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ABSTRACT This paper examines temporal and spatial patterns of annual and seasonal maximum
temperatures (Timax) in Slovenia and their relationship with atmospheric circulation patterns.
A significant increase in maximum temperature (Tmax; from 0.3°C to 0.5°C - decade™) was ob-
served throughout the country at the annual scale in the period 1963-2014. Significant positive
trends are observed on all stations in summer (from 0.4°C to 0.7°C - decade™) and spring (from
0.4°C t0 0.6°C - decade™). The results indicate significant correlations between the mean annual
maximum temperature (Tmax) and the East Atlantic Oscillation (EA) (from 0.5 to 0.7), the Arctic
Oscillation (AO) (from 0.4 to 0.7) and the Scandinavian Oscillation (SCAND) (from -0.3 to -0.4)
throughout the country. A significant EA influence is observed in all seasons, while the AO
influence is noticed in winter and spring, SCAND in spring and summer, the North Atlantic
Oscillation (NAO) and the Mediterranean Oscillation (MO) in winter, the East Atlantic/Western
Russia Oscillation (EA/WR) in summer and the EI Nino Southern Oscillation (ENSO) in autumn.
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1. Introduction

Changes in maximum temperature (Tmax) frequency, intensity and duration can
influence different human activities (e.g. agriculture, tourism, etc.) and ecosys-
tems. Due to this, investigation of Tmax variability and trends has been performed
in numerous studies. During the twentieth century, maximum and minimum
temperatures in Europe have warmed more in winter (1.0°C / 100 years) than
summer (0.8°C / 100 years; Moberg et al. 2006). Temperatures have risen faster
than the global average in the Mediterranean region in the last decades (Lionello
etal. 2014) with strong enhancement in the occurrence of extremely warm events
(Simolo et al. 2014).

Significant progresses have been made on the climate projections for the Medi-
terranean region (Brankovié et al. 2012, Vautard et al. 2013, Lionello et al. 2014).
Study of Giorgi (2006) showed that the most responsive region to climatic change
is Mediterranean followed by the North Eastern European regions. Best accord-
ance among future projections can be found in seasonal temperatures with lower
rates of warming in winter and spring and higher rates in summer and autumn.
Furthermore, high-temperature conditions are generally expected to increase
(Jacobeit et al. 2014). Future climate conditions for the Mediterranean region
are characterized by an increase in temperature in all seasons and for all parts
of the Mediterranean with a trend toward more extreme weather (Dubrovsky
etal. 2014).

Slovenia is situated in Central Europe on the contact of four distinct geograph-
ical regions: the Mediterranean Sea, the Alps, the Dinaric Alps and the Pannonian
Basin (OroZen Adami¢ 2004). Slovenia extends between 45°25' and 46°30' N and
13°23" and 16°36' E (Ogrin, Plut 2009) and covers an area of 20,273 km? (OroZen
Adami¢ 2004) with population of 2.06 million. Alpine macroregion covers
northern Slovenia, while Mediterranean macroregion is located in the extreme
west of Slovenia. Toward the east, the Mediterranean macroregion is replaced
by the Dinaric macroregion that stretches in a northwest-southeast direction
and covers most of the southern part of Slovenia. Pannonian macroregion is
a densely populated and intensively cultivated area at the east end of Slovenia
(Perko 1998).

Submediterranean, temperate continental and alpine climatic influences in-
tertwine on the territory of Slovenia. However, most of Slovenia has a temperate
continental climate. Alpine climate characterizes higher and lower mountain
areas to the north and west of the country, while submediterranean climate is
present in the south and southwest of the country at the Adriatic coast (coastal
submediterranean climate) and its hinterland (inland submediterranean climate).
Continental climate intensifies with the distance increase from the Adriatic Sea
and Alps-Dinaric mountain barrier towards the eastern and northeastern Slovenia
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(Ogrin 2004). According to the Képpen-Geiger classification (Kottek et al. 2006),
the majority of the country is situated in the Cfb climate zone with littoral region
partly in Cfa and the Alps in the Dfc climate zone.

Analysis of temperature changes in Slovenia has been performed in numerous
studies (Milo$evié, Savié, Ziberna 2013; Milogevi¢, Ziberna, Savi¢ 2013; De Luis
etal. 2014; Verta¢nik et al. 2015). The analysis of Milogevié, Savié, Ziberna (2013)
showed statistically significant positive trend of mean (from 1.4°C/ 51 years to
2.4°C/ 51 years), maximum (from 1.3°C/ 51 years to 2.4°C/ 51 years) and mini-
mum (from 1.7°C / 51 years to 2.9°C / 51 years) annual temperatures in the period
1961-2011. Temperature rise has been particularly pronounced in summer, spring
and winter. Growing season in Slovenia has extended (up to 25 days/ 51 years)
due to the warming in mean, maximum and minimum temperature (Milogevié,
Ziberna, Savié 2013). De Luis et al. (2014) noticed intense warming of mean air
temperatures in Slovenia in summer and spring and weak warming in autumn.
Linear trend of around 0.3-0.4°C - decade™ on an annual level for mean, maximum
and minimum temperature series has been noticed in Slovenia in the last five
decades (Verta¢nik et al. 2015).

Atmospheric circulation patterns refer to a large and persistent pattern of
pressure anomalies that influence the flow of air masses that affect the climatic
characteristics of broad geographical regions (Hurrell 1995). The correlations
between atmospheric circulation indices and temperature are very important
to analyze as the local changes in meteorological variables in mid-latitudes are
mainly controlled by the atmospheric circulation (Hurell 1995; Hurell, Van Loon
1997). Air temperature and its extremes have been correlated with atmospheric
circulation indices in numerous studies (Kenyon, Hegerl 2008; Rodriguez-Puebla
et al. 2010; Dobrovolny et al. 2010; Toreti et al. 2010; Efthymiadis et al. 2011; El
Kenawy et al. 2012; Donat et al. 2014). The relationships between circulation pat-
tern indices and temperature in Slovenia have not been well identified. Suselj,
Bergant (2006) analyzed the influence of NAOi and MOi on mean, maximum
and minimum temperature on four stations located in different climatic regions
of Slovenia. According to this study, significant positive correlations have been
established between NAOi, MOi and temperatures (especially maximum) during
colder part of the year with higher correlations of temperature with MOi.

The main aims of this paper are to analyze temporal and spatial variability
of annual and seasonal Tmax in Slovenia and to correlate it with indices of the
atmospheric circulation patterns influencing the Mediterranean region: Arctic
Oscillation index (AOi), East Atlantic Oscillation index (EAi), East Atlantic/West-
ern Russia Oscillation index (EA/WRi), El Nino Southern Oscillation (ENSOi),
Mediterranean Oscillation index (MOi), North Atlantic Oscillation index (NAQi),
Scandinavian Oscillation (SCANDi) and Western Mediterannean Oscillation index
(WeMOi). Results of this analysis will quantify possible relationships between
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atmospheric patterns and observed Tmax in Slovenia and fill the gap in the under-
standing of these correlations in this transitional area.

2. Data and methods

Annual and seasonal Tmax recorded at 19 stations in Slovenia in the period 1963-2014
were analyzed (Table 1). Selected stations are located on the territory of differ-
ent climatic regions of Slovenia: Submediterranean climatic region (2 stations),
Temperate continental climatic region (13 stations) and Mountain climatic region
(4 stations). Selection of adequate number of stations in each climatic region was
based on its size and average altitude as well as data availability and homogeneity.

Monthly temperature was obtained from the Environmental Agency of the
Republic of Slovenia (EARS). Winter (DJF), spring (MAM), summer (JJA) and
autumn (SON) temperature was calculated for each station using the standard
season definition. All seasons correspond to the calendar year except for the
winter season that corresponds to January-February of the calendar year and to
December of the previous year. Tmsx measurements were taken at 21 LMT (Local
Mean Time - UTC+1).

Tab. 1 - List of stations with their basic geographical informations: latitude (Lat.), longitude (Long.)
and altitude (Alt.)

Full name Abbreviation Lat. Long. Alt.(m) Climate type
Kredarica KR 46°23' 13°51' 2,514  Mountain

Postojna PO 45°46'  14°12' 533  Temperate continental
Ljubljana-BeZigrad LJB 46°04'  14°31' 299  Temperate continental
Novo Mesto NM 45°48"  15°11' 220  Temperate continental
Celje CL 46°15'  15°15' 240  Temperate continental
Maribor-Tabor MB 46°32"  15°39' 275  Temperate continental
Smartno pri Slovenj Gradcu SS 46°29'  15°07' 445 Mountain

Murska Sobota MS 46°39"  16°11' 188  Temperate continental
Bilje BL) 45°54'  13°38' 55  Submediterannean
Lendava LD 46°34'  16°28' 195  Temperate continental
Veliki Dolenci VD 46°50'  16°17' 308  Temperate continental
Godnje GD 45°45'  13°51' 320  Submediterannean
Ratee-Planica RT 46°30"  13°43' 864  Mountain
Brnik-Letalis¢e BR 46°13'  14°29' 364  Temperate continental
Kocevje KO 45°39'  14°51' 467  Temperate continental
Dobli¢e (Crnomel;) DO 45°34'  15°09' 157  Temperate continental
Bizeljsko BZ 46°01"  15°42' 179  Temperate continental
Slovenske Konjice SK 46°20'  15°26' 332 Temperate continental

Nova Vas (Bloke) NV 45°46'  14°31' 722 Mountain
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Standard Normal Homogeneity Test (SNHT) was applied for the detection of
abrupt homogeneity breaks (Alexandersson 1986) in mean monthly Tmax values.
The test is based upon the assumption that the difference between Tmax series at
a candidate station (the one being tested) and the reference series is fairly con-
stantin time. Reference series were chosen from 2 to 5 stations, based on distance
(<50 km), similar altitude (< 200 m) and squared correlation coefficient > 0.8 with
the test station. The critical level of this test was 95% (Khaliq, Ouarda, 2007).
An-Clim software package was used for the inhomogeneity detection of time series
and its corrections (Stépanek 2007).

Trends of annual and seasonal Tmax series were detected using linear regres-
sion based on the least square method. Mann-Kendall non-parametric statistical
test (Sneyers 1990) was used in order to determine the statistical significance of
trends. MAKESENS calculation macro developed by the Finnish Meteorological
Institute (Salmi et al. 2002) was used for the calculations.

Relationships between the Tmax and selected atmospheric circulation pattern
indices were examined using Spearman’s rank correlation. Eight atmospheric
circulation patterns indices were used: AOi, EAi, EA/WRi, ENSOi, MOi, NAOj,
SCANDi and WeMOi. Monthly values of AOi, EAi, EA/WRi, ENSOi, SCANDi and
NAOi were obtained from the National Oceanic and Atmospheric Association
(NOAA) Climate Prediction Center (CPC) Website (http://www.cpc.ncep.noaa.gov/
products/precip/CWlink/pna/nao.shtml) for the period 1963-2014. Daily values
of MOi were obtained from Climatic Research Unit website (http://www.cru.uea.
ac.uk/cru/data/moi/) for the period 1963-2013. Monthly WeMOi data was obtained
from the University of Barcelona webpage (http://www.ub.edu/gc/English/wemo.
htm) for the period 1963-2013. Annual and seasonal AQOi, EAi, EA/WRi, ENSO;i,
MOi, NAOi, SCANDi and WeMOi were calculated using monthly series, while an-
nual and seasonal MOi was calculated using daily series.

The spatial distribution of the results is shown by spatial interpolation (Inverse
Distance Weighting - IDW) of observed temperature, trends and correlations on 19
stations using the geostatistical software package ARCGIS 10.1 with Geostatistical
Analyst Extension.

3. Results

3.1. Results of homogenisation

Climate time series are considered homogenous only if their variability is related to
weather and climate variability (Savié et al. 2012). In reality, long time series used

for climate change analyses are influenced by inhomogenieties. They are caused
by the relocation of the meteorological station, the replacement of instruments
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or/and observers, changes in observation rules, changes in the environment of the
meteorological station (planting or/and uprooting of trees and grass, the construc-
tion or redevelopment of the infrastructural objects, etc.), human errors in data
processing, etc. (Jones et al. 1985; Karl, Williams 1987; Gullett et al. 1990; Heino
1994; Moberg, Alexandersson 1997; Peterson et al. 1998; Tuomenvirta 2001; Aguilar
etal. 2003). Results of climate analyses are inaccurate if detected inhomogenieties
are not treated adequately (Savié et al. 2012).

Break points were detected during the homogeneity testing of mean monthly
Tmax and they were compared to the metadata records in order to diagnose their
causes (Savié et al. 2014). This information was crucial for applying the calculated
corrections of the investigated series (Savié, Petrovié, Milovanovié 2010). In most
cases, detected break points were related to the relocation of a station (13 breaks)
or due to the change of the thermometer (2 breaks). Having performed a series of
individual or multiple homogeneity adjustments (Moberg, Alexandersson 1997),
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Fig. 1 - Spatial distribution of mean Tmax in Slovenia during the 1963-2014 period; a - annual level;
b - winter; c - spring; d - summer; e - autumn.
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the mean monthly Tmax series were homogenised. The adjustment values of the
monthly time series ranged from -0.57 °C to 0.55 °C. Homogenisation of tempera-
ture in Slovenia was also done in the study of Verta¢nik et al. (2015). They had
used semi-automatic homogenization approach based on metadata and obtained
more reliable homogenization results compared to a fully automatic approach
without metadata.

3.2. Mean annual and seasonal Tmax values and trends

Mean annual Tmax varied between 1.5°C in north-western Alpine part of Slovenia
to 18.2°C in south-western Mediterranean part of Slovenia (Fig. 1a). Similar spatial
distribution was noticed for mean seasonal Tmax with values ranging from -4.6°C to
8.6°C in winter (Fig. 1b), from -0.7°C to 17.8°C in spring (Fig. 1c), from 8.4°C to 27.7°C
in summer (Fig. 1d) and from 3.0°C to 18.7°C in autumn (Fig. le). Spring was warmer
than autumn on majority of the stations in the country except for the south-western
Mediterranean Slovenia. The lowest seasonal Tmax variations were noticed in the
area near the Adriatic Sea with Submediterranean climatic influences.

Mean annual Tmax in Slovenia increased from 0.3°C to 0.5°C-decade™ during
the period 1963-2014. This increase was observed throughout the country but at
a lower rate in north-western Slovenia (Fig. 2a). On seasonal level, the warming
was more intense in summer (from 0.4°C to 0.7°C-decade™; Fig. 2d) and spring
(from 0.4°C to 0.6°C-decade™; Fig. 2c) with a higher rate in central and eastern
Slovenia. The warming was less intense in winter (from 0.2°C to 0.6°C - decade™;
Fig. 2b) and autumn (from 0.1°C to 0.3°C-decade™; Fig. 2e) with nonsignificant
trends observed in north-western and south-eastern Slovenia.

Tab. 2 - Number of stations with statistically significant correlations between Tmax and atmospheric
circulation patterns (+ statistically significant positive; - statistically significant negative; NS - sta-
tistically nonsignificant). Total number of stations is 19.

Atm. circulation Winter Spring Summer Autumn Annual

indices NS + - NS + - NS + - NS + - NS + -
AQi 0 19 0 0 19 0 19 0 0 13 6 0 0 19 0
EAi 0o 19 0 0 19 0 0 19 0 0 19 0 19 0
EA/WRI 18 1 0 19 0 0 4 0 15 16 0o 3 13 0 6
ENSOi 19 0 19 0 0 19 0 0 7 12 0 19 0 0
MOi 1 18 0 19 0 0 18 1 0 19 0 0 13 6 0
NAOi 0 19 o0 17 2 0 15 0 4 19 0 0 18 1 0
SCANDi 13 0 6 0 0 19 2 0 17 19 0 0 2 0 17
WeMOi 18 0 1 18 0 1 19 0 0 18 0 1 12 0 7
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Fig. 2 - Spatial distribution of Tmax long-term trends (°C - decade™) in Slovenia during the 1963-2014
period: a - annual, b - winter, ¢ - spring, d - summer, e - autumn. Statistical significance at: p< 0.1,
p<0.05, p<0.01and p < 0.001. NS - nonsignificant.

3.3. The correlations between atmospheric circulation patterns and Tmax

During winter, there are statistically significant positive correlations between Timax
and AQi (from 0.366 to 0.562), NAOi (from 0.387 to 0.540), MOi (from 0.318 to
0.538) and EAi (from 0.328 to 0.452) throughout Slovenia. The strongest influence
of the AO pattern was noticed in north-western Slovenia (Fig. 3a), while NAO and
EA pattern influence were strongest in central Slovenia (Fig. 3b and 3d, respec-
tively) and MO in northern Slovenia (Fig. 3c). Significant negative correlations
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Fig. 3 - Spatial distribution of the Spearman’s rank correlation coefficient between winter Tmax and the
atmospheric circulation pattern indices (a - AOi, b - NAO, ¢ - Moi, d - EAi, e - SCANDi) in Slovenia
during the 1963-2014 period. Significant at: p < 0.01 and p < 0.05. NS - nonsignificant. Circle - posi-
tive correlation and square - negative correlation.

were noticed between Tmax and SCANDI (from -0.278 to -0.399) in the western
part of the country (Figure 3d). Other atmospheric circulation patterns (EA/WR,
ENSO and WeMO) did not show significant correlation with Tmax (Table 2).
Significant positive correlations between Tmax and AOi (from 0.369 to 0.605)
and EAi (from 0.278 to 0.537) were evident in spring throughout the country. The
influence of the AO pattern was more pronounced in western Slovenia (Fig. 4a)
and the EA pattern in north-western and southern Slovenia (Fig. 4b). The SCAND
pattern influence had strengthened in spring and was noticed in whole of the
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Fig. 4 - Spatial distribution of the Spearman’s rank correlation coefficient between spring Tmax and
the atmospheric circulation pattern indices (a — AOi, b - EAi, c - SCANDi, d - NAOi) in Slovenia dur-
ing the 1963-2014 period. Significant at: p < 0.01 and p < 0.05. NS - nonsignificant. Circle - positive
correlation and square - negative correlation.

country with significant negative correlations (from -0.427 to -0.539) more
pronounced in south-western Slovenia (Fig. 4c). Contrary to winter, significant
influence of the MO pattern was not noticed, while the NAO pattern influence
had reduced and was noticed in a small area near the Adriatic coast (Fig. 4d).
As in winter, significant influences of EA/WR, ENSO and WeMO atmospheric
circulations were not registered in spring (Table 2).

In summer, EA pattern had the strongest influence on Tmax distribution in
Slovenia with statistically significant positive correlations (0.525 to 0.722) most
pronounced in south-western Slovenia (Fig. 5a). The significant negative influence
of SCAND pattern on Tmax (from -0.344 to -0.507) was more evident in western
Slovenia (Fig. 5b). The connection of EA/WR pattern and Tmax was noticed in
largest part of the country with significant negative correlations (from -0.283
to -0.406) more apparent in central Slovenia (Fig. 5¢c). Other patterns did not
show significant influence on Tmax distribution in majority of the study domain
(Table 2).

Correlations between Tmax and atmospheric circulation patterns had been
weaker in autumn compared to other seasons. Only for the EA pattern significant
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Fig. 5 - Spatial distribution of the Spearman’s rank correlation coefficient between summer Timax and
the atmospheric circulation pattern indices (a - Eai; b - SCANDI; ¢ - EA/WRi) in Slovenia during the
1963-2014 period. Significant at: p < 0.01and p < 0.05. NS - nonsignificant. Circle - positive correla-
tion and square - negative correlation.

positive influence (from 0.352 to 0.497) was noticed throughout the country
(Fig. 6a). The relationship between the ENSO pattern and Tmax was stronger in
central and eastern Slovenia (from 0.282 to 0.361; Fig. 6b), whereas western Slo-
venia was under significant positive influence of AO (from 0.273 to 0.328; Fig. 6c).
Other atmospheric patterns did not show significant correlations with Tmax in the
larger part of the country (Table 2).

Atannual timescale, the results suggested a predominant positive influence of
the EA (with correlation coefficients from 0.500 to 0.682) and AO pattern (from
0.391t0 0.656) on Tmax variability throughout the country with more intense asso-
ciation westward (Fig. 7a and 7b). Figure 7c summarizes the role of the SCAND pat-
tern with significant negative correlations across the study domain (from -0.278
to -0.396) except for easternmost part of the country. The WeMO experienced
a northeast-southwest gradient of correlation coefficients with more intense
association (from -0.286 to -0.443) in areas near the Adriatic coast (Fig. 7d). The
MO pattern significantly influenced Tmax in north-western Slovenia (Fig. 7e) with
correlations from 0.280 to 0.314. On the other hand, the relationships between the
EA/WR pattern and mean annual Tmax were significant (from -0.276 to -0.294) in
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north-eastern Slovenia (Fig. 7f). ENSO and NAO patterns did not show significant
correlation with Tmax on annual level (Table 2).

4. Discussion and conclusions

The statistical analysis of annual and seasonal data from a network of meteorologi-
cal stations in Slovenia from 1963 to 2014 has allowed for quantitatively character-
izing Tmax variability in the study area and for assessing similarities and differences
with respect to Tmax fluctuations in other areas of the Mediterranean region.

On annual and seasonal level, the highest Tmax are registered in western,
Sub-mediterranean Slovenia near the Adriatic coast with their decrease towards
the north and east of the country. This is due to the fact that western Slovenia is
exposed to the inflow of warm air from the Adriatic Sea and to topographically-
induced Tmax reduction towards the north and east Slovenia.

Positive trends of Tmax are observed in all seasons and at annual timescale. Sig-
nificant increase on all stations is noticed in summer (from 0.4°C to 0.7°C - decade™)

Pvalue Pvalue
0.05

® Ns

® 001
0.05
® NS

Fig. 6 - Spatial distribution of the Spearman’s rank correlation coefficient between autumn Tmax
and the atmospheric circulation pattern indices (a - EAi, b - ENSOi, ¢ - AOi) in Slovenia during the
1963-2014 period. Significant at: p < 0.01and p < 0.05. NS - nonsignificant. Circle - positive correla-
tion and square - negative correlation.
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Fig. 7 - Spatial distribution of the Spearman’s rank correlation coefficient between annual Tmax and
the atmospheric circulation pattern indices (a - EAi, b - Aoi, c - SCANDI, d - WeMOi, e - MOi, f - EA/
WRi) in Slovenia during the 1963-2014 period. Significant at: p < 0.01 and p < 0.05. NS - nonsignifi-
cant. Circle - positive correlation and square - negative correlation.

and spring (from 0.4°C to 0.6°C - decade™) and at annual timescale (from 0.3°C to
0.5°C-decade™). Significant but less apparent increase is observed in winter on
majority of the stations. Autumn is characterized by lowest rate of Tmax increase.
Tmax trends have a spatial component on annual and seasonal level. More intense
temperature increase is noticed in central and eastern Slovenia compared to
northwestern, mountainous Slovenia at all investigated timescales. Increased
zonal circulation and the dominance of the Atlantic anticyclones over Western
Europe (El Kenawy et al. 2012) may be linked to the observed warming in Tmax
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in Slovenia. Decreasing trend of snow cover (Zagar, Kajfez-Bogataj, Crepinsek
2006) and glacier retreat (Gabrovec 2002) was observed in Slovenia as a conse-
quence of temperature rise in winter. Furthermore, earlier occurrence of spring
phenological phases of plants and later ending of autumn phenological phases
was significantly correlated with increases in mean, maximum and minimum
air temperature in Slovenia (Miloevié, Ziberna, Savié 2013). Tmax increase in
Slovenia is comparable to the previous work regarding northeastern Spain (El
Kenawy, Lopez-Moreno, Vicente-Serrano 2012), the Iberian Peninsula (Martinez
et al. 2010), the Mediterranean (Brunetti et al. 2006) and Europe (Jones et al.
1999). For example, El Kenawy, Lopez-Moreno, Vicente-Serrano (2012) indicated
that majority of observations in northeastern Spain showed warming trend in
annual, summer, winter, and spring temperature, respectively. The only exception
was noticed in autumn since observatories exhibited a negative tendency in the
majority of the observations. In general, an increase in annual and seasonal mean
maximum and mean minimum temperature occurred at mountain meteorological
stations in Croatia during the second half of the 20™ century. The increase in mean
maximum was faster than in the mean minimum temperatures (Gajié-Capka,
Zaninovi¢ 1997).

Correlations between atmospheric circulation patterns and Tmax in Slovenia
were analyzed and general results are acquired. The results suggest predominant
positive influence of EA and AQ patterns and negative influence of SCAND pattern
on interannual variability of Tmax throughout the country. Positive phase of EA
pattern causes strong zonal flow over the East Atlantic and Europe (KneZevié et
al. 2014) bringing warmer air and increasing Tmax in Slovenia. Similarly, positive
phase of AO leads to Tmax increase in the country due to the reinforcement of
westerly winds that bring warmth toward Europe. Contrarily, positive SCAND
configuration is associated cold air masses causing lower Tmax in the country.

On seasonal level, only significant positive influence of the EA pattern on Tmax
in Slovenia is present in all seasons. Similarly, Toreti et al. (2010) reported positive
linear correlation of seasonal temperaturein Italy with the EA pattern in all seasons
but autumn. Furthermore, the positive phase of EA caused more warm days in
Iberian Peninsula (Rodriguez-Puebla et al. 2010) and warm nights and days as
well as tropical days in Serbia (UnkaSevié, To$i¢ 2013; KneZevi¢ et al. 2014). The
AO pattern has the most widespread geographical influence on spring and winter
Tmax in Slovenia. Its positive phase corresponds to the warm weather conditions
and air temperature rise in the country. Similarly, AO influence on air temperature
was also noticed in Northern Italy during all seasons, except summer (Toreti et
al. 2010). Relationships between Tmax and SCAND pattern are negative and pro-
nounced in the warmer part of the year (spring and summer), while significant
negative influence of the EA/WR pattern is present only in summer in Slovenia. In
Northern Italy, SCANDi showed significant negative correlation only with summer
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temperature (Toreti et al. 2010). Rodriguez-Puebla et al. (2010) reported that the
increase in Tmax in Iberian Peninsula were linked to an increase in geopotential
height at 500 hPa and a decrease in the SCANDI. Significant positive correlations
are found between positive phase of NAO as well as MO and Tmax only during winter
in Slovenia leading to air temperature increase. Furthermore, the NAO correlated
positively and significantly with Tmax during winter in NE Spain (El Kenawy, Lopez-
Moreno, Vicente-Serrano 2012). Efthymiadis et al. (2011) reported that the MOi
seems to have the most widespread geographic influence for winter temperature
extremes in the Mediterranean basin. Significant positive correlations between
Tmax and ENSO pattern are noticed only during autumn in Slovenia causing air
temperature increase. Similarly, Donat et al. (2014) reported strong positive effect
of ENSO pattern on Tmax in the eastern part of the Arab region (from north-west
Africa to the Arabian Peninsula). Of all patterns, only WeMO did not show sig-
nificant influence on seasonal Tmax variability in Slovenia. Contrarily, El Kenawy,
Lopez-Moreno, Vicente-Serrano (2012) reported significant negative influence of
the WeMO pattern on air temperatures in NE Spain during warm seasons.

Results from the study contribute to the better understanding of relationships
between atmospheric circulation patterns and Tmax variability in Slovenia. How-
ever, atmospheric circulation variability alone is not able to explain the observed
year-to-year Tmax Variations and their trends. The influence of other factors such as
blocking conditions, mesoscale patterns, sea surface temperatures, soil moisture,
cloudiness, etc. should be investigated in future in order to acquire a more detailed
picture about climatic change in this country and its causes.
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SHRNUTI
Maximalni teploty ve Slovinsku a jejich vztah k priab&hu atmosférické cirkulace

Cldnek zkoum4 vyvoj prabéhu ro¢nich a sezénnich maximalnich teplot (Tmax) ve Slovinsku
a jejich vztah s prabéhem atmosférické cirkulace. Primérnd ro¢ni Tmax kolisd od 1,5°C v se-
verozapadni, alpské ¢asti Slovinska aZ po 18,2 °C v jihozdpadni, stfedozemni ¢asti Slovinska.
Podobné prostorové rozdéleni je patrné u pramérné sezénni Tmax, kde se hodnoty pohybuji
od -4,6°C po 8,6°C v zimé, od -0,7°C po 17,8 °C na jate, od 8,4 °C po 27,7°C v 1été a od 3,0 °C
po 18,7°C na podzim. Jaro je teplejsi nez podzim ve vét$iné stanic v zemi s vyjimkou jihozapad-
niho stfedozemniho Slovinska. Nejnizsi sezénni vykyvy Tmax jsou zaznamenavany v oblasti
pobliZ Jaderského mote, kam zasahuji submediteranni klimatické vlivy.

Béhem obdobi 1963-2014 se primérné ro¢ni Tmax Ve Slovinsku podstatné zvysovaly od 0,3 °C
az po 0,5 °C za desetileti. Tento prirstek byl pozorovan v celé zemi, oviem v severozdpadnim
Slovinsku byla jeho mira nizsi. Na Grovni ro¢nich obdobi bylo oteplovani intenzivnéjsi v 1été
(0d 0,4°C po 0,7°C za desetileti) a na jate (od 0,4 °C po 0,6 °C za desetileti), pfi¢em¥ vy$$i mira
byla dosazena ve stfednim a vychodnim Slovinsku. Oteplovéni je méné intenzivni v zimé
(0od 0,2°C po 0,6 °C za desetileti) a na podzim (od 0,1°C po 0,3 °C za desetileti), pfi¢em# v seve-
rozdpadnim a jihovychodnim Slovinsku byly sledovany méné podstatné trendy.

Béhem zimy jsou patrné statisticky vyznamné pozitivni korelace mezi Tmax a indexem
Arktické oscilace (AOi; od 0,366 po 0,562), indexem Severoatlantické oscilace (NAO; od 0,387
po 0,540), indexem St¥edomotské oscilace (Moi; od 0,318 po 0,538) a indexem Vychodoatlantic-
ké oscilace (EAi; od 0,328 po 0,452) po celém Slovinsku. Nejsilngjsi vliv pribéhu atlantickych
oscilaci je zjevny v severozdpadnim Slovinsku, zatimco vliv pribéhu Severoatlantické oscilace
a Vychodoatlantické oscilace je nejsilnéjsi ve stfednim Slovinsku a Stfedomotské oscilace v se-
vernim Slovinsku. Zavazné negativni korelace jsou zaznamenavany mezi Tmax a indexem Skan-
dingvské oscilace (SCANDJ; od -0,278 po -0,399) v zapadni ¢4sti zemé. Priib&h jiné atmosférické
cirkulace, jako naptiklad Vychodoatlantické/Zapadoruské oscilace (EA/WR), Jizni oscilace El
Nitlo (ENSO) a Zapadni st¥edomoiské oscilace (WeMO), nevykézal signifikantni korelaci s Timax.
Vyznamné pozitivni korelace mezi Tmax 2 AOi (od 0,369 po 0,605) a EAi (od 0,278 po 0,537) jsou
zjevné na jate po celé zemi. Vliv pribéhu AO je vyraznéjsi v zdpadnim Slovinsku a prabéhu EA
v severozapadnim a jiznim Slovinsku. Vliv pribéhu SCAND sili na jate a lze ho pozorovat v celé
zemi, p¥i¢em? podstatné negativni korelace (od -0,427 po -0,539) jsou vyraznéjii v jihozépad-
nim Slovinsku. Na rozdil od zimy neni patrny podstatny vliv MO, pfi¢em? vliv pribéhu NAO
je omezeny a projevuje se v malé oblasti u jaderského pobtezi. Tak jako v zimé vyraznéjsi vliv
atmosférické cirkulace EA/WR, ENSO a WeMO nebyl zpozorovan ani na jate. V 1été ma prabéh
EA nejsilnéjsi vliv na rozloZeni Tmax ve Slovinsku se statisticky v§znamnymi pozitivnimi korela-
cemi (0,525 po 0,722), nejvyraznéji v jihozdpadnim Slovinsku. Podstatny negativni vliv prib&hu
SCAND na Tmax (0d -0,344 po -0,507) je zjevnéjsi v zdpadnim Slovinsku. Souvislost pritbéhu
EA/WR a Tmax je pozorovana v nejvétsi ¢4sti zemé s podstatné negativnimi korelacemi (od -0,283
po -0,406), evidentnimi ve st¥ednim Slovinsku. Dal$i prib&hy nevykazuji podstatny vliv rozlo-
zenina Tmax ve vét$iné studované oblasti. Ve srovnani s jinymi obdobimi jsou korelace mezi Tmax
a prubéhem atmosférické cirkulace slabsi na podzim. Jenom podstatny pozitivni vliv prabéhu
EA (od 0,352 po 0,497) je sledovatelny po celé zemi. Vztah mezi priibéhem ENSO a Tmax je tés-
néjdi ve stfednim a vychodnim Slovinsku (od 0,282 po 0,361), p¥i¢em? zdpadni Slovinsko je pod
podstatnym pozitivnim vlivem AO (od 0,273 po 0,328). Dal3i atmosférické priib&hy nevykazuji

vevs 7 %z

podstatnéjsi korelaci s Tmax Ve vétsi ¢asti zemé. U roéniho ¢asového métitka z vysledkd vyplyva
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prevazné pozitivni vliv priibéhu EA (od 0,500 po 0,682) a AO (od 0,391 po 0,656) na variabilitu
Tmax po celé zemi se silici intenzitou zdpadnim smérem. Prabéh SCAND mél podstatné negativni
korelace s Tmax v celé sledované oblasti (od -0,278 po -0,396) a% na nejvychodné&jsi ¢4st zemé.
WeMO zaznamenéva severovychodné-jihozdpadni gradient s intenzivné&j$i vazbou (od -0,286
po -0,443) v oblastech pobliZ jaderského pobteZi. Pritbéh MO podstatné ovliviiuje Tmax v seve-
rozapadnim Slovinsku s korelacemi od 0,280 po 0,314. Na druhou stranu vztah mezi pribéhem
EA/WR a pramérnou roéni Tmax je podstatny (od -0,276 po -0,294) v severovychodnim Slovin-
sku. Pribéh ENSO a NAO nevykazal signifikantni korelaci s maximalni teplotou na roéni trovni.

Vysledky této studie prispély k lep§imu chapani vztaht mezi atmosférickou cirkulaci a pro-
ménlivosti Tmax ve Slovinsku. AvSak proménlivost atmosférické cirkulace sama o sobé neumi
vysvétlit pozorované vykyvy Tmax z roku na rok a jejich trendy. Vliv dal$ich faktor, jako je tfeba
preruseni proudéni, povétrnostni poméry na stfedni tirovni, teplota mor'ské hladiny, ptidni

vevy

vlhkost, obla¢nost atd. by mél byt zkouman v budoucich prispévcich, aby se ziskal podrobnéjsi

MrXe

obréazek klimatickych zmén v této zemi a jejich priciny.

Obr.1 Prostorové rozdéleni primeérné Tmax ve Slovinsku v obdobi1963-2014; a - ro¢ni Grover;
b - zima; ¢ - jaro; d - 1éto; e - podzim.

Obr.2 Prostorové rozdéleni dlouhodobych trendi Tmax (°C za desetileti) ve Slovinsku v obdobi
1963-2014: a - ro¢ni; b - zima; ¢ - jaro; d - 1éto; e - podzim. Statistickd vyznamnost na:
p<0,1,p<0,05 p<0,0lap<0,001. NS - nepodstatny.

Obr. 3 Prostorové rozdéleni Spearmanova koeficientu korelace mezi zimni Tmax a indexy
pribéhu atmosférické cirkulace (a - AOi, b - NAOi; c - MOj; d - EAi; e - SCANDI)
ve Slovinsku v obdobi 1963-2014. Vyznamné na: p< 0,01 a p < 0,05. NS - nepodstatny.
Kruh - pozitivni korelace a ¢tverec - negativni korelace.

Obr.4 Prostorové rozdéleni Spearmanova koeficientu korelace mezi jarni Tmax a indexy
pribéhu atmosférické cirkulace (a - AOi, b - EAi; c - SCANDi; d - NAOi) ve Slovinsku
v obdobi 1963-2014. V§znamné na: p < 0,01 a p < 0,05. NS - nepodstatny. Kruh - pozi-
tivni korelace, ¢tverec - negativni korelace.

Obr.5 Prostorové rozdéleni Spearmanova koeficientu korelace mezi letni Tmax a indexy pra-
béhu atmosférické cirkulace (a - EAi; b - SCANDi; ¢ - EA/WRi) ve Slovinsku béhem
obdobi1963-2014. Vyznamné na: p < 0,01 a p < 0,05. NS - nepodstatny. Kruh - pozitivni
korelace, ¢tverec - negativni korelace.

Obr. 6 Prostorové rozdéleni Spearmanova koeficientu korelace mezi podzimni Tmax a indexy
pribéhu atmosférické cirkulace (a - EAi; b - ENSOi; ¢ - AOi) ve Slovinsku b&éhem ob-
dobi 1963-2014. Vyznamné na: p<0.01 a p < 0.05. NS - nepodstatny. Kruh - pozitivni
korelace, ¢tverec - negativni korelace.

Obr.7 Prostorové rozdéleni Spearmanova koeficientu korelace mezi roéni Tmax a indexy
pribéhu atmosférické cirkulace (a - EAi; b - AOi; ¢ - SCANDi; d - WeMOi ; e - MOj;
f - EA/WRi) ve Slovinsku v obdobi 1963-2014. V§znamné na: p< 0.0l a p<0.05. NS -
nepodstatny. Kruh - pozitivni korelace, ¢tverec - negativni korelace.
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