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Abstract: Climatological data, such as air temperature and precipitation amounts, repre-
sent fundamental parameters for monitoring and analyzing the climate conditions of a given
area. Their statistical processing enables a more comprehensive understanding of climate
trends and extreme weather events. This study examines trends in mean monthly air tem-
peratures and precipitation totals for the meteorological station in Valjevo, based on data
obtained from the Meteorological Yearbooks of the Republic Hydrometeorological Service
of Serbia. The objective of the study was to identify trends in the time series of the principal
climatological parameters. The non-parametric Mann-Kendall test was applied for statistical
analysis. This finding implies that fluctuations in precipitation are more likely attributable
to natural interannual variability rather than to systematic changes in climatic conditions.
In contrast, trends of varying levels of statistical significance were detected in the time series
of mean monthly air temperatures, indicating potential signals of climate change. During
the observed time period, there was an increase in temperature, especially during June, July
and August, which are also the months with the greatest statistical significance. The obtained
results provide a foundation for further investigations of climate change at the local scale
and may serve as a basis for the planning and implementation of adaptation measures.
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Introduction

Climate change represents one of the most significant challenges facing the planet in the
21st century, particularly with regard to the increasing concentration of greenhouse gases
(Intergovernmental Panel on Climate Change [IPCC], 2021).

There has been a substantial increase in the number of studies aimed at identifying
trends and changes in climatic parameters across different regions of the world. Du et al.
(2019) analyzed the temperature response to global warming at both national and regional
scales using data from 622 meteorological stations in China. Their findings indicate that
during the period 1998-2012, the mean warming rate was 0.2 °C per decade, representing
areduced rate compared to the preceding period 1960-1998, when an increase of 0.4 °C per
decade was recorded (Du et al., 2019b). These results highlight the spatial and temporal
variability of climatic trends and underscore the need for continuous monitoring and anal-
ysis of climate indicators in the context of global climate change.

Tank and Konnen (2003b), based on data from more than 100 meteorological stations
across Europe, identified significant changes in trends of mean air temperature. The period
between 1976 and 1999 was characterized by pronounced warming, which, according to
their findings, was primarily driven by an increase in the intensity of warm extremes rather
than by a decrease in cold extremes (Tank & Konnen, 2003b). During the 20th century,
temperatures increased across numerous European regions (Trajkovi¢ & Kolakovi¢, 2009;
Gocié & Trajkovié, 2012; Hegerl et al., 2018; Badevié et al., 2021; Cegar et al., 2023). Based
on comprehensive climate analyses, it has been determined that summer air temperatures
in Europe during the period 1986-2015 were the highest in the past two millennia and sub-
stantially exceeded the bounds of natural variability (Luterbacher et al., 2016).

In Serbia, a statistically significant increase in mean temperatures has been recorded
since 1975 (UnkasSevi¢ & Tosi¢, 2011). An analysis of temperature extremes based on data
from 15 meteorological stations for the period 1949-2009 indicates a pronounced upward
trend in air temperature over the past six decades (Unkasevi¢ & ToSi¢, 2013). Similar find-
ings, confirming these changes in climatic conditions, have been reported in earlier studies
addressing the climate of Serbia (Gavrilov et al., 2010b; Tosi¢ et al., 2013; Milentijevi¢ et
al., 2018). The application of GIS-based analysis in combination with numerical methods
has proven to be an efficient and precise approach for the quantitative estimation and mod-
eling of climatic parameters (Valjarevi¢ et al., 2018).

The aim of this study is to identify and analyze trends in temperature and precipitation
at the monthly scale for the Valjevo area during the period 1961-2020, using the Mann-
Kendall test. Studies of this type enable the detection of potential long-term climate
changes, which is crucial for planning adaptation measures in environmental protection,
agriculture, water resource management, and related sectors.
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Materials and Methods

Study Area

The study area includes data from the Valjevo meteorological station (¢ = 44°19’, A =
19°55’) in Western Serbia. The Valjevo station is situated at an elevation of 176 m above
sea level.
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Fig. 1. Location of the Valjevo meteorological station

The climatic characteristics of this area are significantly influenced by three dominant oro-
graphic units: the Pannonian Plain, the Dinarides, and the Carpathian-Balkan Mountains.
During the colder part of the year, Arctic continental air masses penetrate through the Pan-
nonian Plain, while the Dinarides and Carpathian-Balkan Mountains act as significant or-
ographic barriers that reduce the penetration and influence of these air masses. In the
warmer part of the year, continental tropical air masses originating from North Africa con-
tribute to high summer temperatures (Duci¢ and Radovanovi¢, 2005). The climatic charac-
teristics of this area are primarily defined by the influence of a temperate continental and
continental climate. According to the Koppen classification, most of Central Serbia falls un-
der the Cfa climate type (average temperature of the warmest month above 20 °C and of
the coldest month above -3 °C), while mountainous regions above 1500 meters above sea
level exhibit the Dfa climate type (average temperature of the warmest month below 20 °C
and of the coldest month below -3 °C) (Radinovi¢, 1981; Bacevié et al., 2021).
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Method

The Mann-Kendall test (Mann, 1945; Kendall, 1975) is a statistical method used to assess
the degree of agreement among multiple raters or rankings of the same set of items. It is
particularly useful in contexts where several evaluators assess the same subjects, aiming to
determine the consistency of their evaluations and the extent of concordance among them
(Kendall, 1938). As a non-parametric test, it does not rely on specific assumptions regard-
ing the underlying data distribution, making it especially suitable for use with non-linear
or non-normally distributed data (Siegel & Castellan, 1988). A minimum of ten time series
is required for the reliable application of the test. Accordingly, the Mann-Kendall test ena-
bles the assessment of agreement in situations where evaluations are expressed as ranks
rather than as precise numerical values. This method has gained considerable popularity
due to its simplicity, robustness, and capacity to accommodate incomplete data, as well as
values that fall below the detection limit. Because of these attributes, the test is widely ap-
plicable across a broad range of scientific research fields (Savi¢, 2009; Krickovi¢, 2022;
Krickovi¢ et al., 2024; Kendall & Stuart, 1967).

Fundamentally, this test assumes that the time series x; follows the model:
y = f(xi) + i (1)

Here, f(x) represents a constant linear trend (either increasing or decreasing) over
time, while ei denotes random errors. These errors are assumed to have a mean of zero
(E(e1) = 0) and a distribution that remains stable over time (Savi¢, 2009; Kri¢kovié, 2022).

When applying the Mann-Kendall test, two hypotheses are defined: the null hypothesis
(Ho), which states that there is no significant trend in the analyzed data series, and the
alternative hypothesis (H1), which asserts that a trend does exist. To determine whether
the trend is statistically significant, a 95% confidence level is used, i.e., a = 0.05. For this
study, the statistical software package XLSTAT was used (Savi¢, 2009; Krickovi¢, 2022).

The Mann-Kendall test can be applied in cases where it can be assumed that the values
xt of the time series follow the model below (Krickovi¢é et al., 2023; Gavrilov et al., 2015;
Krickovié et al., 2024).

i-1

S = Z Z sign(x; — x;) (2)

n
i=2 j=1

where sign(xi-xj)
1, forx; —x; >0
sign(x) =4 0, forx;—x; =0 (3)
-1, forx; —x; <0

The S statistic approaches normality for most values of n, with its mean and variance de-
fined as follows (Krickovi¢ et al., 2023; Kri¢kovi¢ et al., 2024):

E$) =0 4
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V(S) = 1/18|n(n — 1)(2n +5) — Z t(tp — 1)(2tp + 5) (5)

P=1

where n is the length of the time series, tris the number of ties for the pt" value, and q is the
number of tied values (i.e., identical values). The second term accounts for adjustments due
to tied or censored data. The standardized test statistic Z is given by (Mann, 1945; Gavrilov
et al., 2015; Kri¢kovi¢ et al., 2023; Kri¢kovi¢é et al., 2024):

(221 fsso
JVar(S) ’
Z=<0 if §=0,
| s+1 o ©
k,/Var(S) ’

The presence of a statistically significant trend is evaluated using the Z-statistic, which
tests the null hypothesis that no trend exists in the analyzed time series (Krickovi¢ et al.,
2023; Gavrilov et al., 2015; Krickovié et al., 2024). A positive Z value indicates an increasing
trend, while a negative Z value suggests a decreasing trend (Helsel & Hirsch, 2002; Westra
et al., 2013; Pohlert, 2015; Krickovi¢ et al., 2023; Gavrilov et al., 2015; Kric¢kovi¢ et al.,
2024). The test is based on the assumption of a monotonic trend within the time series. The
test statistic is used to evaluate the null hypothesis (Kendall, 1975).

One of the key advantages of the Mann—Kendall test is its robustness to outliers and
its capacity to handle both small and large datasets, which is particularly relevant in
climatological studies (Hirsch et al., 1984). This property makes it a reliable tool for
detecting trends in datasets that may be influenced by extreme events, as it does not rely
on the assumption of normality.

One of the main challenges in applying the Mann-Kendall test is accounting for
seasonality and potential non-stationarity in climatological data. Seasonal variations can
introduce bias into trend analyses, and the Mann-Kendall test may not adequately capture
these periodic fluctuations if seasonality is not explicitly incorporated into the model. To
overcome this limitation, some researchers have employed modified versions of the Mann-
rhmKendall test that adjust for both seasonality and non-stationary data (Burn & Hag
Elnur, 2002). These adaptations may be particularly valuable for future studies focused on
seasonal or regional climatological trends.

The data source consists of the annual reports of the Republic Hydrometeorological
Service of Serbia (RHSS (1961-2020), 2022) for the Valjevo automatic meteorological station.

Results

Air temperature

The warmest year within the observed period was 2019, with an average temperature of
13.4 °C, whereas the coldest year was 1980, with an average of 9.9 °C (RHSS (1961-2020),
2022). The average annual air temperature in Valjevo during the period 1961-2020 was
11.4 °C. The warmest month on average was July, with a mean temperature of 21.6 °C, while
the coldest was January, with a mean temperature of 0.3 °C (Table 1).
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Table 1. Mean Annual and Monthly Temperatures in Valjevo (1961—2020
Month 1 11 111 v \% VI VII VIII IX X XI XII

Ta(°C) | 0.3 | 25 | 6.7 | 11.6 16.4 19.9 | 21.6 21.3 16.9 | 11.7 | 6.5 | 1.9

Source: Republic Hydrometeorological Service of Serbia, Meteorological yearbooks 1961—2020
(RHSS (1961-2020), 2022)

The most significant statistical results are presented and highlighted in Table 2. The
key parameters of the Mann—Kendall test used for trend analysis of air temperature and
precipitation in the study area include: Z — the standardized test statistic; a — the level of
significance (+a = 0.1; *a = 0.05; **a = 0.01; ***a = 0.001; / — not significant); and b — the
so-called Sen’s slope (see Table 2).

The results of the Mann—Kendall test for mean monthly air temperature values (Table
2) are as follows. January air temperatures show a statistically significant increasing trend
(0.04°C per year) at the a = 0.05 significance level. Similar tendencies are observed in
March (0.03°C per year) and May (0.02°C per year). In February, an increase in air tem-
perature was detected; however, the trend is not statistically significant. The most pro-
nounced increase in mean monthly air temperature is recorded during the summer months.
The results indicate an increase of 0.04°C per year in June, 0.05°C per year in July, and
0.07°C per year in August. All of these changes are statistically significant at the a = 0.001
level. Therefore, August exhibits the largest increase in the annual course of air tempera-
ture. The increase in air temperature in September (0.02°C per year) is statistically signif-
icant at the a = 0.1 level. Air temperatures in October and December also show an increas-
ing trend. Although the positive changes observed in October and December are statistically
significant, they are less pronounced than in August. The increase in air temperature in
November is not statistically significant.

Table 2. Results of the Mann—Kendall (MK) Test for Trends in Monthly Air Temperatures in Valjevo
for the Period 1961—2020

Temperature

Month Z a Q B
January 2.48 * 0.0463 -1.20
February 1.43 / 0.0314 1.73
March 2.37 * 0.0369 5.53
April 2.67 ** 0.0341 10.6
May 2.21 * 0.0262 15.7
June 3.91 HHEE 0.0421 18.4
July 5.29 wRE 0.0520 20.0
August 5.12 HHE 0.070 19.2
September 1.90 + 0.0268 16.0
October 2.80 ** 0.0344 10.7
November 1.04 / 0.0155 6.54
December 3.25 ** 0.050 0.575

a — level of statistical significance; +a = 0.1; *a = 0.05; **a = 0.01; ***a = 0.001; / — not statistically
significant; b — Sen’s slope estimator

A graphical representation is provided below to visually illustrate the results presented
in Table 2.
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Fig. 2. Results of the Mann—Kendall (MK) Test for Monthly Air Temperatures in Valjevo for the Pe-
riod 1961—2020

The research results showed that January, March, and May detect a trend at the sig-
nificance level a = 0.05, the test probability is 95%. The increase in temperature in April,
October, and December is statistically significant at the a = 0.01 level, while the test prob-
ability is 99%. During June, July, and August, the trend is at the significance level a=0.001
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with a probability of 99.9%, while in September, a = 0.10, the test probability is 90%. Feb-
ruary and November are months in which there is no trend.

Based on the magnitude of the detected trend, it is possible to characterize climate
change, that is, to estimate the average changes in the values of the analyzed climatic vari-
ables. The results of the time-series analysis indicate a clear increasing trend in mean
monthly air temperatures in the broader area of the Valjevo meteorological station, con-
sistent with globally observed warming trends.

Precipitation

During the period 1961-2020, the average annual precipitation in Valjevo was 787.1 mm.
Based on monthly averages, the highest precipitation occurs in June (101.4 mm), while
February has the lowest monthly total, with an average of only 45.8 mm (Table 3) (RHSS
(1961-2020), 2022).

Table 3. Mean Precipitation Amounts in Valjevo (1961—2020)

Month 1 I 11T v \ VI VII VIIT IX X XI XII

Average

Precipitatio | 49.4 | 45.8 54.0 617 | 85.9 101.4 79.5 69.7 62.0 57.4 59.8 60.3
n (mm)

Source: Republic Hydrometeorological Service of Serbia, Meteorological yearbooks 1961—2020
(RHSS (1961-2020), 2022)

Table 4. Results of the Mann—Kendall (MK) Test for Trends in Monthly Precipitation in Valjevo for
the Period 1961—2020

Precipitation

Month Z a Q B
January 0.98 / 0.153 39.90
February 1.55 / 0.333 35.40
March 0.78 / 0.227 46.30
April -1.45 / 0.275 67.50
May 0.62 / 0.243 66.50
June 0.21 / 0.069 98.40
July -1.35 / -0.401 85.60
August 0.18 / 0.058 57.80
September -0.17 / -0.056 60.40
October 1.43 / 0.376 31.30
November -1.10 / 0.270 64.40
December -0.01 / -0.002 57.50

a - level of statistical significance; +a = 0.1; *a = 0.05; **a = 0.01; ***a = 0.001; / — not statistically
significant; b - Sen’s slope estimator

The following figure provides a graphical representation visually illustrating the results pre-
sented in Table 4.
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Fig. 3. Results of the Mann-Kendall (MK) Test for Monthly Air Temperatures in Valjevo for the Pe-

Based on the values presented in Table 4, it can be concluded that there is no significant

trend in the analyzed data series.

riod 1961-2020
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Discussion

The results of this study are in line with other studies. Vyshkvarkova & Sukhonos (2022)
analyzed the spatial distribution of extreme temperatures and precipitation in Eastern Eu-
rope and found positive and statistically significant trends for warm extremes throughout
all seasons, with the highest values recorded in winter. In contrast, cold extremes exhibited
negative trends, indicating a decline over the studied period. Recent studies (Twardosz et
al., 2021) show that the European continent still experiences periods of exceptionally cold
winter months, reflecting the complexity and spatial heterogeneity of global warming pro-
cesses (Hegerl et al., 2018; Krauskopf & Huth, 2019; Cegar et al., 2023).

Brankovié et al. (2013) found that positive trends in mean annual temperature in the
Republic of Croatia are primarily driven by statistically significant increases in tempera-
tures during the summer months. The most pronounced warming trends were observed in
summer, followed by winter and spring.

The results obtained are similar to those reported by Gocic and Trajkovic (2012b),
whose study indicated a significant increase in temperatures in the northern, central, and
eastern regions of the Republic of Serbia. Malinovic-Milicevic et al. (2015) analyzed the
continuous annual rise in daily maximum temperatures in Belgrade and Ni$ during the
period 1974—2003.

Related to this study is the research by Milanovic-Pesic and Milovanovic (2016), which
applied the same methodology to analyze temperature changes in the Sumadija region for
the period 1961-2010. Their study indicated a statistically significant increasing trend in
annual temperatures at almost all analyzed meteorological stations. In Serbia, trends in
increasing air temperature are also indicated by research by Gavrilov et al. (2015; 2016;
2017). Similar results were obtained in the study by Sedlak et al. (2024), which indicates a
statistically significant positive trend in mean annual temperatures at all observed meteor-
ological stations in eastern Serbia.

Lukovic et al. (2013) analyzed precipitation trends in Serbia for the period 1961-2009.
The results indicate the absence of a statistically significant trend in total annual precipitation
at the national level. However, at the seasonal scale, slight tendencies were observed toward
a decrease in precipitation during winter and spring, and an increase during autumn. The
central region of Serbia stands out in particular, where a significant rise in autumn precipita-
tion was recorded, primarily due to a pronounced increase in October rainfall.

Popov and Svetozarevich (2021) analyzed trends in annual precipitation using data
from 15 meteorological stations in the Republic of Serbia. During the period 1991-2019, the
smallest increases in precipitation were recorded at the stations in Belgrade, Novi Sad, and
Zrenjanin. In contrast, the most pronounced upward trends were observed at the Kopaonik
station (84.5 mm per decade) and the Crni Vrh station (70.1 mm per decade).

As part of its climate policy, the Government of the Republic of Serbia has developed
an Adaptation Program for Changed Climate Conditions for the period 2023-2030, aimed
at reducing greenhouse gas emissions and increasing energy efficiency. In addition, Serbia
is a party to the Paris Agreement and has committed to reducing greenhouse gas emissions.
The country has also adopted a Climate Change Adaptation Action Plan, which includes
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measures for agricultural adaptation, energy efficiency, and ecosystem protection (Adapta-
tion Program for Changed Climate Conditions for the Period 2023-2030, “Official Gazette
of the RS”, No. 119).

Although this test is a powerful tool for detecting linear trends, future research could
benefit from its integration with complementary approaches, such as time-series decom-
position, machine learning models, or physically based climate models. These ap-
proaches could provide deeper insights into the drivers of observed trends and enhance
predictive capabilities. Furthermore, expanding the spatial and temporal coverage of
studies using the Mann-Kendall test, as well as incorporating high-resolution climate
data, could yield more comprehensive assessments of regional and local climate variabil -
ity (Hamed & Ramachandra Rao, 1998).

Conclusion

Climate change represents a global phenomenon manifested through alterations in temperature
regimes, precipitation patterns, the frequency and intensity of extreme weather events, and ris-
ing sea levels. Global warming and climate change are increasingly affecting countries world-
wide, including the Republic of Serbia. These changes influence not only climatic conditions but
also biological systems, agriculture, public health, energy security, and economic stability. In
addition, they may significantly affect the hydrological balance and the generation of renewable
energy, particularly from hydropower plants. The application of appropriate methodological ap-
proaches for the analysis of climatic parameters in Serbia enables the accurate identification of
statistically significant trends in temperature and precipitation time series, as well as in the as-
sessment of extreme weather events. Based on the findings of numerous studies, it can be con-
cluded that over the past several decades there has been a clear trend of increasing temperatures,
decreasing precipitation, and a rising frequency of extreme weather events. These changes exert
significant pressure on natural systems and society, underscoring the urgent need to develop
and implement effective adaptation and mitigation strategies to address the impacts of climate
change. The Mann-Kendall test represents a highly valuable tool in the analysis of climatic data,
as it enables researchers to assess the consistency and robustness of trends across different tem-
perature and precipitation datasets, as well as among various climate projection models.

It is necessary to undertake a more comprehensive and interdisciplinary analysis of the cli-
matic factors that have shaped the current climatic characteristics of the study area. This study
aims to contribute to a more in-depth understanding of ongoing climate change across the ter-
ritory of Serbia. In this context, continuous monitoring of climatic changes is essential to ensure
an accurate assessment of their potential economic and societal impacts.

An increase in the frequency of heatwaves may lead to significant health risks, particularly
among elderly populations and individuals with cardiovascular diseases. Changes in tempera-
ture and precipitation patterns threaten both flora and fauna, especially species that are highly
sensitive to climatic variability and change. Given the complexity of climate change and its far-
reaching consequences, addressing this issue requires intensive interdisciplinary collaboration.
Meteorologists, climatologists, hydrologists, geographers, ecologists, agronomists, as well as ex-
perts in public health, urban planning, and the energy sector, must work jointly to integrate da-
tasets, interpret findings, and develop tailored adaptation measures.

Interdisciplinary collaboration enables a more comprehensive understanding of climatic
processes, facilitates the identification of vulnerable sectors and populations, and enhances risk
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management strategies. The development of integrated databases, joint case studies, and the
planning of locally tailored measures should result from continuous communication and coor-
dination among the scientific community, institutions, and decision-makers.
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TPEHAOBU TEMIIEPATYPE BASAYXA N ITATABHHA'Y
BAJBEBY (3AITA/THA CPBIJA)

Ancrpakr: KinMarosomky IOAAIy, Kao INTO Cy TeMIeparypa Bas[yxa M KOJHYKUHA
[a/iaBIHA, IPE/CTaBJhajy OCHOBHE IIapaMeTpe 3a npaherme 1 aHAIN3Y KIMMATCKUX YCI0Ba
jenHOT Io/Ipy4ja, a ’bUXO0Ba CTaTUCTUYKA 06pasa omoryhasa 60Jbe pa3yMeBarbe KITUMATCKUX
TPEH/I0BA U €KCTPEMHHUX II0jaBa. Y OBOM pajy aHAIHU3HPAHU Cy TPEHAOBU IPOCEYHUX
MeCeYHHX TeMIIEpaTypa BasfyxXa M KOJIWYMHA [aflaBUHA 32 METEOPOJIOIIKY CTAHUILY
BaspeBo, Ha OCHOBY mo/iaTaka /J00MjeHUX U3 METEOPOJIOUIKHUX TOJUIIbaKa PemyGimakor
xugpomeTeoposiomkor 3aBoga Cpbuje. Llwp wucrpakuBama 6uo je wuaeHTHUDUKAIHjA
TPEH[0BA Yy BPEMEHCKHM CeprjaMa OCHOBHHX KJIMMATOJIOUIKHX IapaMerapa. 3a
CTAaTHCTUYKY aHanusy KopumrheH je Hemapamerapcku Mann-Kendall tect. Pesyaratu
aHayM3e yKasdyjy Ha M30CTaHAK CTATUCTUYKKM 3HAYAJHOT TPEHJA y CepHjaMa IPOCEYHUX
MeCeyHHX KOJIMYMHA Ta/JaBUHA, IITO yKa3yje Ha TO /ia y TOCMaTpaHoOM nepuozy (1961-2020.
roziiHa) Huje 3abesieXKeH jacaH MOPACT WM MaJ] KOJIMYKWHA naZiaBuHa. Hacympor ToMe, y
ceprjamMa IMPOCEYHHX MECEYHHX TeMIepPaTypa Ba3/fyxa YOUeHH Cy TPEHJOBH Pa3IMIUTUX
HHMBOA CTATHUCTUYKE 3HAYAJHOCTH, IITO ymyhyje Ha MOTEHIMja/IHE CUTHAJIE KIUMATCKUX
mpoMeHa. Y IOCMAaTpPaHOM BPEMEHCKOM IepHOoy AOILIO je 1o moBehama Temmeparype,
moceOHO TOKOM jyHa, jyJia M aBrycra Mecella, a TO Cy YjeJHO M Mecenu ca HajBehom
CTaTHCTUYKOM 3HauajHourhy. JloOuwjeHH pe3yiaTaTu IpeACTaB/bajy OCHOBY 3a /Jajba
HCTPaXXMBamkha KIMMATCKUX [IPOMEHA Ha JIOKAJIHOM HHBOY U MOTY IIOCIY:KUTH Y IPOLECY
[JIAHUPAaha aJANTAIIMOHUX Mepa.

K/pyuHe peun: TeMIiepaTypa Ba3zyxa, nazasute, BajreBo, Mann-Kendall Tect, kinmaTtcke
[IPOMEHe, METEOPOJIOIIKA CTAHUNA, KIUMATCKU TaPAMETPH
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YBOa

Knumarcke mpomeHe ¢y jenaH of HajBehux n3a3oBa ¢ KOjUMa ce CyouaBa YUTaBa IlaHeTa
y 21. BEKy, a moceGHO y moriely nosehane KOHIIEHTpAI[Hje TacoBa ca e(PeKTOM CTaKJIEHe
6amrre (Intergovernmental Panel on Climate Change (IPCC), 2021). 3uauajHo je noBehan
6poj UCTpaKMBaKA YCMEPEHHUX HA HIEHTU(UKANN]Y TPEHJIOBA M IIPOMEHA KJIMMATCKHUX
rmapamerapa y pa3JnduTuM zeoBuma ceera. Du et al. (2019) cy, kopucrehu mogarke ca
622 MeTeopoJIoNIKe cTanuIe y KiHu, aHaIM3upaid TEMIIEpATyPHHU OTOBOP Ha IJI06aTHO
3arpeBarbe Ha HAIMOHAIIHOM U PErHOHAIHOM HUBOY. Y CTAaHOBJBEHO j€ /1A je Y TIepHOY O
1998. /10 2012. roAMHE HPOCEYHA CTOA IIOpacTa TeMmIilepaType u3Hocwia 0.2 °C mo
JIENIEHH] U, IIITO NIPEZICTAB/bA CMAbEHY JTUHAMUKY Y OJHOCY Ha IIPETXOHU IIEPHOJ Of1 1960.
10 1998. TonMHE, Y KojeM je 3abesiexxeHo0 moBehame of 0.4 °C mo genenuju (Du et al.,
2019b). OBH pe3yaTaTu yKasyjy Ha MPOCTOPHY U BPEMEHCKY BapHjabITHOCT KJIMMATCKUX
TPEH/IOBA, Ka0 U Ha MOTpedy 32 KOHTUHYHPAHUM IpahemeM W aHAJIHU30M KIMMATCKHX
WHIUKATOPA Y KOHTEKCTY TII00THUX KJIMMATCKIX IIPOMeHa.

Tank and Koénnen (2003b) cy, Ha 0OcHOBY momaTaka ca IpeKo 100 MeTEOPOJIOIIKUX
craHuMna mupoMm EBpome, yTBpAWIM 3HAuajHE IIPOMEHE y TPEHJOBUMA CPENHbUX
TeMIiepaTypa Baszayxa. Ilepuon uamel)y 1976. U 1999. TOIUHE 00€JIEIKEH je NMHTEH3UBHUM
3arpeBarbeM, KOje je, IpeMa IHHUXOBUM PpEe3YJTaTHMa, IIPEBACXOMHO IIOCIENUIA
WHTEH3WUTETAa TOIUINX E€KCTPEMA, a He CMamema xiagHux ekcrpema (Tank & Konnen,
2003b). ¥ 20. Beky, 71011710 je /10 TOpacTa TeMiepaType y 6pOjHUM eBPOIICKUM PETHOHUMA
(Trajkovic & Kolakovic, 2009; Gocic & Trajkovic, 2012; Hegerl et al., 2018; Bacevi¢ et al.,
2021, Cegar et al., 2023). Ha 0CHOBY CIIpOBeJIeHHX KJIMMATCKMX aHAIM34, yTBpheHo je ma
Cy JIETH€ TeMIIepaType Bazayxa y EBpomnu y nepuoay oz 1986. 0 2015. TOZIIHE HajBHIIE Y
MOCJIENIPUX 2000 TOAMHA, Kao M /Ja 3HATHO IIpeBa3Wyia3e OKBUPE IIPUPOJHE
BapujabumHocTH (Luterbacher et al., 2016).

VY Cpb6uju je 3abesierkeH CTaTUCTUUKH 3HAUAjaH IMOPACT MPOCEUHUX TEMIIEPATYPa HAKOH
1975. romuHe (UnkaSevic and ToSi¢, 2011). AHaymu3a MojaTaka O TeMIEpAaTypPHUM
€KCTPeMHUMA Ca 15 METEOPOJIOLIKUX CTAHUIA 32 TEPUOJL 01 1949. /10 2009. TOTHHE YKa3yje Ha
v3paskeH TPeH/l IopacTa TeMIepaType Ba3qyxa TOKOM Mociemux mrect peuneruja (Un-
kaSevi¢ and ToS$i¢, 2013). CnuuHu pesynaTatd, HOTBpHyjyhu OBe HpOMeHe KJIMMAaTCKUX
yciioBa, ob6jaBJbeHU Cy U Y pAHUJUM CTy/iMjamMa Koje ce 6aBe kiumom Cpbuje (Gavrilov et al.,
2010b; Tosic et al., 2013; Milentijevic et al., 2018). ITlpumena GIS ananuze y KoMOMHAITHUjH ca
HyMepHUYKIM MeTO/[aMa I0Ka3asia ce Kao ebHUKaCaH U MPELM3aH MPUCTYI Y KBAHTUTATUBHOM
M3pavyyHaBarby U MOJEJIMparby KJIMMAaTCKUX mapamerapa (Valjarevié et al., 2018).

ITusp oBOT HMCTpakUBama jecte fia ce mpuMeHoM Mann-Kendall rectra unentudukyjy u
aHAJIM3UPAjy TPEHJOBU TEMIIEPATYPHUX IIPOMEHA M KOJIMYMHE IIa/IaBUHA Ha MECEYHOM
HHUBOY 3a Hozipy4je BaspeBa, y mepuoay o071 1961. 10 2020. rofiuHe. McTpaKuBama OBOT TUIIA
omoryhagajy nperno3HaBambe IOTEHIIHjATHUX KJIMMATCKUX IPOMEHA Y y»KEM BPEMEHCKOM
HUHTEPBAJLY, IITO je 07 K/BYYHOT 3Hauaja 3a IUIAHUpambe aIalTalliOHUX Mepa Y 00J1acTi
3AIITUTE JKUBOTHE CPEUHE, TOJbOIIPUBPELE, YIIPAB/bAA BOJHUM PECYPCUMA U CJIUYHO.
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Marepujaji u MeToje

O6aacm ucmpaicuear-a

Tepuropuja uCTpaKUBara 00yxBaTa IOJaTKe ca MEeTEOPOIIKe cTaHuIe BasbeBo ((p=44°19’
A=19°55") y 3anaznoj Cpbuju. Mereoposiomika craHuia BaspeBo ce Hasasu Ha 176 m H.B.

Ca. 1. Jlokayuja memeopoaowke cmavuye Baweso (noznedamu y enzneckoj 8epsuju mexkcma cmp.
311)

Ha ximmaTcke KapakTepHCTHKE OBOT IIPOCTOPA 3HAYAJHO YyTUYY TPHU JOMHHAHTHE
oporpadcke menuHe: ITaHOHCKa Hu3Wja, JuHapuau u KapnaTcko-0aakaHCKe IUIAHUHE.
TokoM xyTafHujer feia To/iiHe, apKTHYKE KOHTHHEHTATHE Baz/yIlIHe Mace IIPOHPY IIPEKO
ITanoHcke HuU3HWje, Aok duuapuau u Kapnarcko-OajKaHUAM NPeJCTaB/bajy 3HAYAjHY
oporpadcky bapujepy Koja yMamyje IPOop U YTHUIIA] Ba3AyIIHUX Maca. Y TOIUIHjeM JeITy
roAvHe, KOHTHHEHTAJHE TPOIICKe Ba3[AylllHE Mace IIOpeKJIOM H3 ceBepHe Adpuke
yCJIOBJhABAjy BHCOKe JieTee Temmepatype (Duci¢ and Radovanovié, 2005). Kiumarcke
KapaKTePUCTHKE OBOT IOApyYja MAedUHUIIy Cce IIPEBACXO[HO YTHUIAjeM YMeEpPEeHO-
KOHTHHEHTATHEe U KOHTHHeHTanHe kianMe. [Ipema KemeHoBoj kiacudukanuju, Behnna
nenTpanHe Cpbuje mpunasna tuy xinMe Cfa (mpoceuHa TeMiiepatypa HajTOILIHjer Mecena
u3Hay 20 °C, a HajxiaHujer usHaz -3 °C), IOK ce y IJIAaHUHCKUM TMPeieTUMa U3HaM 1500
m HagMOpCKe BUCHHe jaBsba Tun Dfa (mpocex Hajromsmjer mecena ucnoz 20 °C, a
Hajxiaguujer ucnoxn -3 °C) (Radinovié, 1981; Bacevié et al., 2021).

Memoode

Men-KenmenoB Tectr (Mann 1945; Kendall, 1975) mpezicraB/ba CTaTUCTHUKHU ajIaT KOjU ce
KOPHCTH 32 MPOIIEHy cJIarama n3Mel)y BUIle OlelhuBavYa NN PAHTHPaha UCTUX [IPEIMeTa.
OBaj TecT je mMoceOHO KOPUCTAH y CUTyallMjaMa y KOjuMa BHIIE OIelhUBadya BPEJHYje UCTe
MIpeZIMeTe, a [UJb je IPOIEHUTH KOJIUKO Cy IbHXOBE OIleHe /TOCIIEIHE U Y KOjOj MEPH IOCTOjU
carsacHocT mel)y sbuMma (Kendall, 1938). Kao HemmapaMeTpjCKY TECT He 3aXTeBa CreluduyHe
TPETIIOCTaBKe O AUCTPUOYIHjHU MofjaTaka, 360T Uera je Beoma MPUMEH/bUB Y CUTyalldjaMma
KaJia ¢y TIo/ialy HeJIMHeapH! MJTH KaJla HUCY HOpMasTHO auctpubyupanu (Siegel & Castellan,
1988). MunuMasiian 6poj BpeMEHCKHX cepuja 3a ycIHelnaH TecT je Aecer. Tecr, maxie,
omoryhaBa aHaJT3Y cy1ararba y clydajeBiMa Kajia Cy OlleHe paHTHpaHe, YMEeCTO I Ce KOPHCTe
KOHKpeTHe HyMeprdke BpeqHocTd. OBaj MeTo[| je IOoCTao BeoMa IOIMysapaH 360r cBoje
jemHOoCTaBHOCTH, POOYCHOCTH U CLIOCOOHOCTH /1a Ce HOCH € HETIOTILYHUM IMOZIAIMMa, Kao U ¢
BPEHOCTMMA KOje Cy WCIOJ HHBOA JIeTeKIuje. 360r CBUX OBHX KApAaKTEPHCTHKA, TECT je
MIUPOKO IIPUMEHJBUB Y Pa3HUM 00JIaCTMa HayYHUX HCTpaskuBamba (Savic, 2009; Kric¢kovic,
2022; Kric¢kovi¢ et al., 2024; Kendall & Stuart, 1967).

¥V 0CHOBH, OBaj TECT IPETIIOCTABbA /12 BDEMEHCKA CEPUja Xi CIETA MOJIE:

y = f(xi) + € 6))

rae je f(x) dbyHKIMja Koja mpencTaB/ba KOHCTAHTHM jeMHOJIWYAH TpeHn (mopacT uiu
omajiame) Y BpeMeHy, ZIOK £l 03HAaUaBa CJIy4ajHe TPeIIKe. 3a Te IPELIKe ce IPETIIOCTaB/ba
Jla ©Majy cpeamy BpemHoct jenHaky Hysau (E(ei) = 0), a Takohe ce cmatpa 71a je pacmozesna
crabusHa TOKOM BpeMeHa (Savi¢, 2009; Krickovi¢, 2022).

Kana ce npumemwyje Men-KenpanoB Ttect, AedHHHIILy ce ABE XUIOTE3€: HYJITA
xunore3a (Ho) Koja HaBOAM [ja He HOCTOjU 3HA4YajaH TPEHJ y AHAIM3HUPAHO] CEPHjH
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mojaTaka, u anrepHatuBHa xumoTe3a (Hi) koja TBpau nma TpeHp mocroju. /la 6u ce
VTBPZWJIO J]a JIH je TPEH/, CTATUCTUYKY 3HAa4YajaH, KOPUCTH ce HUBO 3HAYAJHOCTU OJ1 95%,
OJTHOCHO a = 0.05, 32 0BO HCTpaskuBare KopuiitheH je cratucruuku maket XLSTAT (Savié,
2009; Krickovié, 2022).

Men-KeHZ]a7l0B  TeCT ce MOXKe IPUMEHUTH Y CIyJajeBUMa KaJa Cce MOXKe
MPETIIOCTABUTH JIa 32 BPEIHOCT XI BDEMEHCKHUX cepuja, Baxku cienehu mozest: (Krickovié et
al., 2023; Gavrilov et al., 2015; Krickovié et al., 2024).

i—-1

sign(x; — x;) (2)

H,M=

j=1

rze je sign(xi-x;j)
1, forxl- - x] >0
sign(x) =4 0, forx;—x; =0 (3)
-1, forx; —x; <0

CraTucruka S TEKM HOPMATHOCTH 32 BehWHYy Nn; ca CpeAmoM BpeaHonihy v BapujaHCcoM
nedunucanom Ha cienehu HaunH (Krickovié et al., 2023; Krickovié et al., 2024)

E(S)=0 @
q

V(S) = 1/18|n(n = 1)2n +5) — Z to(tp — D2t +5)| ®
P=1
I'ne je n my>xrHa BpeMeHCKe cepyje, tp 6poj Besa 3a pth BpeHOCT a q je 6poj Be3aHUX
BpenHocTH (Tj. jeHake BpemHOCTH). JIpyrM ujaH TpeAcTaB/ba IpUiarol)aBarmbe,
u3jeZiHaYeHe WK [eH3ypucaHe nozgaTke. CTaHIap/An30BaHa TeCT CTATUCTUKA Z je jara
(Mann, 1945; Gavrilov et al., 2015; Krickovi¢ et al., 2023; Kric¢kovié et al., 2024):

(21 ifS>0
l )
|,/Var(5
Zz{ if$=0, (6)
| S+1 .
if $<0,

kw/Var(S)

ITpHCYyTHOCT CTATUCTHYKY 3HAYAJHOT TPEH/IA MTPOIIEHbYje ce IPUMEHOM Z CTATHCTHKE,
KOja ce KOPHCTH 3a TeCTHparhe HyJITe XUIOTe3e MpeMa KOjoj He IMOCTOjU TPEH[ Y
aHaM3upaHoj BpeMeHckoj cepuju (Krickovic et al., 2023; Gavrilov et al., 2015; Krickovié
et al., 2024). [To3uTHBHA BPEIHOCT Z yKa3yje Ha pacTyhul TpeH I, IOK HEraTUBHA BPETHOCT
7 curnanusupa onazajyhu tpena. (Helsel & Hirsch, 2002; Westra et al., 2013; Pohlert,
2015; Kri¢kovié et al., 2023; Gavrilov et al., 2015; Kri¢kovié et al., 2024). IToueTHa xumoresa
TecTa 3aCHHBA Ce HA MPETIIOCTABIM /] TIOCTOj MOHOTOHH TPEHJ| Y BPEMEHCKO) CEpUju.
KoHTposiHa cTaTUCTHKA ce KOPUCTH 3a TecTrparbe Hysite xunorese (Kendall, 1975).
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Jemua on mpenuoct Mann-Kendall tecra je meroBa ormopHOCT Ha uszaBajajyhe
BPEIHOCTH U CIIOCOOHOCT /1a 00pa/iv ¥ MaJie ¥ BeJIMKe CKYIIOBe I0/IaTaKa, IITO je THITHYHO
3a kaumarostomike cryavje (Hirsch et al., 1984). OBa kapakTepuCTHKa YMHH r'a IHOY3IaHIUM
ajaToM 3a HAEeHTU(DUKANM)y TpeH/0Ba y IOAAlMMa KOjU MOTY OWTH IIO/JIOXKHHU
eKCTpeMHUM zioraljajuma, jep He 3aBHCH Off IIPETIIOCTABKE HOPMATHOCTH.

NzazoB y npumenu Mann-Kendall Tecra je Tperupame Ce30HATHOCTH U [TOTEHIIH]AJTHE
HECTAaOW/IHOCTH y KJIMMATOJIOUIKUM nozpanuma. Ce30HCKe Bapujauuje MOTY YHETH
MIPUCTPACHOCTH Y aHAIHN3Y TpeH/10Ba, a Mann-Kendall Tect moxx/a Hehe aziekBaTHO y3eTu
y 003Up TakBe MepUOAUIHE (PIIyKTyaIfje ako Ce30HATHOCT HUje eKCIUTUIIUTHO YKJbydeHa
y Mozes1. J/Ia 61 ce OBO PEIIJIO, HEKU UCTPAKUBAYN MPUMEY)Y MOAUGDIKOBaHE BEP3Lje
Mann-Kendall Tecra koje npuiarohasajy ce3oHaTHOCT ¥ HectabrutHe nogaTke (Burn & Hag
Elnur, 2002). OBe azanranuje mMory OuTh KOpucHe 3a Oyayhe cryauje ycMepeHe Ha
Ce30HCKe WIN PerrOHAIHE KJINMATOJIOIIKE TPEH/IOBE.

Vi3BOp mopaTaka jecy TOAWINEGHM H3BEIITAjH PeryOyIMIKOr XHAPOMETEOPOJIOIMIKOT
3aBona Pemybnuke Cpbuje (PXM3 (1961-2020), 2022) 3a JIOKAaIUjy ayTOMAaTCKe
MeTeOpOJIOIIKe CTaHUIEe BabeBo.

PezyaraTu

Temnepamypa easdyxa

Hajromnuja roguna y mocmaTpaHoM mepuozy je 2019. roausa (13.4 °C) a HajxmagHuja je
1980. roauHa (9.9 °C) (PXM3 (1961-2020), 2022). [IpoceuHa TOAMIIKHA TeMIIEpaTypa
Bazyxa y BasbeBy y meprosy 1961. /10 2020. roauHe usHocu 11.4 °C. Hajromuju mecery ca
TPOCEYHOM TeMIepaTypoM je jyi (21.6 °C) IOk je HajXIaAHUU Mecel] jaHyap ca MPOCEUHOM
TemmnepatypoMm 0.3 °C (Tabena 1).

Tabena 1. Cpedre 200uwrbe u Meceure memnepamype y Bamvesy (1961—2020)

Mecen I II I11 v \Y VI VII VIII IX X XI XII

Ta(’C) |03 | 25 | 6.7 | 11.6 | 164 | 19.9 | 21.6 | 21.3 | 16.9 | 11.7 | 6.5 1.9

U3Bop: Penybiuku xuipoMereoposoiku 3aBoy Cpbuje, MeTeoposIoKY FOANIIHALN 32 TEPHO/
1961-2020. (PXM3 (1961-2020), 2022)

HajsHauajHUjU CTAaTUCTHUUKK PE3YJITATH Cy NMPUKA3aHU U UCTAKHyTH y Tabenu 2.
Kpyunu mapamerpu Mann-Kendall Tecta 3a aHayiu3y TpeH/ia TeMIIEpaType U IaJlaBiHA Ha
HUCTPaKUBAHOM ITPOCTOPY IPEJICTaBIbajy Z — CTaHjapIn30BaHa CTATUCTHKA TECTA, O — HUBO
3HAYajHOCTH, +0=0.1, *a=0.05, **a=0.01, ***a=0.001, / - 6e3 3HauajHOCTH; b — T3B. CEHOB
Harub (morienatu Tabesy 2).

Pesyntatu Mann-Kendall Tecta 3a cpenme MeceuHe BpeZIHOCTH TEMIIEPATYPE BasyXa
(Tabema 2) cy cuenehu. JaHyapcke TeMmmepaType Bazayxa cy y mopacTy (3a
0.04°C/ropuiime), Ha HUBOY CTATHUCTHUKE 3HAYAjHOCTH A = 0.05. CJIMYHE TeHeHIHje CY
npucyTHe y Mapty (0.03°C/roauiibe) U Majy (0.02°C/roauinise). Y debpyapy je IoIio
JI0 TIOpacTa TeMIleparype Bazayxa, ayju 6e3 cratucTuuke 3HavyajHoctd. HajBehu mopact
CpeZithe MeCceuHe TEMIIEPATYPE BasZyxa UMajy JIETHU Mecelld. Pe3yaTaTtu nokasyjy Aa je y
jyny unentudukoBaHo mosehaibe o 0.04°C/roauiime, y jyay of 0.05°C/rofuiime u
aBrycry 0.07°C/rogumitse. CBe OBe IPOMEHE Cy CTATUCTUYKU 3HAUajHEe Ha HUBOY A = 0.001.
Haxne, Hajeehe nmoBehame y TOAUIIBEM X0y TEMIIEpATypa Baslyxa MMa aBrycr. Ilopact
TeMIIepartypa Baszyxay centeMopy (0.02°C/ToAuIIIbe) je CTAaTUCTUUKY 3HAYajHO Ha HUBOY A
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= 0.1. Takolhe, TemItepartype Bas/yxa y OKTOOpY H JIerieMOpy [ToKasyjy TpeH 1 moseharba. lako
Cy ITO3UTUBHE IIPOMEHE Y OKTOOPY U JIeleMOpy CTaTHCTHUYKY 3HAYajHe, UITaK HUCY U3PA3HUTe
Kaoy aBrycry. Ilopact TemiiepaType Bas/lyxa y HOBeMOpPy HHje CTATUCTHYKY 3HAYAjaH.

Tabena 2. Peayamamu Mann—Kendall (MK) mecma 3a mpendoge meceuHux memnepamypa
sasdyxa y Bamesy 3a nepuod 1961-2020.

Temneparypa

Mecery V4 a Q B
Janyap 2.48 * 0.046 -1.20
debpyap 1.43 / 0.031 1.73
Maprt 2.37 * 0.037 5.53
Anpun 2.67 ** 0.034 10.60
Maj 2.21 * 0.026 15.70
JyH 3.91 HHx 0.042 18.40
Jyn 5.29 HEx 0.052 20.00
Asrycr 5.12 HEE 0.070 19.20
CenTembap 1.90 + 0.027 16.00
Oxrobap 2.80 ** 0.034 10.70
Hosembap 1.04 / 0.015 6.54
Jleriembap 3.25 w* 0.050 0.57

Ol HUBO CTATUCTUYKE 3HAUAJHOCTH; + A = 0.1, *a = 0.05; **a = 0.01; ***a = 0.001, / 63 cTaTUCTUYKE
3HauajHocTy; b - CeHOoB HAru6b

VY HacraBky je mar rpaduuKy MpUKa3 KOjU BU3YEHO ObjalllbaBa pesysitaTe mobujeHe y
Tabesnu 2.

Ca. 2. Pesyamamu Mann-Kendall (MK) mecma 3a meceune memnepamype 8a3dyxa y Bamesy 3a
nepuod 1961-2020. 2o0uHa (no2aedamu y eH2neckoj 8ep3uju mexcma cmp. 315)

PegystaTy MCTpakuBarba Cy IOKa3ald Jia jaHyap, MapT U Maj JEeTeKTyjy TpeHJ Ha
HUBOY 3HAUajHOCTH A = 0.05, BepoBaTHOha TecTa je 95%. IlopacT TemMnepaType y anpuiy,
OKTOOpY U JIenieMOpy je CTaTUCTUYKM 3HauajaH Ha HUBOY O = 0.01, JIOK je BepoBaTHOha
Tecta 99%. TokoM jyHa, jyJla M aBTYCTa TPEH] je Ha HUBOY 3HAYajHOCTH A=0.001 ca
BEpOBAaTHONOM 071 99.9%, JTOK je y cenTeMOpy a = 0.10, BepoBaTHOha TecTa je 90%. ®ebpyap
¥ HOBeMOap cy Meceny y KojuMa HeMa TPeH/1a.

Ha ocHOBy BenunuuHe youeHOT TpeHsAa Moryhe je H3BPIINTH KapaKTepU3AIHjy
KJIMMATCKUX IPOMEHA, OJHOCHO NPOIEHUTH IPOCEYHE IPOMEHe y BPeJHOCTHMA
AHATM3UPAHUX KIUMATCKUX IIPOMEHJBHBUX. Pe3ysiTaTH aHain3e BpEMEHCKe cepuje
yKazyjy Ha jacaH TpeH/ ITOpacTa IPOCEYHHMX MeCeYHUX TeMIepaTypa Bas/iyXa y IIUpeM
IOZIPYYjy METEOpOJIOLIKe CTaHHUIle BajpeBo, IITO je y CKIaAy ca IJI00IHO YOUeHHM
TPEH/IOBIIMA 3arpeBamba.

ITadasune

Y nepuoay oz1 1961-2020. IpocevHa rOANII A KOJIMUNHA ITafjlaBuHa y BasbeBy uznocu 787.1
mm. [TpemMa mpoceYHNM KOJMUMHAMA Ha MECEYHOM HHBOY HajBehH M3HOC Ia/IaBUHA je
jyHY 101.4 mm. Mecel| ca HajHIYKOM KOJITUYHUHOM IaiaBuHa je ¢hebpyap jep je y IpoceKy
TOKOM OBOT Mecelja Imajo camo 45.8 mm nagasusa (Tabesna 3) (PXM3 (1961-2020), 2022).
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Tabena 3. Cpedive koauvuHe nadasuma y Bamwesy (1961-2020)

Meceng I II II1 vV \ VI VII VIIT IX X XI XII

Cpenma
KOJIMYMHA
TmaJlaBUHA

(mm)

49.4 | 458 | 540 | 617 | 859 | 1014 79.5 | 69.7 | 62.0 | 57.4 | 59.8 | 60.3

W3Bop: Penmy6inuku XuIpoMeTeoposIoniky 3aBoj Cpouje, MeTeopOoIONIKY TOTUIIIHAIY 32 IEPUO/T
1961.-2020. (PXM3 (1961-2020), 2022)

Tabena 4. Peayamamu Mann-Kendall (MK) mecma 3a mpendoge MeceHHux KOAUYUHA nadasuHa y
Bawesy 3a nepuod 1961-2020.

ITagaBuHe

Mecerr V4 a Q B
JaHyap 0.98 / 0.153 39.90
®ebpyap 1.55 / 0.333 35.40
Mapt 0.78 / 0.227 46.30
Anput -1.45 / 0.275 67.50
Maj 0.62 / 0.243 66.50
JyH 0.21 / 0.069 98.40
Jyi -1.35 / -0.401 85.60
Asrycr 0.18 / 0.058 57.80
CenTembap -0.17 / -0.056 60.40
OxTtobap 1.43 / 0.376 31.30
Hosembap -1.10 / 0.270 64.40
Hetembap -0.01 / -0.002 57.50

O HUBO CTATUCTUYKE 3HAYAJHOCTH; + A = 0.1, *a = 0.05; **a = 0.01; ***a = 0.001, / 6e3 craTuCTUY Ke
3HauajHOCTH; b - CeHOB Haru6

¥V HacTaBKy je maT rpaduuKy MpUKa3 KOju BUBYEJTHO objaIlbaBa pe3yaTare 1obujeHe
y Tabenu 4. Ha ocHOBY IpuKasaHUX BpeJHOCTH y Tabenu 4, MOKEMO 3aKJbYUHUTH Jia He
TOCTOj¥ 3HAYajaH TPEH/T y aHAJTU3UPAHOj CEPUjH TOJJaTaKa.

Ca. 3. Peaynmamu Mann-Kendall (MK) mecma 3a meceure memnepamype 8azdyxa y Bamwesy 3a
nepuod 1961-2020. I'oduna (nozaedamu y eH2neckoj 8ep3uju mexkcma cmp. 317)
Ha ocHOBy mpuKazaHUX BpemHOCTH y Tabenu 4, MOKeMO 3aKJ/byUHTH JIa He TOCTOjU
3Ha4ajaH TPEH/| Y AHATU3UPAHO]j CEPHjHU MOAATAKA.

Jduckycuja

PesyaTaTy OBOI HUCTPAXKUBAKY Cy Y KOpEJAIMjU ca JPYTUM CIIPOBEIEHUM CTyHjaMa.
Vyshkvarkova & Sukhonos (2022) y cBoM HCTpaskMBalby aHAIU3UPAIH CY IPOCTOPHY
JIUCTPUOYIIH]y €KCTPEMHUX TeMIlepaTypa u mazaBuHa y Vcrounoj EBpormu u yTBpAIn
[MOCTOjathe MO3UTHUBHUX U CTATHCTUYKU 3HAYAJHUX TPEH/I0BA 32 TOILIE EKCTPEME TOKOM
CBUIX TOJUIIIEBUX /1003, TpU ueMy cy HajBehe BpeiHOCTH 3a0esexKeHe Y 3UMCKOM [IEPUO/Y.
Hacympor Tome, 3a X1ajiHe eKCTpeMe H/eHTH(hUKOBAHU Cy HETATUBHU TPEHJIOBH, IITO
yKasyje Ha HXOBO OIAQJake y IOCMAaTPAHOM BpEMEHCKOM OKBupy. CaBpemeHa
ucrpakuBatba (Twardosz et al., 2021) ykasyjy /a eBpOIICKM KOHTHHEHT U Jjajbe Oemeu
MepUojie U3PA3UTO XJIAMHUX 3UMCKHAX MECEIH, INTO CBEAOYUM O KOMIUIEKCHOCTH U
MIPOCTOPHOj XETEPOreHOCTH polieca riobaaHor 3arpeama (Hegerl et al., 2018; Krauskopf
& Huth, 2019; Cegar et al.,, 2023). Brankovi¢ et al. (2013) ¢y ¥ CBOM HCTpaKUBAY
YCTAaHOBWIM J]a Cy TO3UTHBHU TPEHJIOBU CPEIihe TOUIIEbe TeMIeparype y Pemybnauiu
XpBaTCKOj MPEBACXOHO PE3YJITAT CTATHCTUYKU 3HAYAJHOT MOPACTA TEMIIEPATyPa TOKOM
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JeTHUX Mecenu. HajuspaskeHUju TPeH/IOBU 3arpeBarba PETUCTPOBAHU Cy TOKOM JIeTa, a
3aTHM CJIe/Ie 3UMCKH U IIPOJIeNHY IepHO/,.

PesysitaTi HCTpaskMBama Cy CIMYHU pe3yjraTuMa Koje cy mobunu Gocic and
Trajkovic (2012b), umje mcrpakvBare yKasyje Ha 3Ha4YajaH [OpPACT TEMIIEPATypa y
CEeBEPHUM, LIEHTPAJIIHUM U HUCTOUYHHM JesnoBuMa Permybiauke CpOuje. KoHTHHYHMpaHU
TOAUIIBY PAaCT MaKCUMaJIHUX AHEBHUX TeMIlleparypa y IEpUOAy O 1974. A0 2003.
roaute y Beorpaay u Humy ananusupanu cy Malinovic-Milicevic et al. (2015). Y Be3su ca
OBHM HCTPRKUBamEM je u ucrpaxkusarmne Milanovic-Pesic and Milovanovic (2016) rae je
xopuirheHa KCTa METOJOJIOTHja 3a aHAJIN3y TeMIIepaTypHHX IIPOMeHA Ha HOAPYdjy
Ilymanuje y nepuozy oz 1961. 1o 2010. roguHe. FbUX0BO HCTpaKUBAME je yKa3alo Ha
CTAaTUCTUYKHU 3HaqajaH TPEH/Z| IIopacCTa TOAUIIIBbUX TeMIleparTypa Ha TOTOBO CBUM
AQHWIN3UPAHUM METeOPOJIOMKUM craHunama. Y CpbOuju Ha TpeH0Be Iopacra
TeMIepaType Basayxa ykasyjy ¥ ucrpakuBama Gavrilov et al. (2015; 2016; 2017).
CyimaHU pesysTaTi ¢y 1obujeHu u y ucrpakupamy Sedlak et al. (2024), rae ce ykasyje Ha
CTAaTUCTUYKHU 3HaqajaH IIO3UTUBAH TPEHZ CPEAIbUX TOAUIIIBbUX TEMIIEpaTypa Ha CBUM
TIOCMaTPAaHUM METEOPOJIONIKUM CTaHUIIaMa y UCToUHOj CpOuju.

Lukovi¢ et al. (2013) aHasM3upanu cy TpeHAOBe MajlaBUHA HA moApydjy Cpbuje y
mepuosly of 1961. 70 2009. rofuHe. Pe3yntatu HCTpaKHMBarba yKasyjy Ha OJCYCTBO
CTaTUCTUYKY 3HAYAJHOT TPEH/IA Y YKYITHUM TOAMIIEGUM KOJTHYNHAMA TTaJJaBUHA Ha HUBOY
nesokynHe Tepuropuje CpbOuje. Mehytum, Ha Cce30HCKOM HHUBOYy youeHe cy Osare
TEHJIEHIM]j€ KA CMaberby KOJIMUMHE MTaZiaBHa TOKOM 3uMe U IpoJsieha, kao u moBehamy
TOKOM jeceHu. IloceOHO ce m3nBaja neHTpainu feo Cpbuje, rae je 3abeexeH 3HAYajaH
[OpacT jecermHX IaJaBMHA, INTO je HIPEBACXOAHO IOCIEAWIA H3pakeHOor moBehama
KOJIMYMHE TaJlaBuHa y Mecely okTobpy. Popov and Svetozarevich (2021) coposenu cy
aHaIM3y TPEeHJA TOMUIIbUX KOJIMYHHA Ia/[aBHHA HA Y30PKY Of 15 METEOPOJIOLIKHX
cranuna y Penybaunu Cpbuju. Y mepuoay oz 1991. A0 2019. TOANHE, HajMAmbH MOPACT
KOJIMYMHe [aJaBHHA 3abesie’keH je Ha cranunama beorpax, HosBu Caj u 3pemaHuH.
Hacymnpor Tome, Haju3paskeHHUju TPEH/| pacTa youeH je Ha cranuiy Konaonuk (84.5 mm
TI0 JIeTleHWj ), Kao 1 Ha cTranuiu L{pau Bpx (70.1 mm mo fienieHujn).

VY OKBHpY CBOje KJINMAaTCKe MOJTUTHKe, Biiaga Pemybsinike Cpouje je pa3pusta IIporpam
npruiarojaBama Ha U3MEHeHe KIMMAaTCKe YCJIOBE 3a IEPHO] Off 2023. /10 2030. TOANHE
KOju MMa 3a Wb CMameihe eMHUCHja racoBa ca edexroMm crakieHe Gaimite u moBeharbe
eneprercke edukacHoctu. Ocum Tora, Cpbuja je wianuna I[lapuckor cropasyma u
obaBe3asia ce /ja he cMambUTH eMHCH]y racoBa ca eexkroM crakjeHe Oaiire a Ty je u
AKIMOHY IJIaH 32 a/IaNTalKjy Ha KJIMMAaTCKE IPOMEHE KOj! YKJbYdyje Mepe 3a aJalTalujy
[OJROTIPUBPEZIE, eHepreTcke edukacHocTH ©  3amture  exocucrema. (IIporpam
mpuiarohaBama Ha M3MeEmheHe KIMMATCKE YCJIOBE 3a MEPUOJ Off 2023. 710 2030. TOAUHE
,Ciyxx6enu rmacauk PCY, 6poj 119).

Hako je oBaj TecT MohaH aylaT 3a JETEKIHjy NMPaBOJIUHUjCKUX TPeHZAOBa, Oyayha
HUCTPa)KHBamka OU MOIJIa IMAaTU KOPYCTH Of (heTOBEe MHTerpalije ca KOMIUIEMEHTApHUM
MEeTOZIaMa, Kao IITO Cy AeKOMIIO3UIINja BDEMEHCKHX CEepPHja, MOEIN MAIIMHCKOT yUeha
win Gu3nIKy 6a3UpaHy KINMATCKU Mozesd. OBU IPUCTYIIN MOTJIA OU NPY:KUTHU Ay0sbU
YBHJL Y TIOKpeTaue yOueHUX TPEHAOBA U MOOOJBIIATH IPEAUKTHBHE criocobHoctu. Ilopen
TOra, IPOLIUpPEee reorpadcKOr 1 BpeMeHCKOT 0byXBaTa cTyija Koje kopucre Mann-Ken-
dall Tect, ka0 u yK/pyUUBaIbe KIMMATCKUX IIOAATAKA BUCOKE PE3OJIyIHje, MOIJIO OU JaTh
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cBeoOyXBaTHIj€e IPOIIEHE PErOHAJIHE U JIOKaIHE KanMarcke Bapujabuanoctu (Hamed &
Ramachandra Rao, 1998).

3axk/pyuak

Kinumarcke mpoMeHe IIpeACTaBsbajy IJI00IHM (eHOMEH KOju ce MaHubecTyje y
[IpoMeHaMa TeMIlepaType, [1a/laBUHa, yIeCcTaIOCTH eKCTPEMHIX BPeMeHCKUX Jjoraljaja u
noBehamwy HUBOA Mopa. [7106a/IHO 3arpeBarbe U KJIMMAaTCKe IIPOMEHe CBe Bullle norahajy
3eMJb€ IIUPOM CBETa, YKJby4yjyhu u PenyOsvky CpOujy. OBe mpoMeHe He yTHUy camo Ha
KJINMaTCKe ycjIoBe, Beh U Ha OUOJIOIIKE CHCTEMe, II0JONPUBPENY, 37paBibe JbY/H,
€HEPreTCKy CHUTYPHOCT M €KOHOMHJy, & MOTy YTHIIATH Ha XHWAPOJIOIIKHM OWJIaHC H
ITPOU3BOAIGY €Hepruje M3 OOHOBJPUBUX M3BODA, IOIYT xXwzpoesekTtpaHa. Kopumheme
ajJleKBaTHe METOZIOJIOTHje 3a aHAIM3y KJIMMATCKHUX mapamerapa y Cpbuju omoryhasa
MIPENU3HO HAEHTU(DUKOBAME CTATHUCTHYKH 3HAYAJHUX TPEHI0BA y TEMIIEpAaTypHUM H
[a/IaBUHCKUM Ceprjama, Kao M y aHAJIU3H eKCTPEMHUX BpeMeHCKHX zioraljaja. Ha ocHOBY
pesynrara OpPOJHHX HCTPOKUBAKha, MOXKE Ce 3aK/byUUTH JIa Y MOCIENBUX HEKOJIUKO
JlelleHHja TOCTOjH jacaH TPeH [OopacTa TeMIIepaType, CMaibelba [1alaBuHa U moBehama
YUYEeCTaJIOCTH eKCTPEMHUX BpeMeHCKUX foraljaja. OBe mpoMeHe UMajy 030M/baH yTUIA] Ha
IpupoAgHE CUCTEME U APYIITBO, TE je HEOIIXOTHO paBBI/IjaTI/I CTpaTel"I/Ije 3a a]_'[aHTaHI/ij u
ybia’kaBame IocyIeAnna KIuMarckux npomeHa. Mann-Kendall tecr je Bpiio xopucran
ajaT y aHajuu3W KJINMATCKUX IIOfIaTaka, jep oMoryhaBa HMCTpa’KMBauMMa Jja IIPOLEHE
carame u3Mel)y pasIMauTHX H3BOpa oZiaTaka O TeEMIIEpaTypH U TaJlaBUHaMa, Kao U Mely
PasJIMIUTHM MOJlesIIMa KJIMMATCKUX IIpeiul)ama.

Heonxo/iHO je cpoBecTy [ieTa/bHU]y U UHTEPAVCIUIINHADHY aHATN3Y KIMMATCKUX
(axropa koju Cy yCIIOBIIIN aKTyeJIHe KINMATCKe KapaKTePUCTHUKe TPOyYaBaHOT IO/Pydja.
OBa cryAdja uMa 3a Wb Jja IPYKU JOIPUHOC MPOAYD/FEHOM Pa3yMeBaby aKTYETHUX
KJIMMAaTCKUX TpoMeHa Ha Tepuropuju Cpouje. C 063upoM Ha HaBeIEHO, HEOIIXOTHO je
KOHTUHYHpaHO mnpaheme KIMMATCKUX HOPOMEHA pPaju ajZieKBaTHe IPOIEHE HbHXOBUX
MMOTEHIIMjATHUX eKOHOMCKUIX ¥ IPYIIITBEHUX ITOCJIE/INIIA.

IToBehame 6poja TOIIUX Tasaca MOKe U3a3BaTH 3/IPABCTBEHE IIPobieMe, TOCeOHO 3a
crapuje ocobe U Jbyzie ca cpyaHuM obosperbuMa. [IpoMeHe TeMmIeparype U IaJjaBHHA
yrpoxKaBajy GUbHU U dKUBOTHEGCKH CBET, TIOCEOHO BPCTE KOje Cy OCET/bUBE HAa KJIMMATCKE
npomerne. C 003UpPOM Ha CJIOKEHOCT KIMMATCKUX MPOMEHA U HhUXOBE JIAJIEKOCEKHE
MOCJIeNIUIe, pelllaBare OBe MpO0JIEMATHKE 3aXTeBa MHTEH3WBHY MeljycOGHy capaimy
CTpyUEbaKa U3 Pa3InIUTHX 061acT. Mereoposio3u, KIIMMAaToI03H, XUAPOJIO3H, Teorpadu,
€KO0JIO3H, AaTPOHOMH, K0 1 €KCIIEPTH 32 JaBHO 37[paBJbe, ypOaHO IJIAHUPAIhE U EHEPTETHUKY,
MOpajy 3ajeJHUYKK PAZUTH HAa WHTErpalldju [OiaTaKa, TyMauerby pe3yJitata U pa3Bojy
[pUIAroheHux Mepa aianTarmje.

VHTepauciuIUIMHApHA  capajgma oMoryhaBa  cBeoOyXBaTHUje  pas3yMeBarbe
KJIMMATCKUX II0jaBa, WAEHTU(GUKALN]Yy PAmbHBUX CEKTOpPA U CTAHOBHUINTBA, Kao U
yHampeljeme cTpaTeruja ynpasspamha pusuiuma. CTBapare jeIHHCTBEeHNX 6a3a mojaTaka,
3ajeJHUYKE CTy[Uje CIydaja U IUIaHUpame Mepa Ha JIOKAIHOM HHUBOy Tpeba na Oymy
pe3yJITaT cTajiHe KOMYHUKAIIKje U KOOpAUHAIIIje n3Mel)y HayuHe 3ajeJHUIEe, HHCTUTYIIV]a
¥ IOHOCHOLIA O/ITYKA.
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Cyko0 uHTepeca: AyTopH U3jaBbyjy la HeMa cykoba HHTepeca.

Hamomena wuspmaBauya: Cpricko reorpadCKO ApPYIITBO OCTaje HEYTPATHO IO IUTAY
jypucaukiyje y o6jaB/beHUM MaraMa U HHCTUTYIIMOHATHUM Be3aMa.

© 2025 Cpricko reorpadcko apymTBo, beorpaz, Cpouja.

This article is an open access article distributed under the terms and conditions of the Cre-
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JIuteparypa (noresary y eHIrIecKoj BEp3HUjU TEKCTA)
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