
M.Zelenakova, T.Solakova, P.Purcz, H.Hlavata, D.Simonova
Technical University of Kosice, Slovakia, Faculty of Civil Engineering 

Slovak Hydrometeorological Institute
E‐mail: martina.zelenakova@tuke.sk

BAS 2019‐Sofia



 Thesis of the research:
 i) Mathematical and statistical evaluation of hydroclimatological 

data.
 ii) Comparative study of meteorological and hydrological drought 

evaluation using drought indexes.
 iii) Modeling of hydrological extremes and determination of their 

basic characteristics.
 iv) Research on regression relationships in river basins.
 v) Interpretation of time series evaluation results and spatial 

analysis using geographical information technology tools.
 vi) Development of recommendations in the field of drought 

mitigation by taking into account the requirements of 
meteorology, climatology and hydrology as a basis for the 
preparation of drought management plans in Slovakia.
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(Loon, 2013)



 Factors affecting drought in the temperate climate zone:

 Morphological conditions in the catchment area (catchment area, 
average altitude, average river basin slope).

Geological and hydrogeological conditions in the catchment 
(composition and condition of the soil, type and composition of 
the vegetation, impact of the relief, occurrence of natural and 
artificial reservoirs, availability of groundwater reserves).

Climatic factors (precipitation, temperature, evaporation, snow 
cover, wind flow).

Anthropogenic impacts (surface treatment and soil structure by 
agro-technical measures, deforestation, urbanization, excess water 
abstraction and others).



 Drought indices:
1) SPI - Standardized Precipitation Index (McKee et al., 1993)
2) SSI - Standardized Streamflow Index (Nalbantis, 2008)

 Treshold Level Method (Yevjevich, 1967)

Multidimensional Risk Analysis - Copula (Sklar, 1959)

-3

-2

-1

0

1

2

3

1972 1977 1982 1987 1992 1997 2002 2007 2012

SS
I-1
2

Bardejov





Basic Drought Characteristics (Mishra et al., 2010):


Drought Duration (Dd) - is the period in which the drought 
parameter is constantly below the critical level



Drought Severity (Sd) - represents the cumulative drought 
parameter deficit below the critical level.



Drought Intensity (Id) - represents the proportion of severity and 
duration of drought.



Time between two droughts (Td) - defined as the time that elapses 
between the start of a drought event and the start of the next 
drought event.



SHMI BO Košice - average daily flow and precipitation - 1970-2014
- physico-geographical characteristics

Raingauge station / 

River station

Water stream HG index

(transmissivity of 

the basin)

Forestry

(%)

Altitude

(m)

Slope

(0/00)

Bardejov / Bardejov Topľa 163 55 596 13,2

Červený Kláštor / Červený 

Kláštor

Dunajec

142 50 960 16,6

Kamenica nad Cirochou / 

Humenné

Laborec

130 57 420 11,2

Vysoká nad Uhom / Ižkovce Laborec 172 44 328 8

Štós / Medzev Bodva 114 70 632 16,4

Tisinec / Svidník Ondava 116 43 424 8,6

Skalnaté Pleso / Ždiar Biela voda 239 44 1518 27



 I. Statistical data processing

 Preparation of statistical files - grouping into 1, 3, 12, 24 time 
intervals.

Identification of basic statistical parameters.

Statistical File Testing - Pettit test (Pettit, 1979) with a confidence 
level α = 5%.

II. Calculation of SPI and SSI indices by nonparametric method

III. Calculation of SPI and SSI indexes by parametric method

IV. Spatial distribution of drought presented by using GIS
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River
station

Statistics Discharges in time scale d:
1 3 12 24

Svidník

Minimum 0,1015 0,1518 0,5983 0,8840
25% Percentil 0,4901 0,7199 1,275 1,407

Median 1,105 1,392 1,626 1,711
75% Percentil 2,131 2,374 2,005 1,971

Maximum 11,48 7,020 3,442 2,792
Average 1,687 1,687 1,681 1,687
Variance 1,751 1,209 0,5187 0,3479
Skewness 2,114 1,059 0,5018 -0,05521
Sharpness 5,384 0,9828 -0,02569 -0,5202

Statistical data processing
Preparation of statistical files - grouping into 1, 3, 12, 24 time intervals.
Identification of basic statistical parameters.
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Statistical File Testing - Pettit test (Pettit, 1979) with a confidence level 
α = 5%.

Discharges
Bardejov 1M 3M 12M 24 M

change point 139 117 120 132
Pettit stat. 9381 10809 18540 24538
p value 0,0431 0,0122 6,23E‐07 8,00E‐12



30‐31 May 2019‐Sofia

II. Calculation of SPI-1 a SSI-1 by nonparametric method

Let x1, x2..., xN be a sequence of N observations of the precipitation variable Xd , 
where x(1)  x(2) ..... x(N) is relative statistics. For i-th statistical order x(i), the
cumulative frequency is determined by the relationship: 
 FN(x(i)) = i/(N+1)

i – serial number, i = 1,2,....N;
N- number of observations.

Then the standardized precipitation index Zd is defined as the inversion of the
cumulative standard normal distribution (-1) F(x) (McKee et al. 1993):
 Zd = SPI = -1(F( x))

Identification of basic drought characteristics.
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II. Calculation of SPI-1 a SSI-1 by nonparametric method

Let x1, x2..., xN be a sequence of N observations of the precipitation variable Xd , 
where x(1)  x(2) ..... x(N) is relative statistics. For i-th statistical order x(i), the
cumulative frequency is determined by the relationship: 
 FN(x(i)) = i/(N+1)

i – serial number, i = 1,2,....N;
N- number of observations.

Then the standardized precipitation index Zd is defined as the inversion of the
cumulative standard normal distribution (-1) F(x) (McKee et al. 1993):
 Zd = SPI = -1(F( x))

Identification of basic drought characteristics.

The course of SPI-1 in the gauging station Bardejov for the 
period 1972-2014 using the empirical function of probability.
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Bardejov Červený

Kláštor

Humenné Ižkovce Medzev Svidník Ždiar

Parameters of meteorological drought identified by SPI-1

Duration 72 72 72 72 72 72 72

Severity -105,7 -104.1 -105,8 104,7 -103,3 -104,6 -103,1

Intensity -1,49 -1,50 -1,46 -0,74 -1,43 -1,44 -1,48
Time 61 65 64 61 61 64 63

Parameters of hydrological drought identified by SSI-1

Duration 72 72 72 72 72 72

Severity -102.8 -105,8 102,1 -103,0 -102,6 -104,6

Intensity -1,35 -0,97 -1,35 -1,38 -1,41 -1,42
Time 41 55 41 34 45 47
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III. Calculation of SPI a SSI by parametric method for
1, 3, 12, 24 – monthly period.

 Selection of the most suitable theoretical function of probability f(x)
from 11 function using Kolmogorov-Smirnov test and determination
of its parameters by maximum likelihood estimation method
(Kottegoda and Rosso, 1997).

 Calculation of the cumulative probability function:
 F (x) = P0 + (1- P0) * F (x | x> 0)
where: 
P0 – probability of occurence of zero in the set, P0 = N0 / (N + 1)
N0 – number of zeros in dataset,
N – number of observations.

 We get Z values by inverting the cumulative probability feature:
 -1(F (X)) = Z  N (0,1) = SPI (resp. SSI)

 Identification of basic drought characteristics by drought clasiffication
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Bardejov Červený Kláštor Kamenica nad

Cirochou

Somotor Štós Tisinec Skalnaté Pleso

Parameters of drought identified by SPI-1

Duration 84 92 92 82 77 86 97

Severity -129,9 -134,3 -135,4 -123,2 -114,6 -125,0 -161,1

Intensity

-1,52 -1,47 -1,47 -1,54 -1,49 -1,44 -1,68
Max. duration 3 3 3 3 4 2 2

2006

VII

2008

IV

1976

VI

2003

IV

2006

IX

1972

XI

2005

IX

Time 70 80 79 67 65 75 79

Average drought

return time

7,43 6,55 6,57 7,59 7,71 6,9 6,6

Parameters of drought identified by SPI-3

Duration 79 93 82 93 90 88 81

Severity -123,8 -133,1 -123,2 -132,4 -131,6 -130,2 -122,6

Max. duration 5 7 6 8 6 4 9

1983

XII

1972

VIII

2003

III

1992

II

2001

XII

1972

XI

2014

IV

Time 37 45 43 47 41 49 38
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Bardejov Červený Kláštor Kamenica nad

Cirochou

Somotor Štós Tisinec Skalnaté Pleso

Parameters of drought identified by SPI-12

Duration 78 82 81 80 80 82 77

Severity -117,4 -121,4 -124,2 -122,2 -127,2 116,9 119,7

Intensity

-1,39 -1,25 -1,36 -1,36 -1,41 -1,35 -1,41
Max. duration 9 24 12 12 21 10 10

2003

V

1972

I

1986

XI

1992

VII

1992

VII

1986

XI

1979

X

Time 28 22 29 20 14 26 20

Average drought

return time

19,42 24,23 18,14 26,78 36,8 20,36 26,78

Parameters of drought identified by SPI-24

Duration 74 74 78 89 87 78 82

Severity -114,1 -115,8 -121,3 -134,1 -131,7 -119,2 -122,5

Max. duration 20 26 13 25 32 11 13

1983

X

1972

VI

1986

VIII

1992/

VII

1992

VIII

1994

VII

1987

VII

Time 18 13 22 14 10 24 19
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Bardejov Červený

Kláštor

Humenné Ižkovce Medzev Svidník Ždiar

Parameters of drought identified by SSI-1

Duration 85 74 80 64 80 89 87

Severity -126,5 -117,5 -119,2 -101,17 -124,7 -128,8 -127,8

Intensity -1,37 -1,50 -1,44 -1,45 -1,44 -1,41 -1,46
Max. duration 6 5 5 5 6 5 7

2003

VIII

1986

VII

1986

IX

2007

IV

2002

I

1986

IX

1986

IX

Time 50 45 57 39 36 55 51

Average drought

return time

10,38 11,02 9,14 12,23 14,4 9,4 10,1

Parameters of drought identified by SSI-3

Duration 77 79 83 69 88 80 83

Severity -120,3 -116,2 -124,1 -105,0 -127,4 -122,1 -122,9

Max. duration 8 7 10 6 14 6 8

2003

VII

1986

VII

1983

VIII

1986

X

1989

IX

1983

XII

1986

IX

Time 31 35 34 29 21 37 36
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Bardejov Červený

Kláštor

Humenné Ižkovce Medzev Svidník Ždiar

Parameters of drought identified by SSI-12

Duration 85 86 86 78 84 84 84

Severity -127,6 -122,2 -127,3 -116,6 -130,1 -125,9 -119,9

Intensity -1,32 -1,26 -1,39 -1,32 -1,42 -1,31 -1,30
Max. duration 15 13 12 13 25 13 17

1972

I

1993

V

1986

XII

2003

II

2002

IV

1984

II

1986

VIII

Time 17 22 15 11 9 18 20

Average drought

return time

31,6 23,6 33,67 36,1 60 29,82 26

Parameters of drought identified by SSI-24

Duration 85 85 70 91 83 94 94

Severity -131,3 -124,9 -108,6 -127,6 -122,9 -132,9 -136,6

Max. duration 21 37 12 17 31 23 22

1994

III

1993

VIII

2003

VII

2003

VI

1989

IV

1972

VII

2012

VII

Time 8 9 14 14 8 10 9
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IV. Spatial distribution of drought presented by using GIS

Spatial identification of long-term hydrological drought in 2011

The basis for the spatial analysis of drought risk was used values :
12 - month SPI for the period 1972-2014
12 - month SSI for the period 1972-2014



Climatic factors in the river basin are able to significantly influence the 
course of hydrological drought (Szolgay et al., 1994).
Using the linear regression coefficient R was identified the rate of 
dependance between precipitation deficits (SPI-1, SPI-12) and flow deficits
(SSI-1, SPI-12) v stations. 
Short-term drought Long-term drought
R= 0,1- 0,26                                        R = 0,4 až po 0,6                     
negligible relationship non negligible relationship, except Ždiar



Benefits of the research:

i) Statistical evaluation of hydroclimatological data.

ii) Comparative study of meteorological and hydrological drought evaluation 
using drought indexes.

iii) Identification, analysis and evaluation of interrelationships between 
meteorological and hydrological drought.

iv) Research on regression relationships in river basin.

v) Modeling of hydrological extremes and determination of their basic 
characteristics.

vi) Identification of drought return time.

vii) Development of recommendations in the field of drought mitigation by 
taking into account the requirements of meteorology, climatology and 
hydrology as a basis for the preparation of drought management plans in 
Slovakia.



Recommendations to mitigate drought impacts:

1) Developing a multidimensional drought analysis using the Copula method
- the obtained basic characteristics of hydrological drought obtained can be 
used to develop a multidimensional drought risk analysis, which defines 
drought more complex as a whole.

2) Monitoring of hydrological drought using the Standardized Streamflow 
Index for the whole of Slovakia calculated from long-term daily flow records. 
The short-term occurrence of hydrological drought is calculated using SSI-1 
and SSI-3, which adequately describes the amount of water deficiency in 
surface watercourses, reservoirs, lakes. The long-term occurrence mainly 
affects groundwater levels, as well as levels of surface water bodies.
SSI can also be used for identifying drought severity in the river basin:
- from water management point of view (SSI is less than -1)
- from ecological point of view (SSI is less than -2) then drought is identified 
and the minimum residual flow is no longer sufficient to meet the 
requirements for the development of aquatic fauna and flora.

Category Description Criteria Probability
0 No drought 0.0  SSI 50.0 %
1 Slight drought -1.0  SSI  0.0 34.1 %
2 Moderate drought -1.5  SSI  -1.0 9.2 %
3 Serious drought -2.0  SSI  -1.5 4.4 %
4 Extreme drought SSI  -2.0 2.3 %



Recommendations to mitigate drought impacts:

Complex drought vulnerability assessment - To define the drought's overall 
vulnerability of countryside, it is important to know water requirements to 
meet the needs of industry and human activity, as well as requirements to 
ensure natural ecological functions in the stream, knowledge of the natural 
accumulation capacity in the river basin and its impact on minimizing 
drought impacts (ie to wetlands, marshes, artificial lakes, planting of trees 
and others).



Droughts are considered to be serious natural disasters with 
economic, environmental and social impacts.

Indices are indicators that help to define and classify drought to a 
risk category; taking this into account indices are used for drought 
monitoring and are an indispensable tool for drought risk 
management.

We can identify the drought vulnerability by following steps:
- Identifying the effects of risk and its trends over time.
- Investigating the causes of historical events events.
- Determining the order of significant risk impacts.

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.

Frequency of hydrological drought development in the period 1972-2014 in Bardejov river station.
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