
AIR TEMPERATURE AND PRECIPITATION SCENARIOS IN 
SLOVAKIA UNTIL THE END OF THE 21ST CENTURY ACCORD-
ING TO THE MPI CLIMATE MODELA03

ABSTRACT
Based on the outputs of the MPI regional model, climate change scenarios for 45 selected stations in Slovakia were prepared up to the 

year 2100. These scenarios relate to air temperature and atmospheric precipitation totals, presented in daily or monthly step. By using these 

scenarios, we can assess potential shifts in climatic regions in Slovakia according to the Köppen-Geiger classification between the periods 

1991–2020 and 2071–2100. For the meteorological station Hurbanovo, located in the Danubian lowland, the duration of some typical air 

temperature spells (T ≤ 0 ºC, T ≥ 5 ºC, T ≥ 10 ºC, T ≥ 15 °C, T ≥ 20 ºC, T ≥ 25 ºC) have been evaluated for the period 2071-2100, compared 

to the periods 1951-1980 and 1971-2000. The temperature scenarios for Slovakia show a general increase throughout the year by the end of 

the century. Meanwhile, the monthly precipitation scenarios for Slovakia demonstrate an increase in precipitation totals during winter and 

a decrease in precipitation totals during summer.

INTRODUCTION
In recent decades, there have been significant increases in global, hemispheric, and regional temperatures, negatively impacting both soci-

oeconomic sectors and the natural ecosystem (IPCC 2021). Similarly, Slovakia has experienced significant increases in air temperature, but 

only small changes in annual precipitation totals (Melo et al. 2013, Melo et al. 2022). To better understand the potential impact of climate 

change, researchers assess air temperature and precipitation scenarios. Based on the outputs of the MPI regional climate model, we evaluate 

air temperature and precipitation scenarios for 45 meteorological stations in Slovakia up to the year 2100. Additionally, changes in climate 

zones according to the Köppen-Geiger classification were assessed for these stations between 1991-2020 and 2071-2100. This climate clas-

sification is based on seasonal precipitation and temperature patterns (Kottek et al. 2006).

METHODS
The German MPI regional climate model, which uses the SRES A1B emission scenario, has been used to create climate change scenarios for 

Slovakia. This model has been selected as the best one for describing the real climate in Central Europe during the period of 1961-1990. It 

accurately represents the annual course and occurrence of characteristic values such as variability, number of specific days, and extremes. 

The model uses the medium pessimistic scenario SRES A1B, which predicts a global warming of 2.9°C by 2100 compared to the period of 

1961-1990. Currently, we are working with a new version of the MPI model, but the results are not yet finalized.

The data collected from meteorological stations from 1991 to 2020, along with model outputs, have been used to create daily and monthly 

scenarios for air temperature and precipitation totals up to the year 2100. The model has a spatial resolution of approximately 25 x 25 km 

(Jacob, 2001), and since the majority of measurement points don't lay directly in the model's grid-points, interpolation is necessary to obtain 

a model value at the point of measurement for further statistical processing. Individual precipitation output from any grid point always rep-

resents some areal average with significantly lower variability than for the totals measured at the station. Interpolation from four nearest grid 

points would result in smoothing and therefore worsening of the daily totals temporal variability. The interpolation method used depends on 

the spatial variability of the quantity being analysed. For air temperature, weight interpolation is used from the four surrounding grid points 

of the model, based on the distance of individual grid points from the location of the meteorological station. For precipitation totals, it is 

more appropriate to use the two model points closest to the point of measurement or the best representative grid points of the geographic 

condition for the station where the measurement was taken. This is due to the roughness of the surrounding terrain, the prevalent flow, and 

other factors. In this case, double weights are placed on the first grid point, and single weights on the second grid point.

To obtain agreement between model and observation data we make only a basic correction to the model data: bias correction and correc-

tion of standard deviation or correction for number of zero values were applied. The result is that the modified model outputs have close 

(similar) climatic characteristics in the reference period as the measured ones. Similar corrections, as calculated for the reference period, 

have been applied also for the model outputs up to the year 2100. The final, statistically modified model outputs, are considered as “adapted 

model outputs”.

The data was collected from 45 meteorological stations from the Slovak Hydrometeorological Institute in Bratislava, representing the entire 

territory of Slovakia with appropriate spatial and temporal homogeneity. The lowest analysed meteorological station is Somotor. It is situated 

in the eastern part of the country, at an elevation of 100 meters above sea level (m a.s.l.). On the other hand, the highest station, Lomnický 

štít, is located in northern Slovakia and sits at an altitude of 2635 m a.s.l. The selection of meteorological stations takes into account the 
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windward and leeward effects caused by the surrounding mountains.

RESULTS
It has been observed that the average annual air temperature for 45 selected stations in Slovakia between 1951-1980 is 7.1 °C. However, in 

the most recent 30-year period, from 1991-2020, this temperature has increased to 8.2 °C. According to the MPI model, it is projected that 

the average annual air temperature in the region will reach 10.7 °C during 2071-2100. This implies an increase of approximately 3.6 °C from 

the period 1951-1980 and an increase of 2.5 °C from the most recent period of 1991-2020. The temperature increase is highest in Hurbanovo, 

with a rise of +4.3 °C between the periods 1951-1980 and 2071-2100. The temperature scenarios for Slovakia also suggest an overall increase 

in temperature throughout the year by the end of this century, compared to the periods 1951-1980 and 1991-2020. This trend can also be 

observed in the example of two selected stations (Fig. 1). This air temperature increase is not constant throughout the year, see below for 

more details on intra-annual changes.

Figure 1 Annual course of air temperature [°C] at selected stations in Slovakia (Cadca on the left and Štós on the right) in the periods 1951-1980 (measured data), 1991-2020 (measured 

data) and 2071–2100 (based on the MPI model).

The expected change in annual precipitation totals in Slovakia is not significant. Based on the MPI model, it is projected that the average of 

annual precipitation totals for 45 stations in Slovakia will only be 7 percent higher during the period of 2071-2100 as compared to the state 

of things during 1951-1980. It is even projected to be only 2 percent higher compared to the state in the period of 1991-2020. However, sig-

nificantly large and opposite trends are expected in different seasons. The seasonal precipitation total is very likely to increase in the winter, 

while it is expected to decrease in the summer (as shown in Fig. 2 and 3). The projected precipitation scenarios for 45 stations in Slovakia 

show a decrease in the summer monthly totals ( June + July + August) by about 26%, while an increase in the winter monthly totals (Decem-

ber + January + February) by about 41% is expected in the period 2071-2100 as compared to 1991-2020 (as per the results shown in Fig. 2).

Figure 2 Annual course of precipitation totals [mm] in the periods 1991-2020 (measured data) and 2071–2100 (based on the MPI model) for 45 stations (their average) in Slovakia.
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Figure 3 Annual course of precipitation totals [mm] in the periods 1951-1980 (measured data), 1991-2020 (measured data) and 2071–2100 (based on the MPI model) on selected stations 

in Slovakia.

The Köppen climate classification system has identified 31 subtypes (Kottek et al. 2006), but only four of them were present in Slovakia in 

the period 1991-2020: Cfb (warm temperate and humid zone), Dfb and Dfc (cold boreal forest climates), and ET (mountain tundra climate). 

It is expected that the climate zones, as defined by the Köppen-Geiger system, will change in up to 31 of the 45 selected stations in Slovakia 

due to climate change. In up to 19 of these stations, a new climatic zone, Cfa, may appear (Tab. 1). This transformation will be most notice-

able in the lowland regions of southwestern and southeastern Slovakia. Additionally, the existing climatic zones (Cfb, Dfb, Dfc, and ET) will 

shift towards the north and to higher elevations. The mountainous regions of Slovakia will experience significant climate shifts as well. The 

boundary between Dfb and Dfc regions will rise from 1,040 m a.s.l. in the period 1991-2020 to 1,870 m a.s.l. in the years 2071-2100, which 

is a shift of around 830 meters higher. Furthermore, the border between Dfc and ET climatic regions will shift upwards from 1,960 m a.s.l. 

in the period 1991-2020 to 2,400 m a.s.l. from 2071-2100, which is a shift of about 440 meters higher.

Tab. 1 Changes in climate zones based on the Köppen-Geiger classification at 45 different meteorological stations in Slovakia in the period 2071–2100 (based on the climate scenario from 

the MPI model) compared to the period 1991–2020 (based on measured data):

30CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024



Figure 4 displays the annual course of air temperature (using a 7-day moving average) for Hurbanovo during the periods 1951-1980 and 

1971-2000. Additionally, the climate scenario based on the MPI climate model (with SRES A1B emission scenario) for the period 2071-2100 

is shown. Hurbanovo is situated in the Podunajská nížina lowland (Danubian lowland). The scenario predicts an increase in daily air tem-

perature throughout the year, with a mean increase of approximately 4.2°C in 2071-2100 compared to 1951-1980, and 3.9°C in 2071-2100 

compared to 1971-2000. The temperature rise will be particularly noticeable during autumn and winter periods, with an increase at the end 

of October of about 6.7°C in 2071-2100 compared to 1971-2000, and a maximum increase of 6.2°C during some October days in 2071-2100 

compared to 1951-1980. On the contrary, the smallest increase in air temperature is expected during the months of April, May and the be-

ginning of June.

Figure 4 Annual course of air temperature [°C] (its 7-day moving average) for Hurbanovo station in the periods 1951-1980 (measured data), 1971-2000 (measured data) and climate scenario 

based on MPI model outputs for Hurbanovo station in the period 2071-2100.

We conducted a study to examine the duration of several typical air temperature spells. We were particularly interested in spells with air 

temperatures of ≤ 0 ºC, ≥ 5 ºC, ≥ 10 ºC, and ≥ 15 °C, which are mainly related to living nature. For instance, a spell with air temperatures ≤ 

0 ºC characterizes the winter period with freezing temperatures, while ≥ 5 ºC indicates the large vegetation period, ≥ 10 ºC means the small 

vegetation period, and ≥ 15 ºC means the vegetation summer (sometimes known as the ripening period of cereals). We also added spells 

with air temperatures of ≥ 20 °C and ≥ 25 °C to the study. We analyzed the start and end dates of these spells, as well as the total number 

of days with these temperatures. We determined these spells based on a 7-day moving average for the following periods: 1951-1980, 1971-

2000, and 2071-2100 (as shown in Fig. 4 and Tab. 2). We selected the longest continuous periods with the required temperatures without 

interruption. The climate in Hurbanovo is warming, and the total number of days with positive air temperatures is increasing, while the total 

number of days with negative temperatures is decreasing (as shown in Fig. 4 and Tab. 2). Although there were no significant differences 

among the particular studied periods of 1951-1980 and 1971-2000 in the case of the total number of days with air temperatures ≥ 5 ºC, ≥ 10 

ºC, and ≥ 15 ºC, the most significant differences were reached in the case of the total number of days with low (≤ 0 ºC) and high values of 

air temperatures (≥ 20 °C). According to the results of the scenario, the spells with air temperatures ≤ 0 ºC (winter period with freeze) will 

no longer exist in Hurbanovo at the end of the 21st century. In this case, we propose changing the method. In the future, we can consider 

the total number of days with air temperatures lower or equal to 5 ºC as a characteristic of winter spells in the Slovak lowlands. We noticed 

a significant increase in the total number of days with air temperatures higher or equal to 5 °C, 10 °C, 15 °C, and 20 °C in the period of 

2071-2100. For instance, the increase in the case of a total number of days with T ≥ 5 °C is 59 days, in case of T ≥ 10 °C, it is 52 days, in case 

of T ≥ 15 °C, it is 45 days, and in case of T ≥ 20 °C, this increase is even 82 days between the periods of 2071-2100 and 1951-1980. We can 

even expect the appearance of new temperature characteristics in the Danubian lowland by the end of this century, such as a spell with T 

≥ 25 °C (as shown in Fig. 4 and Tab. 2).
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Tab. 2. Duration (date of the beginning and the ending and total number of days) of some typical air temperature spells (T ≤ 0 ºC, T ≥ 5 ºC, T ≥ 10 ºC, T ≥ 15 °C, T ≥ 20 ºC, T ≥ 25 ºC) at 

Hurbanovo (on the base of 7-days moving average) in periods 1951-1980, 1971-2000 and climate scenario based on the MPI regional climate model outputs for period 2071-2100:

CONCLUSIONS AND DISCUSSION
Towards the end of this century, Slovakia may experience an increase in precipitation during the winter months, but a decrease in summer 

months. However, the average temperature is expected to rise throughout the year. Climate change has the potential to impact both human 

activity and natural processes in the landscape, including lowland and mountainous areas such as the Carpathians in Slovakia. A rise in 

air temperature and a drop in atmospheric precipitation may lead to an increase in aridity across the landscape. According to the results 

derived from the MPI model, we can expect a rise in aridization trends during the growing season, particularly in the Danubian lowland, 

which is extensively used for agriculture. Droughts in mountainous areas could also increase the risk of forest fires. On the flip side, climate 

change may lead to more frequent occurrences of extreme precipitation, which could negatively impact mountainous areas in the form of 

flash floods and possibly landslides. Additionally, we may expect later snow cover onset on mountains and earlier melting of accumulated 

snow in the spring, due to extended spells of positive air temperatures. Higher air temperatures in mountainous areas may also cause solid 

precipitation at lower altitudes to be replaced by liquid precipitation during winter. Snowfall is expected to persist primarily at higher ele-

vations where increased winter precipitation could result in greater snow depth. The climate change scenario indicates a continued rise in 

air temperature in Slovakia, leading to a shift in climatic areas towards the north and higher altitudes.
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