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RELATIONSHIP BETWEEN MEAN ANNUAL TEMPERATURES
AND PRECIPITATION SUMS IN MONTENEGRO BETWEEN
1951-1980 AND 1981-2010 PERIODS

Abstract: In the second half of the 20th and by the beginning of the 21st century the area
of Montenegro was dominated by positive air temperature fluctuations and negative
precipitation sums. This paper analyses a 60-year period (1951-2010), with the aim to
determine air temperature and precipitation deviation between the two 30-year periods:
1951-1980 and 1981-2010. Calculations of mean, mean maximum and mean minimum
temperature have been done, as well as annual values of precipitation sums. All three
temperature parameters, particularly maximum values, show that the 1981-2010 period
was significantly warmer in relation to previous three decades. Significant changes in
mean annual precipitation sums between the two observation periods have been recorded
on the coast and, locally, in the western part of the country. The results also showed that
there was a significant increase in positive deviations of mean maximum temperature in
most parts of Montenegro during the 1981-2010 period in relation to the 1951-1980
period, while changes of this type in other observation parameters were mostly minor.
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Introduction

According to the data of the World Meteorological Organization (WMO), a long term
trend of global temperature growth is continuing (WMO, 2011; WMO, 2012). In the
statement issued by WMO? it is said that the decade of 2001-2010 was, on the global
level, the warmest one in the instrumental period, with an emphasis on the "rate of global
temperature growth during the previous four decades (1971-2010), which was, according
to preliminary data, almost three times higher in relation to the previous 130-year
period". 48 (47%) countries out of 102 registered absolute maximum temperature in this
decade (2001-2010), 20% of the countries did it in the period of 1991-2000, and other
countries in previous decades (Fig. 1, right columns) (Press Release No. 943).
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Fig.1. Percentage occurrence of extreme events in 102 countries of the world in the decades during
the 1961-2010 period - highest 24-hour precipitation sums (left columns), lowest minimum
temperature (middle columns) and highest maximum temperature (right columns) (Source:
http://www.wmo.int/pages/mediacentre/press_releases/pr_943_en.html)

Since 1979, the region of Europe has experienced relatively rapid warming trend,
both on seasonal and annual levels. Autumn season is an exception with a trend of a
slight temperature decrease (Klein-Tank & Konnen, 2003; Della-Marta et al., 2007).
Regionally, South Europe is warming fastest, while Atlantic coast is warming least (Del
Rio et al., 2005).

As for the Mediterranean, there are certain contrasts. Thus, Del Rio et al. (2011) have
found that Spain evidenced the most significant increasing trend in spring and summer
temperatures during the period 1961-2006. On the opposite side of the region, in Turkey,
Tiirkes et al. (2002) identified a significant increasing trend of annual, winter and spring
temperatures on the south of the country during the period 1929-1999, while there was a
tendency of temperature decrease in the northern and central parts during the summer
and autumn seasons. In Greece, Feidas et al. (2004) have found a negative trend of
winter temperature for the period 1955-2001. Results for Italy (Brunetti et al., 2006)
show a warming trend over the whole area during the instrumental period, but the
second half of the 20th century records a more significant increase in maximum than
minimum temperature, while the whole period shows the opposite.

Buri¢ et al. (2014; 2015) estimated the trend of a few air temperature parameters in
the area of Montenegro. A detailed analysis for the 1951-2010 period shows the most
distinct increasing trend of mean summer temperature, which is statistically significant

2http://www.wmo.int/pages/mediacentre/press_releases/pr_943_en.html
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in almost all locations. Considered as a whole (for the whole area of Montenegro), the
trend of mean summer temperature is 0.23°C/per decade. A slightly smaller increase of
mean spring temperature has been recorded (0.17°C/per decade), but it is also significant
on a large number of stations. There is also a significant temperature increase on annual
level (0.11°C/per decade).

The statement issued by WMO in 2012 (Press Release No. 943)3 says that the global
precipitation sums in the 2001-2010 decade are the second largest in the series from 1901
(the first is the 1951-1960 decade), with an emphasis on big regional and interannual
differences observed during the period. Generally, a conclusion can be made that the
precipitation sums decreased in the region of Mediterranean in the second half of the
20th century, but the changes are mainly insignificant (Reiser & Kutiel, 2010). Yet,
Xoplaki et al. (2006) claimed a significant decrease in winter precipitation sums in most
parts of Italy, Albania, Croatia, Cypress, on the west of Greece, as well as in Israel and
Romania, while there was an insignificant increasing trend in Libya, Egypt, Tunisia and
along the Mediterranean coast of Spain. Feidas et al. (2007) point to the fact that the
annual precipitation sums significantly decreased in the area of Greece in the period
1955-2001, with the exception of the southern area where the changes were insignificant.
Del Rio et al. (2011) claimed that there was also a negative precipitation trend on the
Iberian Peninsula during the 1961-2006 period.

During the 60-year period (1951-2010) no significant changes in the trend of annual
precipitation sums were observed in most parts of Montenegro. No increase in the
drought intensity was recorded in most areas of the country, except partly on the coast
region and in the western parts. Moreover, the period 1981-2010 was marked by
moisture increase in almost whole country, which definitely means that expected aridity
tendencies of the area can’t be discussed. During this period (1981-2010), the trend of
annual precipitation sums was negative only on one meteorological station (Plav), while
it was positive on all other stations, with the values ranging from 20.8 mm per decade in
Berane, to even 880 mm/ per decade in Crkvice (Bypuh, 2014).

Considering everything stated above, this paper had the following objective. Firstly,
to estimate mean values and dispersions (deviations) of examined air temperature and
precipitation sum parameters for the two same length time series. Secondly, a thorough
inquiry into statistical significance of the difference between mean values and deviations
of temperature and precipitation sums between the two 30-year periods: 1951-1980 and
1981-2010. Calculations have been done for mean, mean maximum and mean minimum
temperature, as well as for the precipitation sums on annual level.

Data and methodology

Temperature and precipitation sums data taken from 23 meteorological stations (Fig. 1)
for the 1951-2010 period have been used in this research. The investigation into series
homogeneity and filling in of missing data has been done by MASH v 3.02 and MISH v
1.02. These two software packages for extrapolation and investigation into series
homogeneity of meteorological data have been developed by Hungarian Weather Service.

3 http://www.wmo.int/pages/mediacentre/press_releases/pr_943_en.html
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Original versions (Szentimrey, 2003; Szentimrey & Bihari, 2007) of both software
packages have been modified, and the final versions were presented by the authors
within the training called "Application of climatological methods for interpolation and
homogenization", which was held from February 2, to February 5, 2010 in Budapest.
Having tested a few methods for these purposes, and for the purpose of uniformity,
World Meteorological Organization (WMO) recommended the use of MASH v 3.02 and
MISH v 1.02, particularly when daily data are considered. These methods use Kriging
algorithms for interpolation and, based on the data taken from all stations in the vicinity,
an estimation of a corresponding daily value is done in grids of 100 x 100 m.
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Fig. 2. Locations and altitudes of meteorological stations included in the analysis

Statistical significance of difference between mean annual values of temperature and
precipitations sums for the 1951-1980 and 1981-2010 periods has been checked by t-test.
Therefore, null hypothesis will be tested (Ho — mean values of the two analyzed periods

are equal: X1 = X 2) with an alternative hypothesis (H1, X1# X 2). For the series of 30
or more data values (n > 30), an approximative method standardized with normal
distribution will be used for investigation into statistical significance (t) of their mean
values, that is, the formula (Byxaguaosuh, 1981):

X 1 (X 2) — mean value of the first (second) series;
Sd: (Sd.) — standard deviation of the first (second) series;
m: (n2) — number of data values of the first (second) series;
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Critical values for t are shown in the table for different probability levels (ta). Tabular
value tq for the 0.05 and 0.01 probability is most often used as a limit for acceptance or
rejection of the zero hypothesis. The hypothesis is accepted with the significance
threshold a if the value t calculated by the formula belongs to the interval +a: t € + a. On
the other hand, if the value t calculated by the formula is bigger than the tabular (to) for
the 0.05 (or 0.01) probability, then the zero hypothesis is rejected, that is, the difference
between the two mean values is statistically significant.

Deviations of some individual data values in the series, in relation to the
corresponding mean values, can point to the stability of synoptic conditions, accuracy of
the instruments, etc. There lies the greatest importance of deviations, which serve as an
index of the dispersion of data around the average. The testing has been carried out by
Fisher’s distribution (F-test), with the risk of 0.05 and 0.01, that is, with the confidence
level of 0.95 and 0.99, by the formula (BxoBuh, 1976):

FoneSd’(n,-1) _ sd/
n,-Sd,’(n,-1) Sd,’

Terms of the equation are the same as in previous formula, bearing in mind that F
values should be calculated in the way to make numerator in the formula bigger, so that
way F is always bigger than 1. If the value derived by the formula is bigger than the
theoretical one, which is given in the Fisher distribution table, for a degree of freedom n.-
1 and n;-1 and a certain significance threshold, then the hypothesis of equality of
variances (0:2=022 or Sd:2=Sd.2?) is rejected, that is, the deviation is considered to be
significant (F>Fq), or vice versa.

Results and discussion

Statistical significance of the difference between the temperature and
precipitation in two periods

Based on obtained data, it can be concluded that on 16 stations the second half of the
observation period (1981-2010) was significantly warmer than the first one (1951-1980).
In other words, it means the rejection of the hypothesis Ho with the risk of 5% in
Velimlje, that is, of 1% on other 15 stations, since the temperature increase in the period
1981-2010 is significant on the confidence level of 95% and 99%. The highest increase in
mean annual temperature has been recorded in Berane, Plav (0.7°C), Podgorica and
Zabljak (0.6°C).

Calculations have been done both for mean annual, maximum (Txs) and mean
minimum (Tnsr) temperature, for each station separately. Mean annual maximum
temperature on all stations is higher in the second half of the 30-year period (1981-2010)
than in the first one (1951-1980). In addition to that, the difference in mean maximum
temperature between the two observation periods is significant on the risk probability
level of 1% considering the acceptance of the hypothesis (99% confidence level),
including all the stations. On the basis of these parameters, warming is most pronounced
in Podgorica, Berane, and on Zabljak (1.1°C), while the lowest increase in mean annual
maximum temperature was recorded in Herceg Novi (0.4°C).
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Considering mean annual minimum temperature, the second half of the observation
period is significantly warmer than the first one on 12 stations. The increase of mean
annual minimum temperature in Kolasin (0.3°C) and Budva (0.4°C), according to
Student’s test, satisfies the significance requirements on 95%, while on other 10 stations
the confidence level is 99%. The highest increase in minimum temperature is recorded in
the northern and northeastern areas of the country: Rozaje (1.2°C), Berane (0.9°C),
Bijelo Polje, Zabljak, Pljevlja, as well as the Bar station (0.7°C).

Previous analysis showed that the mean annual maximum temperature had
significantly changed on all observation stations during the second 30-year period,
compared to the values from the 1951-1980 period. In most parts of Montenegro there
were significant changes in both mean minimum temperature and its extremes. Thus,
considering the annual values, all three temperature parameters, maximum values in
particular, show that the 1981-2010 period was significantly warmer in relation to
previous three decades.

Tab. 1. Statistical significance of the difference in the mean (Ts), mean maximum (Txs), mean
minimum (Trs:) annual temperature and annual precipitation sums (RR) between 1951-1980 ( X 1)

and 1981-2010 ( X 2) periods

. TSI' TXS!‘ Tnsr RR
Stations — — — — — — —
Xo-X1 Xo-X1 X=X Xo-X1
Ulcinj 0.5%* 0.6** 0.6%* -147.5%
Bar 0.5%* 0.7%%* 0.7%* -143.2*
Budva 0.5%* 0.7%% 0.4* -220.8*
Tivat -0.1 0.6%* 0.1 -202.3%
Kotor 0.3%* 0.6%* 0.1 -198.0*
Herceg Novi 0.3%* 0.4%* 0.6%* -241.4%
Virpazar -0.1 0.9%* 0.1 -221.9
Golubovei 0.5%* 0.9%* 0.1 -66.3
Podgorica 0.6%% 1.1%* 0.3 -64.2
Danilovgrad 0.1 0.9** 0.5%* -67.0
Cetinje 0.1 1.0%* -0.1 -20.5
Crkvice 0.1 0.9%% -0.2 -555.1
Grahovo -0.1 0.8** -0.1 -189.4
Velimlje 0.4* 0.8%* 0.1 -139.1
Niksic 0.4%% 0.8** 0.2 -130.3
Krstac 0.1 0.8** 0.1 -361.5%%
Kolasin 0.4%% 0.5%% 0.3* 8.5
Plav 0.7%% 0.6%% 0.7%% -69.2
Rozaje 0.6%* 0.6%* 1.2%% 37.9
Berane 0.7%% 1.1%% 0.9%* -34.6
Bijelo Polje 0.5%% 0.5%% 0.7%% 26.0
Zabljak 0.6** 1.1%¥ 0.7%% -41.9
Pljevlja 0.5%% 0.8** 0.7%% -24.2

Significance of the difference on the risk level: ** a = 0.01 and * a = 0.05.
=Some difference values do not coincide because of the reduction to one decimal

The greater part of Montenegro (20 stations) recorded a reduction in precipitation in
the period 1981-2010 in relation to the 1951-1980 period. In Kolasin, Rozaje and Bijelo
Polje the annual average of precipitation is insignificantly higher in the second than in
the first 30-year period. Smaller average annual precipitation sum in the second (1981-
2010) period, compared to the first one (1951-1980), is statistically significant only on 7
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stations (Ulcinj, Bar, Budva, Tivat, Kotor, Herceg Novi and Krstac). In other words, it
means that there are significant changes in mean annual precipitation sums between the
two observation periods on the coastal region, with the 95% accuracy confidence of the
hypothesis, and locally, in the western part of the country (Krstac), on the 99%
confidence level.

Looking at the changes in annual precipitation sums this way, that is, as the
difference between the two 30-year periods, a conclusion can be drawn that there was a
slight aridization, except on the far northeast of the country, but this decrease in
precipitation is insignificant in most parts of Montenegro (Tab. 1). Yet, it should be noted
that annual precipitation trend is positive in almost the whole area of Montenegro
(Bypwuh, 2014).

Statistical significance of the dispersion difference between the two periods

Estimate results for observed air temperature parameters show an increase in dispersion
during the 1981-2010 period in most parts of Montenegro compared to the previous 30-
year period (1951-1980). However, the dispersion (variance) increase of mean annual
temperature in the second half of the observation period is significant only in Bar and
Budva (2.7 and 2.3 times). There is also a statistical significance in Virpazar, but this
station recorded 2.2 times bigger variance in the first than in the second 30-year period.
On other stations, the difference in variances of mean annual temperature between the
two observation periods is insignificant.

Apart from Cetinje, the ratio of variances of mean annual maximum temperature is
higher than 1 on all other stations, which means that there was an increase in dispersion
in the second 30-year period (1981-2010). Based on n»-1 and n;-1 degrees of freedom,
corresponding values of variances and the length of time series, it has been proved that
the dispersion increase in mean annual maximum temperature in the second 30-year
period satisfies the F-test requirements on 13 stations, at the level of 99% on 5 stations,
and at 95% confidence level on 8 stations. This means that there was a significant
variance increase (Tab. 2) in most parts of Montenegro and, therefore, null hypothesis
(Ho, Sd:2=Sd-2) is rejected.

Considering mean annual minimum temperature, dispersion difference between the
two observed periods is insignificant on 20 stations. Dispersion increase in Bar and
Rozaje during the second 30-year period, which was 2.8 and 2.5 times bigger than during
the first period, is significant at 99% and 95% confidence level. F-test requirements are
also satisfied by the results for Grahovo, at 95% level, but the dispersion (fluctuation) was
2.2 times bigger in the first period.

Variance values between the two 30-year periods are different on almost all stations,
which is not unusual at all. The main question is: does this difference satisfy
requirements of significance? As for mean annual and mean annual minimum
temperature, variances of the observation periods are insignificantly different in most
parts of Montenegro, that is, on 20 out of 23 stations. The results show that variances of
average annual precipitation sums during the two observation periods are also
insignificantly different. A significant difference in precipitation variances was recorded
only in Berane (95% confidence level), but the dispersion was 2.0 times bigger in the first
than in the second 30-year period. The biggest and significant dispersion increase on 13
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stations during the period 1981-2010 compared to the 1951-1980 period was recorded for
mean annual maximum temperature.

Tab. 2. Statistical significance of the dispersion change in mean annual (Ts), mean maximum (Txs:)
and mean minimum (Trs:) temperature, that is, average annual precipitation sums in 1951-1980

(5d:2) and 1981-2010 (Sd-2) periods

Meteorological Tse Tise Thsr RR
stations Sdzz/sdl2 Sdzz/sdl2 Sdzz/sdl2 Sdzz/sdl2
Ulcinj 1.1 2.0% 1.5 1.5
Bar 2.7%% 3.7%* 2.8%* 1.3
Budva 2.3% 4.2%* 1.5 17
Tivat 1.2 3.2%% 0.8 (1.3) 1.5
Kotor 1.3 2.2% 1.0 1.4
Herceg Novi 1.2 3.9%* 1.0 1.3
Virpazar 0.5(2.2)* 3.0%* 1.5 1.2
Golubovei 1.6 2.5% 1.8 1.1
Podgorica 1.4 2.4% 1.4 0.9 (1.1)
Danilovgrad 0.6(1.7) 1.4 0.6 (1.5) 0.7 (1.4)
Cetinje 0.5(1.8) 1.0 0.9 (1.1) 1.4
Crkvice 1.0 1.8 1.3 1.8
Grahovo 0.8(1.2) 2.2% 0.4 (2.2)* 1.5
Velimlje 1.4 1.8 0.9 (1.1) 1.3
Niksic 1.4 1.1 1.5 1.0
Krstac 1.8 3.5%* 0.6 (1.6) 0.8 (1.3)
Kolasin 1.6 1.6 1.1 0.7 (1.5)
Plav 1.7 1.5 2.0 17
Rozaje 1.7 1.6 2.5% 0.9 (1.1)
Berane 1.2 1.6 0.8 (1.3) 0.5 (2.0)*
Bijelo Polje 1.8 2.1* 1.0 1.2
Zabljak 1.7 2.6% 1.2 0.7 (1.5)
Pljevlja 1.1 1.6 0.9 (1.2) 1.0

Significance of dispersion change at the risk level: ** a = 0.01 and * a = 0.05.

Some values do not coincide because of the reduction to one decimal; values in the brackets point to
the fact that the variance was bigger in the first 30-year period that is, they represent the Sd.2/Sd.2
ratio.

Conclusion

The main research objective of the study was to determine whether the differences in the
change of air temperature and precipitation sums between the two 30-year periods
(1951-1980 and 1981-2010) are significant or not. Calculations have been done on annual
level for mean, mean maximum and mean minimum temperatures, as well as for
precipitation sums. Obtained results for all three temperature parameters, maximum
values in particular, show that the 1981-2010 period was significantly warmer in relation
to pervious three decades. Also, there are significant changes in mean annual
precipitation sums between the two observation periods on the coast and locally, in the
western part of the country. If we look at the whole period, there is a slight aridization,
except on far northeast of the country, but this precipitation decrease is insignificant in
most parts of Montenegro. Yet, annual precipitation trend is positive in almost the whole
area of Montenegro during the 1981-2010 period. Mean annual and mean annual
minimum temperature fluctuations during the two observation periods are
insignificantly different in most parts of Montenegro. The results show that variances of
average annual precipitation sums during these two observation periods are also
insignificantly different. The highest and significant dispersion increase on 13 stations in
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the 1981-2010 period, compared to the 1951-1980 period, was obtained for mean annual
maximum temperature.

Further research should be focused on determining the cause of the changes of the
two most important climate elements. In this context, a particular attention should be
paid to the influence of the changes in atmospheric circulation and to the anthropogenic
greenhouse effect.

© 2018 Serbian Geographical Society, Belgrade, Serbia.

This article is an open access article distributed under the terms and conditions of
the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Serbia
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OJJHOC CPEAIBUX I'OANIIIBLUX TEMITIEPATYPA U
KO/JIMYUHE ITAZTIABUHA Y IIPHOJ 'OPU U3MEDBY
IMEPNO/JA 1951-1980. 1 1981-2010.

Arncrpakr: Y Apyroj moJIoBUHM 20. M MOYETKOM 21. Beka Ha mpocropy Llpue Tope
JIOMUHUPAjy MO3UTHBHA OJICTYIalha TEeMIIepaType Bas[yXa, a HEraTHBHA KOJIMUKHE
nmajiaBuHe. Y OBOM paJiy aHJIM3UPAH je Iepuof, o 60 roauHa (1951-2010), ¢ IHUBEM
yTBphHBama OfiCTyNama TeMIIEpaType ¥ KOJHWYHMHE IaJaBuHa u3Mel)y ZiBa 30-TOAMIIbA
nepuoza: 1951-1980. u 1981-2010. Ilpopauynu cy ypaljeHu 3a cpeamy, Cpemrby
MaKCUMaJIHy U CpeAmy MHUHHMAJIHY TEeMIIEpaTypy, KaO0 W KOJIMYUHY IIa/JaBUHA, Ha
rojuiImeM HUBOy. CBa TpU mapaMeTpa TeMIlepaType, HapOUUTO MaKCUMaJIHe BPEeIHOCTH,
mokasyjy fAa je mepuoz 1981-2010. 3HAYAjHO TOIUIMJH y OJHOCY HA IPETXOZHE TPU
JelieHrje. 3HauajHe MpoMeHe u3Mel)y CpeIibHX TOAUIIUX KOJUYMHA [aJlaBUHA [[Ba
rmocMaTpaHa IepHo/ia IIOCTOje Ha IPHUMOpPjYy U JIOKAJHO y 3alafHOM JIeJly 3eMJbe.
PesynTaru mpopauyHa cy Aajbe IOKa3ald Jja KoJ| cpe/iibe MaKCHMAasHe TeMIlepaType, y
Behem gneny LlpHe T'ope mocroju 3HavajaH IOPACT MMO3UTHUBHUX O/CTYNANa y IEPUOIY
1981-2010. y oAHOCYy Ha 1951-1980., JIOK Cy KO/ OCTaJHX pa3MaTpaHUX IapaMeTapa
IIpOMEHE OBOT THIIA yIJIAaBHOM MUHODHE.

KipyuHe peun: TeMueparypa, nagasuse, Ilpaa I'opa

tdragan.buric@meteo.co.me (ayrop 3a KOpECIIOHEHIIN]Y)
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YBojg

ITpema nomartuma Cercke MeTeopodionike opranusanuje (WMO - World Meteorological
Organization), [yropoYHH TpeH] mopacra riaobajgHe TeMIiepatype ce HacraBba (WMO,
2011; WMO, 2012). V caommretsy WMO? kaxke ce 71a je Jekaaa 2001-2010., Ha
I7100aJTHOM HHUBOY, HAQjTOIUIMja Y MHCTPYMEHTAJIHOM IIEpUOAY U HarJallaBa ja je "croma
pacra iobasHe TEMIIEpATYpe TOKOM IIPETXO/HE UETHUPHU JeneHuje (1971-2010), mpeMa
MpeJIMMUHAPHUM I0/lallMa, O1jIa CKOpO TPHU IIyTa BHINA Y OJHOCY HA MPETXOJHU 130-
rogumbu nepuon’. Onx 102 3emsbe, BUX 48 (47%) je PperucTpoBajo arcoJiyTHE
MaKCUMyMe TeMIepaType y OBOj Aekanu (2001-2010), 20% 3eMasba y MEPUOAY 1991-
2000, a octajie y MpeTXOAHUM JelleHrjama (cimKa 1, ctymiu gecto) (Press Release No.
943).
Ca. 1. Hpouenmya/ma 3acmyn/beHocm eKcmpemHux aoeabaja Y 102 3ems/be ceema no dexadama y
nepuody 1961-2010 - Hajeeha 24-uacosHa xKoauvuHa nadaguHa (cmynyu n1e60), HajHUMca
MuHuUManHa memnepamypa (cmynyu y cpeduHw) u HAjeuUWa MAKCUMAAHA MemMnepamypa

(cmynyu decHo)
(H3eop: http://www.wmo.int/pages/mediacentre/press_releases/pr_943_en.html) (cmp. 32)

Ha mpocropy EBportie je TpeHs 3arpeBara U3pasUTHjU O 1979. FOAMHE, KaKO Ha
CE30HCKOM, TaKO U TOJIUIIEeM HUBOY. 3y3erak je jecerma ce30Ha, Koja Oesexu Osaru
Tpera mazga (Klein-Tank & Konnen, 2003; Della-Marta et al., 2007). Ilocmatpajyhu
peruoHasIHO, HAjUHTEH3WBHUje ce 3arpeBa Jy:xHa EBpoma, a HajMame aTIaHTCKO
npumopje kouturenra (Del Rio et al., 2005).

Kama je y nmutamby MeautepaH, youaBajy ce u3BecHH KoHTpacTH. Tako cy Del Rio et
al. (2011) mobuu aa je Ha mpocropy IllaHuje HajU3pa3UTHjU TPEH] IOpACTa JIETEE U
nposiehHe TeMmIepaType y mepuoay 1961-2006. Ha cympoTHOj CTpaHH pervoHa, y
Typckoj, 3a mepuoz 1929-1999., Tiirkes et al. (2002) youaBajy 3HauyajaH TpeH] mopacra
TOAMIIEbe, 3UMCKe U TmposiehHe TeMmmepaTrype Ha jyry 3€eMJbe, JAOK je y CEBEPHUM U
IIEHTPAJIHUM JIeJIOBUMAa TPUCYTHA TeHJEHIWja Majfa y JIETHOj U jecermOj Ce30HH. 3a
I'puky, Feidas et al. (2004) ¢y mo6uin HeraTUBaH TPEH] 3UMCKE TEMIIEPATyPe 3a IEPUO]T
1955-2001. Pesysrat 3a HWramujy (Brunetti et al.,, 2006) ykasyjy ma je y
WHCTPYMEHTAJIHOM IIePHOAY NPUCYTaH TPEHJ, 3arpeBama Ha TEPUTOPHJHU LieJie 3eMJbe,
aJIv je y APYyToj MOJIOBUHHU 20. BeKa U3Pa3UTHjU IIOpacTa MaKCUMaJlHe, Her0 MUHUMAJTHE
TeMIIEPATYyPE, AOK je Y LeJIOM IEPHOAY CYIIPOTHO.

Bypuh u zp. (2014; 2015) ¢y IpopavyyHIH TPEHJ HEKOJIUKO [TapaMeTapa TeMIle-
parype Ba3gyxa Ha mpocropy llpae T'ope. [lerasbHa aHanu3a 3a mepuof 1951-2010.
TOKa3yje /a je Haju3pasuTHjU TPEHJ, [I0PACTa CPENbe JIETEhe TeMIIEPAType U TrOTOBO Y
CBUM MeECTHMA je CTAaTHCTHUCTHYKH 3HadajaH. [TocMaTpaHo y mejiuHH (32 IIeo IPOCTOP
IIpue T'ope), TpeH, CpeLibe JIETHE TEMIIEpAType U3HOCH 0,23°C/nekanu. Hemrro je Mamu
ropact cpezbe mposehue temmeparype (0,17°C/nekanu), anu je, Takohe, Ha Behem 6pojy
CTaHHUIA 3HavajaH. U Ha roAMIIkBEeM HHUBOY je 3HayajaH mopact temrieparype (0,11°C/
IeKaan).

VY caommrerry WMO u3 2012. rogune (Press Release No. 943)3, kaxke ce naa je
100aJIHAa KOJIMYWHA MaJIaBUHA y JIeKaJu 2001-2010. Apyra y Hu3y HajBehux ox 1901.

2 http://www.wmo.int/pages/mediacentre/press_releases/pr_943_en.html
3 http://www.wmo.int/pages/mediacentre/press_releases/pr_943_en.html

42


http://www.wmo.int/pages/mediacentre/press_releases/pr_943_en.html)%20(стр
http://www.wmo.int/pages/mediacentre/press_releases/pr_943_en.html
http://www.wmo.int/pages/mediacentre/press_releases/pr_943_en.html

(mpBa je 1951-1960.), ajii U Jla Cy OCMOTPEHE BeJWKe PerroHajiHe W Meljyromurime
pasiuke. Ha moapy4jy MenuTtepaHa, TeHEpAJIHO Ce MOXKe 3aKJbYUHTH JIa Ce Y JIPYToj
TOJIOBUHU 20. BeKa KOJIMYMHA TaJiaBUHA CMAabWIa, AT Cy Te MPOMeEHe YIJIABHOM
6e3nauajue (Reiser & Kutiel, 2010). Unak, Xoplaki et al. (2006) cy yrBpawIn 3Ha4ajHO
cMamere 3UMCKHX cyMa nazaBuHa y Behem ey Utanuje, Anbauuje, XpBatcke, Kutpa,
Ha 3anany I'puke, kao u 'y Uspaeny u Pymynwuju, ok cy 3a JIubujy Erumnat, Tyruc u
MenuTepaHcKy obay [llnanuje no6mwin Ge3HavajaH TpeH mopacra. Feidas et al. (2007)
HCTHYY JIa Cy Ce TOJUIIIEe CyMe IaJlaBiHa Ha IpocTopy I'puke, y mepuoay 1955-2001.,
3HAYajHO cMambwie. V3y3eTax je jy>KHHU Zeo, The cy mpoMeHe Oe3Hauajue. Del Rio et al.
(2011) cy yrBpawin na U Ha IIMPHHEJCKOM MOJIYOCTPBY IOCTOjH HETATUBAaH TPEH]
naZilaBuHA y Iepuogy 1961-2006.

TokoM aHaJIU3UPAHOT 60-TOAUIINEEr Iepuoga (1951-2010), y Behem gemy IlpHe
Tope He youaBajy ce 3HauajHe IpPOMeHe TpeH/la TOAUIIIbUX cymMa HagaBuHa. Ocum
JIeTUMUYHO Ha MPUMOPjy U y 3alaJiHUM KpajeBUMa, y ocTajioM BeheM /ey 3eMJbe He
mocToju moBehatbe nHTeH3UTeTa cyiie. IlltaBuiie, y mepuoay 1981-2010. TOTOBO Y I1€JI0]
3eMJbH TIPUCYTHO je moBehame BIA’KHOCTH, IITO 3HAYM Jia ce JePUHUTUBHO HE MOKE
TOBOPHUTH O OUEKWBAHOj TEH/IEHIIUjU CYIIIHOCTH OBHX IIpeziesia. Y oBoM mepuoay (1981-
2010), TPEH/ TOAUIILUX CyMa I1a/laBHHA je HeraTUBaH caMo Ha jeHO] MEeTEOPOJIOIIKOj
crauunu (Il1aB), OK je y CBUM OCTaJUM MECTUMAa IO3UTUBHOT 3HAKA, 4 BPETHOCTU CE
kpehy oz 20,8 mm mno gexkagu y Bepanama 0 wak 880 mm/zaekanu y llpkBuiiama
(Bypwuh, 2014).

V3umajyhu y 0063up mpeTxo[HO M3HETO, OBaj paj je uMao 3a nwb cieznehe. IIpso,
MpOpavyH CPelbUX BPEAHOCTU U Auciep3uje (ofcTymama) pa3MaTpaHUX IapaMerapa
TeMIIepaType Ba3AyXa M KOJWYMHE IaJlaBHHE 3a JBa HCTofoOHa mepuozaa. U zpyro,
HUCIIUTHBAKkE CTAaTUCTUYKE 3HAYAJHOCTH DPA3JIMKE CPEIUX BPEJHOCTH U OACTYIIama
TeMIlepaType U KOJWUYHHE MaJlaBUHA u3Mel)y /Ba 30-TOAUIIbA TEPHOAA: 1951-1980. u
1981-2010. IIpopauynu cy ypalleHu 3a Cpefmy, CpeArmy MAaKCUMAaJIHU U CPEIIbY
MHHUMAJIHY TEMIIEPATYPY, Ka0 U KOJINYMHY [1a/IaBUHA, HA TOJIUIIIEHEM HUBOY.

IToganu 1 MeTO0JIOTHja

3a ucTpakuBame ¢y KOpUITheHy MoZany O TEMIEPATypU M KOJIMYKUHU MaJjaBUHA ca 23
Mereoposiomike craHune (Cia. 2), 3a mepuosx 1951-2010. VcnuThBame XOMOTE€HOCTH
HU30Ba U TOIymaBame Hezocrajyhux mogartaka ypaheHo je momohy meroma MASH v
3.02 u MISH v 1.02. OBa 1Ba codTBepcKa IaKeTa 3a €KCTPAIOJIAN]y U HCIUTHBAE
XOMOTEHOCTH HH30Ba METEOPOJIOUIKHMX IOJaTaka DPa3BIJIA je MeTEOPOJIOIIKA CIIyKOa
Mahapcke. ITpBo6uTHe Bep3uje (Szentimrey, 2003; Szentimrey & Bihari, 2007) ob6a
codTBepcka makera cy MoAuGUKOBaHe, a KOHAYHE Cy ayTOPU IIPE3EHTOBAIH Y OKBUDPY
00yke "IIpuMeHa KIMMATOJIONIKUX METOZA 32 MHTEPIIOIANN]Y U XOMOTeHU3aujy', Koja
je oxmpskaHa ox 2. 1o 5. ¢ebpyapa 2010. roguHe y Byaumnemrtu. HakoH TecTupama
HEKOJIMKO MeTO/|a 32 OBe HaMeHe, a y IIbY jeAHOOoOpa3HocTH, CBETCKA MeTEOPOJIONIKA
opranuzanuja (WMO - World Meteorological Organization) je mnpenopy4ria
kopuimthetbe MASH v 3.02 u MISH v 1.02, HapoO4YHTO KajJia Ce paAu ca JAHEBHUM
nozanuma. [TomeHyTH MeToau Kopucre KpUruHT ajnroputrMe 3a HMHTEPIOJIANU]Yy U HA
6a3u mmojilaTaka CBHX OKOJHHUX CTaHUIA BPIINM ce IpoOILeHa oxaroBapajyhe aHeBHe
BPEAHOCTH Y I'PUIOBHMA OJf IO 100 X 100 m.
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Ca. 2. JIoxayuje u HAOMOPCKA BUCUHA MEMEOPONAOWKUX CMAHUYA YKAYHEeHUX Y aHaaudy (cmp. 34)

CraTHCTHUKA B3HAYajHOCT pasyiuKe u3Melly CpeJiBUX TOJUIIBUX BPETHOCTH
TeMIlepaType U KOJIMUYMHE a/IaBUHA IepHoAa 1951-1980. U 1981-2010., IPOBEpeHA je
momohy t-recra. laxite, Tectupahe ce nynTa (Ho - cpefrbe BpeJHOCTH ZiBa aHAIU3UPAHA

nepuoga cy jequake: X1 = X 2) ¢ anrepaarusaom xumoresom (Hi, X1 # X 2). 3a Husose
ca 30 U BHUIIle WiaHOBa (N > 30), 32 HUCIUTHUBAIbE CTATUCTUUYKE 3HAUAJHOCTH (1) IUXOBUX
CpebUX BPEIHOCTH KOPHCTH Ce AalpOKCHMMAaTWBAaH METOJ CTaHJAapAM30BaH ca
HOPMAaJTHOM pacIoziesioM, Tj. obpasary (Bykaauuosuh, 1981):

X1 7i2

t=———
5'(%_?2)

HMeHusan y npeTxogHoM o6pasiry 1obuja ce mo popmyin:

5'(Y1_iz):

X1 (X 2) - cpenma BpeJHOCT IIPBOT (IPYroT) HU34;
Sd; (Sd,) - cranmapaHa nAeBHjalEja IpBOT (Ipyror) HU3a;
n; (n,) - 6poj YnaHoOBa MPBOT (APYror) HU3a,

Kpurtnune BpenHOCTH 32 BeIMYUHY t fjaTe cy y 061Ky Tabesie 3a pa3indyiTe HUBOE
BepoBaTHOhe (ta). Kao rpanuina 3a mpuxBaTame WId O40AlMBAIGE HYJITE XUIIOTE3E
Hajuyenthe ce KOpuCTU TabJUYHA BPEQHOCT BeJIHUYMHE tq 32 BepoBaTHOWY 0,05 U 0,01.
Xunore3zy MPUXBATAMO Ca IPAroM 3HAYAjHOCTH O aKO Ce BPEJHOCT t M3padyyHaTa Io
dopmysu Hamasu y uHTEpBaty +a: t € £ a. CynmpoTHO, aKo je BpeAHOCT t u3padyyHara mno
dopmynu Beha ox Tabauune (t«) 3a BepoBaTHOhy 0,05 (Wwin 0,01), Tajga ce HyJTa
XHUIOTe3a ozballyje, OMHOCHO pasyivKa u3Mel)y Be Cpelibeé BPEIHOCTH je CTAaTUCTUYKK
3HavYajHa.

Ojcrymama IOjeJHHAYHUX UYIaHOBA y JaTOM HH3y, Y OJHOCY Ha oarosapajyhy
CpeEby BPEIHOCT, MOTY TIOCTYKUTH Kao MOKa3aTesb CTAOMITHOCTA CHHONITUYKIX YCIIOBA,
TaYHOCTH MHCTPyMeHaTa WTA. Y TOME je U HajBehu 3Hauaj OJCTyIama, Koja CIy:Ke Kao
TOoKa3aTe/b pacTyparha IoZaTaka OKO Ipoceka. TecTHpare je HW3BPIIEHO IMOMOhy
dumepore pacnogene (F-tecr), ¢ pusukoM o7 0,05 1 0,01, OAHOCHO C MIOY3/IaHOIINY Of
0,95 H 0,99, 1o obpacity (BkoBuh, 1976):

_n,-Sd’(n, 1) . Sd,?

F 2 2
n,-Sd,2(n,—1)  Sd,

O3Hake cy UCTe Ka0 y MPeTxX0AHOj hopmyiu, ¢ TuM IuTo BesnuuHy F tpeba pauyHaTu
Tako aa 6pojunan y dpopmynu 6yze Behu, na je Ha taj HaunH F yBek Behe of 1. Ykomuko
je BpemHOCT nobujeHa mo dopMmysnu Beha of Teopujcke, mate y Tabiaunu durmepose
pacroperie, 3a cTelieH c10007€e N2-1 U Ni-1 U ofpeljeHn mpar 3Ha4ajHOCTH, TaJla XUIIOTE3Y
0 jexHakoctu BapujaHcHu (0:2=02? ili Sd:2=Sd»?) ombarmyjemo, Tj. ZOOUjeHO OACTYHAIHE
cmaTpamo 3Havajuum (F>Fq), u o6paTHO.
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Pe3ysTaTi U AUCKycHja

Cmacmucmuuka sHaUajHOCM pasauxke memnepamype u nadasuHa 0ea
nepuoda

Ha ocHoOBy no0ujeHuX pesyiTara, MOXe Ce 3aK/byUWUTH Jia je Ha 16 CTaHWLA Jpyra
MOJIOBMHA IOCMAaTpaHOT nepuosia (1981-2010) 6wia 3Ha4ajHO TOILIHja Of mpBe (1951-
1980). To ;mpyruM peymMa 3Ha4M Jia ce oxbanyje xumoresa Ho ¢ pusuxkom ox 5% y
Besmumiby, OTHOCHO Of 1% Ha OCTAJIUX 15 CTAHUIIA, jeP je IOPACT TEMIIEPATYPE Y IEPUOLY
1981-2010. 3Hauajan ¢ noysaaHoirhy o 95% u 99%. Hajeehu mopacr cpenipe ropuime
TeMmneparype npucyrtaH je y Bepanama, IlnaBy (0,7°C), Iloaropumu u Ha »Kabipaky
(0,6°C).

IIpopauynu cy ypahleHu u 3a ToAuIImy cpeamy MakcuManHy (Txsr) U Cpemmby
vuHuManHy (Thsr) Temmeparypy, 3a cBaky cTaHully noceOHo. Cpenma ToOAuIImba
MakKCHMAaJHa TeMIIepaTypa je Ha CBHM CTAaHMIAMa BUIIA Yy JAPYroj IOJIOBHHH 30-
roguiimer mepuosna (1981-2010) Hero y mpBoj (1951-1980). IIpu ToMme, pasiuka y
CpeEb0j MaKCHUMAaJTHOj TeMIepaTypu usMel)y /Ba mocMarpaHa Iepuoja je 3HavajHa Ha
HUBOY BepOBaTHONE PU3HKA IIPUXBaTamka XUIOoTe3e o7 1% (99% HUBO MOBeperha), U TO Ha
CBUM CTaHuIlaMa. Ha OCHOBY OBHUX IIOKa3aTesba, 3arpeBambe je HajU3pasuTHje y
IMoaropuru, bepanama u Ha »Kabspaky (1,1°C), 0K je HajMabU OPACT CPEEHE TOUIIEHE
MaKcHUMaJIHe TeMiieparype 3abesnexeH y Xepuer Hoom (0,4°C).

Kazma je y muTamy cpefia TOfullliba MUHMUMAaTHA TEMIIEpaTypa, Apyra MOJIOBHHA
IIOCMaTPaHOT IEPHUO/Ia je 3HA4YajHO TOIUIMja Of IpBe Ha 12 craHuIa. IlopacT cpenme
To[uIlilbe MHHUMaIHe Temiepatype y Komamwmnay (0,3°C) u Bymeu (0,4°C), mo
CTyZIeHTOBOM TECTy 3a/I0BOJbaBa yCJIOBE 3HAYAJHOCTH Ha 95%, a HAa OCTAJIUX 10 CTAHUIIA
Ha 99% HUBOY MoBepera. Hajsehu mopacr cpetbe MUHUMATHE TEMIIEPATYPE PETUCTPY]Y
MecTa Ha CeBepy U CEBEPOMCTOKY 3eMJbe: Pokaje (1,2°C), Bepane (0,9°C), Bujesno ITosbe,
JKabspak, IlibeBsba, kao u cranutia bap (0,7°C).

IIperxogna aHajmM3a je IOKa3ajla [Ja Ce Cpeama TOAUINkA MaKCHMAasHA
TeMIlepaTypa, Ha CBUM [IOCMAaTPaHUM CTAaHWIIAMA, 3HAYAjHO IPOMEHUJIA ¥ APYroM 30-
TOZIMIIIEEM IIEPHOAY Y OHOCY HAa BPEQHOCTH U3 Iepuoza 1951-1980. Y Behem ey Lipue
Tope 3Ha4ajHO ce IPOMEHWIIA U CPEhba U EKCTPEMU CPE/iEbe MUHUMAIHE TEMIIEPAType.
Jlaxie, Ha TOAUIIELEM HHUBOY, CBA TPH IapaMeTpa TEMIIEPATyPe, HAPOUUTO MAaKCHMAIHE
BPEAHOCTH, IIOKA3Yjy /1 je meproj 1981-2010. 3HAYajHO TOIUIUjHU Y OTHOCY Ha IIPETXOAHE
TpH JielieHuje.

3a Behu zmeo Lpue I'ope (20 cranuna) je mobujeHa peayknuja nafaBUHA y IEPUOLY
1981-2010. y oxHOCY Ha nepuoy, 1951-1980. ¥ Konamuny, Poxajama u Bujesom ITosby je
TOAVIIBY IPOCEK NafaBUHA Oe3HAYajHO BehH y APYyroM HEro y MpBOM 30-TOLUIIHEM
nepuony. Mama mIpoceyHa TOAWINEA KOJIMYHMHA NafaBuHA y ApyroMm (1981-2010) y
OIHOCY Ha NIpBHU Iepuof (1951-1980), CTATHCTHYKHU je 3HA4YajHA caMO HA 7 CTAHHIA
(Ynuum, bap, Byasa, Tusat, Korop, Xepuer HoBu u Kpcrair). To Apyrum pedyrma 3HaYu
Jla 3HaYajHe IIPOMEHe Cpe/ibe TONUIIbEe KOJMYNHE a/laBuHa u3Mel)y /Ba mocMaTpaHa
Iepuozia IOCTOje Ha IPHUMOpjy, C IMOy3ZaHOUINY HCIIPAaBHOCTH XUIIOTE3e O 95% WU
JIOKAJIHO Y 3amagHoM zeity 3emsbe (Kperair), Ha HUBOY ITOBepema oz 99%.
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Tab. 1. Cmamucmuuka 3HauajHocm pasauke cpedme (Ts:), cpedre maxcumante (Txsr), cpedrse
munumante (Trsr) 200uturbe memnepamype u 200uubux cyma nadasuxa (RR) nepuoda 1951-1980.

(X 1) u 1981-2010. ()_( 2)

Cranuna Tsr Txsr Tnsr RR
X X4 X X4 X~ X4 X~ X4
Vs 0,5** 0,6** 0,6** -147,5*
Bap 0,5** 0,7** 0,7** -143,2*
Byzsa 0,5** 0,7** 0,4* -220,8*
Tusat -0,1 0,6** 0,1 -202,3*
Korop 0,3** 0,6** 0,1 -198,0*
X. Hosu 0,3** 0,4** 0,6** -241,4*
Bupnasap -0,1 0,9** 0,1 -221,9
TCony6oBun 0,5%* 0,9** 0,1 -66,3
Tloaropuma 0,6** 1,1%* 0,3 -64,2
JlauuoBrpan 0,1 0,9** 0,5** -67,0
IleTume 0,1 1,0** -0,1 -20,5
LpxBuue 0,1 0,9** -0,2 -555,1
I'paxoBo -0,1 0,8** -0,1 -189,4
Benumbe 0,4* 0,8** 0,1 -139,1
Huxkwmuh 0,4** 0,8** 0,2 -130,3
Kpcrang 0,1 0,8** 0,1 -361,5**
Konamuna 0,4** 0,5%* 0,3* 8,5
IlnaB 0,7** 0,6** 0,7** -69,2
Poxaje 0,6** 0,6%* 1,2%* 37,9
Bepane 0,7** 1,1*%* 0,9** -34,6
b. [Mosbe 0,5** 0,5** 0,7** 26,0
Kabspak 0,6** 1,1%* 0,7** -41,9
ILibeBsba 0,5** 0,8** 0,7** -24,2

3HauyajHOCT pa3juKe Ha HUBOY PU3UKa: ** o = 0,01 4 * o = 0,05.
* TlojemuHe BpeHOCTH AudepeHIHje ce He MOKIIAMNajy 300T 3a0KpYyKUBaka Ha jeHY AelMaty
IMocmarpajyhu mpomeHe roAMIIBUX CyMa IafaBUHA HA OBAj HAYHH, KAO PA3JIHKY
usmel)y [Ba 30-TOAMINbA TEPHOJA, MOIJIO OM ce 3aK/by4HTH fJa Osiara apumusaija
MIOCTOjH, OCUM Ha KpPajieM CEBEPOMCTOKY 3eMJbE, aJIH je TO CMaIbeIhe ajaBrHa y Behem
neny llpae TI'ope 6e3nauajuo (Ta6. 1). nak, Tpeba HOACETHTH A je y MepUoay 1981-
2010. TOTOBO Ha 11eJ10j Teputopuju LlpHe T'ope TpeH A rOAUIIKHUX aJJaBUHA TO3UTUBAH
(Bypuh, 2014).

Cmacmucmuuka 3HauajHocm pa3auxe ducnep3uje dea nepuooa

PezysnTaTtu npopadyHa 3a mocMaTpaHe I1apaMeTpe TeMIepaType Baszayxa, IoKasyjy Aa je y
nepuony 1981-2010. y Behem zesy Lipre I'ope fouuto 1o mopacra AUCIep3Hje y OXHOCY
Ha MpPeTXOAHM 30-roAauumu nepuop (1951-1980). Mehyrum, mopacr aucnepsuje
(BapujaHce) cpezrbe TOAUIIIE TEMIIEPATYPE Y APYT0j IOJOBHHHU ITOCMATPAHOT IEPHUOAA
je 3HauajaH camo y Bapy u Byzasu (2,7 u 2,3 myta). CTaTUCTUYKA 3HAYAjHOCT TIOCTOJU U Y
Bupnazapy, anu je y oBoM MecTy BapujaHca Owia Beha y mpBoM Hero y Jpyrom 30-
TOZIMIIEbeM IIEPHOAY, ¥ TO 3a 2,2 myTa. Ha ocTalauM cTaHHMIIAaMa je pasjinKa BapHjaHCH
CpeAiibe TOIUIIIIbE TEMIIEpAType U3MeNy /1Ba MocMaTpaHa Ieprojia be3HavajHa.

Ocum Ha LleTHby, OJTHOC BapHjaHCH CPe/ibe TOMUIIEFe MAKCUMAaTHe TeEMIIEPAType je
Ha CBMM OCTQJIMM CTaHUIIaMa Behu Off jeAuHMUIle, IITO 3HAYM J]a je JIOULIO0 ZI0 TopacTa
JUCIIEp3Uje Yy APYroM 30-ToAuIImeM Inepuoay (1981-2010). Ha ocHOBY n»-1 U ni-1
cTerneHu cy1060/e, oroBapayhix BpeZHOCTH BapUjaHCH U Ay>KUHE HU30BAa, YTBPHEHO je
Jla TOpacT JHUCIep3Huje Cpelibe TOAUIIIbe MaKCHMaslHe TeMIlepaTtype, ¥ APyroM 30-
TOINIIIHEM TIEPUO/TY, 337I0BOJbaBa ycioBe F Tecta Ha 13 CTaHMIIA, U TO HA 5 HA HUBOY Of
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99%, a Ha 8 Ha 95% mpary noBepema. To 3Hauu 7ia je y Behem ey Lpue T'ope moruio 1o
3HauajHor nopacra Bapujance (Tab. 2), na Hyaty xunoresy (Ho, Sd12=Sd»2) oxbaiyjemo.

Kama je y muramy cpelama TOAUINA MHHUMAJHA TeMIIEpaTypa, pasjikka y
Javcnep3uju u3Mel)y /Ba mocMaTpaHa mepuoza je O6e3HauyajHa Ha 20 craHuna. Ilopacr
nucnep3uje y Bapy u Poxkajama y Ipyrom y oZHOCY Ha IPBU 30-TOJULIBH IIEPUO/T, Off 2,8
U 2,5 MyTa, 3HA4YajHa je Ha 99%, OJHOCHO 95% HHBOY IMoOBepema. YcioBe F Tecra
3a/I0BOJbaBajy pe3yaTaTH M 3a ['paxoBo, Ha HUBOY Off 95%, alu je Y OBOM MECTY
nucnep3uja (kosebame) 6ma Beha y mpBoM nepuozy - 3a 2,2 myTa.

BpexHoctu BapujaHcu u3Mel)y /1Ba 30-TOAUIINEbA IIEPUO/IA Ce PA3JIHKYjy TOTOBO Ha
CBUM CTAaHWIIAMA, W TO HUje HUIITA HeyoOwduajeHo. OCHOBHO NIHUTame je: Jla JIU Ta
pasyivka 3a/[0BOJbaBa ycJIOBe 3HauajHocTu? Kaja je y mHTamy cpefbha TOMUIIbA U
Cpe/itba TOUINbA MUHMMAJIHA TEMIEpaTypa, BapHjaHce JiBa [OCMAaTpaHa MEPHUOA CEe
Ge3HauajHO pasnukyjy v Behem gmeny Llpue T'ope, Tj. Ha 20 o7 23 craHule. Pesysiratu
[MOKasyjy /a Ce BapHjaHce MPOCEYHHUX TOAMINIGUX CyMa IalaBUHAa JiBa [OCMaTpaHa
nepuosa, Takohe Ge3HAUajHO pas/MKyjy. 3HauajHa pasjiMKa y BapHjaHcaMa IMajaBHHA
mocroju camo y bepanama (95% HHUBO IOBepea), aiu je auciep3uja Beha y mpBoM Hero
y Zpyrom 30-TOAMIIEREM IEPHOLY, 3a 2,0 myra. Hajeehw m Ha 13 craHuna 3HavajaH
TopacT JAUCIepP3Uje, y meproay 1981-2010. y oHOCY Ha 1951-1980., T0OUj€eH je 3a cperby
TO/IUIIIEBY MAKCUMAJIHY TEMIIEPATYPY.

Tab. 2. Cmamucmuuka 3HauajHocm npomere ducnep3suje 2oduuirve cpedre (Ts.), cpedrve
maxcumante (Tusr) u cpedrse munumante (Tns:) memepamype, 0OHOCHO NPOCEHHUX 200UUHUX
nadasuna nepuoda 1951-1980. (Sd;2) u 1981-2010. (Sd-?)

Mereoponomika Tsr Txsr Tnsr RR
Cranuua Sd,%/Sdy? Sd,%/Sd,? Sd,*/Sd,? Sd,%/Sd,?
Yy 1,1 2,0* 15 1,5
Bap 2,7** 3,7** 2,8** 13
Bynsa 2,3* 4,2%* 15 1,7
Tusat 1,2 3,2** 0,8 (1,3) 15
Kotop 1,3 2,2* 1,0 1,4
X. HoBu 1,2 3,9** 1,0 13
Bupmnazap 0,5(2,2)* 3,0%* 15 1,2
Tomy6oBum 1,6 2,5* 18 11
Tloaropuna 14 2,4* 14 0,9(1,1)
JlaHuoBrpan 0,6(1,7) 14 0,6 (1,5) 0,7 (1,4)
Lerumwe 0,5(1,8) 1,0 0,9(1,1) 1,4
LlpkBuue 1,0 1,8 1,3 1,8
I'paxoBo 0,8(1,2) 2,2* 0,4 (2,2)* 15
Benumibe 14 1,8 0,9(1,1) 1,3
Huxkmuh 14 1,1 15 1,0
Kpcran 18 3,56** 0,6 (1,6) 0,8 (1,3)
Konamun 1,6 1,6 1,1 0,7 (1,5)
Ilnas 17 15 2,0 17
Poxaje 1,7 1,6 2,5% 09 (1,1)
Bepane 1,2 1,6 0,8 (1,3) 0,5 (2,0)*
b. [Mosbe 18 2,1* 1,0 12
Kabipax 1,7 2,6* 1,2 0,7 (1,5)
IlbeBiba 1,1 1,6 0,9 (1,2) 1,0

3HauajHOCT IPOMEHeE ANCIIEP3Uje Ha HUBOY pU3UKa: ** a = 0,011 * a = 0,05,
* TlojeHE BPEJHOCTH Ce He MOKJIAMajy 300T 320Ky KUBamba Ha jeIHy IeUMaTy; BPEIHOCTH Y

3arpajiy ykasyjy /ia je BapujaHca 6ria Beha y IpBOM 30-TOAUIIELEM IIEPUO/Y, OHOCHO
npejcrassbajy ogHoc Sdi2/Sd.2.
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3axspyuak

OCHOBHH IIUJb UCTPAXKUBAa OBOT pajia O1o je Zja YTBPAY /1a JIU Cy Pas3jIkKe y IPOMEHU
TeMIlepaType Bas3/yXa U KOJUYHMHE IaJjaBuHa usMely ziBa 30-ropuuima nepuoza (1951-
1980 u 1981-2010) 3HauajHe uau He. IIpopauyHu cy ypaljeHH Ha TOAMIIEM HUBO, 32
CPeAY, CPefby MaKCHUMAJIHy U CPeAkY MHHHMAJIHY TEMIEPATypy, Ka0 M KOJIUYHHY
magaBuHa. JloOWjeHH pesyiTaTH 3a CBa TPU IIapaMeTpa TeMIepaType, HapOYHUTO
MaKCHMAaJIHe BPEIHOCTH, IOKA3Yjy /a je mepuof 1981-2010. 3HAYajHO TOILIUjU Y OFHOCY
Ha IpeTXOfiHe TpU JeneHuje. Takole, 3HauajHe MpoMeHe U3Mel)y CpeAmUX TOJUIIBUX
KOJIMYMHA TaJJaBUHA J[Ba IIOCMaTpaHa IMEPHO/a IIOCTOje HA IPHUMOP]Y U JIOKATIHO Y
3ama/iHOM Jiesty 3eMbe. Kajia ce mocmarpa 1eo mepuog, Giara apuusanyja MmoCTOjH,
OCHM Ha KpajEeM CEBEPOHCTOKY 3eMJbe, AJIH je TO CMamekhe MaZaBuHa y BeheM ey
IIpue T'ope 6e3HavajHo. Mnak, y mepuoay 1981-2010. TOTOBO HA 11eJ10j Teputopuju L{pHe
Tope TpeHA TrOAUINBUX [a/aBUHA je MO3UTHBAaH. KO cpenibe TOAMIIE U CPENEbe
TO/MIIEbe MHUHHMAJIHE TeMIlepaType, Kojebarba TOKOM /[Ba IIOCMAaTpaHa IIepHoZa ce
6e3HauajHO pa3iaukyjy y Behem memny Lpue ope. Pesynratu mokasyjy Zia ce BapHjaHCe
MPOCEYHHX TOJUINbUX CyMa [a/aBUHA J[Ba IMOCMaTpaHa [epuoja, Takohe Ge3HaUYajHO
paznukyjy. Hajpehn u Ha 13 cTaHuia 3HauyajaH mopacTt JucCIep3uje, y mepuoay 1981-
2010. y oAHOCY Ha 1951-1980., /[00WjeH je 3a Cpenmy TOAUIIEKY MAaKCHMAJHY
TEMIIEpPaTypy.

Jaspa uctpaskuBarba Tpebasmo 6u fia ce GoKycupajy Ha yTBph)UBabe y3poKa ImpoMeHa
OBa /IBa Haj3HAUYAjHUja KJIMMATCKA eJIEMeHTa. Y TOM KOHTEKCTY, TOceOHY NaXKiby Tpebasio
6u oOpaTUTH HA YTUIA] MPOMEHA IUpKyJamuje atMocdepe U aHTPOIOreHH edekaT
cTakJeHe Oarire.
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