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Abstract—The paper presents trends for three categories of variables: average annual,
average maximum and average minimum air temperatures. Data was provided by the
meteorological yearbooks of the Republic Hydrometeorological Service of Serbia. The
main goal of this paper is to detect possible temperature trends in Central Serbia. The
trend equation, trend magnitude, and Mann-Kendall non-parametric test were used in the
analysis of climate parameters. The used statistical methods were supplemented by GIS
numerical analysis, which aimed to analyze the spatial distribution of isotherms from
1949 to 2018. The obtained results indicate that out of the 72 analyzed time series, an
increase in air temperature is dominant in 61 time series, while 11 time series show no
changes. The highest increase was recorded in the average maximum time series
(4.2 °C), followed by an increase of 3.5°C in average maximum air temperatures. The
highest increase in the average annual time-series was 3.0 °C. The lowest increases in air
temperature were recorded in the average minimum time series (0.1 and 0.2 °C). In two
average minimum time series a decrease in average air temperatures was identified (-0.6
and -0.4 °C. The application of GIS tools indicates the existence of interregional
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differences in the arrangement of isotherms, leaded by the orography of the terrain. In the
spatial distribution of the analyzed variables, "poles of heat" and "poles of cold" stand
out, and the influence of the urban heat island is evident (especially in the case of the
urban agglomeration of Belgrade). The manifested spatial patterns of air temperature
need to be further examined and the correlation with possible causes need to be
determined. For these reasons, the paper provides a solid basis for studying the climate of
this area in the future, as it provides insight into climate dynamics over the past decades.

Key-words: variability, climate change, air temperature trends, Mann-Kendall trend test,
GIS numerical analysis, isotherms, Central Serbia

1. Introduction

Climate change is referred to as large variations in climate averages which exist
for decades or even longer periods. Hansen et al. (2013) concluded that the
Pleistocene climate oscillations yield a fast-feedback climate sensitivity of
3+1 °C for a 4 Wm™ CO; forcing if Holocene warming relative to the Last
Glacial Maximum (LGM) is used as calibration. The most of the research on
climate change and climate variability was focused on analyses of the second
half of the 20th century. This is highlighted by the conclusion of the 5th
Assessment Report (ARS) of the Intergovernmental Panel on Climate Change
(IPCC): ,,it is extremely likely that more than half of the observed increase in
global average surface temperature from 1951 to 2010 was caused by the
anthropogenic increase in greenhouse gas concentrations and other
anthropogenic forcings together* (Bindoff et al., 2013). According to the IPCC
(2018), a 0.87 °C increase of mean air temperature on global scale during the
last decade (2005-2015) was identified. A similar trend continued during this
decade. Thus, the WMO (2019) identified 2015, 2016, 2017, and 2018 as the
warmest years during the instrumental period.

In recent years, various studies for detecting possible trends and changes
related to climate across the world’s regions have been published. Klein Tank
and Konnen (2003) identified changes in mean air temperatures trends for more
than 100 meteorological stations across Europe. The pronounced warming was
especially intensive between 1976 and 1999; it is primarily associated with an
increase in warm extremes rather than with a decrease in cold extremes. ElNesr
et al. (2010) analyzed the changes of air temperature trends over the Arabian
Peninsula. A warming trend was found in cases of mean annual, mean
maximum, and mean minimum air temperatures. Exceptions are the winter
months (November to January), where non-significant cooling trends were
observed. Karaburun et al. (2011) analyzed the trends of annual, seasonal, and
monthly mean, minimum, and maximum temperatures in Istanbul from 1975 to
2006 by using the Mann-Kendall (MK) test and the Sen's method. Based on the
air temperature measurements from 622 meteorological stations in China, Du et
al. (2019) analyzed the temperature response to the global warming effects at
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national and regional scales. They identified air temperature changes from
0.2 °C per decade from 1998 to 2012. However, the mean increase is lower in
comparison to the period from 1960 to 1998 (0.4 °C per decade).

Numerous papers are dealing with air temperature changes across the
regions of Southeast Europe: in Montenegro (Lukovi¢ et al., 2013; Buric et al.,
2014, 2015, 2018, 2019), Bosnia and Herzegovina (7rbi¢ et al., 2017; Popov et
al., 2017, 2018a, 2018b, 2019), Croatia (Tadic¢ et al., 2019; Radilovi¢ et al.,
2020), and Slovenia (Milosevi¢ et al., 2013, 2017; Tosi¢ et al., 2016).

Observed climatological data for Serbia were analyzed and classified into a
few main categories: air temperature variables (Unkasevi¢ and Tosic¢, 2013;
Goci¢ and Trajkovi¢, 2013; Bajat et al., 2015; Putnikovic¢ et al., 2018; Vukoici¢
et al., 2018) and parameters as aridity and drought (Goci¢ and Trajkovic, 2014a,
2014b; Hrnjak et al., 2014; Radakovi¢ et al., 2018; Milentijevi¢ et al., 2018;
Trajkovié¢ et al., 2020). Several papers are focused on climate change problems
on regional level on the territory of Serbia: Vojvodina (Gavrilov et al., 2015,
2016, 2019), Kosovo and Metohija' (Bacevi¢ et al., 2017, 2018; Gavrilov et al.,
2018). However, on the territory of Central Serbia, air surface temperature
trends were not examined up to now. For that reason, the purpose of this paper
is to analyze the variability of selected meteorological variables at 24
meteorological stations over Central Serbia from 1949 to 2018. Thus, the main
objectives of this study are: (1) to analyze and discuss the trend characteristics
of meteorological variables in details; (2) to quantify the significance of changes
by using the linear regression, the trend magnitude calculated from the trend
equation, and by the application of MK non-parametric test; and (3) to present
spatial distribution of isotherms on a defined study area using GIS numerical
analysis.

2. Data and methods
2.1. Research area

Central Serbia is located on the Balkan Peninsula and is a toponym that refers to
the territory of Serbia (excluding the autonomous provinces Vojvodina, and
Kosovo and Metohija). The borders of Central Serbia with the neighboring
regions are natural: 1) in the west the River Drina forms the border with Bosnia
and Herzegovina, 2) in the north, the River Danube forms the border with
Romania, while Danube and Sava rivers with Vojvodina, 3) in the east, the
Carpatho-Balkans form the border with Bulgaria, 4) in the south it borders
Northern Macedonia, and 5) in the southwest it borders Montenegro. The total

! According to the Kumanovo Agreement and United Nations Security Council Resolution 1244 (1999), Kosovo
and Metohija are considered as the part of Serbian territory under the international protectorate (Clark, 2014).
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area of Central Serbia (Fig. 1) is 55,947 km?, and it makes up 63.3% of the
territory of the Republic of Serbia (88,361 km?). The most important orographic
units that affect the transformation of air masses and the climate of Central Serbia
are the Pannonian Plain, the Dinarides, and the Carpatho-Balkans. Arctic
continental air masses come to Central Serbia across the Pannonian Plain in the
colder half of the year. The Dinarides and Carpatho-Balkanids represent an
orographic barrier, which weakens the flow of air masses. In these parts,
continental tropical air masses originating from North Africa in the warmer half
of the year cause high summer temperatures (Ducic¢ and Radovanovié, 2005). As a
consequence of this atmospheric circulation, absolute temperature extremes were
recorded in the meteorological stations of Serbia. Thus, in Smederevska Palanka,
the absolute maximum air temperature of 44.9 °C was recorded on July 24, 2007.
The absolute temperature minimum of -39.0 °C was recorded on the PeSter
plateau, on January 26, 2006 (Andjelkovi¢, 2007). In Central Serbia, the influence
of the continental and temperate-continental climates prevail. According to the
Koppen climate classification, Central Serbia belongs to the Cfa climate (average
temperature above 20 °C during the warmer months and above -3 °C during the
colder months), while in the high mountains (above 1500 m) the Dfa climate is
present (average temperature below 20 °C during warmer months and below -3 °C
during colder months (Radinovi¢, 1981). The average annual air temperature for
the time interval from 1949 to 2018 is 10.7 °C, the average maximum air
temperature is 25 °C, while the average minimum temperature is -1.9 °C.

Legend

®  Mecteorological station N
Rescarch area
® Capital

Capital of province

44.0

42.0

Fig. 1. Geographical position of Central Serbia with the analyzed meteorological
stations.
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2.2. Materials

In this study, three data sets of surface air temperatures were used: monthly
mean temperatures, monthly maximum temperatures, and monthly minimum
temperatures. From these three data sets, new data sets were created: mean
annual air temperatures (Y7), mean maximum air temperatures (¥7%), and mean
minimum air temperatures (Y7,). The selected climatological datasets were
collected from 24 meteorological stations from Central Serbia for the period from
1949 to 2018. For the purpose of this study, based on the mentioned
meteorological stations, 72 time series were identified (Fig. 2). The data (Table 1)
were obtained from the Republic Hydrometeorological Service of Serbia (RHSS,
2019). Analysis was performed on the selected stations due to three reasons: 1)
each of the stations has good quality of datasets, 2) the data are reliable, 3) the
data have adequate record length. Before calculation, the homogeneity of the
temperature data was examined. Inhomogeneity in time series can cause the
incorrect interpretation of climate time series (Rahman et al., 2017), and be
misleading in the interpretation of tendencies in the time series. Several methods
can be used to detect abrupt changes, e.g., Alexandersson’s test (4lexandersson,
1986), Pettitt’s test (Kocsis et al., 2020). In this paper, the homogeneity test
according to Alexandersson (1986) was performed. Applying the Alexandersson's
test, all series were found to be homogeneous. Heterogenity of orography
indicates different climate conditions over the defined study area. For example,
the relative altitude between the highest (Sjenica) and the lowest meteorological
stations (Negotin) is 996 meters of altitude.

2.3. Methods

Three main statistical procedures were used in order to analyze the temperature
trends in 72 time series. In the first step, the trend equation (tendency) was
calculated for each time series using the method of linear regression (Mudelsee,
2014). Second, in all cases the trend magnitude was calculated from the trend
equation (Gavrilov et al., 2018). Finally, the third step was to asses all trends
using the MK non-parametric test (Zelenndkova et al., 2018).
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Table 1. Geographic features and short names of the analyzed meteorological stations used in

the study.

Station No. Station name Latitude (N) Longitude (E) Altitude (m)
1. Beograd (BG) 44°48° 20°28° 132
2. Bujanovac (BU) 42277 21°46° 399
3. Cuprija (CU) 43°56° 21°23° 123
4. Dimitrovgrad (DI) 43°01° 22°45° 450
5. Jagodina (JA) 43°59° 21°23° 115
6. Knjazevac (KZ) 43°34° 22°15° 263
7. Kragujevac (KG) 44°02° 20°56" 181
8. Kraljevo (KV) 43°43° 20°42° 215
9. Krusevac (KS) 43°37° 21°15° 404
10. Kur$umlija (KU) 43°08’ 21°16° 384
11. Leskovac (LE) 42°59° 21°57° 231
12. Loznica (LO) 44°32° 19°14° 121
13. Negotin NG) 44°14° 22°32° 42
14. Nis (NI) 43°20° 21°54° 202
15. Novi Pazar (NP) 43°08’ 20°31° 545
16. Pirot (PI) 43°09’ 22°35° 373
17. Pozega (PZ) 43°51° 20°02° 311
18. Sjenica (SJ) 43°16° 20°00° 1038
19. Smederevska Palanka (SP) 44°22° 20°57° 121

20. Valjevo (VA) 44°17° 19°55° 174
21. Veliko Gradiste (VG) 44°45° 21°30° 80
22. Vranje (VR) 42°33° 21°55° 433
23. ZajeCar (ZA) 43°53° 22°17° 144
24, Zlatibor (ZL) 43°44° 19°43° 1029

2.3.1. Linear regression and trend equation

The linear regression describes X ens by means of two parameters, namely the
intercept, fo, and the slope, f1 (Mudelsee, 2019). This method is used to
estimate the trend by the following equation:

X)) = Bo + ﬁlT(i) + S(i)Xnoise (), (1)

where 7(7) is the time variable assigned to X(i) and S(i)X,,ise (i) 18 the error
term.
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The trend equation has been long utilized in this type of research as an
approach (Wibig and Glowicki, 2002), because it gives results which are simple
to interpret; both graphically and analytically on the basis of the shape and
parameters of the trend equation. For instance, the sign of the temperature trend
depends on the value of the slope. There are three possible scenarios: a) if the
size of slope is greater than zero, the sign of trend is positive (increase); b) if it
is equal to zero, there is no trend (no changes); and c) if it is less than zero, the
sign of trend is negative (decrease).

2.3.2. The trend magnitude

Based on the trend equation, the trend magnitude was defined and calculated as
the difference in air surface temperature between the beginning and the end of
the period (Gavrilov et al., 2016). The explained statistical procedure was
defined as:

Ay = y(Py) = y(Pe), (2)

where Ay is the trend magnitude in °C, values y(Py) and y(P.) represent air
surface temperatures from the trend equation in the beginning, Pb, and at the
end of period, Pe. In our cases, the beginning period is defined as, P,=1949,
while the end of the period is Pe=2018.

2.3.3. The Mann-Kendall non-parametric test

In this study, the non-parametric MK test is used for the detection of the trend in
a time series. This test is widely used in environmental science, because it is
simple and robust and can cope with missing values and values below a
detection limit. The first proposal of the test was by Mann (1945) and Kendall
(1938). The MK test is a rank-based nonparametric test for assessing the
significance of a trend, and it has been widely used in hydrometeorological
trend detection studies: hydrological time series (Burn and Hag Elnur, 2002);
air surface temperature (Karmeshu, 2012), precipitation (4hmad et al., 2015),
temperature extremes (Serra et al., 2001), aridity (Hrnjak et al., 2014),
evapotranspiration (Shadmani et al., 2012). However, inconsistencies in
hydroclimatical data recording may occur due to various reasons, such as:
instrumentation, changes in observation procedures, or changes in gauge
location or surrounding conditions (Alexander et al., 2006).
The MK test statistic S (Karmeshu, 2012) can be calculated as:

S = Z?:_f Z;'L:Hl sgn(x; — x;), (3)

235



where 7 is the number of data points, x; and x; are the data values in time series i
and j (j>i), respectively, and sgn(x; - x;) is the sign function as:

sgn(xj — xi) =50, if x;—x;=0p 4)

The variance is computed as:

n(n—-1)(2n+5)-X0%, ti(t;—1)(2t;+5)
i , ()

var(S) =

where n is the number of data points, m represents the number of tied groups
while # denotes the number of ties of extent i. A tied group is a set of sample
data having the same value. In cases where the sample size n>10, the standard
normal test statistic Z; is computed as:

( s-1 . \
|m, lf S > 0|
Zi={ 0o if s=of, (6)
S+1 .
L_W(S) if 5<0J

Positive values of Z indicate increasing trends, while negative Z; values
show decreasing trends. Testing trends is done at the specific o significance
level. By using MK test, two hypotheses were tested: zero hypothesis (Hp) —
pointing to the inexistence of trend in time series; and alternative hypothesis
(H.) — pointing to the existence of statistically significant trend in time series for
the chosen level of significance (a). The main role in MK test belongs to the
value of p (Razavi et al., 2016). The value of p determines the accuracy of
hypothesis. If the value p is lower than the chosen level of significance a (it is
common that a=0.05 or 5%), the hypothesis Hy should be rejected and
hypothesis H, is accepted. When p is larger than the level of significance, then
the hypothesis Ho is accepted (Gavrilov et al., 2016). In the paper XLSTAT
software was used (www.xlstat.com) for calculating the probability p, and for
hypothesis testing.

2.3.4. QGIS analysis

GIS and data modeling are very powerful tools for estimating and calculating
data of meteorological properties within an area (Tomazos and Butler, 2009;
Blake et al., 2007). There are several methods for this calculation, but in this
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research we gave importance to the methods of kriging and interpolations.
Semi-automated and ordinary kriging methods were established trough the
QGIS 3.12.0 (Quantum Geographical Information System) and SAGA (System
for Automated Geoscientific Analysis) tools. Although there are a few other
methods which can be used in spatial analysis, the priority is given to the semi-
automated and ordinary krigings, because they include autocorrelation of the
statistical relationship among measured points (Valjarevi¢ et al., 2018). These
maps show the dispersion of climate properties, temperature and precipitation
on the territory of Central Serbia. GIS methods and spatial variability functions
can be used along with methods of interpolation in mapping the climate
properties (Wang et al., 2018). The models used in the spatial research are based
on the Gaussian distribution. QGIS has a wide range of spatial models, which
can be successfully applied. Method of interpolation is also used in order to
compare potential errors in the estimations. In this research, the data from 24
meteorological stations were used. These stations are well distributed. In that
way, the created maps have a small percent of errors.

3. Results
3.1. Trend parameters

In this paper, the main results are summarized in 7able 2 and Figs. 2 and 3. The
data for 24 meteorological stations, which are located in Central Serbia (a total
of 72 time series), are analyzed. The obtained results for the analyzed climate
variables are presented through the trend equation and trend magnitude in Fig. 2
and Table 2. The results of the MK trend test as well as the evaluation of
hypotheses are shown in Fig. 3. The spatial distribution of average annual (Y7),
average maximum (Y75), and average minimum (Y7},) air temperatures is shown
in more detail in Fig. 4.
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Fig. 2. Average annual (YT), average maximum (YTy) and average minimum air
temperatures (YTy), trend equations and linear trend for selected meteorological stations

in Central Serbia from 1949 to 2018.



Table 2. Trend equation, trend magnitude (4y), and average temperature for 72 time
series for average annual (Y7), average maximum (Y7) and average minimum (Y7,)
temperatures for the 24 selected stations. Acronyms for stations are listed in Fig. 2.

Time series Trend equation Ay (°C) Average temperature (°C)
BG-YT y=0.0292x + 11.36 2.0 12.1
BG-YTx y=0.0319x + 24.636 2.2 25.8
BG-YT, y =0.0307x + 0.5603 2.1 1.6
BU-YT y=0.0157x + 10.481 1.1 11.0
BU-YTx y =0.0363x + 22.988 2.5 24.3
BU-YT, y=0.0237x - 3.1391 1.6 -2.3
CU-YT y=0.0131x + 10.747 0.9 11.2
CU-YTx y =0.0358x + 24.629 2.5 25.9
CU-YT. y =0.0065x - 2.5549 0.5 -2.3
DI-YT y =0.0085x + 9.7802 0.6 10.1
DI-YTx y =0.0259x + 23.89 1.8 24.8
DI-YT, y =10.0035x - 2.887 0.2 -2.8
JA-YT y =0.0204x + 10.954 1.4 11.7
JA-YT y=0.0027x + 25.412 0.2 25.5
JA-YT, y =0.0438x - 2.3001 3.0 -0.7
KZ-YT y=0.0183x + 10.148 1.3 10.8
KZ-Yt, y=0.0611x +23.941 4.2 26.1
KZ-YT, y=0.0157x - 2.7361 1.1 22
KG-YT y=0.0194x + 10.792 1.3 11.5
KG-YTx y=0.0319x + 24.8 2.2 25.9
KG-YT, y=0.0143x - 1.7176 1.0 -1.2
KV-YT y=0.0319x +24.8 1.1 11.4
KV-YTx y=0.0319x + 24.8 1.6 25.6
KV-YT, y=0.0319x + 24.8 1.4 -1.0
KS-YT y=0.0178x + 10.666 1.2 11.3
KS-YTx y=0.03x +24.93 2.1 26.0
KS-YT, y=0.0193x - 2.3684 1.3 -1.7
KU-YT y =0.0069x + 10.179 0.5 10.4
KU-YTx y =0.0231x + 24.366 1.6 25.2
KU-YT, y =0.0064x - 2.8218 0.4 -2.6
LE-YT y =0.0081x + 10.895 0.6 11.2
LE-YTx y =0.0253x + 25.078 1.7 25.9
LE-YT, y =0.0054x - 2.1455 0.4 -2.0
LO-YT y =0.0296x + 10.387 2.0 11.4
LO-YTx y =0.0287x + 25.353 2.0 26.3
LO-YT, y=0.0331x - 1.3454 2.3 -0.2
NG-YT y=0.0279x + 10.641 1.9 11.6
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Time series

Trend equation

Ay (°C)

Average temperature (°C)

NG-YT,
NG-YT,
NI-YT
NI-YTx
NI-YT,
NP-YT
NP-YT,
NP-YT,
PL-YT
PI-YT,
PI-YT,
PZ-YT
PZ-YT,
PZ-YT,
SJ-YT
SI-YTx
SI-YT,
SP-YT
SP-YT,
SP-YT,
VA-YT
VA-YT,
VA-YT,
VG-YT
VG-YTx
VG-YT,
VR-YT
VR-YTy
VR-YT,
ZA-YT
ZA-YT,
ZA-YT,
ZL-YT
ZL-YT,
ZL-YT,

y =0.0272x + 24.042
y =0.0281x - 1.9027
y=0.0168x + 11.263
y =0.0235x + 25.561
y=0.0185x - 1.0556
y =0.0405x + 8.1268
y =0.0514x +23.047
y =0.0413x - 4.8405
y =0.0305x + 9.9109
y =0.0244x +24.522
y =0.0198x - 2.9205
y =0.0207x + 8.8474
y =0.0232x +24.139
y=10.0239x - 3.7112
y =0.0207x + 5.8387
y=0.0371x + 19.309
y =0.0243x - 8.8094
y=0.0191x+ 10.818
y =0.0346x + 24.482
y=0.0171x - 2.2929
y =0.0303x + 10.342
y =0.0275x + 25.246
y=0.041x - 2.4819
y=10.016x +10.743
y=0.0261x + 23.804
y =-0.0062x - 0.9246
y=0.012x + 10.739
y =0.0369x + 23.108
y =-0.0092x - 0.9409
y=0.0172x + 10.227
y =0.0359x + 24.518
y=0.0011x - 2.6094
y=0.0211x + 6.8797
y =0.0437x + 19.045
y =0.0148x - 3.9099

1.9
1.9
1.2
1.6
1.3
2.8
3.5
2.8
2.1
2.1
1.4
1.4
1.6
1.7
1.4
2.6
1.7
1.3
24
1.2
2.1
2.0
2.8
1.1
1.8
-0.4
0.8
2.6
-0.6
1.2
2.5
0.1
1.5
3.0
1.0

25.0
-1.0
11.1
26.4
-0.3
9.5
249
-3.4
11.0
254
2.2
9.6
249
-2.8
6.6
20.6
-8.0
12.0
25.7
-1.8
11.4
26.2
-1.1
11.4
24.8
-1.1
11.2
24 .4
-1.3
10.8
25.8
-2.6
7.6
20.5
-3.4

Based on the magnitude of the trend (4y), the character of climate change
can be presented, i.e., the average increase or decrease of observed climate
variables. Generally speaking, the analyzed time series show an increase in
average annual (¥Y7), average maximum (Y7y) and average minimum (Y7,) air
temperatures in Central Serbia. The highest average increase was recorded in
the case of average maximum air temperatures (time series KZ-YTx records an
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average increase of 4.2 °C). Weaker intensity of changes was recorded in two
time series: 3.5 °C (NP-YTx) and 3.0 °C (JA-YT.). The lowest increase in air
temperature was recorded in the case of average minimum air temperatures
(time series ZA-YT.). In this particular case, an average increase in air
temperature of only 0.1°C was recorded. Similar results were observed in the
time series DI-YT, (Ay is 0.2°C) and JA-YTx (4y is 0.2 °C). In two time series,
which refer to air temperatures Y7, (VR-YT, and VG-YT,), a decrease in air
temperature was recorded, with averages -0.6 °C and -0.4 °C, respectively.

3.2. Trend assessment

The results obtained by applying the non-parametric MK trend test, which
serves to assess the hypotheses, are described in more detail in Fig. 3. General
conclusions can be summarized in the following statements: a) out of a total of
72 time series, a statistically significant positive trend was recorded in 61 time
series (the hypothesis H, prevails, while the p value is lower than the
significance level o). In these time series the risk percentage is very low and
ranges from 0.01% to 5.00%, which indicates that this statement should not be
rejected; b) on the other hand, in the remaining 11 time series there is no trend
(and in these cases the hypothesis H, prevails, while the p value is greater than
the significance level o). In these time series, the risk of rejecting this
hypothesis is significantly higher and ranges from 5.00% to 95.46%. In four
time series, the risk of rejecting such a claim ranges from 5.00% to 10.00%,
which indicates that there is no trend. Also, in the next four time series, the risk
of rejecting this hypothesis ranges from 10.00% to 50.00%, which indicates a
declining trend. In the last three time series, the value of risk ranges from
70.15% to 95.46%, which indicates a growing trend and a possible transition to
a positive trend.

In most of the analyzed cases, a positive equation trend is followed by a
positive significant trend from MK test (Fig. 3). The third case shows two
deviations, when the positive trend was not recognized by the MK test in
Knjazevac, as well as the negative trend was not recognized in Veliko Gradiste.
According to the MK test in case of Vranje, a positive significant trend was
recorded together with a negative equation trend.
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Fig. 3. The results of linear equation trends and MK test separated by a comma: a)
average annual air temperature; b) average maximum air temperature; c) average
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3.3. GIS numerical analysis

The spatial distribution of average annual (Y7), average maximum (Y7%) and
average minimum (Y7),) air temperatures from 1949 to 2018 in Central Serbia is
shown in more detail in Fig. 4.

Fig. 4. Spatial distribution of a) average annual (Y7), b) average maximum (Y7%), and
¢) average minimum (Y7,) air temperatures from 1949 to 2018 in Central Serbia.

Fig. 4 shows the distribution of average annual air temperatures (Y7) in the
analyzed area. Interregional differences in average air temperatures are caused
by the influence of orography. Thus, the isotherms of 7 °C and 8 °C dominate in
the hilly and mountainous area of the southwestern part of Central Serbia. The
meteorological station at Beograd limits the isotherm to 12 °C, where the
influence of the "urban heat island" is obvious. Thermal conditions in the
central, eastern, and southern parts of the study area are limited by the 11 °C
isotherm.
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The values of average maximum air temperatures (¥Y7%) from 1949 to 2018
are summarized in Fig. 4. The patterns of behavior of average maximum air
temperatures are similar in relation to average air temperatures. The valley
positions of cities such as Ni§, Knjazevac, Loznica, and Valjevo are the cause of
the high average maximum air temperature (isotherm of 26 °C). These thermal
oases are also the "poles of heat" of the analyzed area. The thermal inequalities of
Zlatibor and Sjenica are even more caused by terrain hypsometry (isotherms of
only 21 °C).

In the spatial distribution of average minimum air temperatures (Y7,) from
1949 to 2018, significant differences can be noticed in relation to the previously
analyzed climate variables (Fig. 4). The effect of the "city heat island" can be
partly explained by the increase in the average minimum air temperature at the
meteorological station at Beograd, as a macro-proportional variation that affects
the local microclimate. Here, in addition to the impact of urbanization and the
increase in the population of the urban area, the intense warming in the winter
months, the impact of traffic and industry come to the fore (Unkasevic, 1994).
However, additional research is needed to correlate the relationship between
these parameters and the average minimum air temperature. At most
meteorological stations, in the case of average minimum air temperatures,
isotherms from -1.0 °C to -2.0 °C dominate. The exceptions are, as in the case
of average annual (Y7) and average maximum air temperatures (Y7%), the
meteorological stations Sjenica (-7.0 °C) and Zlatibor (-4.0 °C), which represent
the "cold poles" in Central Serbia.

4. Discussion

From the above presented results it can be concluded that the increase of the air
temperature is dominant in Central Serbia. Based on the trend magnitude in
Table 2, the increase in the temperatures was in a wide range of values from
0.1 °C to 4.2 °C. However, in two time series related to the mean minimal air
temperatures, the decreases from -0.4 °C and -0.6 °C were identified. This
behavior of the air temperatures in Central Serbia resembles the warming in the
Northern Hemisphere (Leroux, 2005). Warming is expected to be enhanced and
accelerated in the high latitudes of the Northern Hemisphere (the so-called
“Arctic amplification” effect). The rise in Arctic near-surface air temperatures
has been twice as large as the global average in recent decades (Screen and
Simmonds, 2010). Zheng and Wang (2019) identified the past two summers as
very hot in the Northern Hemisphere. A combination of natural internal
variabilities and global warming explains summer air temperature variations in
the Northern Hemisphere.

It is difficult to find identical results in regions over the world, but there
are some similarities. Tiirkes and Siimer (2004) detected increasing air
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temperatures in the western part of Turkey. Kousari and Asadi Zarch (2011)
identified a significantly increasing trend for the minimum and mean
temperatures while changes were not found for the maximum temperature in
arid and semi-arid regions of Iran. In the mountainous part of Europe, the Swiss
temperatures from 1959 to 2008 were analyzed (Ceppi et al., 2012). The authors
summarized: a) all trends are positive and mostly significant with an annual
average warming rate of 0.35 °C/decade (~1.6 times as large as the northern
hemispheric warming rate), b) altitude-dependent trends are found in autumn
and early winter, where the trends are stronger at low altitudes (<800 m asl),
and in spring where slightly stronger trends are found at altitudes close to the
snow line. In the wider Mediterranean region, increasing trends have also been
recorded. In their paper, Gonzalez-Hidalgo et al. (2015) suggested that the
warming rate in the Spanish mainland reached a maximum between 1970 and
1990, followed by a decrease in intensity in bothmaximum temperatures ( 7imax)
and minimum temperatures (7min) until the present. Furthermore, the decrease in
the warming rate in 7Tmax has been higher than in Thmin for the last three decades;
therefore, recent annual warming rates appears to depend more on Tmin than on
Tmax. Significant trends disappear from the middle of the 1980s at any temporal
window length in both Tmax and Twin at annual and seasonal scales except in
spring Tmin. By analyzing data from 52 meteorological stations in Greece, a
negative trend between 1960 and 1976 was found (Mamara et al., 2016). A
statistically significant positive trend has been reported since the period from
1977 to 2004. In the Southern Levantine Basin, Tonbol et al. (2018) examined
the mean annual variations. The results of the study revealed that 2010 was the
hottest year in the region, while 2011 was the coolest. These conclusions are in
agreement with the latest /PCC report (2018), in which the increase in the
global temperature is not homogeneously distributed on the Earth surface.
Similarly, in the near region, the temperature increase is dominant in
Montenegro (Buri¢ et al., 2014), Bosnia and Herzegovina (7rbic¢ et al., 2017,
Popov et al., 2018a, 2018b, 2019). In the territory of Serbia, in the region of
Vojvodina (Gavrilov et al., 2015, 2016) and in Kosovo (Gavrilov et al., 2018),
positive trends in air temperature were also observed. However, Radakovi¢ et
al. (2018) did not notice any significant changes in the aridity trends over
Central Serbia. Therefore, the dominant increase of air temperature is not in
accordance with aridity trends in the same study area.

5. Conclusion

Based on the analyzed climate variables, certain conclusions can be drawn. In
this paper, a total of 72 time series were analyzed using: a) trend equations, b)
trend magnitude indicating the average increase or decrease in air temperature,
¢) MK non-parametric trend test, and d) GIS numerical analysis. Based on the
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trend equation and the trend magnitude, the highest average increase was
recorded in the case of average maximum air temperatures (4.2 °C). The lowest
increase in air temperature was recorded in the case of average minimum air
temperatures (0.1 °C). In two time series related to the average minimum air
temperatures (VR-YT, and VG-YT.), a decrease in air temperature was
recorded, which are -0.6 °C and -0.4 °C, respectively. Using the MK trend test,
the obtained results indicate that in 61 time series, a statistically significant
positive trend was recorded in the analyzed parameters. On the other hand, there
are no changes in 11 time series (there is no trend). The spatial distribution of
isotherms in Central Serbia is in the following intervals: from 6.6 °C to 12.1 °C
for the average annual temperature, from 20.6°C to 26.4 °C for the average
maximum temperature, andfrom 1.6°C to -7.9 °C for the average minimum
temperature. Thermal inequalities are caused by pronounced hypsometric
differences between the analyzed meteorological stations. They lead to the
effect of a vertical thermal gradient - an average decrease of 0.65 °C in air
temperature per 100 m altitude difference (Oliver, 2005). The presented climate
dynamics of this area provide a solid basis for studying climate variations in the
future, especially extreme climate events such as drought. Since the beginning
of the 21st century, Europe has experienced a series of extremely hot and dry
summers (2003, 2010, 2013, 2015) (Fink et al., 2003; Laaha et al., 2017).
Drought causes numerous socio-economic consequences followed by water
deficit, and impacts on nature and agricultural resources. These are the reasons
why it is necessary to take appropriate adaptive measures before the
manifestation of worse climatic conditions (Bressers et al., 2016). Central
Serbia, as a significant agricultural region of the Republic of Serbia, requires
certain measures in order to mitigate the resulting climate change, as defined in
the Report of the Republic of Serbia under the UN Framework Convention on
Climate Change (Ministry of Environmental Protection, 2017). Prominent
reasons create the need for further research into the problems of climate change
in Central Serbia (analysis of parameters such as absolute temperature extremes,

seasonal air temperatures, and precipitation).
Acnowledgements: This paper represents the result within the projects 11143007 and 111044006 funded
by the Serbian Ministry of Education, Science and Technological Development.
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