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Abstract: The studies show that the changes in intensity and frequency of the extreme weather events have been
registered in many regions of the world. This paper gives an analysis of the change of 12 air temperature
parameters, out of which 9 are climate indices. The indices suggested by WMO-CCL/CLIVAR have been used in
order to investigate the changes in temperature extremes. The research related to the topic has been carried out by
using the data from 23 meteorological stations for the 1951 — 2010 period and calculations have been done on the
seasonal level. The results show that the maximum and minimum air temperatures, which have “warmer values”,
are becoming more frequent on the territory of Montenegro which corresponds to the general idea of global
warming.

Key words: temperature indices, extremes, trend, Montenegro.

Introduction

The changes in intensity and frequency of the extreme weather events have been
registered in many regions of the world, such as: high and low temperatures, droughts,
floods, thunderstorms, heat waves, heavy rain showers, fires, etc., causing considerable
damage (IPCC, 2007). Since temperature and precipitation extremes may cause significant
damage to the environment and human life and work, they have become the main subject of
many studies (Klein-Tank and Koénnen, 2003; Gajic’-Capka, 2009; Durao et al., 2010; El
Kenawy et al., 2011; Duci¢ et al., 2012).

The warming trend in Europe has been more distinct since 1979 both on seasonal
and annual level. The only exception is autumn with slight decreasing trends (Klein-Tank
and Konnen, 2003; IPCC, 2007; Della-Marta et al., 2007). Considering regional aspects, the
South of Europe is getting warmer most intensively, while the Atlantic Coastline of the
continent gets least heat (Del Rio et al., 2005).

Trigo et al. (2006) emphasize that the XX century in the Mediterranean was
marked with the positive temperature trends in all seasons, especially in winter and summer.
There is a general opinion that warmer weather conditions in the region of the
Mediterranean will have a negative influence on the environment and additionally make the
economic situation worse (Kostopoulou and Jones, 2005; Della-Marta et al., 2007,
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Efthymiadis et al., 2011). Del Rio et al. (2011) showed that Spain had the positive trends in
summer and spring temperature for the 1961 — 2006 period. However, Tiirkes et al. (2002)
noticed a significant trend of winter and spring annual temperature growth on the opposite
side of the Mediterranean, in the south of Turkey, for the 1929 — 1999 period, while there
was a drop in the temperature in the northern and central parts of the country during the
summer and autumn season. Feidas et al. (2004) got negative winter temperatures trends for
Greece for the 1955-2001 period. The results for Italy (Brunetti et al., 2006) indicate a
warming trend in the instrumental period on the territory of the entire country, but
maximum temperature growth was more distinct than minimum temperature in the second
half of the twentieth century.

Using the maximum temperature data from three meteorological stations in Serbia,
Unkasevi¢ and Tosi¢ (2009) concluded that the hottest summers, considering the intensity
and duration of heat waves, were recorded from 1951-1952, 1987-1998 (particularly 1994)
and 2000-2007. Unkasevi¢ and Tosi¢ (2011) emphasize that the reason for the heat wave
during the July of 2007 was both the existing synoptic situation, that is, the inflow of warm
and dry air from the north of Africa towards the south-eastern part of Europe and adiabatic
warming.

World Meteorological Organization (WMO, 2009), Intergovernmental Panel on
Climate Change (IPCC, 2007) and many authors (i.e., Cook et al., 2009; Rahmstorf and
Coumou, 2011; Hansen et al., 2012) point out that we should expect an increase in intensity
and frequency of temperature, precipitation and other weather extremes in the present
warming conditions. Therefore, the main objective of this study is to investigate temperature
changes on the territory of Montenegro.

Data and methodology

Air temperature data from 23 meteorological stations (Figure 1.), for the 1951-
2010 period have been used in this study. The investigation into series homogeneity and
filling in of missing data has been done by MASH v3.02. This method was developed by
the Hungarian Meteorological Service (Szentimrey, 2003).
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Figure 1. Locations and altitude of meteorological stations included in the analysis

In this study temperature extremes have been analysed according to 9 indices, out
of which five are warm (SU, TR, TD, Tn90p and Tx90p), and four cold (FD, ID, Tx10p and
TnlOp). All these indices have been defined according to the number of days with
maximum (Tx) and minimum (Tn) temperature above/beneath an absolute or percentile
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threshold. Besides climate indices, which were taken from the list of 27 indices®, mean
(Tsr), mean maximum (Txsr) and mean minimum (Tnsr) temperatures have been analysed.

Percentile thresholds have been calculated for each calendar day in the 1961-1990
period from a 5-day window whose central term is a particular day. That way 150 data
become available for each calendar day (WMO, 2009). Consequently, 365 (366) thresholds
have been calculated for each station.

Table 1. Definitions and abbreviations of the ETCCDI indices of temperature extremes
used in this study

No. Mark Unit Definition

1. Tsr e Mean air tempearture

2. Txsr °c Mean maximum air temperature

3. Tnsr °c Mean minimum air temperature

4. FD No. of days No. of frost days in the time unit - daily Tn<0C

5. Tx10p No. of days  No. of cold days - daily Tx<10th percentile

6. Tnl0p No. ofdays ~ No. of cold nights - daily Tn<10th percentile

7. ID No. of days No. of ice days - daily Tx<0°C

8. SU No. of days  No. of summer days in the time unit - daily Tx>25°C
9. TD No. ofdays  No. of tropical days in the time unit - daily Tx>30°C

10.  Tx90p No. of days No. of warm days - daily Tx>90th percentile
11.  Tn90p No. ofdays  No. of warm nights - daily Tn>90th percentile
12. TR No. of days  No. of tropical nights - daily Tn>20°C

Slope of the trend has been estimated by Sen’s method (Sen’s slope estimates), and
its significance tested by Mann-Kendall test (Mann-Kendall). Trend analysis in ETCCDI
workshop (Expert team on Climate Change Detection and Indices) is actually based on the
utilization of these parameter methods (Zhang et al., 2005), and the main advantage of these
methods is that they do not require normal distribution (Salmi et al., 2002; Olofintoye, Sule.
2010; Sumenjak, Suster, 2011; Mondal et al., 2012). Trend estimates of temperature indices
have been done on seasonal level for each station separately.

Results and discussion

Winter. In the 1951-2010 period, the trend of mean winter temperature (Tsr) was
positive on 16 and negative on 7 stations, but the changes were insignificant in all places.
Similar qualitative results were obtained for winter mean minimum temperature (Tnsr),
while 5 stations in the northern part of the country recorded a significant increasing trend.
Mean maximum temperature (Txsr) increased on all stations and there were significant
changes on 6 stations. Results given in Table 2 also show that there was a trend of a
decreasing number of frost days (FD) in most parts of Montenegro.

The changing numbers of frost days are significant only on six stations- decreasing
trend on 5 stations and increasing on one station. Changes of cold days (Tx10p) and cold
nights (Tnl0p) are insignificant in most parts of Montenegro. Summer and tropical days
(SU and TD), as well as tropical nights (TR), are typical for the warmer part of the year and
therefore these indices were not estimated for winter season. The same goes for other
seasons and those rare indices, thus obtained results can give a false picture and they are not
shown.

Ice days (ID) are quite rare along the coast and in southern parts of Montenegro
and therefore the trend on these stations hasn’t been discussed (10 stations in total). From 13
observed stations, only one recorded an increasing trend of the number of ice days
(Kolasin). On twelve remaining stations the number of these days decreased and on 9
stations the intensity trend was significant. The number of winter warm days (Tx90p)

2 http://etcedi.pacificclimate.org/list 27 indices.shtml
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increased in most parts of Montenegro, on 16 stations significantly. The number of warm
nights (Tn90p) generally increased, but positive tendency was significant only on one
station (Rozaje).

Spring. During the spring season, all air temperature parameters indicate that there
is a tendency of warming on the territory of Montenegro (Table 3.). The trend of mean,
mean maximum and mean minimum spring temperature is positive on all observed stations
and significant in most parts of Montenegro. The only exception is the Grahovo station
which records an insignificant decrease in mean minimum temperature.

The number of spring cold days (Tx10p) is decreasing in all observed places and
significance terms are proved on 19 stations out of 23. It is similar with the number of cold
nights (Tnl0Op). On the other hand, the number of summer days (SU) and warm days
(Tx90p) is increasing on the whole territory of Montenegro and a positive tendency is
significant in most cases. There is a significant increase in the number of warm nights
(Tn90p).

Summer. Statistically significant increasing trend of mean summer temperature
(Tsr) has been registered on 18 out of 23 stations. In this case, the smallest and insignificant
changes of mean summer temperature have been recorded in the south-western part of
Montenegro, both for winter and spring. Also, an increase in mean maximum (Txsr) and
mean minimum (Tnsr) temperature is significant in most parts of Montenegro. The number
of cold days (Tx10p) and cold nights (Tnl0p) is decreasing in this season, too, and it is
significant in southern parts of the country on 16 stations (Table 4.). All analysed stations
are recording an increasing trend of the number of days with Tx>25°C (SU), and this
positive tendency is significant for almost the whole territory of Montenegro. Trend
estimates for the 1951-2010 period showed that there was a tendency of an increasing
number both of tropical days (TD) and warm nights (Tn90p) on all stations, and that it is
insignificant only on two stations. During the three summer months there is a significant
increasing number of warm days (Tx90p) on the whole territory of Montenegro. This trend
of tropical nights (TR) has been estimated only on stations located in the southern part of
Montenegro since the tropical nights are quite rare in northern parts. This index shows the
presence of a warming trend, too. Therefore, all indices which have been discussed are in
favour of warmer summers on the territory of Montenegro.

Autumn. Obtained results for autumn season are given in Table 5. Trend estimates
show that nothing important happens with the mean autumn temperature (Tsr) because the
changes are insignificant on 19 out of 23 stations. Moreover, it could be said that warming is
not recorded in this season because there is a negative tendency on almost half of the
observed stations. Generally, the changes of both mean maximum and mean minimum
temperatures (Tnsr and Txsr), and the number of frost days (FD) are insignificant.

Comparing the trend values of the seasonal number of cold days (Tx10p) for the
1951-2010 period, the smallest changes occurred during autumn. The number of cold nights
(Tnl0p) decreased significantly on 7 stations and increased on two, while other places
recorded insignificant changes. During the three autumn months, almost all stations located
on the north of the country recorded a decrease in the number of summer days (SU),
including even Crkvice, while the trend on the south of Montenegro was positive. Yet, the
number of changes of summer days in autumn is mainly insignificant. Autumn number of
warm days (Tx90p) and warm nights (Tn90p) increases in most parts of Montenegro, and
13, actually 10 stations, record significantly positive tendencies.

The results for Montenegro are mainly in accordance with previous studies the for
the Mediterranean region and surrounding areas (Klein-Tank and Ko&nnen, 2003;
Kostopoulou and Jones, 2005; Kuexesuh et al., 2011; Hertig et al., 2010; El Kenawy et al.,
2011; Efthymiadis et al., 2011), particularly considering the increasing trend of warm
temperature indices.
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Table 2. Trend of air temperature parameters for the winter season in the 1951-2010 period

°C/decade No. of days/decade
Station Tsr Txsr Tnsr FD Tx10p Tnl0p ID Tx90p Tn90p
Ulcinj -0,00 0,09 0,06 0,00 0,00 0,00 / 1,5%* 0,30
Bar 0,04 0,10 0,13 -0,8%%* 0,00 -0,9% / 1,5% 0,00
Budva 0,02 0,12 0,00 0,00 0,00 0,00 / 1,7%%* -0,50
Tivat -0,09 0,05  -0,09 14" 0,00 0,9 / 0,7 0,40
Kotor 0,02 0,04  -0,07 -0,10 0,00 0,00 / 1, 4%** -0,9"
Herceg Novi -0,01 0,13 0,05 0,00 -0,60 0,00 / 1,7%%* 0,40
Virpazar 0,00 0,30 0,01 0,50 -1,3%* 0,70 / ,8%** 0,80
Golubovci 0,11 0,23 0,03 0,00 -0,6 0,20 / 1,7%* 0,60
Podgorica 0,10 0,25 0,05 0,00 -0,40 0,20 / 1,7%* 0,60
Danilovgrad -0,10 0,17  -0,04 0,40 0,00 0,80 / 1,3%* 0,90
Cetinje -0,07 0,21 -0,11 0,00 -0,50 0,60 -0,22% 1,7%* 0,40
Crkvice -0,08 0,09 -0,15 0,70 -0,30 0,9 -0,34 0,50 0,00
Grahovo -0,14 0,13  -0,10 0,00 0,00 0,50 -0,46* 0,40 0,30
Velimlje 0,07 022  -0,04 -0,30 -0,8% 0,50 -0,24 1,0* 0,30
Niksi¢ 0,08 0,16 0,04 0,70 -0,30 0,00 -0,34 1,1* 0,00
Krstac 0,10 022  -0,04 -0,80 -0,40 0,00 -0,91 0,9 0,00
Kolasin 0,04 0,07 0,05 0,00 0,10 0,00 0,24 0,70 0,00
Plav 0,12 0,05° 021" -1,6%* -0,40 -0,60 -1,54% -0,40 0,50
Rozaje 0,08 0,04*  0,39*  -1,3%*¥* 0,00 -0,30 -1,49" -0,30 1,7%%*
Berane 0,16 0,34" 024" -1,6* -1,2%% -0,50 -2,50%* 1,5%* 0,50
Bijelo Polje 0,04 0,19" 0,20 -1,10 -0,6" -0,30 -1,82% 0,60 0,40
Zabljak 0,15 0,32" 0,20 0,00 -0,7° -0,40 -3,08%* 1,9%* 0,60
Pljevlja 0,14  025* 0,24 0,00 -0,9%* 0,7 -2,17%* 0,90 0,00

Significance of the trend on the level: *** - a = 0,001;

**a=001;,*a=005u+a=01

Table 3. Trend of air temperature parameters for the spring season in the 1951-2010 period

°C/ decade No. of days/decade

Station Tsr Txsr Tnsr Tx10p Tnl0p SU Tx90p Tn90p
Ulcinj 0,19%* 0,26" 0,13" -1,2%%* -0,5 1,0* 1,8%%* 1,2*
Bar 0,23***  (28%**  (30%** -] 2%k ] 4FkE (0% D FEE 1,8%*
Budva 0,25%**  (,30%**  (25%** ] 3** S14%F 0 12%% 0 2 0%k 1,4%*
Tivat 0,02 0,23 0,00 -0,8%* 0 1,1* 1,4%* 0,5
Kotor 0,14* 0,21 0,05 -0,2 -0,7° 1,1* 1,7%* -0,2
Herceg Novi 0,14* 0,16* 0,18* -1,0%* -0,8% 0,5 0,8* 1,6%*
Virpazar 0,04 0,34 0,11 -1, 7%%* -0,6 0,8 1,2% 0,8*
Golubovci 0,22%* 0,31" 0,13" Sl AFFE L ],0%* 0,7 1,2* 1,3*
Podgorica 0,24***  (,34%* 0,17** -1,2%%* -1,0%* 1,3* 1,8%* 1,7%*
Danilovgrad 0,11° 0,32%* 0,16%** -0,8%* -0,6" 1,2% 1,7%* 2,0%**
Cetinje 0,08 0,33 0,05 -1,2%%* 0 0,8* 1,3* 1,2*
Crkvice 0,10 0,30 0,07 -1,2%%* -0,2 0,5%* 1,4* 0
Grahovo 0,03 0,27 -0,10 -1,0%* 0,9* 0,7* 1,3* 0
Velimlje 0,12 0,18* 0,14* -0,9%* -0,9%* 0,4 11" 1,2
Niksi¢ 0,16* 0,20" 0,12" -0,6 -0,8% 0,1 0,8 0,9*
Krstac 0,13* 0,20 0,11 -0,7* 0 0,5* 1,3*% 1,0°
Kolasin 0,20%* 0,25* 0,18* -0,4 0 0,3 1,2* 1,0*
Plav 0,24%* 0,29** 0,28** -1,0%* -1,7%%* 0,4 0,8 1,1+
Rozaje 0,26%*  0,33%*%  (,49%%* -0,6 -1,6%**  0,4% 1,0* 32k
Berane 0,27%* 0,41** 0,29** -0,8% -0,9% [2%%  Q%FE D Q¥**
Bijelo Polje 0,24%*  ,30%**  (,20%** -0,7" -1,1% 0,9* 1,1* 2,0%%*
Zabljak 0,27**  0,39%**%  (,3]%** -0,9* -1,0* / 2,1%* 1,9%**
Pljevlja 0,17* 0,34* 0,19* -0,8%* -0,9% 0,7* 1,5%* 0,8*

Significance of the trend on the level: *** - a = 0,001; ** o= 0,01; *a=0,05u+a =0,1.
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Table 4. Trend of air temperature parameters for the summer season in the 1951-2010 period

°C/ decade No. of days/decade
Station Tsr Txsr Tnsr Tx10p Tnl0p SU TD Tx90p  Tn90p TR
Ulcinj 0,22%** 0,18* 0,17* -0,3 -0,3 0,4 2,8% 2,0%%* 2 0** 2.4
Bar 0,31%%%  (,35%%* 0,37%%* -0,8%* -1, 5% 1,9%* 3, 7Hkk 43%%% 3 gk 5,6%%*
Budva 0,36%*%  (,35%%* 0,43 %% -1,0%* -1, 7 1,6%* 5,0%%% 3,6%%% 4 0¥k 7,5%%%
Tivat 0,10 0,37" 0,09+ -0,9%* 0,0 0,8* 5,5%kk 4 qrwn ] pEE 0,7*
Kotor 0,11" 0,32* 0,16* -0,5 -0,4 0,7 4,6%*%  37kEk ] B¥* 2,6%*
Herceg Novi 0,14* 0,11%**  0,25%%* 0,0 -0,6" 0,7 1,3 1,5% 2,9%kk 5 Qkkk
Virpazar -0,11 0,29** 021**  -0,8%* -0,9%* 0,7* 1,8 2,2%% 1,0 0,0
Golubovci 0,26** 0,32%* 0,21%** -0,6* -1, 1%%* 0,9* 2,5% RIS S W ok 2,5%
Podgorica 0,27** 0,34** 0,22%* -0,5% -0,6" 0,6 38¥* Fo%HE D 3¥X 3,2%%
Danilovgrad 0,11 0,34%**  (,25%** 0,0 -0,6" 0,4 3,6%%  3,6%%% 2 5%* 1,7%*
Cetinje 0,06 0,45 0,11 -0,6" 0,3 3 3¥EE 43Rk F pREw ] THE /
Crkvice 0,17* 0,44 0,12 -0,7° 0,0 5,0%%* 0,6* 4,1 % 1,3 /
Grahovo 0,11 0,22 0,03 -0,7* 0,5 2,0% 1,3 1,9%%* 0,9 /
Velimlje 0,19" 0,26* 0,20* -0,2 -0,5* 2,4% 14" 2,4%% 3,0% /
Niksic¢ 0,25%*  0,30%**  0,26%** 0,0 -0,9% 2,3%* 3,1k Q9% D Sk /
Krstac 0,14" 0,25* 0,17* 0,0 0,0 3,0%* 1,0* 2,9%xx D 3k /
Kolasin 0,29%**  0,20%**  (,26%** 0,0 -1,0%* 2,8% 0,9* 2,7 D SHAE /
Plav 0,39%%%  ,39%**%  (49%k*x 05" -2, 4%%% 3,1%* 1,4* 2 7k%k% 3 Frkk /
Rozaje 0,33***  (,39%**  (,63%** 0,0 -1,3%%* 3,2%* 1,3%¥%  29%%% g 7xxx /
Berane 0,33***  0,46%**  (039%**  _0,6* Sl IEEE 3 3REE Zgkkk 3 gRak 3 gRkk /
Bijelo Polje 0,33**  0,23%**  (,44%** -0,2 -1,7%%* 1,5% 2,3% 2,0%% 3 9%%* /
Zabljak 0,28**  0,32%**  (,34%** -0,3 -1,0%* 1,6%* / 2,4%% D grxx /
Pljevlja 0,28** 0 27***  (,35%** -0,3 Sl AEEE DDk 1,8* 2,3%% D 7Rxx /
Significance of the trend on the level: *** - a.= 0,001; **a=0,01; *a=0,05u+ a=0,1.
Table S. Trend of air temperature parameters for the autumn season in the 1951-2010 period
°C/ decade No. of days/decade
Station Tsr Txsr Tnsr FD Tx10p  TnlOp SU Tx90p  Tn90p
Ulcinj 0,0 0,17 0,01 / 0,0 0,3 0,9 1,5%%* 0,0
Bar 0,11" 0,17%* 0,21%* / 0,0 -0,9%* 1,6* 2,0%* 1,5%
Budva 0,09 0,16 0,12 / 0,0 -0,4 1,6%* 1,3*% 1,0
Tivat -0,08 0,09 -0,02 / 0,0 0,3 0,7 0,8" 0,0
Kotor -0,01 0,05 0,02 / 0,4 0,6 0,6 1,0* -0,7
Herceg Novi -0,01 0,10 0,04 / 0,0 -0,1 0,5 0,9* 0,7
Virpazar -0,17* 0,21 -0,04 / -1, 1%%* 0,6 0,4 0,8 1,0
Golubovci 0,03 0,16 -0,03 / -0,5 0,3 0,7 1,0 0,2
Podgorica 0,03 0,18 -0,01 / -0,2 0,2 1,6* 1,7%* 0,6
Danilovgrad -0,12 0,10 0,05 / 0,0 0,0 0,7 1,0 0,3
Cetinje 0,117 0,16 0,00 0,0 0,0 0,4 0,4 1,0* 1,2*
Crkvice -0,11 0,09 -0,09 0,8* 0,0 0,6" -0,2 0,5 -0,3
Grahovo -0,1 0,07 -0,03 0,6 -0,3 0,8* -0,4 0,4 0,7
Velimlje -0,02 0,08 -0,01 0,3 0,0 0,5 -0,5 0,4 0,0
Niksi¢ -0,04 0,02 0,00 0,0 0,0 0,2 -0,6 0,6 0,0
Krstac -0,1 0,11 -0,06 0,3 0,0 0,6 -0,2 1,2* 0,0
Kolasin 0,05 0,00 0,13 -0,4 0,0 -0,4 -0,3 0,8" 1,1*
Plav 0,14" -0,09%* 0,28** -2,0% 0,0 -1,3%%* -0,5 -0,4 1,0*
Rozaje 0,05 -0,04%**  0,46%** 2 5%* 0,3 -1,3%%* -0,4 0,0 3,0%%*
Berane 0,07 0,08* 0,22* -0,4 0,0 -0,8% 0,0 0,8 1,5%**
Bijelo Polje 0,02 -0,05%* 0,26%* -0,5 0,2 -1,1%* -0,5 0,0 1,9%**
Zabljak 0,07 0,15" 0,15" -0,6 0,0 0,0 / 1,3* 0,8"
Pljevlja 0,01 0,02* 0,19* -0,6 0,0 -0,8%* -0,5 0,7 0,5

Significance of the trend on the level: *** - .= 0,001; ** o= 0,01; *a=0,05u + o =0,1.

Unkasevi¢ and Tosi¢ (2013) have discussed the trends of six climate indices on the
basis of maximum and minimum daily temperatures for the 1949-2009 period. The analysis
of extreme temperature indices has shown that the climate in Serbia has a tendency of
becoming warmer during the last 61 years.
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Conclusion

Frich et al. (2002) suggested a significant increase in the number of warm nights
(Tn90p) for the 1946-1999 period on global level, particularly in summer, while there is a
decrease in the number of frost days (FD), as well as in the amplitude between temperature
extremes. Alexander et al. (2006) also emphasize significant changes of warm temperature
extremes in the world. Their results show a significant increasing trend of Tn90p on over
70% of observed world landmass for the 1951-2003 period.

Detailed analysis of extreme temperature indices (SU, TR, TD, Tn90p, Tx90p, FD,
ID, Tx10p and TnlOp) over Montenegro for the 1951-2010 period shows increase in
summer mean temperature and that it is statistically significant in almost all places. The
increase of spring mean temperature is smaller, but it is also significant on a majority of
stations. However, temperature changes are insignificant in winter and autumn seasons.
Moreover, the trend of winter mean temperature is negative on 7 out of 23 stations, and it is
also negative on 11 stations in autumn.

Similar results have been obtained for mean maximum and mean minimum
temperature. Comparing the trend values of mean maximum and mean minimum
temperature for a 60-year observed period, the increase in maximum temperature is more
intensive than the increase in minimum temperature on seasonal level in most parts of
Montenegro.

Bringing the analysis down to daily extremes, higher values of both maximum and
minimum daily temperatures are becoming more common on the territory of Montenegro.
This means that there is an increase in frequency of daily temperature extremes in a positive
sense (toward warmer conditions).

In most cases the trend of temperature extremes is significant, particularly during
summer and spring. Positive trends are more pronounced then negative ones, which
corresponds with previous researches for Montenegro coast (Buri¢ et al., 2014).

The changing trend of extreme temperature indices points to coincidence with
models of dominating anthropogenic greenhouse effects. However, some inconsistencies
have been noticed during this research. According to paleoclimate records and the theory of
dominating anthropogenic greenhouse effects in warming conditions we should expect
higher temperature changes during the night and in winter than during the day and in
summer. According to Alexander et al. (2006), if the global warming were caused by the
Sun, the trend of increase in daily temperature would be more intensive. “Instead, we notice
that the number of warm nights increases faster than the number of warm days®. The same
conclusion was made by Braganza et al. (2003; 2004) considering both winter and summer:
“Considering the strengthening of the greenhouse effect, winters are expected to get warmer
faster than summers®. The reason for that, according to the authors, is that greenhouse
effects are more pronounced in winter, which is proved by measurements in the instrumental
period. However, something opposite is happening in Montenegro, since the changes of
examined temperature indices are greater in summer than in winter season. For example, the
number of winter warm nights (Tn90p) increases insignificantly, while there is a stronger
positive tendency in summer. There is a similar changing trend of warm days (Tx90p) and
cold nights (Tnl0Op) — the increase is more intensive in summer than in winter and, in
general, during the warmer part of the year than the cold one.
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CABPEMEHE NPOMEHE EKCTPEMHMX TEMIIEPATYPA BA3JTYXA
Y IPHOJ FTOPH

IIPATAH BYPUR', BIAJIAH IYLIUR? JOBAH MUXAJIIOBUR?,
JEJIEHA JIVKOBUR?, JOBAH JIPATOJJIOBUR®

'3a600 3a xuopomemeoponozujy u ceusmonoaujy Lpue I'ope, Iodeopuya, Ljpna F'opa
’Vuusepsumem y Beozpady, Teozpagpcku gpaxynmem, Beozpao, Cpéuja
*Mpupoono-mamemamuuxu paxyrmem, Kocoecka Mumposuya, Cpouja

Caxerak: McTpaxuBama I0Ka3yjy a Cy Y MHOTMM PETHOHHMA CBETa PETHCTPOBAHE MPOMEHE Y MHTCH3UTETY U
Y4ECTalOCTH EKCTPEMHHX BpeMEHCKHX Jjorahaja. Y oBoM paay je Jata aHanu3a npoMeHa 12 mapamerapa
TeMIIepaType Ba3lyXa, a of Tora je 9 KIMMATCKHX MHJEKCa. 3a HCTPaXXUBAmhe IPOMEHa TEMIIEPaTypHHX eKCTpeMa
xopumthenu cy uuaexcu npemioxenu of crpane WMO-CCL/CLIVAR. VcrpakuBame y OKBHPY HaBEICHE TeMe
peann3oBaHo je KopuiuhemeM moiaTaka ca 23 MeTeoposiolike cranuue, 3a nepuon 1951-2010. roguue, a
npopadyHH cy ypaheHu Ha ce30HCKOM HHUBOY. Pesynratu mokasyjy ga ce Ha Teputopuju Llpue I'ope cBe wemthe
jaBJbajy MakcHMallHe U MUHHUMAJHE JHEBHE TeMIIEpaType Koje UMajy ,,TOILIHje* BPEIHOCTH, IITO je y CKIaLy ca
OIIITOM IPEJICTABOM O TJIOOATHOM OTOIJbABAMbY.

Kiby4He peun: TemnepaTypHH HHIEKCH, eKCTpeMH, TpeHn, Lipna 'opa.

YBog

Y MHOIMM pEerMoHMMa CBETa PErMCTPOBaHE Cy IIPOMEHE y HWHTCH3UTETY W
YUYECTAJIOCTH EKCTPEMHUX BPEMEHCKHX Jioraljaja, Kao IITO Cy: BUCOKE U HUCKE TeMIeparype,
cylmie, TOIJIaBe, OyjHEe HEMoTo/e, TOIUIM TalacH, jake KPaTKOTpajHe KHIlle, MOXKapu UTH.,
y3pokyjyhu 3Hauajuy mrery (IPCC, 2007). C o03upoM Ha TO JAa TeMOEpaTypHH H
MaIaBUHCKH €KCTPEMH MOTY Y3POKOBATH BEJIHKE IITETE y MPHPOTHOj CPEAMHN U YOBEKOBOM
JKUBOTY U pay, MPeAMET Cy UcTpakuBama MHOTHX cTynyuja (Klein-Tank and Konnen, 2003;
Gajié-éapka, 2009; Durao et al., 2010; El Kenawy et al., 2011; Duci¢ et al., 2012).

Ha mpocropy EBporie je Tpenn 3arpeBama m3pasutuju ox 1979. roguae, kako Ha
CE30HCKOM, TaKO M TOAMIIE-eM HUBOY. M3y3erak je jecema ce3oHa, Koja Oenexxu Oiaru
tpern maga (Klein-Tank and Koénnen, 2003; IPCC, 2007; Della-Marta et al., 2007).
IMocmarpajyhu pernmoHanHo, HajUHTEH3MBHHje ce 3arpeBa Jyxna EBpoma, a HajMmame
aTnmaHTcka ¢acana koutuHenta (Del Rio et al., 2005).

Trigo et al. (2006) uctuuy na cy Ha npoctopy Meautepana 20. Bek obenexunn
MO3UTHBHYU TPEHIIOBU TEMIIEpPAType Y CBUM Ce30Hama, rnoceOHo 3umu M jeru. Ommre je
MHUIJBEEEe 1a he y y permoHy MeawrtepaHa TOIUIMjH YCJIOBH HETaTWBHO YTHIIATH Ha
JKUBOTHY CPEIWHY M AOAATHO MOTOPIIATH eKOHOMCKY cutyarmjy (Kostopoulou and Jones,
2005; Della-Marta et al., 2007; Efthymiadis et al., 2011). Del Rio et al. (2011) cy no6unu ga
je Ha mpoctopy lllmanuje, 3a mepuon 1961-2006., Haju3pa3uTHjU TPEH TOpacTa JIETHE U
nposiehae Temmeparype. MehytuMm, Ha cymnpoTHO] cTpanum Meaurtepana, y Typckoj, 3a
nepuon 1929-1999., Tirkes et al. (2002) youaBajy 3Ha4ajaH TPEeHI MOpAcTa TOIUIIILE,
3UMCKE W TposichHe TeMrepaType Ha jyry 3eMJbe, JIOK jeé Y CEBEpHMM M IEHTPAIHUM
JIeJIOBMMa TIPUCYTHA TCHAEHIM]ja 1aja y JETHhoj U jecermoj cezonu. 3a I'puky, Feidas et al.
(2004) cy nobunm HeraTuBaH TPeH] 3UMCKE TemIieparype 3a nepuoxa 1955-2001. Pesynratn
3a Uranujy (Brunetti et al., 2006) yka3yjy na je y HHCTPYMEHTJIHOM HEPHONY NPHUCYTaH
TPEH]l 3arpeBara Ha TEPUTOPHUjU LieNe 3eMJbe, aiuu je y napyroj mosoBuHH 20. Beka
W3pa3UTHj! IIOPACcTa MaKCUMaJIHe, HeTO MUHUMAaJTHE TeMIIeparype.

Kopucrehn momatke 0 MaKCHMaIHO] TEMITEPATyPH Ca TPH METEOPOJIOIIKE CTAHHIIE
y Cpbuju, UnkaSevi¢ m ToSi¢ (2009) cy yTBpAawinM aa Cy HajTOIUIMja JieTa y TOTJEAY
WHTEH3WTETa W Tpajama TOINIMX Tajaca permctpoBaHa 1951-1952., 1987-1998. (mocebno
1994) u 2000-2007. UnkaSevi¢ u Tosi¢ (2011) uctugy nma je y3poK TOIUIOT Tajaca TOKOM
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jyma 2007. roguHe mocTojeha CHMHONTHYKA CHTYyalldja, OJHOCHO IMPHIUB TOIUIOT M CYBOT
Baznyxa ca cepepa Adpuke ka Jyroucrounoj EBponu u amujadbaTcko 3arpeBame.

CeTcka Meteoposionika opranumzamumja (WMO, 2009), MehyBrnangua manen 3a
knumatcke npomene (IPCC, 2007) u muorn Haywnunm (Hup. Cook et al., 2009; Rahmstorf
and Coumou, 2011; Hansen et al., 2012) uctudy aa Ou y ycioBUMa OTOIJbaBama Tpebayio
OYEKMBATH IOBehamke MHTEH3UTETA U YUECTAJIOCTH TEMIIEPAaTypPHHX, TAJaBHHCKUX U IPYTHX
eKCTPEMHHUX BPEMEHCKUX naorahaja. 3aTo je OCHOBHHM ITWJb OBOT paja Jla Ce€ HCTpaxe
poMeHe Temrieparype Ha Tepuropuju Lipae [Nope.

Ilopanm u MeTog0I0THja

3a motpebe OBOT pajga KOPUINNCHU Cy MOJAllM O TEMICpaTypHu Ba3ayxa ca 23
mereoposiomike cranune (Crnuka 1.), 3a mepuox 1951-2010. rogune. HcnuTtuBame
XOMOTCHOCTH HU30Ba U NOIyHWaBamke HenocTajyhux momaraka ypaheHo je momohy merona
MASH v3.02. OBaj meron je pa3BHiIia MeTeopojomka ciyxO6a Mahapcke (Szentimrey,
2003).

Canka 1. Jlokanuje H HaIMOPCKA BHCHHA MeTEOPOJIOIKHX CTAHHIA YK/bYYEHHUX Y AHATH3Y

VY oBOM pazmy Cy TeMIepaTypHH €KCTPEMH aHAJIM3HPAHN Ha OCHOBY JAEBET MHIEKCA,
ox xojux cy net tomwn (SU, TR, TD, Tn90p u Tx90p), a wetnpu xnaxua (FD, ID, Tx10p u
Tnl0p). CBu wHACKCH cy neduHUCAHU y cMHUCTy Opoja maHa ca makcuMmainHoM (Tx) u
muanmanHoM (Tn) TemmeparypoMm W3HaI/MCIION anCOJyTHOT WJIM TEPLEHTHIHOT IIpara.
OcuM KINMATCKUX HHAEKCA, KOjH Cy TPEy3eTH ca JcTe of 27 MHAeKca®, aHATH3UPaHa je
cpeama (Tsr), cpenmwa makcumanHa (Txsr) u cpenmba Munumainsa (Tnsr) Temneparypa.

IlepueHTUIHY NparoBu Cy padyyHaTH 3a CBaKH KaJeHJApCKU JaH y mepuoay 1961-
1990. n3 5-gHEBHOr MPO30pa YWjH je LEHTPAIHHU WiaH JaTtu aaH. Ha Taj HaumH ce noduja
150 momaraka 3a cBaku kanmeHumapcku jgan (WMO, 2009). Jlakie, 3a cBaky CTaHHUIY je
n3pagyHato 365 (366) nparosa.

Tabena 1. lepununuje u ckpahennne ETCCDI nnaexca TeMnepaTypHHX ekcTpeMa kopuihenux y paxy

Tpenn je mpopauynar CeHoBuM MetoaoM (Sen’s slope estimates), a mwerona
3HayajHOCT ucnuTana nmomohy Men-KenmanoBor tecta (Mann-Kendall). Ananusa TpeHaoBa
y ETCCDI pagnonnnu (Expert team on Climate Change Detection and Indices) ce 3acauBa
ynpaBo Ha Kopuimhemy OBHX HemapameTapckux Mertoma (Zhang et al.,, 2005), a muxoBa
OCHOBHA IMPETHOCT je y TOME IITO He 3aXTeBajy HOpMaiHy pacmogeny (Salmi et al., 2002;
Olofintoye, Sule. 2010; Sumenjak, Suster, 2011; Mondal et al., 2012). IIpopauysu Tpenaa
pa3MaTpaHHX TOKa3aTejba TeMIepatype ypaljeHH cy Ha CE30HCKOM HHBOY U 3a CBaKy
CTaHUIy ITOCEOHO.

Pe3yararu u quckycuja

3uma. Y nepuony ox 1951. mo 2010. ronuHe, TpeH] CpeNbE 3UMCKE TEMIIepaType
(Tsr) je Ha 16 craHWIa MO3UTHBHOT 3HaKa, a Ha 7 HETaTHBHOT, aJId Cy y CBUM MECTHMa
npomeHe Oe3HavajHe. CIMYHU KBAJMTaTUBHH PE3YITAaTH HOOHMjEHHU Cy U 33 CPedbY 3UMCKY
MuHUMaNIHY Temreparypy (Tnsr), anu 5 craHuma y ceBepHOM JIey 3eMJbY OCNC)KU 3HAYajaH
TpeHa mopacta. Cpenma MakcuManHa Temmeparypa (TXsr) pacTe Ha CBHUM CTaHHMIaMma, a
IpoMeHe cy 3HauajHe Ha 6. Pesynratm matu y Tabemu 2. majbe mokasyjy na je y y Behem
neny Lpue [ope mpucyTan TpeHa cMambema Opoja Mpasnux gaHa (FD).

? http://etcedi.pacificclimate.org/list 27 indices.shtml
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[Tpomene Opoja Mpa3HUX JaHa 3Ha4ajHE Cy caMo Ha 6 CTaHMIAa — TPECHI CMambemba
Ha 5 cranuna u nosehama Ha jennoj. U nmpomene xnaguux gana (Tx10p) u xnagaux Hohm
(Tn10p) Ge3nauajue cy y Behem mery Lpue 'ope. Jletsu un Tponcku ganu (SU u TD), xkao u
tponicke HOhH (TR), jaBibajy ce y Torumjem ey roguHe, 3aT0 OBH WHACKCH HHUCY padyHAaTH
3a 3UMCKY CE30HYy. VICTO BakM M 3a OCTalie CE30HE, 3a OHE MHJEKCE KOjH CE BEOMa PETKO
jaBJbajy, ma JOOMjCHU pe3yJITaTH MOTY AAaTH IOTPEIIHY CIUKY, OXHOCHO HUCY IPUKa3aHHU.

Jlenenn nmaum (ID) cy 3uMm W3y3eTHO peTKa I0jaBa Ha MPHUMOP]Y M Y jYKHUM
Kpajeuma llpue T'ope, ma TpeHI Ha THM CTaHWIIaMa HHje HU pa3Mmarpad (ykymHO 10
crannna). Ox mocMaTtpanux 13 craHuia, camo je Ha jeJJHOj IpUCyTaH TPEH nopacta Opoja
nenenux nana (Konmammn). Ha octanux 12 on 13 crannna 6poj oBUX JaHa ce cMamyje, a Ha
9 je HTEH3WTET TpeHsa 3HauyajaH. 3uMcku Opoj Torumx aaHa (Tx90p) ce nosehasa y Behem
neny Llpue T'ope, a 3HauajHO Ha 16 cranuna. YrinaBHoM ce u Opoj tommx Hohu (Tn90p)
noBehasa, any je Mo3UTUBHA TEHACHIIM]ja 3HaYajHa caMo Ha jeHoj ctanulu (Poxaje).

Ipoaehe. Y nponehHoj ce30HU, CBU pa3MaTpaHy apaMeTpy TeMIepaType Ba3ayxa
yKa3yjy JAa MOCTOjHU TeHACHNHja 3arpeBama Ha teputopuju Lpae ['ope (Tabena 3.). Tpenn
Cpeame, Cpelbe MAaKCHMAIIHE U CPEbe MUHUMAIHE MposiehHe TeMIiepaType MO3UTHBAH je
Ha CBMM IIOCMAaTpaHNM CTaHWIaMa ¥ 3HadajaH je y Behem memy Llpue I'ope. M3y3erak je
jemuHO craHmna I'paxoBo, Koja Oemexu Oe3HadajaH Mmaja Cpeamhe MUHIMATHE TEMIIEpaType.

IIponeham 6poj xmamuux mana (Tx10p) ce cmamyje y CBHM IOCMaTpaHUM
MECTHMa, a YCIIOBH 3HAYajHOCTH HCITyHeHN ¢y Ha 19 ox 23 cranmnue. CiindHO je u ca 6pojeM
xnanaux Hohm (Tnl0p). Ca npyre crpane, Opoj nermux nana (SU) u torumx nana (Tx90p)
nosehasa ce Ha 11en10j Tepuropuju Lipae 'ope n y Behunu cirydajeBa mo3sutnBHa TeHICHIM]ja
je 3HauajHa. Takole je yrinaBHoM 3HauyajHO noseheme u Opoja Tomux Hohu (Tn90p).

Jlero. CratucTiukn 3Ha4ajaH TPEHJ Iopacta cpelme JeTke temneparype (Tsr)
perucrpoBat je Ha 18 ox 23 cranune. U y oBoM citydajy cy HajMame 1 Oe3HauajHe [IPOMEHE
Cpeame JIEeTHhE TeMIepaType y jyrosamnagaoM aeny Lpre ['ope, kao u 3a 3umcKy u nposehny
cezony. Takohe je m mopacT cpeame MakcumanHe (Txsr) m cpemme muEManHe (Tnsr)
Temneparype 3HadajaH y Behem nemy Llpre I'ope. bpoj xmagaux mana (Tx10p) n xmagaux
Hohm (Tnl0p) ce cMamyje M y OBOM TOAMIIR-EM 100y, a 3Ha4ajHO je y jy’)KHHUM KpajeBnMa
3emMJbe, OMHOCHO Ha 16 cranuma (Tabena 4.). CBe aHanM3uMpaHe CTaHUIE Oelieke TPEHI
nopacra 6poja nana ca Tx>25°C (SU), a mosuTHBHA TeHICHLHja je 3Ha4YajHa TOTOBO Ha
uenoj repuropuju Lpue Iope. IIpopauynu tpenna 3a nepuoxa 1951-2010., mokasanu cy aa je
Ha CBMM CTaHHMIlaMa IPHUCYTHa TeHJeHLHMja noBehawa u Opoja Tponckux nana (TD) n
torunx Hohu (Tu90m), a Oe3HayajHa je camMo Ha 1O ABE CTaHUIEe. TOKOM TpH JIETHa Mecela
je Ha uenoj tepuropuju Llpue T'ope mpucytHO 3HauajHO moBehame Opoja TOIIMX AaHA
(Tx90p). Tpenn Opoja Tpomckux Hohm (TR) pauyHar je camo Ha craHMIamMa Koje Cy
JoMpane y jy:xHom ey Lipue 'ope jep ce y ceBepHUM KpajeBUMa BpJIO PETKO jaBibajy. U
OBaj MOKa3aTeJb yKa3yje Ja je MpUCyTaH TPeH I 3arpeBama. Jlakie, CBU pa3MaTpaHd HHICKCH
TOBOpE y IPHJIOT TOME Jia Cy JieTa Ha Teputopuju LipHe I'ope cBe Torunja.

Jecen. [loOujern pe3ynratu 3a jecemy ce3oHy maTth cy y Tabemu 5. [Ipopauynu
TpPEeHIa TOKa3yjy Za ce ca CpeOmoM jecemoM Temmeparypom (Tsr) HuINTa 3HAa4YajHO HE
Jiemasa jep cy npomene 6e3Haudajue Ha 19 ox 23 cranune. lltaBume, morio 6u ce pehu na
ce y OBOM rogumimeMm ao0y He mnpumMehyje 3arpeBame jep jé CKOpO Ha II0JIOBUHH
IIOCMAaTpaHUX CTaHMI@ TEHJCHLM]ja HETraTHBHA. YTJIaBHOM CY M IIPOMEHE Cpelmhe
MaKcHMallHe U cpeame MuHuMaiHe temneparype (Tnsr u Txsr), kao u 6poja Mpa3HHX J1aHa
(FD) 6e3nauajue.

VYnopehyjyhu Bpeanoctu TpenmoBa cezoHckor Opoja xmamHux nana (Tx10p) 3a
neprox 1951-2010., HajMame npoMeHe Jecuie cy ce TOKOM jeceHH. bpoj xmamHux HohM
(Tn10p) ce 3HauajHO CMamKO Ha 7 cTaHUIA, a MoBehao Ha JBe, IOK CY y OCTaJUM MECTHMa
npomeHe Oe3HadajHe. TOKOM TpH jecema Mecela, TOTOBO CBE CTAHHIIE Ha CEBEpPy 3eMJIbE
Oenexxe cMameme Opoja etmux gana (SU), ykpyayjyhu u Lpksune, nox je Ha jyry Lipae
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lope Tpenn mnosutuBaH. Mmak, npoMeHe jecemer Opoja JICTHUX JaHa Cy YIJIaBHOM
Oesnauajue. Jecemu Opoj Tommx naHa (Tx90p) m tomnmx Hohm (Tn90p) ce mosehasa y
Behem nemy Llpue I'ope, a 3Ha4ajHOCT MO3WTHBHE TeHAeHUWje Oemexu 13, omHocHo 10
CTaHHMIIA.

Pesynratu 3a Lpny ['opy cy yriaBHOM y ckiagy ca UCTpakKMBamMMa 32 PETHOH
Menutepana u u3 okpyxema (Klein-Tank and Kénnen, 2003; Kostopoulou and Jones, 2005;
Kuexesuh u gp., 2011; Hertig et al., 2010; El Kenawy et al., 2011; Efthymiadis et al.,
2011), mocebHO Kaja je y muTamy TpeH ] noBehama TOIuMX TeMIepaTypHUX HHICKCA.

Frich et al. (2002) cy yrBpamnu na ce Ha rioOaJHOM HUBOY, y nepuony 1946-
1999., 3nayajuo nosehaBa Opoj tormx Hohu (Tn90p), HapounTo NeTn, a cmamyje Opoj
mpasnux naHa (FD), kao u ammiurtyna usmehy excrpemuux temrneparypa. M Alexander et
al. (2006) uctuuy na cy ce y CBETy AOTOJuJIe 3Ha4yajHE NMPOMEHE TOIUIMX TEMIIEepPaTypHUX
excrpeMa. IbuxoBu pesynrtatu nokasyjy aa je, y mepuony 1951-2003., Ha npeko 70%
[OCMAaTpaHOT CBETCKOT KOIHA 3Ha4yajaH Tpena nopacra Tn90p.

Tabena 2. Tpena napamerapa TeMnepaType Ba3yxa 3a 3MMCKY ce30HYy y mepuoay 1951-2010.
Ta6ena 3. Tpena napameTrapa TemnepaTtype Ba3ayxa 3a nposehny ce3ony y nepuoay 1951-2010.
Ta6ena 4. Tpena napameTrapa TemnepaType Ba3ayxa 3a JieTlhy ce30HYy y nepuoay 1951-2010.
Tabena 5. Tpena mapamerapa TeMnepaType Basyxa 3a jecemy ce30Hy y mepuoay 1951-2010.

Unkasevi¢ u Tosi¢ (2013) cy pa3maTpanu TpeHI0BE MIECT KIMMATCKUX WHIEKCA Ha
OCHOBY MaKCHMaJHUX WM MHHHMAJHUX JHEBHUX Temreparypa y mnepuoay 1949-2009.
AHanmm3a eKCTpeMHHUX TEeMIIepaTypHUX HWHIEKca je Moka3ama na kimma CpoOuje mma
TEH/ICHITH]Y /1a IOCTaHe TOIUIHja y mocuenmux 61 roauny.

3ak/byyak

JerassHa anHanu3a uHpaekca TemmeparypHux ekctpema (SU, TR, TD, Tn90p,
Tx90p, FD, ID, Tx10p u Tnl0p) y Lpuoj 'opu, 3a nepuon 1951-2010., nokasyje xa je
HAjU3Pa3UTHjU TPEHA IOpacTa Cpelmbe JICTHhE TeMIepaType M TOTOBO y CBHM MECTHUMa je
CTaTHCTHCTUYKY 3HauajaH. Hemro je Mamu mopact cpenme nposiehHe temmnepaType, aiu je,
takohe, Ha Behem Opojy cTanmma 3HadajaH. MelyTuM, y 3UMCKO] M jeCE€mO0j CE30HH Cy
mpoMeHe Temmeparype Oe3Hauajue. lllTaBuime, TpeHI cpelme 3MMCKE TEMIIEpaType je
HeraTWBaH Ha 7 o1 23 cTaHHIIE, a jeceme yak Ha 11.

CrmaHy pe3ynTaTH Cy JOOWjeHU 3a Cpelby MAKCUMAIHY W CPehy MUHHUMAITHY
TemrepaTypy. Ynopelyjyhu BpenHocTn TpeHa cpelpbe MaKCUMallHe U CPeiibeé MUHUMAaITHE
TeMIIepaType 3a nocmarpaHu 60-roAuIImbM HEpHON, HAa CE30HCKOM HHUBOY, y BeheM nemy
Lpue I'ope je MHTEH3MBHUjM TOPACT MaKCUMaJIHE HErO0 MUHUMAJIHE TeMIleparype.

Cnymrajyhu aHanu3y Ha JHEBHE ekcrpeme, Ha tepuropuju Llpue I'ope ce ce
yemhe jaBibajy BHIIE BPEJAHOCTH M MaKCHMallHE M MHHHMalHe AHEBHe Temneparype. To
3HaUYM Ja II0CTOjU ToBehame YYecTajJocTH MJHEBHHX TEMIEpaTypHHX eKcTpema Y
MTO3UTHBHOM CMUCIY (Ka TOTUIHjHM yCJIOBHMA).

VY BehuHU cirydajeBa je TpeHI TeMIepaTypHUX eKCTpeMa 3HadajaH, MoCeOHO TOKOM
nera u iposyieha. I103UTHBHY TPEHIOBH Cy M3paKeHUjH O HETaTUBHHUX, IITO je y CKJIATY ca
paHHjuM HcTpaxuBamuMa 3a L{pHoropcko mpumopje (Buri€ et al., 2014).

Tpern mpoMeHa TeMIepaTypHHX HHIEKca yIyhyje Ha carjlacHOCT ca MOJennuMa
JIOMUHAIMj€ aHTPOIIOreHOr edeKkTa crakieHe Oamre. MelhyTuMm, TOKOM HCTpaXKMBama Cy
youeHe M HEKe HEeJOTMYHOCTH. [IpeMa NajecoKIMMaTCKUM 3alucuMa, ald W TEOpHjH
JIOMHHAIMj€ aHTPOIIOTeHOT' e)eKTa CTakJIeHe OalTe, y yCIOBHMa OTOIJbaBama Tpedaio ou
ouekuBaTH Behe TeMneparypHe npoMeHe Hohy ¥ 3UMH Hero Jamy u jetd. [Ipema Alexander
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et al. (2006), xama Ou rnoOanHO 3arpeBame Owio y3pokoBano CyHuem, oHaa Ou
WHTEH3UBHUjH OMO TPEH]I Iopacra JHEBHE TeMIlepaType. ,,¥YMecTo Tora, ornaxamo Kako ce
6poj Tommx HOhM mMoBehaBa Oprke Hero O6poj Tommx maHa™. VcTy KOHCTaTalWjy W3HOCE U
Braganza et al. (2003; 2004) 3a 3umy u sreto: ,,JagameMm edekTa crakiene Oamre Tpedano Ou
OUYEKMBATH JIa ce 3UMe OpiKe 3arpeBajy of jiera“. Pasmor ToMe je, Kako HCTHYY ayTOpPH, IITO
epekar crakieHe Oamre wMa Behm yTWmaj 3uMH, a TO TOTBpPhyjy W Mepema y
MHCTPYMEHTAIHOM Teprony. Mehyrum, Ha Teputopuju Llpre I'ope ce nemasa cynpoTHo jep
Cy IpOMEHE pa3MaTpaHuX TeMIIEpaTypHUX MHICKCA Behe y JeTH0j HETo y 3UMCKOj CE30HH.
[Ipumepa pamm, 3umcku Opoj Tormx Hohm (Tn90p) ce 3anemapsbuBo mosehaBa, JIOK je
NO3UTHBHA TEHJCHLM]a JIeTH 3HadajHo Beha. CIMYHO je U ca TPeHA0M NPOMEHa TOIUINX JlaHa
(Tx90p) m xnaguux nHohu (TnlOp) — wmHTEeH3MBHHje je moBehame JIETH HEro 3UMH, H
TEHEPAJIHO Y TOIIMjEM HETo0 y XJIaJHHjEM JIeNTy TOJIUHE.

Jlurepatypy BUIETH Ha CTpaHu 59.
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