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AIR TEMPERATURE CHANGES IN SERBIA IN PERIOD 1949-2010 IN
VIEW OF GLOBAL CLIMATE CHANGES

Ljiliana BRASANAC-BOSANAC, Tatjana CIRKOVIC-MITROVIC'

Abstract: Global climate, biological, geological and chemical processes and
natural ecosystems are interconnected, and changes in any of these components of the
environment may affect humans and other living beings. According to the reports of the
IPCC (2000, 2007, 2009) a single rate of global temperature growth that was observed
during the twentieth century is the highest in the past millennium and it is closely connected
with the greenhouse effects as a result of increased emissions of gases that cause this effect.
Evaluation of changes in the average annual air temperature in Serbia in this paper was
carried out on the basis of the results of climate modeling of the IPCC, by the most
commonly used scenarios SRES AIB and SRES A2. It should be noted that by the global
IPCC models, a problem of climate changes of specific climate parameters is observed in a
planetary scale. If we want to get a fine structure of changes within particular regions for
which can be crucial local effects such as complex orography, distribution and types of
vegetation or soil, the results of these models are not accurate enough. Therefore, for the
study of climate changes of the individual regions are used regional models in which the
local characteristics of the selected region are accurately presented, so the results of these
models have a more detailed structure. This paper analyzes the trend changes in the mean
annual air temperature and the air temperature in the growing season, in the period from
1949 to 2010 (a series of 62 years), on the network of 32 meteorological stations in Serbia.

Key words: air temperature, trend changes, Serbia.
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INPOMEHE TEMIIEPATYPE BA3JIYXA Y CPBUJU Y IIEPUOY
1949-2010. TOAUHA CA ACIIEKTA I'NIOBAJIHUX KIIMMATCKHUX ITIPOMEHA

Abstract: [obanna kauma, OUONOWKU, 2€0NOWIKU U XeMUJCKU npoyecu u
NpuUpoOHU exocucmemu melycoOHo Cy N0Be3aHu, a npomexe y OUN0 KO0joj 00 HA8eOeHux
KOMROHEHMU JHCUBOMHE CpeduHe MO2y ymuyamu Ha yoseka u opyea scusa ouha. Ilpema
uzgewmajuma IPCC-a (2000, 2007, 2009), jeouncmgena cmona pacma 2100aiHUX
memnepamypa Koja je 3abenexcena moxkom XX eexa, Hajeelia je y npomekiom MuieHujymy
U ycKo je noeesama ca eghexmom cmaxiene bawime, Kao nocieouyom nosehane emucuje
eacosa Koju uzasusajy maj eqpexam. Ilpoyena npomene npoceune 200uiibe memnepamype
eazdyxa y Cpbuju y o08om pady u3epuieHa je HA OCHO8Y pe3yaImama KIUMAmcCKo2
modenuparwa IPCC-a, no uajuewhe xopuwhenum cyenapujuma cyenapuo SRES AIB u
cyenapuo SRES A2. Tpeba wmacnacumu oa ce enobamnum IPCC modenuma npobnem
KAUMAMCKUX NPOMEHA 00peleHux KIUMAmcKux napamemapa nOCMampa y NiaHemapHum
pazmepama. Yxonuxo xohemo oa 0obujemo ¢huny cmpykmypy npomena y oKeupy nojeounux
pecuoHa, 3a Koje Mmo2y Oumu npecyoHu JIOKAIHU e@eKkmu Kao wmo Cy CIOJiCeHd
opoepaguja, pacnodena u epcma eecemayuje UL 3eMBUUMA, PE3VIMAmMu 08UX Mooena
HUCy O0080bHO npeyusHu. 3amo ce 3a UCMPANCUBAFA KIUMAMCKUX NPOMEHA HAO
NOjeOUHUM  pecUOHUMA KOpUcme pecUOHANHU MOOeiu, y KOjuma cy JOKAIHe
Kapakmepucmuke 00aOpanoe pecuoHa npeyusnuje npeocmaesmwene, na u pe3yimamiu 08ux
Modena umajy OemamHujy cmpykmypy. Y pady cy anamusupanu mpenoo8u NpoMeHd
cpeodtve 200uulive U memnepamype 6az0yxa y ee2emayuonom nepuody, 3a nepuoo 1949-
2010. 2o0una (nu3 00 62 2o0une), Ha mpedicu 00 32 memeoporouxe cmanuye y Cpouju.

Key words: Temrepatypa Ba3nyxa, TpeH, npomena, Cpouja.

1. INTRODUCTION

In the analysis of climate changes including climate modeling, influence
assessment, adaptation and adjustment, are used so called IPCC scenarios (IPCC
2000, 2007, 2009). They are alternative views of how specific measures or lack of
their implementation may affect future emissions of greenhouse gases and how the
future is uncertain in that sense. It is very uncertain that any path from the given
scenario will appear in the form in which it is described. Scenario SRES A1B
(IPCC) belongs to a group of moderate scenarios, and it includes a partial
implementation of measures to reduce emissions of greenhouse gases, and predicts
that the concentration of CO, at the end of the century will be about 700 ppm.

According to the results of IPCC models, the increase in mean annual
temperature in Europe at the end of the twenty-first century (period 2071-2100)
compared to the 1961-1990 climate normal, will be in the range of 2-3°C, if the
increase in the concentration of greenhouse gases follows the scenario A1B. If the
century ends up with a higher concentration that predict some "more aggressive"
scenarios, the increase in temperature according to the results of other regional
models can be twice as high compared to these values.

The results of these models are usually not accurate enough if we want to
get the fine structure of changes within particular regions, for which can be crucial
local effects such as complex orography, distribution and types of vegetation or
soil. For this reason, for the study of climate changes in individual regions are used



regional models, in which the local characteristics of the selected region are
accurately presented, so the results of these models have a more detailed structure.

According to Popovic, T. et al. (2009) estimates based on climate
modeling, using moderate scenarios, indicate that the annual temperature in Serbia
until the end of the century will increase for 2.6°C. Warming will not be equal
throughout the year, summer will be warmer for 3.5°C, fall for 2.2°C, winter for
3.2°C, and the spring for 2.5°C. It is expected the increase in frequency, intensity
and duration of heat waves, while the projections for the number of frosty and icy
days say that they will continue to decline.

Increasing of the maximum and minimum annual temperature, the amount
and distribution of rainfall during the vegetation period, the frequency of extreme
phenomena and other climate parameters have a wide range of effects, both on the
forest ecosystem as whole and individual trees and directly affect the phenology of
plants. Due to high temperatures is reduced the moisture content in the soil, which
directly affects the vegetation, as indicated by numerous studies: Koli¢, B., Gajic,
M. (1975), Jovanovi¢, B., Koli¢, B. (1980), Koli¢, B. (1988), Andrasko, K. (1990),
(1992), Botkin, D.B., et al. (1992), Krsti¢, M., Cirkovi¢, T. (2005), Belij, S. et al.
(2007) and others.

This paper analyzes the trends of changes in the mean annual air
temperature and the air temperature in the growing season, for the period from
1949 to 2010 (a series of 62 years), on the network of 32 meteorological stations in
Serbia.

2. MATERIAL AND METHOD

For the purposes of this study are used data from the Republic
Hydrometeorological Service of Serbia. Due to the reduction of degree of error, it
was performed the averaging by altitudes or height zones in which are the studied
meteorological stations (areas up to 200 m above sea level, areas of 200-500 m
above sea level, areas of 500-1,000 m above sea level and the areas of more than
1,000 m above sea level).

To check the statistical significance of the values of the linear trend of the
mean annual air temperature and the air temperature in the growing season, it was
used a test of independence of the two statistical features (t test) according to the

formula:
t=R }—n'zg
1-R

Based on the coefficient of determination (R”) and the degree of freedom
was determined the actual value of the t test, and based on the degree of freedom
(n-2) and an appropriate level of risk 0.05 and 0.01 are determined the critical
values of t test. For degree of freedom 60 (n-2 elements), the critical values of t-test
are: t 0; 0,05) = 2,005 t (60; 0,01) = 2,66.

By comparing the actual and the critical value of t test it was determined
the statistical significance of the linear trend of the mean annual air temperature
and air temperature in the vegetation period in Serbia in the period 1949-2010.



In order to study the variability of the temperatures, the standard deviation
was used.

3. RESULTS

In Table 1 is shown trend of changes of the mean annual air temperature
and air temperature in the vegetation period in Serbia for the period 1949-2010.

Table 1: The trend of the mean annual air temperature and the temperature in the
growing season in Serbia in the period 1949-2010 (°C / year)

The trend of the The trend of
. . Altitude | mean annual air | temperature in the
Meteorological station .
(m) temperature growing season
°C/per year °C/per year
The area 0-200 m above sea level
Negotin 42 0,021 *k 0,021 *k
Zrenjanin 80 0,016 ** 0,013
Veliko Gradiste 80 0,007 0,007
Kikinda 81 0,015 ** 0,015 *
Sremska Mitrovica 82 0,011 * 0,010
Vrsac 84 0,016 Hk 0,012
Novi Sad 86 0,014 *k 0,011
Sombor 87 0,015 H* 0,016 *
Banatski Karlovac 89 0,012 * 0,011
Pali¢ 102 0,018 H* 0,021 **
Loznica 121 0,023 *ok 0,025 Hk
Smederevska Palanka 121 0,011 * 0,011
Cuprija 123 0,003 0,002
Belgrade 132 0,020 ok 0,020 Hk
ZajeCar 144 0,015 H* 0,014 *
Krusevac 166 0,012 * 0,011
Valjevo 176 0,016 *k 0,018 H*
Kragujevac 185 0,013 * 0,013 *
The area 200-500 m above sea level
Nis 204 0,009 0,009
Kraljevo 215 0,010 * 0,008
Leskovac 230 -0,000 0,001
Pozega 310 0,016 ** 0,021 l
Kur§umlija 383 -0,003 -0,009
Vranje 432 0,004 0,005
Dimitrovgrad 450 0,000 0,001
The area 500-1000 m above sea level
Novi Pazar 545 0,017 Hok 0,016 *
Trgoviste 600 0,011 * 0,014 *
Rudnik 700 0,024 Hk 0,028 *k
The area above 1000 m above sea level
Zlatibor 1.028 0,014 *ok 0,013
Crni Vrh 1.037 -0,097 Hok -0,11 *ok
Sjenica 1.038 0,014 *k 0,013 *
Kopaonik 1.711 0,014 * 0,017 *

* Statistically significant trend in the probability p = 95%
** Statistically significant trend in the probability p = 99%

In order to study the variability of mean monthly temperature and analysis
of dispersion from the average of the mean monthly temperature, the values of
standard deviation of the mean monthly temperatures were also calculated (Table
2).
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Table 2: Standard deviation of the monthly and annual air temperature in Serbia
in the period 1949-2010

Meteorological station | Altitude(m) | T | II |[IIT[IV |V | VI |VII|VII|IX | X [ XI | XII | Annual
Negotin 42 2,7132125[1,5)1L,511,3[1,3] 1,7 |1,2{1,3[2,0]2,0 0,8
Zrenjanin 80 2,713,5(2,5|1,7]1,6[1,5]1,4| 1,7 |1,6[1,5|2,2] 2,1 0,8
Veliko Gradiste 80 2,3129(22|1,7|1,5[14]1,3| 16 |1,6[1,5|2,1]2,0 0,7
Kikinda 81 2,713,4(23|1,7]1,6[14]1,4| 1,6 |1,5]1,5|2,2]2,1 0,8
Sremska Mitrovica 82 24132123[1,6|1,6[13[1,2] 14 |1,5/1,5[2,0]2,1 0,7
Vrsac 84 2,7133(124[18]1,6[14[13| 1,7 |1,6]/1,7[2,3]2,2 0,7
Novi Sad 84 2,713,524 (1,7]11,6[14[13] 1,6 |1,5[1,5[2,1]2,2 0,8
Sombor 87 2,6134(123[1,6|1,6[15(14| 1,5 |14]15[2,1]|2,1 0,8
Banatski Karlovac 89 2413,1(23]1,611,6[1,3]12| 1,6 |1,5]1,5|2,1]2,1 0,7
Pali¢ 102 2,6132(22(1,6|1,6[14|14] 1,6 |1,4]1,5[2,0]2,1 0,8
Loznica 121 24133[123[1,6]1,6[14[12] 1,5 |1,3]1,5(2,1]2,1 0,8
Smed. Palanka 121 2,5132(23|1,7|1,6|14]|14| 1,7 |1,5]1,6(2,2]2,2 0,7
Cuprija 123 2413,1122[1,7)11,5]13[14 ] 1,7 11,6]/1,6[2,2]2,1 0,7
Belgrade 132 2,513,3(25|1,8]1,8[1,5]1,5| 1,8 |1,6[1,5|2,3]2,1 0,8
ZajeCar 144 2,513,1(124(1,6|1,5]13[14| 1,7 |1,5]1,4]2,0]2,3 0,7
Krusevac 166 2413,1(23|1,711,5[1,3]1,3| 1,7 |1,5]1,6/2,3]2,3 0,7
Valjevo 174 24132(22]|1,611,5[1,3]1,3| 1,6 |14|1,5|2,1]2,1 0,7
Kragujevac 185 24132(23|1,7]1,6]14]14| 1,7 [1,5]1,6]2,2]2.2 0,7
The area 0-200 m above sea level 25(3,2(23|1,7|1,6|14| 13| 1,6 [1,5|/1,5]2,2| 2,1 0,8
Ni§ 204 2313,0(23(1,8|1,6[14|15| 1,8 |1,6(1,6[2,3]|2,2 0,7
Kraljevo 215 2213,1(23|1,7]1,6/1,3]1,3[ 1,6 |[1,6[1,5/2,3]2,2 0,7
Leskovac 230 24129121 (1,7|114[13[13] 1,7 |1,6/1,6[2,3]2,3 0,7
Pozega 310 22129123 1L,7)1L,5[12(1,1 | 1,3 |1,3[14[1,9]22 0,6
Kur§umlija 383 2,213,0(22(1,7|14[1,2(1,3| 1,7 |1,5]1,5[2,3]2,2 0,7
Vranje 433 2,112,7122(1,7)11,5[13[13] 1,8 |1,6{1,5[2,2]2,1 0,6
Dimitrovgrad 450 22127121 [1,6]14[12(13] 1,6 |1,5]1,5[2,2]2,0 0,6
The area 200-500 m above sea level 22029(22(1,7|1,5|11,3| 13| 1,6 [1,5|1,5]2,2|2,2 0,7
Novi Pazar 545 2,312,6[2,1[1,8]1,6[2,6(28| 1,7 |1,5]1,6[2,0]2,1 0,9
Trgoviste 600 2,012,712,1[1,6132[1,1[1,2] 1,6 |1,5{1,4[2,2]2,1 0,6
Rudnik 700 2413,5(2,7(2,0128[1,8[1,4] 2,1 123[2,0[2,7]2,3 0,9
The area 500-1000 m above sea level 23(29(23(1,8/25(|1,8|18| 1,8 [1,8|1,7]|2,3]|2,2 0,8
Zlatibor 1.028 2,313,0025(2,0|1,8[14|14]| 1,8 |1,7]1,7]24]2,1 0,7
Crni Vrh 1.037 2,613,713,2(3,012,6[2,7(24| 25 |2,7|24[3,1]|2,8 2,1
Sjenica 1.038 2,6(3,1[25|1,6(14[12]1,2| 15 |14]1,6/2,3]2,5 0,7
Kopaonik 1.711 2012412319 1,5]14[1,5] L7 |1,5]1,6[2,1]22 0,9
The area above 1000 m above sea level [2,4(3,0/2,6/2,1({19[1,7|1,6| 1,9 |1,8/1,8[2,5]|24 1,1

By analyzing Table 2 it can be concluded that the values of standard
deviation range between 1.1 (Trgoviste - June; Pozega - July) to 3.7 (Crni Vrh -
February) and that the temperatures in the warmer part of the year are more stable
than in the colder part of the year. Understandably, the greater variability of
temperature in the winter months in some years is the result of the penetration of
cold and warm air masses.

When the influences of western air masses are stronger, the winters are
relatively warm, and when is dominant the influence of northern and northeastern
polar masses, the winters are very cold. The greatest variability of mean monthly
temperature is in February, and the lowest in June and July.

4. DISCUSSION AND CONCLUSION

According to the obtained results, the trend of changes in mean annual air
temperature in Serbia for the period 1949-2010 (62 years) at most meteorological



stations is positive (exceptions are Kursumlija and Crni Vrh). The greatest
increases in the values of the linear trend have the meteorological stations Rudnik
(0.024°C/annually), Loznica (0.023°C/annually), Negotin (0.021°C/annually) and
Belgrade (0.020°C/annually), whereby the values of trend of changes are
statistically significant at the 99% probability.

It is also noticeable the existence of territorial uniformity of trend of
changes. For example, in Vojvodina the values of trend of changes in mean annual
temperature are in the range of 0.011 ° C annually (MS Sremska Mitrovica), up to
0.018 © C annually (MS Palic), where the values of trend are statistically significant
at the probability of 95% for areas of Sremska Mitrovica and Banatski Karlovac,
and for other meteorological stations in Vojvodina the values of trend of changes
are statistically significant at the 99% probability.

Uniformity is also noticeable in the higher altitudes above 1,000 m (except
MS Crni Vrh -0.097), and the value of the trend is 0.014°C annually, with
statistical significance of 99% for all stations, except MS Kopaonik, where the
value of the trend of changes of the mean annual temperature is statistically
significant at the 95% probability.

Negative or minimally expressed positive trend of changes of mean air
temperature is characteristic for the south-east of Serbia (Leskovac -0.00°C/
annually, Dimitrovgrad 0.000°C/annually), the areas along the valleys of the South
and Great Morava (Vranje 0.003°C/annually, Nis 0.009°C/annually, Cuprija
0.003°C/annually), Veliko Gradiste (0.007°C/annually), but the values of the trend
of changes at any meteorological station are not statistically significant.

When it comes to the trend of changes of air temperature during the
growing season according to the obtained results, the trend of changes at the most
meteorological stations is positive (exceptions are Kursumlija and Crni Vrh). The
greatest increase in the values of the linear trend have meteorological stations
Rudnik (0.028°C/annually), Loznica (0.025°C/annually), Negotin (0.021°C
/annually), Palic (0.021°C/annually), Pozega (0.021°C/annually) and Belgrade
(0.020°C/annually), whereby the values of trend of changes are statistically
significant at the 99% probability.

Like in the trend of changes of the mean annual temperature, in the trend
of changes in air temperature during the vegetation period is also noticeable the
existence of territorial uniformity. In the area of Vojvodina (with the exception of
Palic) the values of trend of changes of air temperature in the growing season
ranges from 0.010°C annually (MS Sremska Mitrovica) to 0.016°C annually (MS
Sombor), whereby the values of trend are statistically significant at the probability
95% for the area of Kikinda and Sombor, and for other meteorological stations
values of trend of changes are not statistically significant.

Uniformity is also noticeable in height zones of 500-1,000 m above sea
level and above 1,000 m (except for MS Rudnik and MS Crni Vrh), and trend
values range from 0.013°C annually (MS Zlatibor and MS Sjenica) to 0.017°C
annually (MS Kopaonik), with statistical significance of 95% for areas of Sjenica,
Trgoviste (0.014°C/annually), Novi Pazar (0.016°C/annually) and Kopaonik, while
for the area of Zlatibor the value of trend of changes in air temperature during the
vegetation period is not statistically significant.



The negative trend of changes of air temperature in the growing season
have Kursumlija (-0.009°C/annually) and Crni Vrh (-0.11°C/annually), while the
value of the trend of changes in the area of MS Crni Vrh is statistically significant
at the 99% probability, and the value of the trend of changes in the area of
Kursumlija is not statistically significant.

Minimum expressed positive trend of changes of air temperature during the
vegetation period is characteristic for south-east of Serbia (Leskovac 0.001°C/
annually, Dimitrovgrad 0.001°C/annually), areas along the valleys of the South and
Great Morava (Vranje 0.005°C/annually, Nis 0.009°C/annually, Cuprija 0.002°C/
annually) and Veliko Gradiste (0.007°C/annually), but the values of the trend of
changes at any weather station were not statistically significant.

The structure of the changes of annual air temperature in Serbia shows
that the increase is caused primarily due to increase in summer temperatures and
not due to the extremely higher winter temperatures as was emphasized in some
reports of the IPCC which is opinion determined on the basis of paleoclimatic
analogues in terms of domination of greenhouse gases effects (Ducic, V.,
Radovanovic, M., 2005).
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AIR TEMPERATURE CHANGES IN SERBIA IN THE PERIOD 1949-2010, IN
VIEW OF GLOBAL CLIMATE CHANGES

Ljiliana BRASANAC-BOSANAC, Tatjana CIRKOVIC-MITROVIC
Summary

Prema vecini prognoza, Srbiju kao i ceo region jugoistocne Evrope ocekuju
znacajne promene klime u skorijoj buduénosti. Projekcije prema regionalnim klimatskim
modelima predvidaju da ¢e porast proseéne temperature na godiSnjem nivou do kraja ovog
veka iznositi od 2,4°C do 2,8°C prema optimisti¢cnom scenariju (SRES A1B), odnosno od
3,4°C do 3,8°C prema pesimistiénom scenariju (SRES A2). Prema svim scenarijima
ocekuje se rast proseCne temperature, uz odredene regionalne razlike, u svim delovima
Srbije. Nesporno je da se klima menja i da ¢e se menjati i u buduénosti, medutim, brzina,
uticaji 1 posledice tih promena tokom XXI veka veoma su neizvesne, naroCito u
regionalnom smislu.

Prema dobijenim rezultatima sprovedenog istrazivanja na ve¢em delu Srbije trend
promena srednje godiSnje temperature i temperature vazduha tokom vegetacionog perioda,
za period 1949-2010. godina je pozitivan, izuzetak su Crni Vrh i KurSumlija. Najveci porast
vrednosti linearnog trenda srednjih godiSnjih temperatura i temperature vazduha tokom
vegetacionog perioda imaju meteoroloske stanice Rudnik, Loznica, Negotin i Beograd, pri
¢emu su vrednosti trenda promena statisti¢ki znacajne pri verovatnoéi 99%. Minimalno
izrazen trend promena srednje temperature vazduha i temperature vazduha tokom
vegetacionog perioda odlikuje jugoistok Srbije, podru¢ja duz dolina Juzne i Velike Morave,
do Velikog Gradista, ali vrednosti trenda promena ni na jednoj meteoroloskoj stanici nisu
statisticki signifikantne.
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