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In the entire history of the Earth (except for the last few 
centuries), the Earth’s climate evolution had been in progress 
and the Earth’s climate system (ECS) had been functioning 
essentially without a conscious human activity, more or less 
based on the natural climate-forming processes and factors. 
Before the year 1,500 AD, less than 500 million people lived 
on the Earth and before the Common Era, less than 150 
million people. The man began to emit greenhouse gases 
(GHG) into the atmosphere above the natural level only after 
1750 AD, very significantly only after 1950 AD (IPCC, 2014; 
Peixoto, Oort, 1992).

In the 1950s of the 20th century, a serious increase in 
the concentration of carbon dioxide (CO2) in the Earth’s 
atmosphere was found by measurements at Mauna Loa 
Observatory (NOAA, 2020), since 1958 (Figure 1) and the 
theoretical assessments of a possible relation of global 
warming and increase in the atmospheric greenhouse 
effect were confirmed (mentioned for the first time by 
Svante Arrhenius (1896), increase by about 4 °C at 2 × CO2). 
Meanwhile, it was found that climate change (including 
global warming) is influenced by a number of factors 
definitely related to the human activities (emissions of other 
GHG and aerosols into the atmosphere, changes in land 
use...), more in IPCC (2014).

The following effects on ECS by man are presently 
considered as the most serious: 
1. stratospheric ozone layer reduction (freons and halons); 
2. enhancement of the overall greenhouse effect of the 

atmosphere (from the natural about 33 °C before the year 
1750, to about 36 °C in the year 2075 (currently around 
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Figure 1 Annual course and a long-term development of 

a CO2 concentration in the atmosphere as measured 
by NOAA (2020) (USA) at Mauna Loa Observatory 
(Hawaiian Islands) at an altitude of 3,400 m above 
sea level (before the year 1750, a level of about 280 
parts per million (ppm) was measured)
Source:
NOAA data, https://www.esrl.noaa.gov/gmd/ccgg/trends/

34 °C), mainly by the emission of the active radiation, so 
called greenhouse gases (GHG); 

3. change of the energy balance of the Earth’s surface 
(urbanisation (cities), reduction of glaciers and snow 
albedo, agricultural fields, land use change, drainage and 
irrigation...); 

4. thermal pollution of the atmosphere, hydrosphere and 
lithosphere, other types of pollution of the atmosphere (e. 
g. aerosols), land, water and oceans...

Material and methods
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totals (as a double-weighted average 
from 203 stations) are listed. 

It is almost certain that the 
concentration of GHG in the Earth’s 
atmosphere will rise further for at 
least 100 years (IPCC, 2014). The Earth’s 
population will grow in the same way 
and likewise, growth in the global 
gross domestic product is expected. 
The increasing activity of the humanity 
will demand more consumed energy, 
raw materials and goods, but also 
more emissions (GHG and other 
unnatural substances released into 
the atmosphere and hydrosphere, as 
well as harmful substances into the 
lithosphere). People will interfere with 
the Earth’s climate system (ECS) more 
and more and this will apparently cause 
further climate warming. The question 
how long it will last for our environment 
to return to its original state, if we 
take radical mitigation measures, 
remains. For the main GHG, it would 
probably last decades or centuries 
and for some even millennia. The most 
important GHG (besides water vapour) 
is carbon dioxide; its mean lifetime in 
the atmosphere is 50 to 200 years and 
only then, its concentration declines by 
natural mechanisms, mainly through 
photosynthesis and subsequent 
storage of biomass carbon into 
fossils. For some freons and halons, 
the average lifetime period in the 
atmosphere is more than a  thousand 
years and this also holds true for the 
substituents of freons, which are 
permitted under the Montreal Protocol 
and its amendments. We cannot do 
anything directly with a  water vapour 
in the atmosphere, it will change 
according to the temperature of the 
atmosphere and the sea surface (an 
increase in temperature by 1 °C will 
raise the amount of water vapour in 
the atmosphere by about 6%, which 
will also cause enhancement of the 
greenhouse effect) (Peixoto, Oort, 
1992; IPCC, 2014).

The ECS is affected by altered energy 
balance of the Earth’s atmosphere and 
surface mainly due to the so-called 
“radiative forcing“, meaning that the 
enhanced greenhouse effect works 
as if the radiation balance was rising, 
thus, there is more energy for the 

 
Figure 2 Deviations of the annual global average air temperature from the long-

term average of the period 1961–1990, according to the processing in the 
Climatic Research Unit and Hadley centres (the United Kingdom)
Soure: CRU data, https://crudata.uea.ac.uk/cru/data/temperature/

 
Figure 3 Deviations of the annual mean air temperatures in Slovakia from the long-

term average of the period 1961–1990 and a percentage of the long-term 
average annual precipitation totals in Slovakia, compared to the long-term 
average of the period 1901–1990
Source: Slovak Hydrometeorological Institute (SHMI) data, preliminary in 2020

The threat of climate change does 
not arise suddenly, such as pollution 
of the ground atmospheric layer and 
the destruction of the ozone layer, 
but has a long time horizon. Currently, 
global warming is around 0.2 to 0.3 °C 
in 10 years  – on average, during the 
last 50 years, Figure 2, for the year 2020 
a preliminary estimate is provided 
(HadCRUT4, 2020).

The rising trend of air temperature 
at a global scale is overlapped by 
non-periodic climate changes and 
even greater climate variability, which 
becomes more evident at a regional 
scale, such as in Slovakia (Figure 3), 
where deviations of annual average 
air temperatures (as an average from 3 
stations) and a percentage of the long-
term average annual precipitation 

Results and discussion
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meteorological processes and the climate is warming. This 
growth represents currently more than 2.5 W.m-2, which is 
around 10 times more than the fluctuation in the average 
radiation balance of the entire Earth’s surface, only as a result 
of changes in solar activity in 11-year moving averages. In 
addition, the Earth surface’s radiation balance is changing 
also due to the changes in land use. The destruction of 
tropical rainforests and other changes in the country have 
been causing additional emission of carbon (as CO2) into 
the atmosphere in the amount of more than 1 billion tons 
per year. Use of fossil fuels and cement production represent 
about 10 billion tons of fossil carbon annually. Although 
nearly half of the emitted fossil CO2 is absorbed by a global 
ocean, the rest remains in the atmosphere and a rising CO2 
concentration in the atmosphere contributes by about 
55% to the enhancement of the atmospheric greenhouse 
effect (the rest falls into other GHG, dust and black carbons 
on snow and glaciers). A variety of aerosols (especially 
sulphates) causes the opposite effect – the weakening of 
the atmospheric greenhouse effect, but it compensates only 
about a third of the GHG emissions (IPCC, 2014). 

In addition to the warming of the Earth’s atmosphere and 
oceans, the enhancement of the atmospheric greenhouse 
effect also causes changes in the atmospheric circulation. 
The scheme of a general atmospheric circulation is besides 
the Earth’s rotation (which is stable on the long-term basis) 
influenced also by a difference between the temperature 
of atmosphere and surface in different parts of the Earth, 
especially between the tropical and polar latitudes. As it is 
expected that the polar latitudes will be getting warmer 
3  times faster than the tropics, and continents will be 
getting warmer 2 times faster than the ocean surface, 
substantial changes of the position of the determining air 
pressure systems in the atmospheric circulation system can 
be expected. A polar high-altitude cyclone will probably be 

weakened and zonal atmospheric currents in mid-latitudes 
will slow down, while the polar frontal zone will probably shift 
to the higher latitude (towards the poles). This will probably 
result in the change of precipitation patterns as well as in the 
occurrence of extreme weather events due to the weakening 
impact of oceans on continents on one hand and due to an 
increase in water vapour amount in the atmosphere on the 
other. The shift of the frontal zone to the north of Europe 
will result in the increasing precipitation during winter in 
the northern half of Europe, but a reduction in precipitation 
in the southern half of Europe is expected, which will bring 
lower rainfall during summer also in southern Slovakia. 
Furthermore, the rainfall will follow the pattern that short 
periods with intense convective rainfall in the warm season 
of the year will be followed by long periods with low rainfall 
and high temperatures. This will undoubtedly cause more 
droughts, heat waves and increased forest fire (wildfire) risk 
than before (details are in IPCC, 2014).

The climate change scenarios for Slovakia were prepared 
according to the outputs of General Earth’s atmospheric 
circulation physical models (GCM) with adjusted parameters 
due to the enhancement of the atmospheric greenhouse 
effect. There are several such models and scenarios 
because it is not possible to definitely estimate the future 
development of the GHG emissions and human interference 
with the ECS. The trend of the so-called positive and 
negative feedbacks in the ECS is uncertain as well. Table 1 
shows several alternative changes of the monthly averages 
of air temperature, water vapour pressure and monthly 
precipitation totals for the Sliač weather station, the centre 
of Slovakia. The increase of precipitation will be probably 
lower in the south of Slovakia and higher in the north of the 
country, especially in the cold half of the year, while during 
summer in the south of Slovakia, the precipitation totals 
will be probably even lower. At this point, it should be noted 

Table 1 Deviations of the monthly air temperature averages (dT in °C), quotients of the monthly water vapour pressure 
averages (qe) and quotients of the monthly precipitation totals (qR) in the time period until 2075 (the average for the 
period 2051–2100) compared with the average for the period 1951–1980 according to the scenarios CGCM3.1-B1, 
CGCM3.1-A2, KNMI-A1B and MPI-A1B for the weather station Sliač – airport (B1, A2 and A1B are the so-called SRES 
emission scenarios under IPCC, a quotient of 1.30 represents an increase by 30%). Previous scenarios are presented 
in Lapin, Melo (2004) and Lapin et al. (2012)

Model-Scenario Element I II III IV V VI VII VIII IX X XI XII

CGCM3.1-B1 dT(°C) 3.45 3.66 3.51 3.08 2.66 2.02 0.94 1.57 2.39 2.53 2.23 2.34

CGCM3.1-B1 qe 1.30 1.30 1.35 1.26 1.16 1.14 1.12 1.11 1.17 1.16 1.18 1.22

CGCM3.1-B1 qR 1.36 0.99 1.38 1.42 1.14 1.16 1.12 1.04 1.02 0.88 1.42 1.15

CGCM3.1-A2 dT(°C) 4.56 4.75 5.06 4.82 3.67 2.87 2.07 3.38 3.76 3.58 3.73 3.14

CGCM3.1-A2 qe 1.43 1.43 1.51 1.41 1.23 1.20 1.18 1.21 1.22 1.22 1.32 1.29

CGCM3.1-A2 qR 1.39 1.10 1.34 1.50 1.21 1.15 0.94 0.87 0.86 1.06 1.34 1.32

KNMI-A1B dT(°C) 2.81 2.75 2.70 2.17 2.41 3.16 3.17 3.10 2.88 3.06 2.05 2.48

KNMI-A1B qe 1.25 1.24 1.22 1.15 1.13 1.17 1.13 1.16 1.17 1.21 1.14 1.21

KNMI-A1B qR 1.24 1.27 1.32 1.16 0.93 0.81 0.65 0.94 1.07 1.04 1.23 1.21

MPI-A1B dT(°C) 3.11 2.69 2.38 1.90 1.54 2.50 2.37 3.36 3.40 3.34 2.31 2.95

MPI-A1B qe 1.23 1.21 1.18 1.17 1.14 1.16 1.15 1.17 1.19 1.21 1.15 1.20

MPI-A1B qR 1.20 1.37 1.24 1.25 0.93 0.92 0.72 0.83 1.16 1.22 1.17 1.31

Source: SHMI, GCM and RCM data, modified by the Lapin et al. (2012) method



93

Acta Horticulturae et Regiotecturae – Special Issue/2021 Milan Lapin

that a normal temperature difference 
between Hurbanovo (115 m a.s.l) and 
Poprad (695 m a.s.l.) is approximately 
4 °C. Further information can be found 
in Lapin, Melo (2004), Lapin et al. (2012); 
Lapin, Damborská, Gera, Hrvol’, Melo 
(2015) and Gera, Damborská, Lapin, 
Melo (2018).

Such development can be seen 
also after the year 1990. The air 
temperature averages have increased, 
when compared to the period 1951–
1990 and the precipitation pattern has 
changed, too. The number of tropical 
and supertropical days increased 
significantly (with a maximum 
temperature of 30 °C and more and 
35 °C and more, Figure 4, Table 2). An 
increased occurrence of dry periods 
is also affected by rising temperature 
and high potential evapotranspiration, 
which causes a very deep decrease 

of the soil moisture, too (Hlavčová, 
Szolgay, Čunderlík, Parajka, Lapin, 
1999; NCCC, 1995–2017; Lapin et 
al., 2015 and Lapin, Šťastný, Turňa, 
Čepčeková (2016)).

Such changes have also been 
observed by laymen and unconcerned 
experts. When in the past, the 
temperature during summer climbed 
to 30–35 °C within a period of two to 
four days, we were quite happy. It was 
bearable, as buildings did not overheat 
and we could sleep well. But after 1990, 
such heat waves lasted sometimes 
for two or three weeks, or even four 
months with short pauses, as it was 
in 2003. People in the Mediterranean 
region, in the south of the U.S.A. 
or in the tropics have adapted to 
such conditions, they adjusted their 
housing and life accordingly, but for 
us in the temperate zone, it is not so 

Table 2 Mean April – September air temperature and number of characteristic days at Hurbanovo in three periods, according 
to the evaluation of the daily maximum air temperature in two m heights and time from 21st to 21st h of MLT and % 
of days in 1991–2020, compared to 1951–1990

Description 1901–1950 1951–1990 1991–2020 dT (°C) (%)

Mean temperature April – September (°C) 16.4 16.7 18,1 +1.4 °C

Supertropical days Tmax ≥35 °C N 0.6 4.0 666.7%

Tropical days Tmax ≥30 °C 14.8 19.0 33.8 178.3%

Summer days Tmax ≥25 °C 67.8 75.3 91.9 122.0%

Source: SHMI data

easy to adapt to it. Our region in the 
lowlands is set to the average summer 
temperature of around 20 °C. The 
long-term average for the 20th century 
at Hurbanovo during summer (June 
1 to August 31) is just 19.4 °C. In the 
northern Slovakia, the average at an 
altitude of 700 m is lower by 4 °C. People 
and natural ecosystems have adapted 
to such conditions. The temperature 
fluctuated also in the past, but only by 
a few tenths of a degree Celsius, if we 
consider it average for 30 years. Today, 
it is significantly more, for example 
the last two decades were warmer 
by 2 °C, when compared to the entire 
20th century. It is a normal difference 
between the cities of Komárno and 
Žilina in Slovakia, showing how much 
the climate has shifted in Slovakia 
already. Of course, this has a number 
of negative consequences. New plants 
and animals have been coming from the 
south to us, while our original biological 
species are forced to move northwards 
and to the higher altitudes. Sometimes, 
they have nowhere to move, so several 
species must become extinct.

Someone may say that it is actually 
good news, as we will save on heating. 
However, greater heat also produces 
increased potential evaporation, the 
land is drying and there is an increased 
need for irrigation, or to import more 
food instead of irrigation. Moreover, it 
would be necessary to equip houses 
and vehicles with air conditioning. In 
the U.S.A., more energy is spent on air 
conditioning than on heating already 
today. By the end of the century, it will 
be probably warmer by further 2 to 4 °C. 
This can be compared to the possible 
climate shift – as if the climate of 
Podunajská nížina (Danubian Lowland, 
about 120 m a.s.l.) shifts to the area of 
Poprad or northern Orava (700 m a.s.l.). 
It seems that in the summer, there will 
be less rainfall or it will appear in a form 
of short intense showers. We need to 

 
Figure 4 The number of tropical days (yellow, with a  maximum temperature 

T  ≥30  °C) and supertropical days (red, with a maximum temperature 
T ≥35 °C) at Hurbanovo for the period 1970–2020 (according to the data by 
the Slovak Hydrometeorological Institute – SHMI). The R2 (the coefficient 
of determination) indicates that this trend is significant (more in Table 2 
and in Lapin et al., 2016)
Source: SHMI data
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take into consideration that our country will be affected by 
severe drought episodes lasting for several weeks almost 
every year. We experienced such episodes also in 2000–2020 
in the large part of Central Europe. The precipitation totals 
will not be perhaps much lower even in the summer, the 
rain will fall also in the future, but in the warmer and drier 
climate. Such tendency can be identified that the rainfall in 
the warm period of the year occurs mainly in the form of 
showers and thundery downpours. Such showers are falling 
so fast that most of them just drain away and do not manage 
to soak into the soil.

The need for changes and the likely direction 
of the problem in the future 

Already in 1992 at the global UNCED summit in Rio 
de Janeiro, in relation to the presentation of the FCCC 
(the United Nations Framework Convention on Climate 
Change), it was stated that measures, which will slow 
down the human-induced climate change to the speed 
corresponding to the adaptation capacities of the Earth’s 
natural ecosystems, while not compromising the economic 
development and global food safety, have to be adopted. 
Later, it was particularized that global warming by less 
than 2 °C per century is concerned, in this case until the 
year 2100. At the beginning, there was an idea that the 
industrialized countries will stabilize and gradually reduce 
the GHG emissions into the atmosphere by modernization 
and new technologies (Annex 1 to the FCCC) and that the 
OECD countries shall provide effective aid to the developing 
countries, so that they do not use outdated technology 
with high GHG emissions, relative to the produced 
GDP. It turned out that such an appeal was completely 
ineffective, therefore, a quantitative solution of the GHG 
emission reduction through the Kyoto Protocol was sought 
(December 1997). Then, the commitments to reduce the 
GHG emissions in developed countries by 5.2% until 2010 
were adopted (average of 2008–2012), together with the 
mechanism of trading with the emission quotas. A massive 
shift of the problematic industrial production to the 
countries, where the Kyoto Protocol was not applied, as well 
as the corruption in the emission quotas trading, were the 
results. Global emissions of the fossil CO2 were rising, later 
even faster than in the period before 1997, while the U.S.A. 
and several other important countries did not implement 
the Kyoto Protocol at all. Since 2010, no interesting progress 
was achieved on the climate summits, as the politicians of 
different countries were defending interests of their own 
countries and not taking into account opinions of the 
climate change experts (not only climatologists but also 
the representatives of all concerned sectors). The above 
mentioned experts dissociated themselves from the climate 
summits over time mainly publicly and labelled them as 
a costly political theatre at taxpayers’ expense, which cannot 
produce a desirable outcome. However, it is obvious that 
without the political agreement, no global commitments 
can be adopted (more in UNFCCC (1992) and IPCC (2014)).

Differences between the adaptation to climate change 
and measures to mitigate the climate change 

The necessity of adaptation to ongoing and upcoming 
climate changes is being emphasized nowadays, because 

such solution is politically more convenient and inhabitants 
of developed countries accept it better than the reduction 
of the GHG emissions to the atmosphere. The principle of 
the adaptation measures is quite easy, in fact:
1. we need to estimate the potential future development of 

climate in individual regions in at least two variants (better 
is middle upper, middle lower and total average scenarios);

2. based on such scenarios, impact studies with 
a quantification of the possible impacts of climate changes 
in various social-economic sectors and in ecosystems will 
be prepared (negative as well as positive impacts); 

3. requirements for the adaptation measures will arise 
from the economic assessment (cost-benefit), so that 
the potential negative impacts will be reduced and the 
positive ones utilised;

4.  the adaptation measures can be applied by individual 
countries, sectors, regions, cities, enterprises, as well as 
individuals independently;

5. the adaptation measures may be evaluated continuously 
from the economic point of view, while the final 
contribution can be calculated only after some decades 
(at least 50 years).

Mitigation measures are focused on slowing down the 
global climate change and therefore, it is obvious that they 
must be executed under global coordination. Individual 
proposals (as those performed by the EU already for years) 
are good promotion, but have only a small global effect. 
The mitigation measures make sense, only if they influence 
the reduction of the GHG concentration in the Earth’s 
atmosphere and in the improvement of land use in the 
whole world in average. It is necessary to emphasise that 
the CO2 concentration in the atmosphere is already 49% 
higher and CH4 is higher by 165% as before 1,750, while 
the whole increase is of anthropogenic origin. Irretrievable 
destruction of forests and tropical rainforests still continues 
as fast as approximately 100 thousand km2 per year. Due 
to the fact that the individual countries bear various 
historical responsibilities for their interventions with the 
ECS (in calculation per one inhabitant), it is obvious that the 
mitigation measures will also be different for the individual 
countries. Countries such as the U.S.A., the EU, Japan, 
Russia, Canada, Australia and some others should provide 
the greatest contribution to the reduction of the GHG 
emission to the atmosphere. Countries such as China, India, 
Indonesia, Philippines and many others should try to use 
modern technologies with low emission of GHG per GDP 
unit in their fast growing economies and should also try to 
take vigorous measures in the required management of the 
country. The poorest developing countries should receive 
help from the developed ones, regarding the adaptation 
measures, as well as the GHG emission reduction in case of 
industry development. We ought to pay more attention to 
woodlands on the whole Earth and to a particular country 
management, as well as to the ecological waste management. 
The mitigation measures need to be coordinated globally 
under the auspices of the UN, obviously. The national and 
international coordination of the adaptation and mitigation 
measures, which should not stand in mutual contradiction, 
should be the essential outcomes of this process. A global 
treaty under the UN is necessary for this coordination, too.
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Possible solutions for Slovakia 
In 1991, the Federal Ministry of Environment established the 
National Climate Programme (NKP, more than 50 institutions 
and other entities in Slovakia participated), which was divided 
into Slovak and Czech NKP, in 1993. In 1995, 1997, 2001, 
2005, 2009, 2013 and 2017, the National Communications 
of the Slovak Republic on Climate Change (NCCC) in Slovak 
and English language (under the coordination of Ministry of 
Environment of the Slovak Republic) including the proposal 
for the adaptation and mitigation measures were developed. 
The NCCC were prepared by the experts from SHMI, NKP 
and other concerned institutions. These Communications 
were discussed by the Government of the Slovak Republic 
and assigned particular tasks to the individual ministries. 
English version of the NCCC has been sent to the respective 
UN-Commission (NCCC, 1995–2017).

In the NCCC, the most attention is paid to the inventory of 
the GHG emission in Slovakia, based on the individual sectors 
and to the measure proposals to reduce the GHG emission 
in the upcoming years and decades. Various possible 
consequences arising from the GHG emission reduction 
were also analysed. The social-economic development after 
1989 caused the natural reduction of the GHG emission 
in Slovakia, especially due to the fact that some industrial 
segments limited their production drastically and new 
enterprises were projected on the basis of more economical 
energy use. This caused rapid decrease of the GHG emission 
in 1994 (by more than 40% in comparison to 1989) and then, 
there was only moderate increase of the GHG emission, even 
though the GDP exceeded the value from the period before 
1990 already until 2005. Thus, in 2014, the aggregate GHG 
emission (calculated for the CO2 effect) was lower by more 
than 30% in comparison to 1990 (the GHG emission increase 
was recorded only in automotive transport). Transport, as 
well as other segments contributed to the GHG reduction, 
a  lot of costs was saved also in heat delivery to residential 
and non-residential premises, especially due to the extensive 
insulation of buildings and other modernisation.

The section dealing with the potential impacts of climate 
changes, scenarios of climate change and proposals of the 
adaptation measures for climate change were the important 
parts of the NCCC. In all NCCC, the main focus was put on 
agriculture, forestry and water management, where the most 
negative impacts are expected and where the adaptation 
to climate change will be inevitable. In the last NCCC, from 
2013 and 2017, the possible impacts in other concerned 
segments, including the natural ecosystems were analysed. 
When speaking about the most interesting results, it is 
necessary to emphasise the expected negative impacts on 
the hydrological cycle and water management that will be 
visible in other segments, too. Climate warming, increase 
of potential evapotranspiration or the changes in the 
precipitation regime will change the annual operation of the 
hydrological regime of Slovak rivers and soil in such a manner 
that the available volumes of water in flows, as well as soil 
humidity will decrease. This is the most important in spring, in 
the first vegetation period. In winter months in the altitudes 
of up to 1,000 m (almost over 95% of the Slovak territory), 
there will be irregular snow cover that can disappear anytime 
in winter, after 2030. This will change the regime of winter and 
spring runoff and therefore, the soil humidity will be reduced 

too early, in February to April. At the same principle, the 
periods of hot weather will come earlier with unfavourable 
impacts on natural, agricultural and other ecosystems. 
Irregular runoff from the individual river basins will continue 
as a result of more frequent long drought periods and short 
periods with substantial rainfall, even in summer months. 
Potential evapotranspiration will rise in comparison to the 
period 1951–1980 by at least 15% already in 2025, while no 
significant increase of summer rainfall in the Slovak lowlands 
is being expected. More frequent drought and lowering of the 
soil moisture imply the need for more irrigation in agriculture, 
approximately for more than 500 thousand ha (in Slovakia, 
irrigation systems were built before 1990 for more than 300 
thousand ha, but the systems for hardly 100 thousand ha are 
still functional). Vulnerability and impact assessments due 
to climate change in Slovakia can be found also in Hlavčová 
et al. (1999), Gaál, Beranová, Hlavčová, Kyselý (2014), NCCC 
(1995–2017) and Fendeková, Poórová, Slivová (Eds.) (2018).

Regarding other impacts, it is important to mention 
the changes in forest ecosystems, where the conditions for 
spruce vegetation will get worse significantly, especially 
below 1,000 m a.s.l. This means more xerophyte wood 
species and plants from the southern territories in all Slovak 
regions, especially on the south, while these plants will force 
the original species out and thus, intensify the instability of 
ecosystems. The conditions for thermophilic plants and wood 
species will worsen due to the prolonged vegetation period 
up to spring months (sometimes even by more than 40 days), 
while the risk of damage by spring frosts, which will appear 
episodically also in the future, will be higher (spring frosts 
depend especially on night duration, which is longer at the 
beginning of March as in April, by more than one hour and 
approximately by 2 hours in the middle of May, therefore, 
deeper decline of the land surface air temperature is possible). 
Heat waves, namely the episodes with high temperature or 
high air humidity lasting few days are ones of the interesting 
consequences of climate warming. In Central Europe, a heat 
wave is usually considered a period of at least 5 days with the 
highest air temperature of 30 °C and more and maximum 
pressure of water vapour above 18.7 hPa. Until 1990, such 
episodes were rare, but from 1992, they appear almost every 
year, in 2015, these episodes lasted for 38 days (in 22 days, 
the highest daily temperature in Hurbanovo achieved 35 °C 
or more), after 2030, they may last almost continuously whole 
summer (Lapin et al., 2016)). Necessity of air conditioning 
in residential and non-residential premises, including the 
means of transport and work premises, is also connected with 
such phenomena. In the U.S.A. as well as in other countries 
with warmer weather belonging to subtropical zone, the 
air conditioning is running at each place, where the air 
temperature exceeds 27 °C for more than few days. In the 
U.S.A., more energy is spent on air conditioning than on 
heating in cold seasons of the year.

There will be some more interesting impacts of climate 
change on Slovak conditions. Some of them will affect us 
even if they do not appear directly at our territory. This 
concerns especially the so called environmental or climate 
migrants. People have always migrated due to changing 
conditions, especially because it got more difficult to grow 
agricultural crops, the availability of fresh water got more 
complicated, volume of game decreased or conditions for 



96

Acta Horticulturae et Regiotecturae – Special Issue/2021Milan Lapin

fishing got inconvenient. When climate was changing slowly 
(a few tenths of °C per century), the migration of population 
was slow too and sometimes, nobody even realized it. 
Worse climate conditions and migration of population were 
usually related to ethnic, religious and military conflicts. 
However, in the past, climate changes were not the only 
reason of migration. This is true for the present as well. 
However, the difference is that while at the beginning of our 
age, approximately 150 million people lived in the world, 
now this number is 7,800 million, namely 52 times more. 
Moreover, native inhabitants and the migrating people carry 
more effective guns and technical devices. Migration of 
endangered inhabitants can be thus seen from a completely 
different perspective than in the past. It is also true that the 
climate is currently changing and in the next decades, it 
will be probably changing more than 5 times faster than 
any time in the last 2000 years. Climate change means the 
situation, when 30-year long-term average air temperatures, 
precipitation totals or other climate elements, one following 
another, change significantly. 

Conclusions 
Climate change is evoked by human activities in global extent, 
especially by the emission of GHG with unecological utilisation 
of a country. This creates global increase of the average air 
temperature (more in the polar areas than in the tropical ones 
and rather on continents than on the ocean) and many other 
changes in climate, hydrological and environmental elements. 
Eventually, climate change is combined with climate changes 
of natural origin and as a result, irregular increase of the 
global and regional temperature for the individual years in 
average occurs. Another development of climate change can 
be predicted, if we know the future development of the GHG 
emission into the atmosphere and other human interventions 
with the world’s climate system. The development of the 
natural climate changes cannot be reliably predicted, even if 
we know the oscillation of solar activity and influence range 
of the oceanic oscillations (especially El Niño and La Niña 
phenomena). It is very probable that the climate change 
caused by humans will be much more significant than the 
natural ones from 2020 already.

Global mankind, individual countries, cities, institutions, 
companies and individuals can react in three following ways 
to ongoing and expected climate change: 1) they can behave 
as if it was only natural climate change and pay no attention 
to it; 2) accept the fact that the climate changes are real and 
will change in the extent of scenarios for climate change and 
thus, they prepare adaptation measures at least for middle 
size scenarios, and in important areas, for the biggest size 
scenarios of climate change on national, enterprise and 
local level; 3) understand that it is necessary to take the 
mitigation measures to slow down the climate change by 
the reduction of the GHG emission and improvement of 
the country management, while such measures have to be 
based on the treaties on global level; in coordination with 
the mitigation measures, also the adaptation measures to 
reduce the negative impacts and utilise the positive impacts 
of climate change need to be prepared. It is obvious that the 
highest priority belongs to the measures connected with 
more frequent appearance of drought and storm rainfall than 
in the past. Slovakia still belongs to the countries with low 

efficiency of energy use and small share of renewable energy 
resources on the total energetic mixture, while this brings 
another possibility to reduce the human interventions with 
the world’s climate system.
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