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Expressions of climatic change in Slovak Republic

Introduction

The United Nations Framework Convention on Climate Change (Convention) (SAZP,
1994, 2019a), Kyoto Protocol to the Convention (SAZP, 1999; Adamisin et al., 2005;
Bédi, 2007) and the Paris Agreement (Council EU, 2019) are the International Legal
Instrument for the Search for Global Solutions to Climate Change. Slovakia is a party
to the above conventions and is obliged to fulfil the resulting obligations. For example,
Slovakia has successfully reduced greenhouse gas emissions by 8% compared to the
base year 1990 (SAZP, 2019a).

Historically, the first universal agreement on climate change - the Paris Agree-
ment, entered into force on 4 November 2016. The aim of the agreement is to limit
global temperature growth to a maximum 2°C by the end of the century and, if possi-
ble, to significantly below 1.5°C. This document includes reduction commitments not
only for developed countries but for all countries that are parties to it. Each country
determines for itself how and in which sectors it will make an effort to reduce green-
house gas emissions. This agreement pays close attention to climate change and en-
shrines the obligation to prepare for the consequences of these changes. Last but not
least, this agreement introduced an obligation to monitor emissions and report on
their quantities to all participating countries. Finally, the Paris Agreement was ratified
by 181 countries out of a total of 197 parties to the Convention (in terms of devel-
oped countries, Russia and Turkey did not ratify this agreement) on 26 October 2018
(SAZP, 2019a).

The Climate-ADAPT project, led by the European Environment Agency with the
support of the United Nations Framework Convention on Climate Change, evaluates
the so-called “indicators” of climate change (EEA, 2019). The group of climatic elements
includes: greenhouse gas production as concentrations of pollutants, average annual
air temperature, annual total atmospheric criteria, drought index and annual soil tem-
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perature (soil index). The selected indicators meet the following criteria: direct or indi-
rect link to the climate system; consistent, homogenised and uninterrupted data over
a longer period of time (minimum 30-50 years); guarantee of measuring, monitoring
or recording data towards the future and good explanatory value (Mindas et al., 2011).

The aim of this article is to describe the manifestations of climate change in Slo-
vakia (since its inception) according to selected indicators: (I) average annual air
temperature, (2) soil temperature, (3) total atmospheric precipitation and (4) drought
index over the last decade.

Material and Methods

On the Slovakian territory, a selection of climate monitoring stations was chosen for
the purposes of a representative evaluation of climatic indicators in relation to height
above mean sea level (AMSL) (e.g. Bratislava-Airport 48 10'12"N, 17 12'46"E, AMSL
133 m; Hurbanovo 47°5232" N, 18 11'36"” E, AMSL 115 m; Oravska Lesna 49 228"
N, 19°11'1" E, AMSL 934 m; Slia¢ 48°36'43" N, 19°8'37" E, AMSL 305 m; Lomnicky
§tit 49 11'45" N, 20 12'46" E, AMSL 2634.4 m; Poprad 49°3'34" N, 20°17'51" E, AMSL
672 m; Kosice Airport 48°39'47" N, 21°14'28" E, AMSL 230 m; Liptovsky Hradok 49
2'15"N, 19 43'33" E AMSL 637 m and others) (SHMU, 20204a).

Monitoring of climate elements (air temperature, soil temperature, precipitation,
air pressure, sunshine duration, number of ice days - maximum temperature lower
than 0°C, number of freezing days - minimum temperature lower than 0°C, number
of summer days - temperature higher than 25°C, number of tropical days - tempera-
ture higher than 30°C) allows for the quantification of climate change. The expression
of climatic change is characterised by the chosen study parameters, of which only four
were included in this paper (average annual air temperature, soil temperature as a soil
dryness index (SDI), total atmospheric precipitation and drought index (DI)).

The soil dryness index (SDI) is determined by the ratio of daily rainfall and the
maximum temperature from local meteorological stations for estimating soil dryness,
within tens of kilometres. It estimates the millimetres of rain needed to fill the soil
with water (Mount, 1980; Jamroz et al., 2014; Holl4, 2016). The current territorial av-
erage for total precipitation in Slovakia is calculated in the Slovak Hydrometeorolog-
ical Institute (SHMU) from the monthly totals of 203 stations. This calculation was
produced from the approximately 30-100 stations present before 1901 (Lapin, 2020).
The drought index (DI) is based on a comparison (ratio) of the annual potential evap-
otranspiration and the annual total atmospheric precipitation. Alsumaiei (2020) and
Paulo et al. (2012) explained identification and testing of the drought index. These
indicators began to be monitored gradually. They were first published in the 2010 State
of the Environment Report.

146



Current data on climatic elements are published annually on the website of the
Slovak Environment Agency (SAZP, 2019b); this data was used in these studies and
discussed in terms of the findings and comments of Slovak experts and climatologists.

Results and discussion

Air temperature
Climate change is most evident in air temperature, which is confirmed by the readings
of this parameter by many hydrometeorological stations. According to previous re-
search, air temperature has been measured in Hurbanovo at a professional level since
1872, with four SHMU stations available since 1881, and one in Bratislava since 1851
(Lapin, 2020).

The average territorial deviation of temperature from normal, 1961-1990 ranges,
in 2016 was incomparable with the year 2018. During the two years there was a 1.5°C
difference in the deviation of the average annual air temperature from the normal
1961-1990 ranges. Concerning means, the average the deviation ranges from 1°C,
1.0-1.5°C and 1.5°C in 2016 and in 2018, and the difference in the deviation of the
average annual air temperature from the normal 1961-1990 ranges were increased
(Fig. 1). Matejovi¢ and Libo (2020) reported record temperature values. The absolute
maximum reached (the highest measured air temperature) was 56.7°C, Death Valley
July 10, 1913, California, USA and in Slovakia: 40.3°C, Hurbanovo, July 20, 2007. They
reported the warmest summer (June-August) was in 2019, with an average air tem-
perature of 23.2°C in Hurbanovo. This fact was confirmed by Bartosovicova (2019).

During the period 1881-2016, an average annual air temperature increase of about
1.73°C (SAZP, 2017a) was observed in Slovakia. The Report on the State of the En-
vironment for 2015 (SAZP, 2016) states: “warming has been most pronounced in the
last twenty years”. The year 2016 ended as extremely warm, in comparison with the
climatic norm of 1961-1990; 2016 also ended as extremely warm, in comparison with
the climatic norm 1961-1990 (SAZP, 2017a), in most of Slovakia. This characteristic
was maintained in the following years (SAZP, 2018, 2019a)

The number of tropical days has been reported in the State of the Environment
Report since 2012 (SAZP, 2013). The criterion for classifying days as tropical is higher
than 30°C. The normal summer day is day, when the maximum air temperature has
increased to at least 25°C. Based on study data, a growing trend in the number of trop-
ical days was observed in the lowland and uplands of Slovakia (Hurbanovo increased
by 20, Liptovsky Hradok increased by 10), for the period 1951-2016 (SAZP, 2017b).
In 2016, 30 tropical days in Hurbanov and 5 days in Liptovsky Hradok were recorded.
This was also observed in 2018, where, in both places together, the number of tropical
days increased by 16, compared to the period 1961-1990 (SAZP, 2019a). An increase
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in warm days causes a decrease in the length of the heating season. For example, in
Hurbanovo a decrease of 21 days and in Liptovsky Hradok a decrease of 22 days was
found during the analysed period (SAZP, 2017b).

Based on the increase in the number of summer and tropical days, (45 more days
compared to the period 1961-1990), the number of ice days, i.e. lower than 0°C, de-
creased (a decrease of 12 days compared to the period 1961-1990) (SAZP, 2019a).
A detailed explanation of the development of these trends and a forecast of their num-
ber through 2090 were reported by Damborska et al. (2006).

In the lowlands throughout Central Europe, due to the frequent alternation of pe-
riods with positive and negative average air temperature, snow cover occurrence is
irregular (Siman, Slavkova, 2019) in winter. The report on the state of the environment
for 2016 describes a decrease for all snow cover characteristics (mainly thickness) to a
height of 1000 m in almost the entire territory of the Slovak Republic (an increase was
recorded at higher altitudes). In the following years, reports on the state of the envi-
ronment no longer specify the state of snow cover but only state its decrease.

Soil temperature (soil dryness index)

Based on this scientific analysis, the soil temperature at a depth of 10 cm in Hurbano-
vo was 11.0°C and in Liptovsky Hradok was 9.2°C, in 2016. A trend of increasing
average annual soil temperature at a depth of 10 cm was observed in lowlands and
uplands of Slovakia; in the mountains (Hurbanovo 1.5°C, Liptovsky Hradok 2.1°C)
for the period 1951-2016, the observed temperature increases were more significant
(SAZP, 2018). A drought began to spread first in the northwest, later in the east, of
Slovakia in the second half of April 2018. At the beginning of May 2018, there was
an extreme drought in 16% of the territory. The worst situations were in the Zilina,
Presov and Trencin regions. Extreme drought affected 7.5% of the country territory in
June 2018 (SAZP, 2019a). This situation caused a deficit of soil moisture and a loss of
yields in eastern Slovakia.

Cumulative precipitation totals

The annual precipitation totals began to be presented in the Reports on the State of
the Environment in 2010. The first map presented from 2012 employs a three-colour
range with deep blue colours. In 2013, the colour of the map differs significantly and
areas are indicated with a significant reduction in percentage cumulative precipita-
tion, less than 60% of normal. The map from 2015 revealed a declining trend in the
annual precipitation totals (Fig. 2) and a decrease in the relative humidity of the air
(SAZP, 2016).

In 2016 (SAZP, 2017a) there was a decrease in annual precipitation totals of 0.5%,
on average, and 2018 precipitation was below normal The upper limit of the percent-
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age range of annual total atmospheric precipitation decreased from 140% to 120%. At
the same time, there were areas with a 60% deviation from normal in annual precipi-
tation totals during that period (SAZP, 2019a). The calculation methods for precipita-
tion totals over a selected time period and for scenarios of precipitation totals during
extreme precipitation situations in Slovakia are explained by Lapin et al. (2004).

Drought index

The drought index (Hurbanovo station - 0.22) in the lowland areas of Slovakia re-
vealed an increasing trend for the period 1951-2016. For example, the drought in-
dexes were 1.02 in Hurbanovo and 0.41 in Oravska Lesna in 2016. Detailed statistical
highlights are found in the report on the state of the environment for 2016 (MZP,
2019; SAZP, 2017a, b). On the other hand, local or widespread drought was much
more common than before. This phenomenon was caused mainly by long periods of
relatively warm weather with small totals of precipitation in some parts of the grow-
ing season. In general, in this part of Europe, the drought phenomenon was associ-
ated with relatively warmer winters (no snow cover) and warmer summers (greater
evaporation). In some areas of Slovakia, precipitation totals did not deviate from the
long-term norms; however, intense, heavy rainfall in summer prevails that results in
fast outflow and low water retention. The phenomenon of drought has become part of
our lives. In 2018, documents were prepared which took a position and proposed spe-
cific measures to be taken to prevent water loss in our environment (Sélymos, 2018);
therefore an Action Plan to address the consequences of drought and water scarcity
was created (MZP, 2018; SAZP, 2018, 2019b).

There is still debate in the scientific literature about which climatic parameters
(e.g. precipitation, temperature, evapotranspiration, wind speed, relative humidity,
solar radiation, etc.) are the most important in determining the severity of drought.
There is general agreement on the importance of precipitation in explaining drought
variability and the need to include this variable in the calculation of any drought
index (Vicente-Serrano et al., 2009; Jamroz et al., 2014; Tigkas et al., 2014; Amani
et al., 2016).

Climate scenarios
In the third National Report on Climate Change (MZP, 2001) the climatic scenarios
of temperature increase and decrease in annual total precipitation were presented. The
calculation was a regional modification of the outputs from two related programs:
GCMs (CCCM - the Canadian Centre for Climate Modelling) and GISS (Gaoldard’s
Institute for Space Studies in the USA). The synthetic data for this topic is presented
in table 1.
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Tab. 1. Scenarios of changes in monthly averages of air temperature [°C] in 50-year horizons for the
whole of Slovakia in comparison with the normal 1951-1980 (Lapin et al., 1996)

Horizont I II 111 v \4 VI VII VII IX X XI XII
CCCM 1995 (30 year horizons compared to 1995-1980)

2010 1.2 1.4 1.4 1.0 0.9 0.9 1.1 1.0 1.1 1.1 0.9 0.9
2030 2.0 2.4 2.6 1.7 1.5 1.6 1.8 1.7 1.9 1.8 1.4 1.5
2075 3.7 4.5 4.3 32 2.9 3.0 33 3.2 3.6 34 2.7 2.8
CCCM 1995 (50 year horizons compared to 1995-1980 from the modification for 1901-1990)
2010 0.5 0.7 0.9 0.7 0.4 0.6 0.9 1.0 1.0 0.9 0.6 0.4
2030 0.9 1.2 1.4 1.1 0.8 1.1 1.4 1.5 1.6 1.2 0.7 0.7
2075 2.2 2.9 2.8 2.3 2.3 2.9 34 3.6 3.6 3.0 2.0 1.0

CCCM - Canadian Centre for Climate Modelling

From 1993, the Report has developed and presented a series of different climate
scenarios for Slovakia through the year 2100. These scenarios are now being evaluated
through comparison with the actually recorded weather measurements (Lapin et al.,
1996, 2000).

Tab. 2. Comparison of climatic elements as average deviations from the normal 1961-1990, based on the
Reports on the state of the environment prepared by the Slovak Environment Agency in the years 2012
to 2018 (SAZP, 2012-2019a, b)

Climate element 2012 2013 2014 2015 2016 2017 2018
average air temperature deviation
AT[°C] 1.3 1.3 24 2.1 1.5 1.3 2.4

of cumulative precitipation totals
on Slovakia [%]

X - not mentioned in the report

95.3 109.2 X 93.0 119.8  106.5 X

By 2011 it was already clear that the forecasted goal of limiting the increase in
global temperature to a maximum of 2°C by the end of the century was unrealistic
(SHMU, 2020a,b). At present, the growth trend is on average 1°C in a 100-year av-
erage. The described 2011 analysis already forecasts the stated goal will be surpassed
in 2075. The real data from Slovakia from 2012, for comparison (Tab. 2), shows the
difference as the average deviation of air temperature DT (increase) and total annual
precipitation in Slovakia as the % of normal, from the years 1961-1990 (decrease)
(SAZP, 2012-2019a, b).

The consequences of developing climate system changes are visible in the reactions
of flora and fauna. Changing conditions, due to the effects of greenhouse gases, such as
carbon dioxide concentration, increase the average air temperatures or reduce water
availability thereby affecting the life cycle of plants and animals. In phenological phas-
es, expressions of the life cycle of plants and animals, certain destabilising tendencies
were registered, which may be related to the complex climatic-natural conditions in
Slovakia. Changes in animal distribution areas as well as in changes in their behaviour
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were also significant (SAZP, 2016). Changes in the structure and composition of hab-
itats and an exchange of species in the habitats have been observed. These factors will
reduce the resilience of ecosystems, reduce their ability to provide ecosystem services
or cause ecosystem disintegration (SAZP, 2019a).

Conclusion

Slovakia, during the years 1881-2018, underwent significant changes in all monitored
climatic elements, e.g.: (1) an increase in the average cumulative air temperature by
approximately 1.73°C, (2) a decrease in cumulative atmospheric precipitation totals
by on average 0.5% (in the some parts of south Slovakia the decrease was even greater
than 10%, in the north and northeast it rarely increased to 3%) and (3) a decrease in
soil moisture and an increase in the drought index. If we accept these changes, we
must also accept the emergence of new adverse events, such as droughts, forest fires,
floods and torrential rains, for which rescue equipment must be prepared.
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Abstract

The development of climate change is evaluated on the basis of trends in a long-term time series (1951-
2018) of individual climatic elements by comparing values from individual years with the normal period in
climatology of 1961-1990. The aim of the article is to present the manifestations of climate change in Slo-
vakia (since its inception) according to selected indicators: (I) average annual air temperature, (2) soil tem-
perature, (3) total atmospheric precipitation and (4) drought index over the last decade. The data presented
in the article were obtained from public reports on the state of the environment in the Slovakia and other
related documents. Slovakia, during the years 1881-2018, underwent significant changes in all monitored
climatic elements. The most significant changes were in 2017 and 2018.
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Ekspresja zmian klimatu w Republice Stowackiej
Streszczenie

Postep zmian klimatu ocenia si¢ na podstawie trendéw w dlugoterminowych szeregach czasowych (1951-
2018) poszczegdlnych elementéw klimatu, na podstawie poréwnania wartosci z wielu lat, z normalnym
okresem w klimatologii 1961-1990. Celem artykulu jest przedstawienie przejawéw zmian klimatycznych
na Stowagji (od ich powstania) wedtug wybranych wskaznikéw: (I) srednia roczna temperatura powietrza,
(2) temperatura gleby, (3) suma opadéw atmosferycznych, (4) susza indeks w ciggu ostatniej dekady. Dane
przedstawione w artykule pochodzg z publicznych raportéw na temat stanu srodowiska w Republice Sto-
wackiej i innych powigzanych dokumentéw. W Stowacji w latach 1881-2018 znaczacym zmianom ulegly
wszystkie monitorowane elementy klimatyczne. Najwicksze zmiany zaobserwowano w latach 2017 1 2018.

Stowa kluczowe: roczna temperatura powietrza, roczne sumy opadéw, zmiany klimatu, wskaznik suszy
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