trends of 

decreasing of low flows in the streams in Eastern Slovakia in 

river catchments Poprad, Hornád, Bodva a Bodrog. 

Hydrological drought can be expected in almost summer 

months during the year – May, June, July, and August. This 

methodology was used in the risk analysis of hydrological 

drought in individual regions. In the complex vulnerability 

assessment of territory owing to drought is essential to take 

into account also the parameters as temperature, precipitation 

and groundwater levels.  

Using ArcView GIS was created a graphical 

representation of hydrological drought risk regionalization in 
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each month of the hydrological year. 

The contribution is written thanks to support of project 

VEGA 1/0609/14.  
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