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ABSTRACT
Recent climate changes cause significant natural and socio-economic consequences. They represent one of the
major environmental problems of the late 20th and early 21 st centuries. Changes in temperature and precipitation
play a significant role in understanding climate change issues. They include numerous extreme climatic events
such as heat waves, droughts, forest fires and more. Looking at regional differences in temperature a nd
precipitation regime change, Southern Europe, including the Republic of Serbia, occupies a special place. The
Mačva district (3.272 km²) is almost four times as spacious as the Mačva area. The administrative -political
division of the Mačva district is comprised of eight municipalities. The paper presents trends of two climate
variables: mean annual air temperature and mean annual precipitation in the study area. In methodological sense,
the main statistical procedure is the non-parametric Mann-Kendall (MK) test. Data from three available
meteorological stations in the Mačva district (1949-2015) were used for the analysis. The presented results of the
trends in air temperature indicate that there is a statistically significant positive trend in all-time series. In trends,
precipitation amounts a statistically significant positive trend was observed in two time series, while in one there is
no trend. The expressed trends, especially in the case of air temperatures, lead to the possibility of drought. Mačva
district and Mačva have some agricultural importance in the Republic of Serbia. For these reasons, some
adaptation to climate change is needed as arid conditions lead to fluctuations in agricultural yield.
Keywords: Climate change, Air temperature trends, Precipitation trends, Mann Kendall test, Mačva district
(Serbia).
instrumental measurements were made (1880–2012), the average
global air temperature has shown a growth trend of 0.85 ℃.
Regional differences are below or above the established
limit (in the range of 0.65 to 1.06 ℃). The most intense warming
in recent decades has been observed in the temperate latitudes of
the Northern Hemisphere (Fei et al., 2014). During the twentieth
century, air temperatures rose almost throughout the whole
Europe. However, regionally, the largest changes in annual and
seasonal air temperatures have been identified in Northern
Europe latitudes (Kovats et al., 2014). Since 1980, warming has
been most intense above Scandinavia (especially in winter),
while warming in the Iberian Peninsula is pronounced during the
summer months (EEA, 2012). Climate change is particularly
affecting the area of Southeast Europe.
There are numerous authors who have analyzed the annual
trends in air temperature: in Slovenia (Milošević et al., 2013;
Milošević et al., 2017), Montenegro (Burić et al., 2014a), Serbia
(Unkašević & Tošić, 2013; Bajat et al., 2015; Gavrilov et al.,
2015; Gavrilov et al., 2016; Gavrilov et al., 2018; Bačević et al.,
2018), Greece (Mamara et al., 2016), and Bosnia and
Herzegovina (Trbić et al., 2017; Popov et al., 2018a; Popov et
al., 2018b).

INTRODUCTION
Fifth Assessment Report the Intergovernmental Panel on
Climate Change (IPCC, 2014) highlights several important
conclusions: a) over the past hundred years, the average
temperature on Earth has increased by 0.6 ℃. During this
interval, two warming periods are distinguished - from 1910 to
1945 and from 1976 to the present; b) “the period from 1983 to
2012 is probably the hottest 30-year series on the northern
hemisphere in the last 1400 years”; c) the past three decades
have been the warmest during the instrumental period. Each
decade was successively warmer than the previous one, so the
first decade of the 21st century was the warmest since 1850.
Apart from the report, many authors have addressed the
issue of climate change. According to Luterbacher et al. (2004)
the second half of the twentieth century and the beginning of the
twenty-first century (1974-2003) make up the hottest 30-year
series. This is in line with the latest Intergovernmental Panel on
Climate Change Report. Blunden et al. (2018) found that since

*Corresponding author: nikola.milentijevic@pr.ac.rs
GEOGRAPHY, GEOSCIENCE AND ASTRONOMY

37

Vujadinović, 2007). The reasons for the inadequate treatment of
climate change problems are the small size of the territory and
the lack of the relevant meteorological stations. A larger number
of stations would result in better spatial distribution of climate
parameters, which would allow for more adequate climate
analysis.

Globally, there are trends in increasing precipitation
(Nguyen et al., 2018). However, regional variations in
precipitation do not follow global trends. From 1900 to 2005,
precipitation decreased in the Sahel, the Mediterranean, South
Africa and parts of South Asia. These trends have been
expressed especially since the 1980s (Spinoni et al., 2017). The
exception is North Africa, northern Italy and the western part of
the Iberian Peninsula where a trend of increasing precipitation
has been observed (Philandras, 2011). The annual rainfall since
1960 shows a trend increase of 70 mm per decade in Northern
Europe and Western Europe. A decrease in the sum of 90 mm
per decade has been reported in Southern Europe (EEA, 2017).
Precipitation variability as an indicator of climate change in
Southeast Europe was addressed by: in Serbia (Gocić &
Trajković, 2013; Tošić et al., 2014a; Tošić & Unkašević, 2014b;
Putnikovć & Tošić, 2018), Montenegro (Burić et al., 2014b;
Burić et al., 2018a; Burić et al., 2018b), Slovenia (Tošić et al.,
2016), Greece (Markonis et al., 2017); Bosnia and Herzegovina
(Popov et al., 2019a; Popov et al., 2019b).
The subject of this paper is an analysis of recent trends in
air temperature and precipitation in the Mačva district, from
1949 to 2015.Mačva district belongs to an important agricultural
region in Serbia. One of the sectors most affected by climate
change is the agricultural sector (by phenomenon as drought).
Irrigation is an effective measure in the fight against drought.
Using irrigation systems, in wet years, the unequal distribution of
precipitation would be corrected, and in the dry conditions, the
humidity deficit would be eliminated. Two important factors that
make today's agricultural production unsustainable: a)
obsolescence, neglect or absence of irrigation systems; b) the
absence of a methodology for forecasting natural disasters,
prevention and reduction of damage incurred (Armenski et al.,
2014). For this reason, the presented results form the basis of
further research of interaction between climate changes and
agricultural production. The climate of Mačva as part of the
District has been analyzed in climatic terms in several textbooks
(Rakićević, 1980; Grčić & Grčić, 2002; Ducić & Radovanović,
2005). Numerous attempts at climate change in the former
Yugoslavia, and within the framework of Mačva, show a strong
compliance (Milutinović, 1974; Rakićević, 1980; Ducić&
Radovanović, 2005; Ivanović et al., 2016). According to A.
Milutinović (1974) Mačva belongs to the Cfwbx variant of
moderately warm and humid climate (according to Kepen's
climate classification).
Т. Rakićević (1980) classified Mačva in the KolubaraMačva climate region. The mean temperatures of the hottest
month in the annual flow of air temperature, July, are between
20-22 ℃, while the annual precipitation amounts are between
600-800 mm. Ducić & Radovanović (2005) They classify Mačva
in the Climate Area A (Subarea A-1-a). These are conditions of
continental climate. However, there is a serious lack of literature
in the field of climate research (Ćirković, 1977; Gajić &
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THEORETICAL PART
Study area
The plain of Mačva represents a special sub-continent
within the Pannonian Basin. Its borders are natural: the Sava
River in the north and east, the lower course of the Drina River
in the west and the Pocerina River in the south. It is dissected by
a dense network of river flows belonging to the Drina, Sava and
Kolubara basins.The area of Mačva is 860 km². In the
administrative-political sense, the Mačva district is a far larger
entity (3.272 km²). It is composed of the following
municipalities: Bogatić, Vladimirci, Koceljeva, Krupanj,
Loznica, Ljubovija, Mali Zvornik and Šabac (Grčić& Grčić,
2002). There is only one meteorological station in the territory of
Mačva (MS Šabac). For this reason, the study area was extended
to the entire district, where two more meteorological stations
(MS Loznica and MS Ljubovija) were located. The area defined
in this way (Figure 1), with more stations, makes it possible to
represent more time series. In this way, a better analysis of the
trends is obtained.

Figure 1. Map location of Mačva district in Republic of Serbia,
with selected meteorological stations.
EXPERIMENTAL PART
Materials and methods
For the purposes of the paper, an analysis of selected
climatic parameters was performed for a 66-year data set. Data
from 3 meteorological stations, taken from the Meteorological
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Yearbooks of the Republic Hydrometeorological Service of
Serbia (RHSS, 2019) were used. Climate variables are
categorized into two groups of data: mean annual air temperature
(YT) and mean annual precipitation (YP). The analysis of
selected variables by weather stations determined a total of six
time series. Each of the six time series is indicated by a
corresponding acronym containing the abbreviation for the year
and air temperature or precipitation (Table 1).

extension (https://www.xlstat.com/en) were used to analyze the
data.
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:
Alexandersson’s test (Alexandersson, 1986), Pettitt’s test (Kocsis
et al., 2019).Savić et al. (2012) applied homogeneity test on
example of Vojvodina (Serbia) according to Alexandersson
(1986). In this paper time time series related to air temperature
values were tested. The test of homogeneity points to relatively
low differences of mean monthly (from 0℃ to 0.12℃) and trend
(from 0℃ to 0.001℃) air temperatures values between raw and
homogenised time series. Authors Tošić et al. (2014b) analyzed
wet and dry periods in Serbia, by application of the same
method. Their conclusions are similar to previous research
(homogeneity is determined in all time series related to
precipitation). In this paper none of presented homogeneity tests
wasn’t applied. Main reasons can be summarised in the
following statements: a) small territory of Mačva district; b)
small distance between meteorological stations; c) the dataset
was complete, without missing data.

Table 1. Acronyms for 6 time series per meteorological station
based on the abbreviation for the year and selected climate
variable.
Station
Šabac
Loznica
Ljubovija

Year (Y)
Š-YT
Š-YP
L-YT
L-YP
Lj-YT
Lj-YP

Trends in air temperature and precipitation were processed
using three statistical approaches: a) the trend equation was
determined individually for each time series; b) the trend
magnitude (∆y) is calculated based on the trend equation; v)
apart from these procedures, the existence or absence of a trend
was analyzed using a non-parametric Mann-Kendall (MK) test.
The essence of the first statistical procedure is to determine the
slope size of the selected variable in the trend equation. There are
three possible scenarios here: a) the slope size is greater than
zero - the trend is positive; b) the slope size is less than zero - the
trend is negative; v) slope equals zero - there is no trend. Based
on the trend equation, the magnitude (change) of the trend was
determined as the difference of parameters (air temperature
and/or precipitation) at the beginning and end of the period. The
period means the analyzed interval, from 1949 to 2015. At trend
magnitude, there are three possible scenarios: a) when ∆y is
greater than zero - the trend is negative; b) when ∆y is less than
zero - the trend is positive; v) when ∆y equals zero - there is no
trend. (Gavrilov et al., 2015; Gavrilov et al., 2016). The third
statistical procedure is the most complex and involves the
analysis of time series using the MK test (Kendall, 1975; Gilbert,
1987). This test has wide application in the interpretation of
climatological time series, e.g. air temperature and precipitation
(Karmeshu, 2012), extreme temperatures (Wibig & Glowicki,
2002), aridity as an indicator of climate change (Hrnjak et al.,
2014; Bačević et al., 2017; Radaković et al., 2017; Milentijević
et al. al., 2018). Its advantages are ease of use and manipulation
of missing values. According to MK test, two hypotheses were
tested: H₀ (null hypothesis) where there is no trend in time
series; and the alternative hypothesis (Hₐ), where there is a
statistically significant trend in time series, for the selected
significance level (α). The probability (p) was calculated in order
to determine the level of significance in the hypotheses.
Microsoft Office Excell 2007 software and its XLSTAT
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RESULTS AND DISCUSSION
Trend parameters
The paper presents the results for 6 time series. For each
time series, the trend equation, linear trend, and MK test analysis
(from 1949-2015) were determined. The analysis was
supplemented with trend magnitude (∆y) and trend probability
(p) for each time series from the selected meteorological station.
The results are summarized in Tables 2 and 3 and Figure 1.
Table 2. Trend equation (y), trend magnitude (∆y), and
reliability probability (p) for mean annual air temperature (YT).
Time series

Trend equation

∆y (℃)

p (%)

Š-YT
L-YT

y = 0.0138x + 10.94
y = 0.0228x + 10.636

0.9
1.5

<0.0001
<0.0001

Lj-YT

y = 0.0202x + 10.074

1.3

<0.0001

Table 3. Trend equation (y), trend magnitude (∆y), and
reliability probability (p) for mean annual precipitation (YP).
Time series

Trend equation

∆y (mm)

p (%)

Š-YP

y = 0.9538x + 656.24

62.9

0.1517

L-YP

y = 1.3753x + 797.6

90.8

<0.0001

Lj-YP

y = 1.8657x + 838.73

123.1

<0.0001

Trend assessment
The obtained MK test results for mean annual air
temperatures and mean annual rainfall in the Mačva district are
shown in Table 4. The analysis of selected time series identifies
two key statements: a) in five time series cases there is a
statistically significant positive trend; b) only in the case of the
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time series relating to precipitation (Š-YP) there is no
established trend. The results obtained in this way are confirmed

by the numerical parameters presented (Table 4 and Figure 2).

Figure 2. Linear trends: a, b) mean annual air temperatures and precipitation amount measured in Loznica meteorological station; c,
d) mean annual air temperatures and precipitation for the Ljubovija meteorological station; e, f) mean annual air temperatures and
precipitation for the Šabac meteorological station.
In the Mačva district, for time series relating to the mean
annual air temperature L-YT, Lj-YT and Š-YT, the p value is the
same and amounts to <0.0001. There is a statistically significant
positive trend in these time series. As the computed p-value is
lower than the significance level alpha = 0.05, they should reject
the null hypothesis H0, and accept the alternative hypothesis Ha.
The risk to reject the null hypothesis is Ha, while it is true is
lower than 0.01%.
Similar results can be identified in the literature. KleinTank & Können (2003) have established a trend of increasing air
temperature in Europe since 1979, both on an annual and
seasonal basis. Milosevic et al. (2017) in Slovenia have
identified a significant increase in mean annual, mean maximum
and mean minimum air temperatures (per decade of 0.3-0.5 ℃).
By analyzing data from 52 meteorological stations in Greece,

Table 4. Summary results of the trend analysis of annual air
temperatures and precipitation in the Mačva district (1949-2015).
Time series

Trend equation

Standard MK test

L-YT

Positive trend

Statistically significant
positive trend

Lj-YT

Positive trend

Statistically significant
positive trend

Š-YT

Positive trend

Statistically significant
positive trend

L-YP

Positive trend

Statistically significant
positive trend

Lj-YP

Positive trend

Statistically significant
positive trend

Š-YP

No trend

No trend
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Mamara et al. (2016) found a negative trend between 1960 and
1976. A statistically significant positive trend has been reported
since 1977-2004. years. Similarly, in the near region temperature
increase is dominant in Montenegro (Burić et al., 2014), Bosnia
and Herzegovina (Trbić et al., 2017; Popov et al., 2018a; Popov
et al., 2018b). In the territory of Serbia in the region of
Vojvodina (Gavrilov et al., 2015; Gavrilov et al., 2016) and in
Kosovo and Metohija (Gavrilov et al., 2018) positive trends in
air temperature were also observed.
Time series in terms of mean sums of precipitation in the
Mačva District show slightly different results. In two time series,
L-YP and Lj-YP, a statistically significant positive trend was
observed. The only time series from all analyzed in which there
is no trend is W-YP. For the above time series, the p value is
<0.0001. As the computed p-value is lower than the significance
level alpha = 0.05, one should reject the null hypothesis H0, and
accept the alternative hypothesis Ha. The risk to reject the null
hypothesis Ha, while it is true is lower than 0.01 %. For time
seris Š-YP, p value is 0.1517. As the computed p-value is greater
than the significance level alpha=0.05, one cannot reject the null
hypothesis H0. The risk to reject the null hypothesis H0 while it
is true is 15.18%.
There is some agreement on increasing precipitation in the
study area and globally. The Mediterranean area is exposed to a
decrease in average rainfall. This scenario is expected to
continue in the future, with the 20% decrease (IPCC, 2014). An
example of a Mediterranean country that showed a similar
scenario is Greece (Markonis, 2016). These authors have found a
decrease in annual precipitation over most of the territory since
1950. However, since the 1980s, there has been a trend of
increasing annual precipitation. For these reasons, it is difficult
to find similar results in the literature in terms of increasing
rainfall over a wider area. Decrease of rainfall is dominant in
Bosnia and Herzegovina (Popov et al., 2019a), Montenegro
(Burić et al., 2018a; Burić et al., 2018b), Slovenia (Milošević et
al., 2013; Milošević et al., 2013). 2017). The paper by Gocić &
Trajković (2013) found that there is no trend in the case of
annual rainfall at most stations in Serbia. A positive trend was
observed at the seasonal level, during the autumn and winter
months. Analyzing precipitation trends in Vojvodina, Tošić et al.
(2014) found that there are positive trends in precipitation on a
yearly and seasonal basis (winter and autumn). Rainfall trends
were observed during spring and winter.

in line with global precipitation trends, however, in recent
decades the Mediterranean has seen a decrease in precipitation.
For these reasons, further research into these cases is needed in
order to determine possible causes. Thus, it would be desirable to
analyze other parameters (temperature extremes, air temperature
and precipitation by season). That is why this paper provides a
solid foundation in future climate research as it provides insights
into the dynamics of climate over the past decades. Also, future
projections of climate in Europe and the Mediterranean predict a
higher incidence of extreme climate events, such as drought.
Drought is causing a number of socio-economic changes related
to nature, agriculture and available water resources. Therefore, it
is necessary to implement appropriate adaptation measures
(Bressers et al., 2016). Mačva district and Mačva, as a significant
agricultural area, require some adaptation measures to climate
change, as defined by the Report of the Republic of Serbia under
the UN Framework Convention on Climate Change (Ministry of
Environmental Protection, 2017).
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