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ABSTRACT 

The paper presents two indexes for the classification and space – temporal modelling of 

drought historical events during the year 1972 to 2014 in 7 gauging stations localized in the 

eastern part of Slovakia. Two different types of drought, namely: I) the meteorological drought 

is detected by SPI Standardized precipitation index – computed from monthly precipitations 

and II) the hydrological drought is detected by SSI – Standardized streamflow index – 

computed from monthly streamflow time’s series. These two indexes have the same 

mathematical background and can by computed by non-parametric approach as well as 

parametrical approach. As case study we have considered seven monthly time series, 43 years 

long, in gauging stations namely: Bardejov, Červený Kláštor, Humenné, Ižkovce, Medzev, 

Svidník a Ždiar for streamflow river stations: Bardejov, Červený Kláštor, Kamenica nad 

Cirochou, Vysoká nad Uhom, Štós, Tisinec and Skalnaté Pleso for precipitation, both in the 

period 1972 – 2014. The main contribution of this work is to reveal the temporal vulnerability 

of the studied area to drought and representation of results that could be used for monitoring, 

minimized future negative effects and managed with water resources in studied river basins. 

1. Introduction 

The effects of climate change, occurring over the last few decades, intensify, and 

therefore have become an object of interest to governments, the international community, and 
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science. Results of scientific research [7] indicate that the consequences of climate change pose 

a threat to the social and economic development of many countries worldwide. The World 

Economic Forum, in its Global Risks Report [25], which regularly evaluates the 50 greatest 

global risks in terms of their impact, likelihood and interaction, has included extreme weather 

conditions, water scarcity, natural disasters and climate change mitigation adaptation to the 

adverse effects of climate change among the top five risks of the present. Changes in climate 

will have significant impact on local and regional hydrological regimes, which will in turn 

affect ecological, social and economic systems [9, 5]. The study of the frequency development 

of the hydro-meteorological variables on the longest time series provides information on the 

hydro-meteorological characteristics and, consequently, the likelihood of their occurrence in 

the future [4, 18, 21] e.g. by water management, the low flow period limits the use of surface 

water, the use of water for different purposes, the use of energy flows, navigation and so on. 

[16]. Assessment of extreme hydrological hazards documents the steps to be abstract value of 

these risks in catchment translated into scientifically measurable quantities, evaluation and re-

transform them into information necessary for water management and proposal of efficient and 

beneficial measures. 

The Intergovernmental Panel on Climate Change (IPCC) projection suggests a 0,85 °C 

rise in the temperature of 20th century, and consequently droughts will be more frequent and 

more severe. Therefore, there is an urgent need to improve drought preparedness through 

measures that respond to forecasts and drought consequences, thereby reducing the 

vulnerability of the territory. In this context, it is also important to distinguish between the 

different categories of drought and the causes of their formation [5]. 

The paper is focused on hydrological hazards, mainly to drought and its occurrence 

from temporal point of view in stations located in eastern Slovakia. 

2. Methodology 

Different methods have been proposed to identify, characterize and monitor the drought 

phenomenon, but among the most commonly used are drought indexes, which are a special 

combination of indicators including meteorological, hydrological, and other data. Depending 

on the type of drought, the most suitable indexes are selected [23]. 

2.1. Standardized precipitation index 

The Standardized precipitation index (SPI) is based on the probability of precipitation 

for different time periods. McKeen et al. [8] proposed SPI to quantify precipitation dynamics 

and identify meteorological drought. The standardized precipitation index is widely used to 

characterize extreme dry as well as rainy seasons (Tab. 1), including recent publications: eg [1, 

2, 12, 17, 19, 24, 26]. 

The calculation of the SPI can be performed using a parametric or non-parametric 

method. The differences between them are in the method of determining the probability density 

function F(x) of long-term rainfall time series, and then a common step is to transform the 

cumulative probability function F(x) into a standard normal distribution with random variable 

Z, which represents SPI [8]. Parametric methods have usually been favored over non-

parametric methods in calculating SPI because precipitation is usually not normally distributed 

[1] and have been also used in this study. 
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Table 1. Classification based on index [1, 19] 

Index Category Probability Frequency 

2.0 and more Extremely wet 2,3% 1 time in 200 years 

1,5 to 1,99 Very wet 4,4% 2 to 3 times in 100 years 

1,0 to 1,49 Moderately wet 9,2% 8 times in 100 years 

-0.99 to 0.99 Near normal 68,2% 16 times in 100 years 

-1,0 to -1,49 Moderately dry 9,2% 8 times in 100 years 

-1,5 to -1,99 Severely dry 4,4% 2 to 3 times 100 years 

-2 and less Extremely dry 2,3% 1 time in 200 years 

Positive SPI values indicate that there is no dry period; they are higher than median of 

precipitation. Negative SPI values are less than median precipitation and indicate drought. SPI 

values range from 3 to -3 as can be seen in Tab. 1 [1, 3]. 

2.2. Standardized streamflow index 

Nalbantis [14] has developed a Streamflow drought index (SDI) to evaluate the drought 

period according to long-term flow records. The SDI calculation procedure is very similar to 

the standardized SPI precipitation index, which measures the lack of precipitation, while the 

SDI evaluates the flow depression. According to Nalbantis [14], the calculation of SDI is based 

on aggregated monthly observed flow volumes. Modarres [13] introduced Standardized 

Streamflow Index (SSI) in 2007, and Telesca et al. [22] investigated it further. In this method, 

daily or monthly streamflow data can be applied and normalization is used associated with SPI 

as same as SDI calculation. SSI can be calculated for both observed and forecasted data and it 

can give a perspective for drought and wet periods [6]. SSI is a probability-based index and 

this makes SSI sensitive to the aspects and assumptions that regulate probabilistic hydrology. 

Tab. 1 shows the range of SSI values along with their classifications [15]. 

2.3. Study area 

The studied area is the area of eastern Slovakia, including the administrative territory of 

the Danube and Vistula river basins. The analyzed river stations (Tab. 2) belong to the 

following sub-basins: Bodrog, Bodva, Dunajec (Fig. 1). 

Table 2. Localization of evaluated stations 

Gauge station / River station Altitude Longitude Latitude 

Bardejov / Bardejov 312 / 312 49°18'56"N/ 49°18'56"N 21°12'44"E/ 21°12'44"E 

Červený Kláštor / Červený Kláštor 469 / 469 48°45'20"N/48°45'20"N 21°55'19"E/ 48°45'20"N 

Kamenica nad Cirochou / Humenné 176 / 155 48°59'15"N/48°55'60"N 22°09'07"E/ 21°55'00"E 

Vysoká nad Uhom / Ižkovce 230 / 100 49°18'20"N/ 48°33'22"N 21°34'05"E/ 21°57'11"E 

Štós / Medzev 516 / 318 48°42'36"N/48°42'00"N 20°47'11"E/ 20°53'30"E 

Tisinec / Svidník 192 / 216 49°13'16"N/49°13'19"N 21°38'13"E/ 21°38'13"E 

Skalnaté Pleso / Ždiar 1778 / 896 49°11'21"N/ 49°16'18"N 20°14'01"E/ 20°15'44"E 

https://tools.wmflabs.org/geohack/geohack.php?pagename=I%C5%BEkovce&language=sk&params=48.5561_N_21.9531_E_region:SK_type:city
https://tools.wmflabs.org/geohack/geohack.php?pagename=I%C5%BEkovce&language=sk&params=48.5561_N_21.9531_E_region:SK_type:city
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Figure 1. Study area within river basins of Slovakia 

Flow deficiency is noted in the observed watercourses, especially in winter (influenced 

by the duration of negative air temperatures) and in the summer-autumn period. In the summer-

autumn period, the drainage of river basin reserves results from river network flow and 

evapotranspiration [20]. 

2.4. Data 

The Slovak Hydrometeorological Institute provided time series of daily rainfall for 7 

precipitation stations (Tab. 2). The data are collected for the period from 1972 to 2014, with no 

station missing data. There are zero monthly precipitation amounts in precipitation stations: in 

Bardejov in 2006 for August and September, in Ižkovce in March 1974, and also in Medzev in 

March 1974 and in February 1999. 

For the calculation of SSI (Standardized Flow Index), the Slovak Hydrometeorological 

Institute provided daily flow rates for the period 1972 – 2014 for 7 river stations (Tab. 2) with 

the exception of Ižkovce, where daily flow schedules represent the period 1974 – 2014. 

Evaluated river stations have unchanged hydrological flow regime by human intervention 

(construction of water structures, excessive water abstraction and others). 

3. Results 

The analysis and assessment of the occurrence of hydrological hazards is processed 

using the SPI and SSI indexes, which are irreplaceable in assessing the severity of droughts 

through their classification. 

At present, indexes are an indispensable tool for drought management. The calculation 

of SPI and SSI at different time intervals (1, 3, 6, 12, 24 months) allows to characterize short 

and long term extreme deficits according to water resource management needs. Drought 
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indicators are an essential tool for assessing the effects of drought and defining drought 

parameters, including the duration, severity and time of drought recovery. Understanding 

historical droughts is important in planning water resource management and forecasting and 

avoiding potential damage caused by river basin droughts [11]. 

3.1. Analysis and evaluation of mild to extreme meteorological droughts in 

the period 1972 – 2014 

The occurrence of mild to extreme short-term meteorological drought was identified 

using the SPI-1 during 1972 – 2014 at 7 gauge stations. If the SPI was less than -1, it is 

characterized by its dry parameters (red in the graph) and with a probability of occurrence of 

9,2%. Results are graphically processed in Fig. 2.  
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Figure 2. Graphical presentation of meteorological drought classification using SPI-1 

in the selected stations in Slovakia 
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The most severe decade was the period from 1972 – 1981, when the most short-term 

meteorological drought events were recorded. The events of moderate drought during the 

period 1972 – 2014 were identified in Skalnaté Pleso and in Červený Kláštor.  

3.2. Analysis and evaluation of mild to extreme hydrological droughts in 

the period 1972 – 2014 

The incidence and identification of the basic parameters of short-term hydrological 

drought was calculated using SSI-1 from 1-month average flow rates collected over a 43-year 

period with the exception of Ižkovce. The results are presented in Fig. 3. 
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Figure 3. Graphical presentation of hydrological drought classification using SPI-1 

in the selected stations in Slovakia 

The largest record of short-term hydrological events was in the decade of 1982 – 1991. 

The longest duration of drought between the other stations was recorded in Svidník and 

Medzev river stations. 

4. Conclusion 

Assessment of extreme hydrological phenomena documents the steps to be abstract 

value of these risks in catchment translated into scientifically measurable quantities, evaluation 

and re-transform them into information necessary for water management and proposal of 

efficient and beneficial measures. 
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Determining the vulnerability of the area by hydrological drought is an important basis 

for proper management of water resources at the time of occurrence of this phenomenon, as 

well as eliminating its impacts on fauna and flora, as well as human activity through effective 

measures. Planning and anticipating the adverse effects of drought events in a river basin 

depends mainly on information on its extent, severity and duration. This information can be 

obtained through drought monitoring, which is usually done using drought indexes, which 

provide quantitative information on drought characteristics. 
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