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ABSTRACT

Aim of the study
Droughts are one of the most costly natural hazards on a year-to-year basis. Their impacts are signifi cant 
and widespread, aff ecting many economic sectors and people at any one time (WMO & GWP, 2016). In our 
paper we will focus on the comparison between meteorological drought (based on precipitation criterion) and 
agricultural drought (based on available soil water criterion) in the Nitra River basin, Slovakia.

Material and methods
Data from the Nitra River basin were provided from the meteorological stations (Svinná, Bystričany, Solčany, 
Veľké Ripňany, Jelenec and Pribeta) of the Slovak University of Agriculture in Nitra. The meteorological 
drought is defi ned as a period with no precipitation (Petrovič, 1960). Agricultural drought was determined as 
the value below the amount of water storage in the soil profi le (0.20 m) accessible to plants.

Results and conclusion
We focused on the comparison between meteorological and agricultural drought, bearing in mind the fact that 
number of days with both types of drought has been increasing from the year 2014 onward. The worst year in ev-
ery meteorological station was 2018, when the agricultural drought lasted, with short interruptions, from spring to 
winter. This trend can also be seen in the countries neighbouring Slovakia – Poland, Hungary, and Czech Republic.
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INTRODUCTION

Drought as a randomly recurring extreme phenomenon 
is one of the main natural threats to the environment 
and can occur in any climate regime around the world, 
even in deserts and rainforests (WMO & GWP, 2016; 
Cebulska, 2021). Drought is defi ned as a marked de-
fi ciency of precipitation relative to normal conditions, 
it occurs as periods of below-average precipitation or 
complete lack of precipitation inputs, and can be limit-
ed to a single season or prolonged over multiple years 
(Palmer, 1965; Carroll et al., 2021). The discussion of 

the disciplinary perspectives of drought is the result of 
a review of more than 150 published defi nitions (Coles, 
Eslamian, 2018). These defi nitions are clustered into 
four types: meteorological, hydrological, agricultur-
al, and socio-economic drought (Dracup et al., 1980; 
Wilhite, Glantz, 1985). Meteorological drought refers 
to the abrupt absence of or defi ciency in precipitation 
compared to the “normal” conditions, which are repre-
sented by long-term mean value of precipitation at the 
given station (Bhuiyan, 2017; Quiring, 2009). Hydro-
logical droughts are related to a period with inadequate 
surface and subsurface water resources for established 
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water uses in the given water resource management 
system (Zhong et al., 2020; Stahl et al., 2020). Agri-
cultural drought reflects the extent to which soil mois-
ture is lower than the minimum requirement of plants 
by analysing the characteristics of soil moisture and 
morphology of plants during growth (Liu et al., 2016). 
Socioeconomic drought broadly refers to conditions 
whereby the water supply cannot satisfy the demand 
(Mehran et al., 2015), leading to societal and econom-
ic disruptions, and environmental impacts (Eklund 
and Seaquist, 2015). In our paper we will focus on the 
comparison between meteorological and agricultural 
drought in the Nitra River basin, Slovakia.

MATERIALS AND METHODS

Study region
The Nitra River basin (see: Fig. 1) with an area of 
4501 km2 is located in the western part of Slovakia 

to the west of Hron River basin, and to the south and 
west of the Váh River basin (Mazúr, Lukniš, 1980; 
Igaz et al., 2021). According to the orographic divi-
sion, the territory is in the orographic subsystem of 
the Carpathian Mountains and the Pannonian basin 
(Borgula, 2004; Igaz et al., 2021). The basin con-
sists of agricultural land (61% of the area) and for-
est (30% of the area) (Tárník, Igaz, 2015). In terms 
of climatic conditions, 65% of the basin belongs to 
the warm climate zone. The moderate climate zone 
is represented towards north of the basin, and the 
small area at the highest altitudes belongs to the 
cold climate zone. The mean annual temperature 
in the studied basin, according to long-term normal 
parameters, falls within the range of 7.5 to 10°C. 
Long-term average annual precipitation in the basin 
ranges from 540 mm (in the south part) to 733 mm 
(in the north part) (Atlas krajiny SR, 2002; Igaz 
et al. 2021).

Fig. 1. The Nitra River basin
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Table 1 lists selected stations with their altitude, 
soil type at the location, hydraulic conductivity, and 
particle size distribution of the soil. 

Data collection and analysis
Data from the Nitra River basin (Slovakia) were pro-
vided from the meteorological stations of the Insti-
tute of Landscape Engineering, Slovak University of 
Agriculture in Nitra. The Institute built up a network 
of twenty-five observation stations, which have the 
capacity to transfer data on-line. The stations mea-
sure soil moisture at 10 depths (0.10, 0.20, 0.30, 0.40, 
0.50, 0.75, 1.00, 1.50, 2.00 and 2.5 m) with 10HS 
sensors by Decagon Devices (Tárník, Igaz, 2015). 
These sensors are based on Frequency Domain Re-
flectometry method. The accuracy of 10HS sensors 
in mineral soils is ± 0.03 m3/m3 if standard calibra-
tion equation is used (Meter group, 2017; Tárník, 
Igaz, 2020).

For our study we used data of soil moisture at 
a depth of 0.20 m at the locations of Svinná, Bystriča-
ny, Solčany, Veľké Ripňany, Jelenec, and Pribeta (see: 
Fig. 1). Measurements were taken in hourly intervals. 
During data processing, checks and corrections were 
made and incorrect data (due to sensor failure) were 
removed. From the hourly intervals, the daily aver-
age was calculated, and the agricultural drought was 

determined as the value below the amount of water 
storage (WR) in the soil profile (0.20 m) accessible to 
plants, calculated from the following formula (Antal 
et al., 2014):

	 W hR V i i
i

n
= −( ) ⋅

=
∑ θ θ [mm]
1

	 (1)

where:
	 θi	 –  current soil moisture of the i-th layer [m3 . m–3]
	 θV, i	– � point of reduced availability of the i-th layer 

[m3 . m–3]
	 hi	 – � the thickness of the i-th layer of the soil pro-

file [mm]

In order to assess the available water storage in 
the soil for vegetation cover, the characteristic point 
of the moisture retention curve is selected based on 
a convention (Kutílek, Nielsen, 2015). The point 
of reduced availability (corresponding to a value of 
pF = 3.3) is characterized by soil moisture at which 
the physiological processes of the plant cover are lim-
ited by water deficiency (Gomboš et al., 2021). Data 
on soil retention properties were taken from Skalová 
et al. (2015) and Igaz et al. (2011) who analysed sev-
eral soil properties in the Nitra River basin, when the 
undisturbed soil samples were fully saturated and 

Table 1. Location of meteorological stations and selected soil parameters

Station

Location

Altitude 
[m a.s.l.]

Soil 
type¹

K 
[cm/day]²

Particle size distribution

long. lat.
I. category 
< 0.01 mm 

[%]

II. category 
0.05–0.01 
mm [%]

III. category 
0.1–0.05 
mm [%]

IV. category 
0.1–2.0 mm 

[%]

Svinná 48.7839 18.1630 249 Loam 23.32 38.27 43.37 2.75 15.61

Bystričany 48.6571 18.5157 264 Loam 2.68 30.85 45.25 8.34 15.56

Solčany 48.5439 18.2133 175 Loam 133.01 41.06 42.09 5.56 11.29

V. Ripňany 48.5094 17.9872 184 Loam 0.58 39.43 35.64 7.99 16.94

Jelenec 48.3840 18.2159 208 Loam 3.87 36.07 44.17 6.86 12.90

Pribeta 47.9033 18.3299 139 Sandy 
Loam 3.38 25.61 29.51 8.86 36.02

¹ According to Novak’s classification; ² Hydraulic conductivity
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then placed in a pressure-plate apparatus (Soil Mois-
ture Equipment Corp., Santa Barbara, CA, USA) to 
determine the volumetric water content correspond-
ing to each pressure potential (from pressure poten-
tial −20 kPa to −1500 kPa). Prior to every increase 
of pressure potential, the undisturbed soil samples 
were weighed and the water content corresponding 
to each pressure potential was calculated. Finally, the 
soil samples were dried for 24 h at 105 °C in the oven 
and weighed (Igaz et al., 2014; Igaz et al., 2021).

The total precipitation in the studied period was 
provided by the Slovak Hydrometeorological Insti-
tute (daily precipitation totals), as the object of the 
present study is meteorological drought defined as 
a  period with no precipitation. The evaluation cri-
terion is used as in Petrovič (1960). Dry periods are 
divided into three groups according to the number of 
consecutive days without precipitation: a) 5 days or 
more (5–9  days); b) 10 days or more (10–19 days); 
(c) 20 days or more, where the day of 0.1 mm rainfall 
does not interrupt the dry period.

RESULTS AND DISCUSSION

In the northern part of the basin the conditions of me-
teorological and agricultural drought in the Svinná 
location (see: Fig. 2) and in the Bystričany location 
(see: Fig. 3) are different. In the Svinná location, ag-
ricultural drought began to occur more significantly 
only in 2017 and 2018 (see: Fig. 2d–2e). Until then, 
in 2014 (see: Fig. 2a) and 2016 (see: Fig. 2c) it did 
not occur, and in 2015 (see: Fig. 2b) it occurred only 
for a brief period. In 2019 (see: Fig. 2f) we are miss-
ing data from the period between April, 17 and Oc-
tober, 15 because the station experienced technical 
problems. In 2020 (see: Fig. 2g), agricultural drought 
occurred after longer periods without precipitation in 
March, April, and the beginning of May. Precipitation 
in June and July alleviated both meteorological and 
agricultural drought. In the Svinná location, in the 
years 2017–2020, we see more frequent periods of 
meteorological drought at the beginning of the grow-
ing season.

In the Bystričany location, agricultural drought 
began in the spring of 2014 (see: Fig. 3a). It also oc-
curred during the entire vegetation period in 2015–
2020 (see: Fig. 3b–3g). In 2017 (see: Fig. 3d), the lack 
of soil moisture occurred in January, and in 2018 (see: 
Fig.  3e) agricultural drought persisted from July to 
December. The drought was not interrupted even with 
several days with precipitation above 10 mm (see: 
Fig. 3c).

In the middle part of the river basin – Solčany 
(see: Fig. 4), Veľké Ripňany (see: Fig. 5), and Jele-
nec (see: Fig. 6), the conditions are comparable. In 
2014, agricultural drought occurred only for a short 
period of time, and since 2015, an increase in the 
number of days with a lack of soil water can be ob-
served in each of the three locations. The worst year 
was 2018, when agricultural drought persisted with 
short breaks from May to December. Meteorologi-
cal drought occurs at every location during all years. 
The vegetation period was mostly affected by a pe-
riod of more than 20 days without precipitation in 
April 2020 in all locations.

In the southern part of the basin, the Pribeta 
station (see: Fig. 7) is located, where agricultural 
drought is manifested to a large extent throughout the 
observed period. The longest uninterrupted period of 
agricultural drought occurred in 2020 (see: Fig. 7g), 
lasting from the second half of April to the first half 
of October. In that year, there were also two periods 
without precipitation lasting more than 20 days. In 
2019 (see: Fig. 2f) the station experienced a technical 
problem from March, 6 to August, 7, when we are 
missing data.

In the present work, we are comparing two types 
of droughts in the period from 2014 to 2020. It is not 
necessary to consider the previous winter period, be-
cause if there were rainfall or periods of drought in the 
winter of 2013, it would affect the values of meteoro-
logical and agricultural drought in the spring – as it 
happened in 2017, when agricultural drought occurred 
in all locations in the river basin in winter months 
(January and February).
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Fig. 2. Comparison between meteorological and agricultural drought in the Svinná location for the years: a) 2014; b) 2015; 
c) 2016; d) 2017; e) 2018; f) 2019 and g) 2020
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Fig. 3. Comparison between meteorological and agricultural drought in the Bystričany location for the years: a) 2014; 
b) 2015; c) 2016; d) 2017; e) 2018; f) 2019 and g) 2020
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Fig. 4. Comparison between meteorological and agricultural drought in the Solčany location for the years: a) 2014; b) 2015; 
c) 2016; d) 2017; e) 2018; f) 2019 and g) 2020
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Fig. 5. Comparison between meteorological and agricultural drought in the Veľké Ripňany location for the years: a) 2014; 
b) 2015; c) 2016; d) 2017; e) 2018; f) 2019 and g) 2020
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Fig. 6. Comparison between meteorological and agricultural drought in the Jelenec location for the years: a) 2014; b) 2015; 
c) 2016; d) 2017; e) 2018; f) 2019 and g) 2020
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Fig. 7. Comparison between meteorological and agricultural drought in the Pribeta location for the years: a) 2014; b) 2015; 
c) 2016; d) 2017; e) 2018; f) 2019 and g) 2020
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Table 2. Number of days with meteorological and agricultural drought

increase in the number of days compared to 2014

decrease in the number of days compared to 2014

no change in the number of days compared to 2014

SVINNÁ 2014 2015 2016 2017 2018 2019 2020

Days with agricultural drought 0 23 0 78 133 – 33

Meteorological drought (5 days and more) 22 91 59 95 116 95 126

Days with precipitation (1.0 mm and more) 97 84 89 92 85 93 103

BRYSTRIČANY 2014 2015 2016 2017 2018 2019 2020

Days with agricultural drought 42 192 192 153 207 195 162

Meteorological drought (5 days and more) 109 143 121 147 145 138 154

Days with precipitation (1.0 mm and more) 99 96 103 96 82 107 105

SOLČANY 2014 2015 2016 2017 2018 2019 2020

Days with agricultural drought 33 111 79 117 199 147 119

Meteorological drought (5 days and more) 120 150 115 133 128 139 131

Days with precipitation (1.0 mm and more) 82 74 96 75 80 90 84

V. RIPŇANY 2014 2015 2016 2017 2018 2019 2020

Days with agricultural drought 84 91 145 114 218 115 118

Meteorological drought (5 days and more) 101 147 144 157 146 161 122

Days with precipitation (1.0 mm and more) 87 77 97 77 86 92 93

JELENEC 2014 2015 2016 2017 2018 2019 2020

Days with agricultural drought 24 55 130 128 179 149 70

Meteorological drought (5 days and more) 130 172 135 153 137 146 106

Days with precipitation (1.0 mm and more) 88 72 90 75 79 86 88

PRIBETA 2014 2015 2016 2017 2018 2019 2020

Days with agricultural drought 119 144 161 122 144 – 163

Meteorological drought (5 days and more) 121 180 129 162 137 162 141

Days with precipitation (1.0 mm and more) 88 81 93 68 97 83 82
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In Table 2, we compared the number of days with 
agricultural drought, meteorological drought that 
lasted at least 5 days or more, and the number of days 
with precipitation of 1.0 mm and more. The arrows 
show the increase or decrease in the number of days 
compared to 2014. We chose this particular year for 
comparison as the first year of measurements, and 
based on that we determined the development of the 
number of days with drought and with precipitation. 
Although the number of days fluctuates, an increas-
ing trend is seen in the number of days with meteo-
rological and agricultural drought, while the number 
of days with precipitation above 1.0 mm decreases 
slightly. A period of 7 years is sufficient for us to be 
able to identify a future short-term trend .

Agriculture is one of the most important industries. 
In Europe, we observe increasingly frequent droughts 
(Ionita and Nagavciuc, 2021; Hološ and Šurda, 2021) 
alternating with extreme rainfall (Zittis et al., 2021), 
which affects crop yields (Harsányi et al., 2021). Mete-
orological and agricultural droughts have been consid-
ered by many authors (Karamuz et al., 2021; Łabędz-
ki, Bąk, 2014; Shengzhi et al., 2015; Rimkus et  al., 
2020), but they defined drought mostly by drought in-
dices. Also, authors in Slovakia analyse precipitation, 
meteorological and hydrological drought mainly on 
the basis of indices (Zuzulová et al.; Jurík, Kaletová, 
2018; Fendeková et al., 2018; Zuzulová, Šiška, 2017; 
Nagy et al., 2020).

The Supreme Audit Office of the Slovak Repub-
lic states on the basis of the identified shortcomings 
that the Slovak Republic is not prepared to deal with 
drought so as to eliminate future threats to the environ-
ment and society, because the issue of drought is not 
addressed comprehensively and systemically, and no 
strategy has been developed to deal with it (NKÚ SR, 
2021). In this paper we focused on the comparison be-
tween meteorological drought according to the number 
of days without precipitation and agricultural drought 
according to the point of reduced availability, when the 
availability of water for plants in the soil decreases, but 
the plants do not yet wilt. Vitková et al. (2015) made 
a similar comparison, but they assessed the agricul
tural drought according to the wilting point. During the 
study, we did not find another author who would make 
a similar comparison of meteorological and agricultur-
al drought based on the parameters that we have as-

sumed. The number of days with both meteorological 
and agricultural droughts is increasing. This trend can 
also be seen in the countries neighbouring Slovakia: in 
Poland (Przybylak et al., 2020; Oleksiak et al., 2021), 
Hungary (Alsafadi et al., 2020; Buzási et  al., 2021), 
and Czech Republic (Brázdil et  al., 2013; Bartošová 
et al., 2015). Therefore, it is necessary to make the area 
optimally functional (Pagáč Mokrá, et al., 2020) to ef-
fectively manage rainwater (Pokrývková et al., 2021), 
build sufficient irrigation systems, and focus on grow-
ing drought-resistant crops.

CONCLUSION

Meteorological and agricultural drought is the first 
visible sign of water deficiency in the country. As can 
be seen in the evaluation of the years 2014–2020 in the 
Nitra River basin, periods of water deficiency occur 
more often and not only in the southern part of the Ni-
tra River basin (Pribeta), but also in the northern part 
(Svinná and Bystričany). Therefore, it is necessary to 
pay more attention to this issue and to develop irriga-
tion systems and use water efficiently, in order to pre-
vent another category of drought – the socio-economic 
drought, which will have an even greater impact on 
the population.

The article provides comprehensive assessments 
of drought in the country. The simplest identification 
of droughts is by periods without precipitation. How-
ever, the occurrence of precipitation does not actually 
have a direct effect on vegetation. The vegetation de-
pends on the water in the soil – in our case on the ag-
ricultural drought. The article provides information 
on the delay in the occurrence of agricultural drought 
after the meteorological drought. At the same time, 
this points to the fact that agricultural drought may 
not automatically occur even after a prolonged pe-
riod of meteorological drought. It is also clear from 
the data that even the occurrence of one-off heavy 
rainfall does not necessarily mean the interruption of 
agricultural drought.
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PORÓWNANIE SUSZY METEOROLOGICZNEJ I SUSZY ROLNICZEJ W DORZECZU RZEKI NITRY 
W LATACH 2014–2020

ABSTRAKT

Cel pracy
Susze, które obserwujemy w kolejnych latach, stanowią jedno z najbardziej kosztownych zagrożeń natural-
nych. Ich negatywny wpływ jest znaczący i rozległy, uderzając jednocześnie w wiele sektorów gospodarki 
i populacji ludzkich (WMO i GWP, 2016). W artykule skupiamy się na porównaniu suszy meteorologicznej 
(kryterium opadów atmosferycznych) i suszy rolniczej (kryterium wody w glebie dostępnej dla roślin) w do-
rzeczu rzeki Nitry na Słowacji.

Materiał i metody
Dane z dorzecza rzeki Nitry zostały dostarczone ze stacji meteorologicznych (Svinná, Bystričany, 
Solčany, Veľké Ripňany, Jelenec i Pribeta) prowadzonych przez Słowacki Uniwersytet Rolniczy w Ni-
trze. Suszę meteorologiczną zdefiniowano jako okres bez opadów (Petrovič, 1960). Suszę rolniczą 
określono jako wartość poniżej minimalnej ilości wody w profilu glebowym (0,20 m) dostępnej dla 
roślin.
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Wyniki i wnioski
W naszych badaniach skupiliśmy się na porównaniu suszy meteorologicznej i rolniczej, przy czym zauważy-
liśmy, że liczba dni, w których równocześnie występują obydwa rodzaje suszy, wzrasta począwszy od 2014 
roku. Najgorszy pod tym względem był rok 2018 – co dotyczy wszystkich badanych stacji meteorologicz-
nych – kiedy rolnicza susza występowała z krótkimi przerwami od wiosny aż do zimy. Podobny trend można 
zaobserwować również w krajach sąsiadujących ze Słowacją – w Polsce, na Węgrzech czy w Republice 
Czeskiej.

Słowa kluczowe: susza meteorologiczna, susza rolnicza, opady, wilgotność gleby, dorzecze Nitry
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