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IDENTIFICATION OF DROUGHT IN WESTERN SLOVAKIA BY PALMER
DROUGHT SEVERITY INDEX (PDSI)
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The paper deals with identification of drought in western Slovakia, which is based on soil-climatological data. For this purpose,
three sites were chosen: Bratislava, Piestany and Hurbanovo, situated on the Danubian Lowland. The Palmer Drought Severity
Index (PDSI) was calculated on monthly basis for time series 1981-2010, 2021-2050 and 2071-2100. There were determined
the driest periods by percentage of dry months for each site. The driest period in Bratislava and Hurbanovo was in the first evaluated
time series. In PieStany we can expect, that the second time series will be the driest. Linear trend of drying area will be revealed
in period 2071-2100 for all three sites. The aim of the paper is to analyze and compare the occurrence of drought in temporal and

spatial dimensions on the west part of Slovakia.
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Change of meteorological (climatological) characteristics
results in increasing frequency of drought. Drought is
ordinaryreccurring phenomenon, which occursinall climatic
zones from very moist ones up to very dry ones (Tallaksen,
2007). It is a temporary deflection, when precipitations
are lower than standard climate normal (Klementova
and Litschmann, 2011) and therefore it becomes a limiting
factor for different spheres of life (Hayes et al., 1999).
Agricultural drought is defined as a state of soil moisture
with a lack of water for crops (Benetin et al., 1979). The
intensity and impacts of agricultural drought are affected
not only by the deficit of water, but also by biological (e.g.
drought-resistant crop varieties), technical (e.g. method of
soil cultivation) and economic (e.g. investments in additional
irrigation systems) factors (CHMI, 2016).

Drought in conditions of the Slovak Republic can be
expected mostly in ecosystems of lower altitudes, it means
up to 900 m a.s.l. However, the areas of the Tatra National
Park in altitude of over 1,500 m a.s.l. are in a drought-safer
altitudinal zone (Vido et al., 2015).

The biggest area of crop cultivation in Slovakia is the
Danubian Lowland. Drought occurrence on the Danubian
Lowland was reviewed in several studies. A substantial
increase of dry episodes was identified during the time
series from 1951 to 2007 (Skvarenina et al.,, 2009). Water
scarcity in agriculture becomes a limiting factor of crop
yields, for example for spring barley and winter wheat yields
(Taka¢ and Siska, 2009). Irrigation will be an important
element of crop yields stabilization in the conditions of
climate change.

The significant effect of drought in Slovakia is also seen
in forest ecosystems. The beech forest, which belongs to
the most widespread tree species of the area (Caboun et
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al., 2008) responded to the drought stress after five weeks’
influence of meteorological drought. Then, the symptom
like a lower stem circumference increment is evident
(Vido et al., 2016). Other studies present physiological
reactions of spruce (Kovalc¢ikova et al., 2011) or oak
forest to drought (Hlasny et al., 2011). Not only flora,
but also fauna is influenced by climate changes and
drought. Effect of drought expressed by SPI (Standardized
Precipitation Index) and SPEI (Standardized Precipitation
Evapotranspiration Index) was reflected by reduction of
reproduction success of the carabid populations (Sustek
and Vido, 2013).

There exist many methods of evaluation of drought, but
for this article the Palmer Drought Severity Index (PDSI)
was chosen. Not only climatological conditions are used
for the calculation, but also pedological characteristics of
aregion (Alley, 1984). It was developed by Wayne C. Palmer
in the 1960’s (Palmer, 1965). It is standardized for different
regions and time series, so it can be used for evaluation
of drought in localities with various climate conditions
(Dunkel, 2009).

The aim of this article is to compare the occurrence of
drought between three thirty-years periods on chosen sites
on the west part of Slovakia. All three sites are located on
the Danubian lowland, which is and which will be the most
productive region in Slovakia during the time series from
1971 to 2000 and from 2071 to 2100 for winter wheat, spring
barley and corn (Nejedlik and Siska, 2013). Input data for
1981-2010 are quantitative ones, obtained by monitoring.
Input data for other two periods, 2021-2050 and 2071-2100,
are modelled by GCM Arpege.
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The identification of drought by PDSI
was conducted through the program
developed by Tom Heddinghous
from UNL (the University of
Nebraska-Lincoln) on 15 July, 2003 | 5 w1
(Turna, 2014). The input data for |-1
the calculation consist of average
monthly precipitation totals, average |-
monthly air temperature, average |-
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air temperature of the whole period, |7
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provided by the Soil Science and Bratislava 1981-2010

Conservation Research Institute and a)

climatic data by the SHMI in Bratislava.

There were selected three sites:
Bratislava, Piestany and Hurbanovo. i PDS| - ——Linear (PDSI)
Evaluation of drought was conducted 8
during three time series, from 1981 7
to 2010, from 2021 to 2050 and from | &
2071 to 2100. Output data of PDSI ‘31
2
1
0

y=0.0115x-2.0646
R*=0.1614

were interpreted by charts based on
the Palmer classification (Table 1).
The linear trends were tested on the A

significance level oo = 0.05. 2
-3
-4
Table 1 Classification based on the 5
Palmer Drought Severity -g
Index 3
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=4.00 extremely wet b) Bratislava 2021-2050
3.00 to 3.99 very wet
2.00 to 2.99 moderately wet
PDSI  ==Linear (PDSI)
1.00 to 1.99 slightly wet 8
0.50 to 0.99 incipient wet spell 7
6 y=-0.0037x+ 0.6942
0.49 to -0.49 near normal i R*=0.0178
-0.50 to -0.99 incipient drought ;
-1.00 to -1.99 mild drought 3,
-2.00 to -2.99 moderate drought :;
-3.00 to -3.99 severe drought :i
<-4.00 extreme drought :g
Source: Palmer, 1965 g
_PNMQ‘LH\OI\CDC\O\—NMVLO\DI\OOG\OFNMVD’\\OI\OOO\O
NN INNN OO NMNVDNON0 N0 NANDIIDDDTDDDDD DY O
O O O OO0 OO0 O0OO0O0OO0OO0OO0OO0OO0O0O0O0O0 00000000 O —
. . NN AN AN AN AN AN AN AN AN AN NN AN AN AN AN NN NN AN NN NN NN NN
Results and discussion ) Bratislava 2071-2100
c
By putting the output data into charts  Figure 1 Monthly values of PDSI in Bratislava in the time series:
for the sites and for all three time series, a) 1981-2010, b) 2021-2050, ¢) 2071-2100

the following findings were identified:
In Bratislava, during the period
from 1981 to 2010 (Figure 1 a) the
decreasing linear trend was observed.
It means it was the trend of a drying
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area. It was caused by the occurrence
of three long-term dry seasons

mmm PDS| —Linear (PDSI)

during whole time series in contrast 8
to the wet seasons. There were four é y=0.0022x - 0.4655
significant dry periods: from May 5 R*=0.0092
1988 to April 1991, from September ‘3‘
1997 to August 1998, from May 2000 2
to July 2005 and from September 2006 (1)
to August 2007. 4
There is assumed the increasing §
linear trend for the time series from 2
2021 to 2050 (Figure 1 b) as a result of -5
along-term dry season in the first third :?
and two long-term wet seasons in the -8
. . . =~ AN M TN ONONOO —ANMITNONONO —ANMST WM ONOON O
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drought will be observed: from April

2023 to September 2028, from August | a) Piestany 1981-2010

2034 to February 2036, from October

2039 to October 2040, from May 2048
to September 2049. i PDSI - ——Linear (PDSI)

It can be expected that during the
period from 2071 to 2100 (Figure 1 ¢),
the linear trend will be decreasing.
The most significant dry seasons will
emerge: from September 2078 to
December 2079, from April 2081 to
July 2083, from July 2088 to October | ;
2090, from June 2094 to October 2096 | -2
and from October 2098 to December | 3
2100. -5

In PieStany during the time series
from 1981 to 2010 (Figure 2 a) thevery | -8

y=0.0097x - 1.8304
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noticed. It was caused by extremely

wet months at the end of the period. Piedt'any 2021-2050
. b)

The most substantial dry seasons

were: from October 1988 to October

1991, from November 1996 to August PDS| ——Linear (PDSI)
1998, from September 2006 to August

2007. There were two significant dry ?
seasons with duration of less than one 6 y=-0.0017x+0.2872
year and they were from April 2000 | ; R*=0.0044
to February 2001 and from March to 3
December 2003. f
The linear trend will be increasing 0
during the period from 2021 to :;
2050 (Figure 2 b) according to the |3
modelled input data. There will be ';_‘
three significant dry seasons: from May | ¢
2023 to March 2026, from July 2034 to | -7
September 2037 and from April 2048 _8—Nm<rtn@r\ooc\o\—Nm#m\or\eoc\o\—vam\ol\oomo
to September 2049. RERRRRRRRRERRREREERRR8RRRRRARESR
During the period from 2071 to I
2100 (Figure 2 ¢) there is expected c) PlesStany 2071-2100
a slightly decreasing linear trend. This  Figure 2 Monthly values of PDSI in Piestany in the time series:
will be due to extremely dry and very a) 1981-2010, b) 2021-2050, ¢) 2071-2100

dry months during last years of the
period. Important seasons of drought
will include months: from November
2072 to October 2074, from November
2078 to December 2079, from April
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2081 to August 2083, from June 2095
to October 2096 and from September
2098 to December 2100.

In Hurbanovo during the first
period (Figure 3 a) the linear trend
was very slightly increasing. This trend
occurred because of the extremely
wet year 2010. In this time series there
were several significant dry seasons: |-1
from May 1982 to July 1984, from |2
September 1989 to October 1991, from |4
May 2000 to July 2002, from October |-
2006 to December 2008.There wasone |,
substantial season of drought shorter |-8
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from March 2003 to January 2004.

During the time series from 2021 a) Hurbanovo 1981-2010

to 2050 (Figure 3 b) there can be

expected the increasing linear trend,
which will manifest due to launching FEEPDSI ——Linear (PDSI)
of extremely wet seasons in the
second half of the period. The most
significant dry seasons will be: from

3; y=0.0144x-2.7211
6
5
September 2022 to September 2028, ‘3‘
2
1
0

R*=0p2384

from December 2029 to November
2030, from December 2034 to
December 2036, from May 2048 to | ;

September 2049. §
The linear trend during the period 2
from 2071 to 2100 (Figure 3 ¢) will be -5
. N -6
very s'IlghtIy decreasing. The mo§t >
essential seasons of drought will -8
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show up: from November 2072 to §858585885883833333838383833333333338
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October 2074, from November 2078
to December 2079, from May 2081 to Hurbanovo 2021-2050

June 2084, from June 2088 to October b)
2090, from May 2095 to September
2096 and from September 2098 to PDS| ——Linear (PDSI)
October 2099. .
The mild drought category 7
was the most represented one in 6 y=-0.0017x+ 0.3582
Bratislava during the time series Z R®=0.0039
from 1981 to 2010 (Figure 4 a). The 3
percentage of this category was 16%. f
The percentage of the extremely 0
dry months was 3%. Share of all dry :;
months from incipient drought to |3
extreme drought was 53%. -4
It can be assumed that the mild |2
drought category will be the most |-7
representedoneWith17%duringthe _8-—Nm<rm@r\oomo-—Nm#m\orxooc\o\—mmwm\ov\ooo\o
. . ININININIDNINNNNO®O®OMOMOVMOVOO OO0 Y O
period from 2021 to 2050 (Figure 4 b). RRRRIRRRRRARIARRIARIIRIAIRIIRRRIRIRRRRRA
The share pf the.extremely t?lry mon.ths Hurbanovo 2071-2100
in comparison with the previous period c)
will increase to 10%. Dry months from  Figure 3 Monthly values of PDSI in Hurbanovo in the time series:
incipient drought to extreme drought a) 1981-2010, b) 2021-2050, ¢) 2071-2100

will account for 44%.

It can be expected that the mild
drought category will be the most
represented one during the period
from 2071 to 2100 (Figure 4 c) and the

10
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share will be 14%. The extremely dry
months will be represented by 8%. The
whole share of dry months will reach
45%.

The mild drought category was the
most represented one with the share of
17% in Piestany during the period from
1981 to 2010 (Figure 5 a). The share of
the extremely dry months was 7%.
Dry months from incipient drought to
extreme drought were represented by
44%.

According to the modelled data,
the near normal category will be the
most represented one during the time
series from 2021 to 2050 (Figure 6 b)
with 13%. The share of the extremely
dry months will be higher than in the
previous period. It will reach 11%. The
sum of percentages of categories from
incipient drought to extreme drought
will represent 47%.

During the last period from 2071
to 2100 (Figure 5 c) the categories of
mild drought and slightly wet months
will be the most represented ones with
the same share, which will be 13%. The
share of the extremely dry months will
decrease to 8% compared with the
previous time series. All dry months
from incipient drought to extreme
drought will cover 44%.

There were three categories with
the same percentage and they were the
most represented categories with the
share of 16% during the period from
1981 t0 2010 in Hurbanovo (Figure 6 a).
Into these categories there were
included the periods of near normal,
mild drought and moderate drought.
The extremely dry months amounted
to 2%. The shares of months classified
to categories from incipient drought to
extreme drought were 48%.

The near normal category will be
the most represented one with 13%
during the time series from 2021 to
2050 (Figure 6 b). Extreme drought
will cover 11% months of the period. It
means that the percentage of extreme
drought will increase in comparison to
the previous period. The whole share
of dry months will be 45%.

The moderately wet months will
prevail with the share of 14% during
the period from 2071 to 2100 (Figure 6
). The share of extremely dry months
will acquire 8%. The percentage of
dry months from category incipient
drought to extreme drought will
decrease to 44%.
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Figure 4

Percentage of monthly values of PDSI in each category according to the

Palmer classification in Bratislava in the time series:

a) 1981-2010, b) 2021-2050, c) 2071-2100
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By comparison of linear trends
among the sites and the time series
it can be concluded that the linear
trend of drying area (decreasing
linear trend) will be shown on all sites
during the modelled period from
2071 to 2100. However, the trend was
significant only for Bratislava with the
correlation coefficient R*> = 0.0178,
which is still small. Contrariwise, the
linear trend tending to the humid
climate will be manifested during
the modelled period from 2021 to
2050. The reason is that there will be
increased occurrence of very wet and
extremely wet months during the
second half and during the last third
of the time series. The correlation
coefficient for Bratislava was R*> =
0.1614, for Piestany R*> = 0.1205 and
for Hurbanovo R? = 0.2384. All trends
were statistically significant. The
variability of the linear trends among
the sites was observed throughout
the period from 1981 to 2010. The
decreasing linear trend in Bratislava
was caused by the significant share of
the extremely dry months during the
whole period. The increasing linear
trends were identified in Piestany
and Hurbanovo. It was due to the
incidence of extremely wet months
in the last year and lower share of
very wet and extremely wet months
in contrast with Bratislava. The linear
trends during the period 1981-2010
were not significant and correlation
coefficients were very small.

The driest period, which would
be communal for the sites, cannot be
clearly determined according to the
percentage of months in categories
from incipient drought to extreme
drought.The period from 1981 t0 2010
was the driest period in Bratislava and
Hurbanovo. It can be expected that
the driest period in Piestany will be
from 2021 to 2050. However, we can
review that the extremely dry months
will be the most represented ones
during the time series from 2021 to
2050.

The results of dry seasons in
Hurbanovo proved partial compliance
with results from other case studies,
which were focused on evaluation of
drought on this site. Patassiova et al.
(2003) reported that the driest year
was 1990 and other dry years were
1991, 1992, 1993, 1997, 1998 and 2000,
which is the same outcome as ours.

12

Acta Regionalia et Environmentalica 1/2017

7% 2% 6%

4%

15% 17 %

13 %

a) Piestany 1981-2010

H extremely wet

B very wet

® moderately wet
slightly wet
incipient wet spell
near normal
incipient drought
mild drought
moderate drought

M severe drought

H extreme drought

11 % 9 %

6 %

10 %

12%

12%_

8%
13 %

b) Piestany 2021-2050

W extremely wet
| very wet

m moderately wet

slightly wet
incipient wet spell
near normal
incipient drought
mild drought

moderate drought

M severe drought

M extreme drought

6% 8 % 5% 8%

10 % 12 %

13% 13 %

12%

¢) Piestany 2071-2100

H extremely wet

Hvery wet

B moderately wet
slightly wet
incipient wet spell
near normal
incipient drought
mild drought
moderate drought

m severe drought

H extreme drought

Figure 5
Palmer classification in Piestany in the time series:
a) 1981-2010, b) 2021-2050, c) 2071-2100

Percentage of monthly values of PDSI in each category according to the
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There were five extremely dry months
observed in 1990. It was from May to
September and the minimum value
of PDSI was -5.12. Also Litschmann
et al. (2002) figured out that the year
1990 was the driest one of the period
from 1876 to 2000, but the minimum
value of PDSI was -6.0. The linear trend
was evaluated in one of the studies
(Patassiova et al., 2003). The authors
reported that the linear trend tended
to arid climate during the time series
from 1961 to 2000. Our results showed
that the linear trend tended to humid
climate, but in the time series from
1981 to 2010. The variability between
the results of different studies is
probably due to dissimilar time series,
because one of the input data is
average air temperature of the whole
period.

It is not appropriate to compare
results from other localities because
input data include latitude and
available water capacity of the site.

Conclusion

The article was focused on evaluation
of drought by PDSI on sites Bratislava,
PieStany and Hurbanovo during the
three time series (1981-2010, 2021-
2050, 2071-2100). According to the
values of PDSI, linear trends were
evaluated and compared between
the sites and each time series. Then,
dry seasons were defined and the
percentages of dry months were
calculated. However, it is necessary
to be cautious, when linear trends
are interpreted. If the extreme values
appear at the beginning or at the
end of the period, they can radically
affect the trends. In this case, the
year 2010, which was extremely wet,
could cause increasing linear trends,
that prevailed during the period from
1981 to 2010.
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Percentage of monthly values of PDSI in each category according to

the Palmer classification in Hurbanovo in the time series:

a) 1981-2010, b) 2021-2050, c) 2071-2100
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