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SEASONS OF DROUGHT IN SLOVAKIA DURING THE PERIOD
FROM 1957 TO 2016

Veronika ZUZULOVA*, Matej ZILINSKY, Bernard SISKA

Slovak University of Agriculture in Nitra, Slovakia

The aim of the paper was to describe the occurrence of dry seasons in Slovakia. Dry seasons in the period from 1957 to 2016 were
determined according to the monthly Palmer Drought Severity Index (PDSI). For this purpose, ten sites based on limit climatic
parameters were chosen - Bratislava, Piestany, Hurbanovo, Cadca, Slia¢, Bolkovce, Poprad, Kosice, Milhostov, and Kamenica nad
Cirochou. The results showed the alternation of dry and wet episodes and the variability of weather not only over time, but also
over space. The analysis of linear trends showed that the arid trend was identified on most sites (9 localities).
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The comprehensive definition of drought is unclear
because many types of it exist, for instance meteorological,
physiological, hydrological, soil - agricultural and socio-
economic drought. Generally, drought is a long-term
occurring state of imbalance between precipitations and
evaporation when evaporation is higher than precipitations
which are presented by negative variation of their average
value in a certain area (EPA, 2016). Drought is one of the
most dangerous phenomena that can have a serious impact
on economics (mainly in agricultural sector), as well as on
social and natural sphere (White, 2000).

The frequency of drought and its severity has been more
intensive since 1950 in Europe and also in Slovakia (Spinoni
et al., 2015). Thus, analysis of occurrence and recognition
of drought during past periods is necessary for proposal
and implementation of adaptations to this phenomenon
nowadays. The PDSI (Palmer’s Drought Severity Index)
quantifies the meteorological drought based on variation in
average precipitations, while precipitations and temperature
are taken into account and drought is evaluated over a long-
term period (Stastny, Turfa, 2013). There are many indices
that represent local conditions in the world, for example, the
PDSl is used in the USA, the RDDI in Australia, the Z-index in
China, and the SPlin India (Vinit, 2015). The PDSl is a suitable
indicator for determining the severity of drought in
Slovakia, especially if a larger amount of reference locations
is selected for comparison of the differences between them
(Litschmann et al., 2001).

The aim of the paper is to determine the occurrence
and severity of drought in the territory of the Slovak
Republic between 1957 and 2016 on the basis of measured
meteorological elements and provide a basis for the
proposal of adaptations to climate change in the country.
Evaluation of historical data and assessment of significant
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drought periods are some of the main components for the
conception of drought risk reduction in the Guidelines for
Drought Management Plans (Fatulovd, 2015).

Material and methods

Identification of dry seasons was realized by calculations
of the Palmer Drought Severity Index (Palmer, 1965). The
index is standardized for different regions and different time
series, so it can be used for assessment of drought in the
localities with various climate conditions (Dunkel, 2009).
The method involves not only climatic, but also pedological
characteristics of the region. The calculation was realized by
the program, which was developed by Tom Heddinghaus
from the University of Nebraska-Lincoln in 2003. Input data
include monthly precipitation totals, monthly average air
temperature, average air temperature for the whole period,
latitudes of the sites and available water capacity. Climatic
data were provided by the Slovak Hydrometeorological
Institute and pedological data from the Soil Science and
Conservation Research Institute in Bratislava.

Ten sites were chosen for evaluation of drought in
Slovakia according to limited climatic parameters: Bratislava,
Piestany, Hurbanovo, Cadca, Slia¢, Bolkovce, Poprad, Kogice,
Milhostov, and Kamenica nad Cirochou (Fig. 1).

The drought variability was characterized during the
60-year time series from 1957 to 2016. We created charts for
each site from the output values of the PDSI. Dry seasons
were identified as those with values <-1.00 and also at least
one month of the season in the category moderate drought
(-2.00 to -2.99) (Zalud et al., 2006). The linear trend was
added into the charts for determining the character of the
period on each site.
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Figure 1 The sites selected for drought assessment
1 - Bratislava, 2 - Piestany, 3 — Hurbanovo, 4 - Cadca, 5 - Slia¢, 6 - Bolkovce,
7 - Poprad, 8 - Kosice, 9 - Milhostov, 10 - Kamenica nad Cirochou
Table 1 Palmer’s classification
PDSI Class
=4.00 extremely wet
3.00 to 3.99 very wet
2.00 to 2.99 moderately wet
1.00 to 1.99 slightly wet
0.50 to 0.99 incipient wet spell

0.49 to -0.49

near normal

-0.50 to -0.99 incipient drought
-1.00 to -1.99 mild drought
-2.00 to -2.99 moderate drought
-3.00 to -3.99 severe drought
<-4.00 extreme drought

Results and discussion

Sixteen dry seasons were observed
in Bratislava in the selected period:
February - March 1959; September
1959 — May 1960; January — September

1964; January 1973 - September 1974;
September 1977 - January 1979, when
two months were extremely dry;
August 1983 - August 1984; June -
December 1986; June 1988 — October
1991 with nine extremely dry monthsin
1990; August 1992 - September 1993;
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December 1997 — August 1998, when
three months were extremely dry; May
2000 - July 2005 with extreme drought
during 16 months; October 2006 -
August 2007, when last two months
were extremely dry; May 2009 — March
2010; October 2011 — September 2012;
December 2013 - June 2014; June
2015 - December 2016. The linear
trend was decreasing, it means arid
and it was caused by extremely wet
and very wet months in the first half of
the period and the onset of extremely
dry months and more long-term dry
seasons in the second half of the
period (Fig. 2).

Sixteen seasons of drought were
recorded in PieStany: December
1963 - September 1964; June 1967 —
July 1968; September 1969 - January
1970; July 1971 - March 1972; June
1973 - July 1974; July 1977 - May
1979; November 1982 - January 1984;
January 1989 - September 1993, when
nineteen months were extremely dry;
December 1996 — August 1998, when
last three months were extremely dry;
May 2000 - August 2001; October
2001 - June 2002; May - December
2003; October 2006 - August 2007,
when three months were extremely
dry; September 2011 - December
2012; December 2013 - September
2014; June 2015 - December 2016.
The linear trend was decreasing, arid,
caused by extremely wet months from
1965 to 1967 replaced by extremely
dry months at the beginning of the
second half of the period (Fig. 3).

We recorded 17 significant dry
seasons in Hurbanovo during the
period 1957-2016: January — August
1964; July 1967 — February 1969, when
there was recorded one extremely dry
month; July — November 1969; October
1970 - March 1972; October 1973 -

Bratislava

y=-0.0039x + 1.3846
R>=0.095

Shbhbbio—warunoaxo
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Figure2 Monthly PDSI in Bratislava during the period from 1957 to 2016
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Piestany

y=-0.0029x + 1.0606
R>=0.0622
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Figure 3 Monthly PDSI in PieStany during the period from 1957 to 2016

Hurbanovo

y=-0.002x + 0.5467
R>=0.0286
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Figure 4

Monthly PDSI in Hurbanovo during the period from 1957 to 2016

Cadca

3=0.0004x - 0.1288
R>=0.0012

Shbhbblo—wbruawaxo

Figure 5 Monthly PDSI in Cadca during the period from 1957 to 2016

August 1974; October 1977 - October 1979; June 1982 -
July 1984; November 1989 - June 1992 with five extremely
dry months; August — September 1992; May — September
1993; January 1997 — May 1998; June 2000 — November
2002; March 2003 - May 2004, when three extremely dry
months were observed; November 2006 — February 2009
with one extremely dry month; April - September 2009;
August 2011 - December 2012, when extreme drought
was recorded during the last ten months and March - June
2014. Linear trend was arid, which was caused by two
significant wet seasons at the beginning of the period and
the subsequent onset of extreme drought in the second half
of the period (Fig. 4).

Several case studies dealt with the assessment of
drought in Hurbanovo. Patassiova et al. (2002) used the PDSI
for the evaluation of drought period in the period 1961-
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2000 and also considered linear trends during this period.
They focused on the assessment of drought during April
and May. They stated that the years 1968, 1974 and 1990
were very dry in April; the years 1984, 1974, 1978, 1997 and
1998 were moderately dry in April. In May, extreme drought
values were recorded in 1990 and very dry values in 1968.
Moderate dry years were in 1971, 1973, 1974, 1978, 1997
and 1998 in May. In comparison with our results, there are
several differences. The PDSI values in April were extremely
dry in 2012, as a longer time period was evaluated. Very
dry years (April) were 1968, 1990, 1991, 2004 and 2007.
Moderate dry years (April) were 1974, 1978, 1984, 1998,
2002 and 2008. The extreme drought in May was recorded
in 1990 and also in 2012. Very dry May was not only in 1968,
but also in 2004 and 2007. Moderately dry May was in 1971,
1974,1991, 1998, 2001, 2002, 2003 and 2008.
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Litschmann et al. (2002) evaluated the drought during
the period 1876-2000. The lowest monthly PDSI value (-6.0)
was recorded in August 1990. In this article, the monthly
PDSI value in August 1990 was -5.38, however, this is in the
same category of extreme drought. The lowest PDSI value
(-5.77) was recorded in September 2012.

The variability between the results of different studies
using the PDSI method (although the same locations were
evaluated) is probably due to the evaluation of different
time series.

Sixteen seasons of drought were identified in Cadca
during the selected period: September 1961 — February
1962; August 1962 - July 1963; January - May 1964; July
1967 — May 1971; December 1971 - March 1972; December
1972 - May 1974, when seven extremely dry months were
recorded; June 1977 - May 1979; February 1982 - March
1985 with four extremely dry months; July 1987 - February
1988; September 1989 — March 1992, when three extremely
dry months occurred in 1990; May 1992 — November 1993;
December 1996 - June 1997; May 2000 — August 2001, in
which eight months were classified as extreme drought;
March 2003 - May 2004; September 2006 - August 2007;
August 2008 - September 2009 with one extremely dry
month, that was the last month from the season. The linear
trend was increasing, humid, due to an extremely wet
season from 2000 to 2014 and in 2016 (Fig. 5).

Sixteen dry seasons were observed in Slia¢ in the period:
May 1958 — March 1959; August — October 1961; January —
May 1964; October 1967 — August 1968; May 1969 - January
1970; May 1973 - April 1974; February — August 1976; July
1983 - April 1984, when three months were extremely
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dry, July 1987 — August 1990, when four extremely dry
months were observed in 1990; June 1992 - September
1993; June 2000 - June 2011; March 2003 - March 2004;
October 2006 — February 2009 with three extremely dry
months in 2008; April — September 2009; September
2011 - September 2012, when the last seven months
were extremely dry; October 2013 - June 2014. The linear
trend was arid, what was the result of an occurrence of
significantly wet seasons at the beginning of the period
and extreme drought that appeared mainly in the second
half of the time series (Fig. 6).

Eighteen seasons of drought were recorded in Bolkovce
in the period 1957 - 2016: June — October 1961; July -
October 1962; December 1963 - July 1964, when the last
month of the season was extremely dry; December 1967 —
October 1968 with two extremely dry months; July 1971 -
March 1972; July 1973 - April 1974; June 1977 — March
1978; February 1982 — April 1984; August 1986 — April 1987;
October 1988 — May 1989; September 1989 — March 1990;
August 1992 - April 1994, when two extremely dry months
occurred; November 1994 - February 1995; August —
October 2000; October 2001 - March 2005 with eight
extremely dry months; October 2006 - May 2008, when
July 2007 was classified as extremely dry; June — September
2009; September 2011 - September 2012 with six extremely
dry months. The linear trend was decreasing, arid, due to
extremely wet months at the beginning of the period and
occurrence of seasons of extreme drought mainly from 1993
(Fig. 7).

There were eighteen seasons of drought observed in
Poprad: July — October 1961; June 1963 - July 1964, when
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Figure 7 Monthly PDSI in Bolkovce during the period from 1957 to 2016

41



Veronika Zuzulovd, Matej Zilinsky, Bernard Siska

Acta Regionalia et Environmentalica 2/2019

Poprad
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Figure 8 Monthly PDSI in Poprad during the period from 1957 to 2016
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Figure 9 Monthly PDSI in Kosice during the period from 1957 to 2016

last six months were extremely dry; August 1967 — May 1968;
May — December 1969; October 1971 — March 1972; October
1973 - April 1974; June — August 1976; June 1977 — March
1978; February 1982 — August 1984, when five extremely
dry months were recorded; July 1986 — March 1989 with five
extremely dry months; June - September 1992; July 1994 —
February 1995; September 2000 - February 2001; June
2003 - April 2004, when last five months were classified
as extremely dry; July 2006 — April 2007 with an extremely
dry month; June 2008 - February 2009; April - May 2009;
September 2011 - December 2012, when one extremely dry
month was observed. The linear trend was arid, however,
very slightly decreasing. The trend was balanced by the
extremely wet year 2010 (Fig. 8).

Eighteen dry seasons were recorded in KoSice during
1957-2016: April 1961 — October 1962; December 1963 -
September 1964; July 1967 — October 1968, when extreme
drought was recorded during three months; October 1972 -
April 1974 with two extremely dry months; June 1977 - March
1978; November 1983 - April 1984; June 1986 — December
1987, in which one extremely dry month was observed;
October 1989 — September 1991; August — September 1992;
January 1993 - May 1995; October 1995 - July 1996; August
2000 - February 2001; May 2001 - January 2004 with nine
extremely dry months; October 2006 — August 2007, when
three months were extremely dry; May - September 2009;
September 2011 — September 2012; August 2013 - April
2014; March 2015 - September 2016. The linear trend
was decreasing, arid, caused by significant wet seasons in
the first half of the period and the onset of two long term
droughts in the second half (Fig. 9).
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Sixteen dry seasons were observed in Milhostov in
the time series 1957-2016: April 1961 — October 1962;
November 1963 - July 1964; August 1967 — December 1969;
December 1971 — August 1972; December 1972 - April
1974, when last three months were classified as extremely
dry; September 1986 — November 1987; September 1989
— October 1991; January 1992 - February 1993; May 1993
— March 1994; July 1999 - June 2000; February — July 2002;
May — August 2003; October 2006 — August 2007 with four
extremely dry months; July — September 2009; October
2011 - September 2012, one extremely dry month was
observed during the season; August 2013 - December 2016,
when sixteen extremely dry months were recorded during
2015 and 2016. The linear trend was arid, which could be
significantly influenced by an occurrence of very dry months
in 2012, 2014 and 2015 and extremely dry months in 2012,
2015 and 2016 (Fig. 10).

In addition, the drought periods in Milhostov can be
compared with the results of Tall and Gombos (2011). They
evaluated the series of years 1961-2007 and pointed to
extreme drought years 1974 and 2007, when the monthly
PDSI index hit the values -5.0 and -4.5. Our results in
Milhostov showed the extreme drought in 2007 from May
to August with the lowest value (- 5.77) in August. The years
2015 and 2016 with the lowest value of -6.6 in September
2015 were also extremely dry.

Eighteen seasons of drought were recorded in Kamenica
nad Cirochou during the time series: April 1961 - July 1964,
when twenty-nine extremely dry months were observed;
August 1967 - July 1968; November 1971 - April 1972; August
1973 - April 1974; September 1975 - February 1976; June —
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Milhostov
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Figure 10 Monthly PDSI in Milhostov during the period from 1957 to 2016

Kamenica nad Cirochou
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Figure 11 Monthly PDSI in Kamenica nad Cirochou during the period from 1957 to 2016

October 1979; September 1986 — November 1987 with one
extremely dry month; July - September 1991; June - August
1992; July 1994 - March 1995; October 1995 — March 1996;
May - June 2000; August 2000 - February 2001; April 2002 -
January 2004 with one extremely dry month; October
2006 — August 2007, when the last one was extremely dry;
July — September 2009; September 2011 - September 2012;
July 2013 - December 2016, when extreme drought was
observed during seventeen months. The linear trend was
decreasing, arid, due to balanced distribution of wet and dry
months during the period with more significant occurrence
of extremely dry months at the beginning (1961-1964) and
at the end (2014-2014) of the period (Fig. 11).

The results of the drought assessment in Slovakia
showed several years when drought affected all locations
(1964, 1973, 1974, 1992, 2000, 2003, 2006, 2007, 2011 and
2012). The drought periods that occurred in the years were
often parts of long-term droughts that lasted several years,
but on the other hand, there were also those that lasted
several months in given years. The results showed certain
conformity with previous studies from other authors, for
instance, Valach et al. (2014) analyzed the occurrence of
drought in the Horné PozZitavie region using the SPEI index
(Vicente-Serrano et al., 2010) in the period 1966-2013. They
stated in the paper that the periods of extreme drought
were recorded from August 1967 to January 1968, August
1982 to June 1984, August 1989 to March 1994, May 1997 to
May 1999, June 2000 to August 2001, May 2003 to May 2004,
December 2006 to June 2008 and September 2011 to April
2013. Similarly, Vido et al. (2014) evaluated the same location
and time period, however, they used the SPlindex (McKee et

al., 1993). The most significant periods of drought occurred
during the years: 1968-1969, 1978-1979, 1989-1994 and
2012-2013. Itis clear that the results of both research teams
found out that there were cyclical changes of dry and wet
periods, which were also graphically demonstrated in this

paper.

Conclusion

The article focused on drought assessment in Slovakia by
the PDSI in the period 1957-2016. The results of evaluation
on the ten selected sites showed several dry seasons, which
appeared on all sites at the same time. These represented
different time length during the years 1964, 1973, 1974,
1992, 2000, 2003, 2006, 2007, 2011 and 2012. Despite the
occurrence of ten common seasons of drought, we can
conclude, that results showed the variability of weather
conditions in Slovakia not only in time horizon, but also
in spatial distribution. The linear trends on nine sites were
decreasing, which means that the aridity of the areas was
predominant. The humid trend was detected in Cadca,
the most northern site. It was caused by a significant
occurrence of very wet and extremely wet months from
2010 to 2016.
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