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ABSTRACT

This paper analyzes long-term air temperature trends in the central urban zone of Belgrade over the period 1991—
2020. The research is based on a dataset obtained from the principal meteorological station Belgrade -
Observatory, using daily minimum, maximum, and mean air temperature values, as well as measurements
recorded at 07:00h, 14:00h, and 21:00h CET (6 different air temperature variables). Trends were examined at
annual and seasonal levels as well as through the mean 30-year and mean 10-year values, for each decade of the
research period (1991-2000; 2001-2010; 2011-2020) in order to identify changes in local climatic conditions within
Belgrade’s densely urbanized environment. The results indicate a consistent increase in all analyzed temperature
variables during the observed period. Positive trends were detected in mean daily, minimum, and maximum
temperatures, as well as in seasonal and annual values, ranging from 0.064°C/year to 0.084°C/year at the annual
level, and for seasons from 0.053°C/year to 0.079°C/year (spring), from 0.055°C/year to 0.084°C/year (summer),
from 0.076°C/year to 0.091°C/year (autumn) and from 0.069°C/year to 0.082°C/year (winter), with the most
pronounced warming occurring after 2011. The strongest increase was observed in evening temperatures (21:00
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CET), especially during summer and autumn.
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INTRODUCTION

According to United Nations (UN) data, about 55% of
the world's population lives in urban areas, and projections
show that this share will increase to 68% by 2050. According
to the IPCC (2021), by 2030 almost 60% of the world’s
population is expected to live in urban areas. Similar trends are
also present in the Republic of Serbia, where the level of
urbanization reached almost 60% in 2011, with only the city of
Belgrade housing about 27.3% of the urban population
(without Kosovo and Metohija) (Draft SPRS 2035; Lukic,
2025). Due to the growing population, increasing pressure on
natural resources, complex social, economic, and ecological
processes, urban environments have become particularly
sensitive to the consequences of climate change. In order to
adequately approach sustainable urban development, planning
and management of urban environments, protection of public
health and safety, improvement of quality of life, preservation
of urban ecosystems, etc., experts and urban planners must
understand local microclimatic conditions (Luki¢, 2025).

Climate change at the global level directly and indirectly
affects the urban microclimate. One of the most significant
characteristics of the urban microclimate is the urban heat
island (UHI) effect. Andelkovi¢ (2002; 2003) identified the
urban heat island (UHI) effect in Belgrade almost two decades
ago, comparing air temperature values measured at two
meteorological stations: Belgrade - Observatory (urban) and
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Surcin (suburban). The mean annual air temperature measured
in Surcin in the period 1971-1990 was 11.2°C, while the mean
annual temperature at the Belgrade - Observatory was 11.9°C.
Thus, Andelkovi¢ (2002, 2003) showed that in the given
period the UHI intensity was 0.7°C. So, Belgrade’s climate is
strongly influenced by the UHI, the significance of which was
confirmed by Milovanovi¢ et al. (2020). Through a
comparative analysis of mean monthly and seasonal air
temperatures recorded during 1949-2008 in Belgrade and at
22 additional meteorological stations across Serbia, the authors
demonstrated that Belgrade was warmer than nearly all other
stations in all four seasons (with the exception of Prizren and
Negotin, owing to their local geographic characteristics). The
largest differences were observed in winter, when Belgrade
was almost 1.4°C warmer than the national average, and in
autumn, when the difference reached up to 1.2°C. Although
somewhat smaller, the differences in summer and spring were
still notable, amounting to 0.9°C and 1.0°C respectively.

What is certain is that the values of the mean annual air
temperature in Belgrade have been increasing over the past
few decades. According to Andelkovi¢ (2002), during the
period 1941-1990, the mean annual air temperature in
Belgrade was 11.9°C. After the 1990s, and especially after
2000, there was a noticeable trend of growth in the mean
annual temperature, so according to Tosi¢ et al. (2019) its
mean value in the period from 2000 to 2017 was 13.4°C.
These findings are particularly relevant in the context of
developing more effective responses to altered climatic
conditions, implementing adaptation strategies and climate-
conscious urban design, mitigating the impacts of the UHI, etc.



In addition, such studies are also significant in the context of
public health and well-being, which will be discussed more in
the next chapter.

Air temperature and public health in Belgrade

Belgrade’s urban population, especially residents of
central urban zones, where the UHI effect is most pronounced,
faces elevated health risks. Climate change and extreme
events, such as heat waves, are associated with adverse health
risks that disproportionately affect vulnerable population
groups, including the elderly, individuals with chronic
illnesses, women, children, outdoor workers, and
socioeconomically disadvantaged populations (Luki¢, 2025).

The extent to which extreme temperatures and heat
waves may affect human health, in the most serious cases
resulting in increased mortality, was demonstrated by
Stanojevi¢ et al. (2014a). Their study examined the
relationship between daily mortality and high summer
temperatures in Belgrade over the period 2000-2010,
identifying clear associations between elevated temperatures
and mortality outcomes. During this period, the year 2007
stands out as the year in which the highest air temperature ever
recorded in the Republic of Serbia was observed: 44.9°C
(Smederevska Palanka, Central Serbia, 24™ July 2007). In
Belgrade, the maximum temperature recorded that summer
reached 43.6°C (Tosi¢ & Unkasevi¢, 2013; RHSS). Notably,
the same date on which the maximum air temperature was
measured in Belgrade (24" July 2007) also corresponded to the
highest daily mortality, with 94 deaths, substantially exceeding
the expected average daily mortality of 55 deaths per day
(Stanojevic et al., 2014a).

The impact of extreme weather conditions during the July
2007 heat wave on daily mortality in Belgrade was further
examined by Bogdanovi¢ et al. (2013). Their findings
indicated that the number of deaths recorded between 16™ and
24" July 2007 was 38% above the expected average for that
period. The most severely affected population group
comprised individuals aged over 75 years, who accounted for
90% of total deaths. Excess mortality among women was
twice as high as that among men (54% vs. 23%). With respect
to chronic conditions, mortality among patients with diabetes
increased by 286%, among those with chronic kidney disease
by 200%, among patients with respiratory diseases by 73%,
and among individuals with nervous system disorders by 67%.

Findings of Stanojevi¢ et al. (2014b) show that a 1°C
increase in mean daily temperature is associated with a 4.6%
increase in cerebrovascular mortality, 2.2% in cardiovascular
mortality and 1.6% in respiratory mortality. Combining data
on daily mortality and weather conditions, intensity and
duration of heat waves in the three largest urban centers of
Serbia (Belgrade, Novi Sad and Ni§) during 2000-2015, Allen
et al., (2024) observed “excess” mortality in all three cities and
significantly high health risks occurring on the hottest days.

GEOGRAPHY, GEOSCIENCE AND ASTRONOMY

The authors emphasized the need to establish an “early
warning heat system" in these urban areas.

It is clear that monitoring temperature trends is necessary
to better understand the microclimatic conditions of the
environment we inhabit as a community, in order to protect
public health from increasingly pronounced climate risks,
especially vulnerable groups.

THEORETICAL BACKGROUND

Analyses of temperature trends, microclimatic and
bioclimatic studies of urban areas of Serbia, but also of wider
regional areas, are increasingly becoming the subject of
research by domestic authors. The areas from which these
studies come to us are diverse: from climatology and
bioclimatology, spatial and urban planning, green architecture,
bioclimatic design, through public health, tourism, etc. Their
diversity indicates the wide application of temperature and
bioclimatic indices. Analyses of temperature trends,
temperature indices and general climatic conditions were
carried out for the area of Novi Sad (Lazi¢ et al., 2006; Vasié¢
et al., 2022), Belgrade (Andelkovi¢, 2002; 2003; Drljac¢a et al.,
2009; Pordevi¢, 2008; Cegar et al., 2023a; Milovanovié et al.,
2020), Macva District (Milentijevi¢ et al., 2020), Nisava river
valley (Proki¢, 2018), Nisava District (Milutinovi¢, 2024) and
Ni§ (Drljaca et al., 2009; Unkasevi¢ & Tosi¢, 2009a) and the
wider area of Serbia (Bacevic et al., 2021; Bacevic et al., 2026;
Andelkovi¢, 2007; Purdevi¢ et al., 2018; Milovanovic¢, 2023;
Tosi¢ & Unkasevi¢, 2013; Tosic¢ et al., 2019, 2023; Unkasevic¢
et al., 2005; UnkSevi¢ & Tosi¢, 2013, 2015; Vukovi¢ et al.,
2018; Vukovi¢-Vimi¢ & Vujadinovi¢-Mandic, 2024a, 2004b).

Several studies from other countries in the region should
also be highlighted: Zagreb, Croatia (Bonnaci et al., 2018;
Nimac, et al., 2021), Banja Luka and Sarajevo, Bosnia and
Herzegovina (Gnjato et al.,, 2021; Popov et al., 2023),
Podgorica, Montenegro (Bacevi¢ et al., 2020), etc. The
increase in air temperature values has a positive effect on the
increase in the values of various bioclimatic and thermal
indices, which can be seen in the studies of the following
authors: (Purdevi¢ et al., 2023; Cegar et al., 2023; Luki¢,
2019; Luki¢ & Milovanovi¢, 2020; Luki¢ et al., 2021; Luki¢ &
DPuri¢, 2023; Luki¢ & Filipovi¢, 2024; Luki¢, 2025;
Malinovi¢-Milicevi¢, 2023; Milenkovi¢c & Luki¢, 2025;
MiloSevi¢ et al., 2023; Pecelj et al., 2020; Pecelj et al., 2025;
Savi¢ et al., 2024; Vasi¢ et al., 2022), etc.

EXPERIMENTAL PART
Study area

The City of Belgrade is the capital and the largest urban
area of the Republic of Serbia (Southeast Europe, Western
Balkans) (Figure 2). It is situated at the confluence of the Sava



and Danube rivers, within the Pannonian macro-region, at
44°48' N latitude and 20°28' E longitude, with an average
elevation of 130 m (Figure 1). Belgrade, more precisely its
central urban zone, was selected as the study area due to
several characteristics: the city’s distinct morphological
structure, high population and building density, intensive
urbanization, deficit of green wurban spaces, specific
microclimatic conditions, and a pronounced urban heat island
(UHI) effect (Luki¢, 2019; Luki¢ & Milovanovi¢, 2020; Lukié¢
& Duri¢, 2023; Lukic, 2025; Savic et al., 2024).
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Figure 1. Relief map of Serbia with the studied area — the City
of Belgrade. Map was created using the QGIS 3.40.6 software.

According to the Koppen - Geiger climate classification,
Belgrade’s climate is categorized as Cfb, characterized by a
warm, temperate, and humid regime with warm summers and
maximum precipitation occurring in late spring and early
summer (Mihajlovi¢, 2018; Luki¢ et al., 2021; Luki¢, 2025).
The mean annual air temperature in Belgrade during the 1991—
2020 period was 13.2 °C, compared to 11.9 °C in the 1961—
1990 period. The average annual precipitation total for the
1961-2020 period was 691.8 mm, while in the 2000-2020
period it amounted to 704.3 mm (Cegar et al., 2023a; Luki¢,
2025). Belgrade lies within the “Kosava” wind region; the
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Kosava typically occurs during the autumn and winter months
in intervals lasting 2 - 3 days (occasionally longer). The mean
annual number of sunshine hours recorded in Belgrade over
the 2000 - 2020 period was 2212 h (Luki¢, 2025).

Figure 2. Geographical location of Serbia in Europe. Map was
created using the QGIS 3.40.6 software.

Materials and methods

The research was based on climatological data available
in the Meteorological Yearbooks published by the Republic
Hydrometeorological Service of Serbia (RHSS), for the period
19912020 (a standard 30-year timeframe - reference
climatological period, in accordance with the World
Meteorological Organization - WMO). The data set used on
this occasion referred to a set of daily, hourly, minimum and
maximum air temperature values that were recorded at the
principal meteorological station Belgrade — Observatory
44°48',20°28', 132 m (Figure 3).

Figure 3. Principal
Observatory. Source: Author.

meteorological station Belgrade -



Since this meteorological station is located within the
territory of the Vracar city municipality, the most densely
populated municipality in Belgrade, with a population density
of 18 647 inhabitants per km? (according to the 2024 estimates
of the Statistical Office of the Republic of Serbia, i.e., 55 942
inhabitants living within an area of approximately 3 km?) in
the area characterized by a high density of the built urban
fabric and a pronounced deficit of green spaces (only 15.06 ha
or 0.15 km? of urban greenery have been recorded in this
municipality, as noted in the Elaborate for early public
inspection for the General Urban Plan of Belgrade 2041), it is
evident that the meteorological data recorded at this station are
representative for describing the climatic and microclimatic
characteristics of Belgrade’s central urban zone. The location
of the meteorological station Belgrade - Observatory is shown
in Figure 4 and Figure 5.

Figure 4. Local-scale location of the meteorological station
Belgrade - Observatory (broader view). Source: Google Maps

Satellite Imagery. Awvailable at:
(accessed: 28" January 2026).
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Figure 5. Local-scale location of the meteorological station
Belgrade - Observatory (detailed view). Source: Google Maps

Satellite Imagery. Available at:
(accessed: 28th January 2026).

https://maps.google.com
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The data set on air temperatures is considered
homogeneous, complete, and verified, considering its source:
the RHSS is the reference national institution that bears full
responsibility for the collection and presentation of
meteorological data. Based on the aforementioned air-
temperature dataset, trends were determined at both seasonal
and annual level. Warming corresponds to a positive (or
increasing) linear trend, while cooling corresponds to a
negative (or decreasing) trend (Zohuri et al., 2022). Linear-
regression analysis was applied for trend analysis (i.e. linear
trend). It is a widely used statistical technique that serves as a
basis for understanding the relationships between variables. Its
simplicity and interpretability render it the preferred choice in
many studies (Roustaei, 2024). The statistical significance of
regression slopes was evaluated using standard t-tests, and p-
values were calculated to assess whether the identified trends
differ significantly from zero. Apart from the annual level, the
results were also analyzed at the decadal level (10-year
intervals). Differences in mean annual temperature between
decades were tested using one-way analysis of variance
(ANOVA) (Sinharay, 2010). The analysis was performed
using the Data Analysis Toolpak in Microsoft Excel.

For the seasonal analysis, the meteorological
classification of the seasons was applied: spring (March, April,
May), summer (June, July, August), autumn (September,
October, November), and winter (December, January,
February). This criterion was selected due to its practicality
and its widespread use in meteorological analyses. Since, in
the meteorological sense, winter spans the period from 1%
December to 28/29" February, the determination of seasonal
trends during winter required the inclusion of air temperature
data recorded in December 1990, as well as in January and
February 2021. The air temperature (°C) variables used in this
study are presented in Table 1.

Table 1. Air temperature (°C) variables.

Air temperature (°C) variables Abbr.
Temperature (°C) measured at 07:00h (CET) Tomn
Temperature (°C) measured at 14:00h (CET) Tian
Temperature (°C) measured at 21:00h (CET) Toin

Daily mean temperature (°C) Tnean
Maximum temperature (°C) Tax
Minimum temperature (°C) Tmin

NUMERICAL RESULTS
Annual air temperature trends in Belgrade (1990-2020)

In this chapter, the research results are presented in detail,
both on an annual and seasonal level. Table 2 shows the thirty-
year mean air temperature values in Belgrade during the
reference period 1991-2020. During that period, the mean
annual air temperature (Tpmean) in Belgrade was 13.2°C, while



the average annual maximum temperature (Tma) was 18°C.
The mean annual minimum temperature (Tmi,) for the period
1991-2020 was 9.1°C.

Additionally, brief consideration can be given to the
period 1961-1990, which is often cited as “the last thirty-year
period before noticeable impacts of intensified climate
change”. According to the IPCC, the 1961-1990 period is
commonly used as a standard climatological reference baseline
against which both subsequent decades and future climate
scenarios are compared. As reported by data from the Republic
Hydrometeorological Service of Serbia (RHSS), the 30-year
mean air temperature (Tmesn) in Belgrade during this period
was 11.9°C, while the corresponding values for maximum
(Tmax) @nd minimum (Tny) air temperatures were 16.6°C and
7.8°C, respectively. The comparison between the two
climatological periods (1961-1990 and 1991-2020) reveals a
clear and consistent warming signal, with increases of +1.3°C
in mean air temperature (Tmean), +1.4°C in maximum
temperature (Tmax), and +1.3°C in minimum temperature
(Tmin)-

Table 3 shows the mean ten-year values of air
temperatures in Belgrade, for each of the three decades of the
period under research: | decade (1991-2000), Il decade (2001-
2010), Il decade (2011-2020). For all observed air
temperature values (Toz, Tian, T21n Tmeans Tmax @nd Tpin), @
trend of increasing values was observed. For instance, an
examination of the mean ten-year air temperature in Belgrade

measured at 07:00h (or 7 a.m.) (To7n) shows a steady increase
over the studied periods: the average value was 10.1°C from
1991-2000, rose to 10.8°C from 2001-2010, and reached
11.5°C in the final decade of the analysis (2011-2020). The
mean ten-year air temperatures in Belgrade measured at 2 p.m.
(14:00h) ie. Ti4n has also increased over the past 30 years:
during the first decade of the research period, this value was
16.3°C, during the second decade, this value was 16.6°C,
while during the third decade it was 17.6°C. Positive climate
trends are also indicated by the increase in the mean minimum
air temperature values: the average Tmi, value in the period
1991-2000 was 8.4°C, during the period 2001-2010 it was
9.1°C, and during the period 2011-2020 it was 9.8°C.

Also, using one-way analysis of variance (ANOVA) the
differences in the Tpean air temperature variables between three
decades were tested. Results indicate statistically significant
differences between the analyzed periods (F = 10917, p <
0.001), confirming that the most recent decade (2011-2020) is
significantly warmer than earlier periods. Similar results were
obtained for evening temperatures (Tz1p), for which one-way
ANOVA also indicated statistically significant differences
between the three analyzed decades (F = 14.384, p < 0.001).
Statistically significant differences were also observed for
mean maximum temperatures variable Ty (F = 7.842, p <
0.01), although the level of statistical significance is lower
compared to evening temperatures, indicating a less
pronounced but still consistent warming trend.

Table 2. Mean 30-year air temperature (°C) in Belgrade during the reference period 1991-2020.

Mean 30-year temperature (°C) Torn Tian Toin Trmean Trmax Thmin
Ref. per. 1991-2020 108 16.8 126 132 180 9.1
Table 3. Mean 10-year (decade) air temperature (°C) in Belgrade during the reference period 1991-2020.
Mean 10-year temperature (°C) Torn Tian Ton Tinean Tmax Tin
1991-2000 10.1 16.3 118 125 175 8.4
2001-2010 10.8 16.6 125 131 178 9.1
2011-2020 115 17.6 135 14.0 18.8 9.8

Table 4 shows the mean annual values of air temperature
(°C) for each year during the observed period (1991-2020). An
examination of the five warmest years during 30-year period
(highlighted in red, Table 4) indicates that the majority of
these occurred after 2011, across most observed air
temperature variables (To7n, Tign, T2thy Tmeans Tmaxs and Tmin)-.
Within the analyzed period, the years 2012, 2015, 2018, and
2019 stand out as the warmest. During 2019, the following
highest average annual air temperature values were measured
in Belgrade: To7n = 12.1°C (the same value was recorded in
2018); T14n = 18.5°C; Ta1n = 14.3°C; Tiean = 14.8°C, and Thax
= 19.8°C. The highest mean annual minimum temperature in
Belgrade during the period 1990-2020 was measured in 2018
(Tmin = 10.5°C). At the same time, the highest positive
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temperature anomalies relative to the 30-year average were
recorded (1991-2020); for instance, the mean annual air
temperature in Belgrade (Tmean) in 2019 was 1.6°C above the
reference-period average. Furthermore, the value of the mean
annual maximum air temperature (Tmax) in 2019 was higher by
1.8°C compared to the average of the reference period.
Regarding the average annual values of air temperature in
Belgrade for 2019 measured at 21:00h (T,1h), the anomaly was
1.7°C, as well as the values measured at 14:00h (Ty4p), also
1.7°C. The highest anomaly in the mean annual minimum
values (Tmin) in from the average of the reference period, was
recorded in 2018, when it amounted to 1.4°C. In addition to
the analysis of extreme years (such as 2019 and 2018),
deviations from the reference climatological normal (1991



2020) were considered in order to provide a clearer perspective
on long-term variability. Furthermore, a comparison of decadal
averages indicates a progressive increase in temperature
values, with the most recent decade (2011-2020) showing the
largest deviations from earlier periods within the analyzed
period. This pattern confirms an intensification of warming
and highlights the increasing departure from previously
recorded climatic conditions.

As already mentioned, the linear regression method was
used to determine the annual and seasonal trends. Barnes &
Barnes (2015) have noted that linear regression can be
described as unbiased estimator for the trend analysis The
positive (increasing) linear trends in the values of observed air
temperature variables (TO7h, T14h, T21h, Tmean, Tmax, and
Tmin) recorded at the Belgrade - Observatory in the period
1991-2020 are shown in Figure 6.

Table 4. Mean annual air temperature (°C) Belgrade-Observatory, 1991-2020.

Source: Luki¢, 2025; RHSS - Meteorological Yearbooks, 1991-2020.
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Figure 6. Trend of mean annual air temperatures (°C) in the period 1991-2020, Belgrade — Observatory.
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During this period Tmax values increased at a rate of
0.067°C/year (0.67°C/dec). Ton exhibited the most
pronounced positive linear trend whose values increased at a
rate of 0.084°C/year (0.84°C/dec). The mean annual
temperature (Tmean) had a rising trend of 0.075°C/year
(0.75°C/dec). Similar results were obtained for Tpn
(0.075°C/year). Morning temperatures in the central urban
zone of Belgrade, measured at 07:00h, increased at a rate of
0.071°C/year (0.71°C/dec), while the air temperature values
measured at 14:00h had a positive linear trend of 0.064°C/year
(0.64°C/dec). To strengthen the reliability of the analysis,
linear regression statistics were calculated for all annual air

temperature variables during the period 1991-2020. The
results (Table 5) confirm statistically significant positive
trends for all analyzed parameters (p < 0.001). The magnitude
of the trends, expressed as slope coefficients (°C/year), shows
that the most pronounced increase is observed for evening air
temperatures (Tip), followed by mean annual air temperature
(Tmean) @nd minimum temperature (Tmin). The coefficients of
determination (R?) indicate that a substantial proportion of the
observed variability in temperature can be explained by the
temporal trend, particularly for T, and T, Suggesting a
persistent warming signal in the central urban zone of
Belgrade.

Table 5. Linear regression statistics for annual air temperature variables in Belgrade-Observatory (1991-2020).

Variables Slope (°C/year) Trend (°C/decade) R? Level of significance, p-value
Tomn 0.0714 0.714 0.570 <0.001
Tian 0.0643 0.643 0.326 <0.001
Tain 0.0846 0.846 0.596 <0.001
Trmean 0.0758 0.758 0.524 <0.001
Tmax 0.0671 0.671 0.356 <0.001
Tin 0.0753 0.753 0.617 <0.001

Air temperature trends in Belgrade during spring

Table 6 shows the mean seasonal air temperature in
Belgrade during the spring (March, April, May) for reference
period 1991-2020. During the research period the mean spring
air temperature (Tmen) in Belgrade was 13.4°C, while the
mean spring maximum temperature (Tma) was 18.5°C. The
mean spring minimum temperature (Tmin) Was 8.7°C. The
mean spring air temperature in Belgrade measured at 07:00h
(To7n) was 10.7°C, while the mean spring air temperature
measured at 14:00h (Ty4n) Was 17.2°C and the mean spring air
temperature measured at 21:00h (T,yp) was 12.7°C. The
highest mean spring values of the observed temperature
variables during the research period were recorded during the
spring of 2018, when their values were: To7n = 12.7°C, Tygp =
19.4°C, To1h = 15°C, Tiean = 15.6°C, Trmax = 20.6°C and Tyyjp =
10.8°C. In 2018, the spring in Belgrade was as much as 2°C
warmer than the average of the reference period. More
precisely, the mean daily temperature in Belgrade ie. Tpean
during the spring of 2018 was 2.2°C higher than the 1991-
2020 average, while the mean maximum spring temperature ie.
Tmax was 2.1°C higher. The air temperature measured at
21:00h (T,1) that spring was higher by as much as 2.3°C
compared to the average values of the reference period.

Table 7 shows the mean ten-year spring values of air
temperatures in Belgrade central urban zone, for each of the
three decades of the period under research: | decade (1991-
2000), Il decade (2001-2010), Il decade (2011-2020). All
analyzed air temperature variables (Tozn, T1an, T21h Tmeans Tmaxs
and Tni,) exhibited an increasing trend during this period. For
example, the mean ten-year spring air temperature measured at
07:00h (To7n) shows increase: the average value was 10°C
from 1991-2000, rose to 11°C from 2001-2010, and reached
11.1°C in the final decade (2011-2020). During the first
decade of the research period (1991-2000), the average value
of spring Tmax was 17.8°C, and during the third decade of
research (2011-2020) it was 19°C. Observing other variables
reveals similar patterns: in the period 1991-2000 the average
spring 10-year Tnin Value was 7.9°C, in the period 2001-2010
the average value of Tni, was 9°C, while in the period after
2011 it was 9.3°C. The mean 10-year spring air temperatures
in Belgrade measured at 21:00h (T,1) have also increased over
the past 30 years: during the first decade of the research
period, this value was 11.9°C, during the second decade it was
129°C, while during the third decade it was 13.5°C.

Table 6. Mean seasonal air temperature (°C) in Belgrade during spring for the reference period 1991-2020.

Mean spring temperature (°C) Tozn

T14h T21h Tmean Tmax Tmin

Ref. per. 1991-2020 10.7

172 127 134 185 8.7
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Table 7. Mean 10-year (decade) seasonal air temperature (°C) in Belgrade during spring.

Mean 10-year
spring temperature (°C)

Torn

Taan

Toin

Tmean

Tinax

Tmin

1991-2000

10.0

16.6

119

126

178

7.9

2001-2010

110

174

129

135

186

9.0

2011-2020

111

177

135

139

190

9.3

23,0
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Figure 7. Trend of mean spring air temperatures (°C) in the period 1991-2020, Belgrade — Observatory.

Figure 7 illustrates the positive linear trends of the
analyzed spring air temperature variables (TO7h, T14h, T21h,
Tmean, Tmax, and Tmin) observed at the Belgrade -
Observatory during the 1991-2020 period. An examination of
the presented results indicates that the mean spring T21lh
values exhibited the highest rate of increase over the analyzed
30-year period, amounting to 0.079°C/year (0.79°C/dec). A
positive linear trend was also observed for spring Tmean, with
an increase of 0.068°C/year (0.68°C/dec). Tmin showed a
trend of 0.066°C/year (0.66°C/dec), while the corresponding
trend for Tmax was 0.063°C/year (0.63°C/dec). These results
indicate an overall increase in spring air temperatures in
Belgrade.

Air temperature trends in Belgrade during summer

Table 8 displays the mean seasonal air temperature in
Belgrade central urban zone during the summer (June, July,
August) for the reference period 1991-2020. The mean 30-year
summer air temperature (Tmean) in Belgrade was 23.2°C, while
the average summer maximum temperature (Tmax) Was 28.7°C.
The average summer minimum temperature (Ty,) for the
reference period was 17.9°C. The average summer temperature
in morning hours in Belgrade (measured at 07:00) Tz, was
20.5°C, while the average evening temperature (measured at
21:00) Tpn was 22.3°C.
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The highest mean summer values of the analyzed air
temperature variables during the study period were recorded in
the summer of 2012. During this season, the following values
were observed: Tozn = 22.8°C, Ty = 30.7°C, Ty = 25.3°C,
Trean = 26.0°C, Trax = 31.9°C, and Ty, = 19.8°C. Compared
to the reference period (1991-2020), the summer of 2012 in
Belgrade was 2.8 °C warmer on average. Specifically, the
mean daily summer temperature (Tmean) €xceeded the long-
term average by 2.8°C, while the mean summer maximum
temperature (Tmax) was 3.1°C higher. Evening air
temperatures (T,zn) during the summer of 2012 were elevated
by 3.0°C relative to the reference period, whereas morning
temperatures (TO7h) exceeded the long-term mean by 3.2°C.
Mean summer minimum temperature (Tmin) was 1.95°C higher
than the reference period.

Table 9 presents the decadal mean summer air
temperature values for Belgrade over the three decades of the
study period: the first decade (1991-2000), the second decade
(2001-2010), and the third decade (2011-2020). An analysis
of the presented values for all examined variables indicates an
overall increase in air temperatures in Belgrade, particularly
after 2011. For instance, the mean summer air temperature
(Tmean) recorded at the Belgrade - Observatory meteorological
station was 22.5°C during the 1991-2000 period and increased
to 22.9°C in 20012010, reaching 24.1°C in 2011-2020. The
mean minimum summer temperatures (Tmi,) also showed an



increasing trend when comparing the first decade of the study
period (1991-2000) with the third decade (2011-2020): the
values rose from 17.1°C to 18.7°C. A similar pattern is

observed for the summer maximum temperatures in Belgrade,
with the mean maximum temperature (Tma) increasing from
28.3°C in 1991-2000 to 29.5°C in 201 1-2020.

Table 8. Mean seasonal air temperature (°C) in Belgrade during summer for the reference period 1991-2020.

Mean summer tempe rature (°C) Torn Tian Toin Trmean Trmax Thmin
Ref. per. 1991-2020 205 275 223 23.2 28.7 179
Table 9. Mean 10-year (decade) seasonal air temperature (°C) in Belgrade during summer.
Mean 10-year summer temperature (°C) Torn Tisn To1n Tmean Trnax Tmin
1991-2000 199 27.1 216 225 283 171
2001-2010 204 272 220 229 284 17.8
2011-2020 213 283 233 24.1 295 18.7
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Figure 8. Trend of mean summer air temperatures (°C) in the period 1991-2020, Belgrade — Observatory.

Figure 8 illustrates the positive linear trends of the
observed summer air temperature variables (TO7h, T14h,
T21h, Tmean, Tmax, and Tmin) recorded at the Belgrade -
Observatory (principal meteorological station) during the 30-
year period. An examination of the presented linear trends
reveals a moderate but consistent increase in summer air
temperatures in Belgrade. The most pronounced increase in
summer values was observed for evening temperatures ie.
T21h, with a trend of 0.084°C/year (0.84°C/dec).

This was followed by mean summer minimum
temperatures ie. Tmin, which increased at a rate of
0.075°C/year (0.75°C/dec). Mean daily summer temperatures
(Tmean) also exhibited a positive trend of 0.072°C/year
(0.72°C/dec). Mean summer maximum temperatures (Tmax)
showed the lowest rate of increase, amounting to 0.057°C/year
(0.57°C/dec).

Air temperature trends in Belgrade during autumn

Table 10 shows the mean seasonal air temperature in
Belgrade central urban zone during the autumn (September,
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October, November) for the period 30-year period (1991-
2020). Based on the presented results, the mean daily air
temperature (Trean) during the autumn season in Belgrade was
133°C. The mean autumn minimum (Tpi,) temperature
amounted to 9.5°C, while the mean autumn maximum
temperature (Tmax) was 18.4°C.

The warmest autumn within the analyzed 30-year period
was recorded in 2019, when the highest mean values of all
examined temperature variables were observed: Toz, = 13.1°C,
Tian = 20.8°C, Toip = 15.5°C, Tiean = 16.2°C, Trax = 22.1°C,
and Tpin = 11.8°C. Autumn 2019 was, on average, 2.9°C
warmer than the long-term mean: for instance, the mean
maximum temperature (Tmax) Was higher by 3.7°C compared
to the 30-year average, while the mean temperature measured
at 14:00h (Ti4n) exceeded the long-term mean by 3.5°C.
Morning temperatures measured at 07:00h (Tq7,) were higher
by 2.4°C, whereas mean minimum temperatures (Tmi,) were
higher by 2.3 °C.

Table 11 shows the mean ten-year autumn values of air
temperatures in Belgrade, for each of the three decades of the



study period: the first decade (1991-2000), the second decade
(2001-2010), and the third decade (2011-2020). The
examination of the presented results indicates that the average
values of all analyzed variables increased from one decade to
the next, particularly after 2011.

For example, the mean morning air temperature (To7)
during the 19912000 period was 10.0°C, increased to 10.7°C
in 2001-2010, and reached 11.6°C in 2011-2020. A similar
pattern is observed for evening temperatures measured at
21:00h: the mean 10-year T,;, was 11.8°C in 1991-2000, rose
to 12.4°C during the following decade (2001-2010), and
further increased to 13.6°C after 2011. This is further

supported by the results presented in Figure 9, which
illustrates the linear trend of autumn air temperatures in
Belgrade over the 1991-2020 period.

The observed linear trends indicate increases in mean,
minimum, maximum, as well as all analyzed time-specific
temperature values (07h, 14h, 21h). Over the analyzed period,
the most rapid increase was recorded for Ty, with a rate of
0.091°Clyear (0.91°C/dec), followed by Tmin and Tmean, both
exhibiting trends of 0.086°C/year (0.86°C/dec). The Tom
variable increased at a rate of 0.081°C/year (0.81°C/dec).
These positive trends suggest that autumn seasons in Belgrade
are becoming progressively warmer.

Table 10. Mean seasonal air temperature (°C) in Belgrade during autumn for the reference period 1991-2020.

Mean autumn temperature (°C) Torn Tuan Taan Tmean Trmax Thin
Ref. per. 19912020 10.7 173 126 133 184 9.5
Table 11. Mean 10-year (decade) seasonal air temperature (°C) in Belgrade during autumn.
Mean 10-year autumn temperature (°C) Torn T1isn Toin Tmean Trnax Tmin
1991-2000 10.0 16.7 118 126 178 8.8
2001-2010 10.7 16.9 124 131 18.1 9.4
2011-2020 116 18.3 136 143 193 104
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Figure 9. Trend of mean autumn air temperatures (°C) in the period 1991-2020, Belgrade — Observatory.

Air temperature trends in Belgrade during winter

Table 12 displays the mean seasonal air temperature in
Belgrade central urban zone during the winter (December,
January, February) for the reference period. The mean 30-year
winter air temperature ie. Tmean in Belgrade was 2.9°C, while
the mean winter maximum temperature (Tmax) Was 6.4°C. The
mean winter minimum temperature (T, for the reference
period was 0.2°C. The mean winter morning temperature in
Belgrade (measured at 07:00h) ie. Tozy was 1.2°C, while the
mean evening temperature (measured at 21:00h) ie. T,y was
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2.7°C. During the observed 30-year period, the warmest winter
was recorded during the 2006/07 season. The highest average
winter values of the observed temperature variables recorded
during the winter of 2006/07 were: Tq7, = 4.2°C, Ty = 8.9°C,
To1h = 6.1°C, Trnean = 6.4°C, Trnax = 10.0°C, and Tpin = 3.4°C.
During the season 2006/07, the winter in Belgrade was as
much as 3.4°C warmer in average than the mean values of the
reference period. For instance, the mean daily temperature in
Belgrade (Tmean) during the winter of 2006/07 was 3.4°C
higher than the 1991-2020 average, while the mean maximum



winter temperature (Tmax) was 3.6°C higher. The mean air
temperature measured at 14:00h (Ti4,) during the winter of
2006/07 was higher by as much as 3.7°C comparing with the
average values of the reference period. The average minimum
seasonal temperature (Tnin) in Belgrade during the winter of
2006/07 was 3.2°C higher than the average of the reference
period. The results shown in Table 12 and Figure 8 indicate
that winters in Belgrade are becoming milder and warmer.
Table 13 represents the mean 10-year winter air
temperature in Belgrade during the three decades of the study
period, while Figure 10 shows trend of mean winter air
temperatures over 30 years. All analyzed air temperature
variables (Tozn, Tian, Tothy Tmeans Tmax, @aNd Tmin) €xhibited an
increasing trend during the researched period. For instance, the
mean morning 10-year winter temperature ie. To7, Shows an
increase in its values: the mean value was 0.4°C from 1991-
2000, rose to 1.1°C from 2001-2010, and reached 1.9°C in the
third decade (2011-2020). During the first decade of the
research period (1991-2000), the mean value of winter Tmax

was 5.9°C, and during the third decade of research (2011-
2020) it was 7.2°C. Observing other variables reveals similar
patterns: in the period 1991-2000 the mean winter 10-year Tpyiq
value was -0.5°C, in the period 2001-2010 the average value
of Tmin was 0.1°C, while in the period after 2011 it was 0.9°C.
The mean evening 10-year winter air temperature in Belgrade
(T21n) also shows an increase in its values over the past 30
years: during the first decade (1991-2000), this value was
2.0°C, during the second decade it was 2.6°C, while during the
third decade it was 3.5°C.

The most pronounced increase in winter values was
observed for evening temperatures ie. Ty, With a trend of
0.082°C/year (0.82°C/dec). This was followed by mean
morning winter temperatures ie. TO7h, which increased at a
rate of 0.08°C/year (0.8°C/dec). Mean daily winter
temperatures ie. Tmean also exhibited a positive linear trend of
0.079°C/year (0.79°C/dec). Mean winter temperatures
measured at 14:00h (Ty4) showed the lowest rate of increase,
amounting to 0.069°C/year (0.69°C/dec).

Table 12. Mean seasonal air temperature (°C) in Belgrade during winter for the reference period 1991-2020.

Mean winter temperature (°C) Torn Tian Tatn Tmean Trmax Thmin
Ref. per. 1991-2020 1.2 52 2.7 2.9 6.4 0.2
Table 13. Mean 10-year (decade) seasonal air temperature (°C) in Belgrade during winter.
Mean 10-year winter temperature (°C) Torn Tun Tomn Timean Trax Tmin
1991-2000 04 4.7 2.0 2.3 5.9 -0.5
2001-2010 11 4.9 2.6 2.8 6.0 0.1
2011-2020 1.9 6.0 35 3.7 7.2 0.9
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Figure 10. Trend of mean winter air temperatures (°C) in the period 1991-2020, Belgrade — Observatory.

DISCUSSION

The results obtained in this research are consistent with,
build upon, and complement the findings of previously
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conducted climatic and microclimatic studies. Regarding
national level, the Republic of Serbia belongs to a group of
countries and regions that are warming faster than the global



average, i.e. it belongs to the so-called "hot spots", which is
why these areas are more often exposed to extreme events
(heat waves, droughts, floods, etc.) and extreme temperatures.

In Serbia, during the reference climate period 1961-1990,
the mean annual temperature was 10.2°C. According to RHSS
data, the mean annual air temperature in Serbia during the
period 1991-2020 was 11.1°C. Climate Change Adaptation
Programme for the period 2023-2030 highlights that Serbia's
climate is warming faster than the global average. According
to the IPCC (2021) report, planet Earth is 1.1°C warmer, while
the Copernicus Climate Change Service (C3S) data show that
global warming caused by human activity has reached
approximately 1.2°C above the period 1850-1900. In Serbia
the mean annual temperature is already 1.8°C higher, and the
mean summer temperature is 2.6°C higher. This trend is also
confirmed by the Vukovi¢-Vimi¢ & Vujadinovié-Mandié¢
(2024a; 2024b), who state that in the period 2001-2020 the
average temperature in Serbia was 1.4°C higher than the
average for the period 1961-1990, while in the period 2011-
2020 it was higher by 1.8°C. Regarding extreme temperatures,
Milovanovi¢ et al. (2023) have conducted frequency analysis
of absolute maximum air temperatures, using annual
maximum series in the period 1961-2010 from 40
climatological stations in Serbia (including Belgrade) and
findings indicate the possible occurrence of much higher
absolute maximum air temperatures in the future than the ones
recorded. Regarding extreme events, frequency of years with
drought in Serbia has increased from 1 per decade during
1961-1990 to 5 per decade during 2011-2020 (Vukovi¢ Vimié
etal., 2022).

Bajat et al. (2014) analyzed mean monthly air
temperature values recorded at 64 meteorological stations
across the Republic of Serbia. Over the period 1961-2010, an
increase in temperature values was observed, particularly after
1989, when a positive trend was registered at nearly all
stations, ranging from 0.18°C/dec to 3.63°C/dec. Furthermore,
an analysis of daily minimum and maximum temperatures
from 15 meteorological stations for the period 1949-2009
indicated a warming tendency in Serbia’s climate beginning in
the mid-to-late 20th century, with the trend becoming
especially pronounced after 2000, i.e., at the start of the 21%
century. In addition to the rise in mean daily and extreme air
temperature values (minimum and maximum), an increasing
trend in the number of summer and tropical days (and nights)
was identified, while the number of “ice days” has been
decreasing (UnkaSevi¢ & Tosi¢, 2013). Vukovi¢ et al. (2018)
reported that the average increase in mean annual temperature
in the Republic of Serbia during 1996-2015 amounted to
1.2°C (relative to the 1961-1980 baseline period), with the
most pronounced rise observed in maximum temperatures
during the summer season (2.2°C).
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Bacevi¢ et al. (2021) have investigated spatiotemporal
variability of air temperatures in Central Serbia from 1949 to
2018. In this study, based on data from 24 meteorological
stations, authors presented the trends for three categories of
variables: mean annual, mean maximum and mean minimum
air temperatures. The highest increase was recorded in the
mean maximum time series of 4.2°C, followed by an increase
of 3.5°C in mean maximum air temperatures. The lowest
increases were recorded in the mean minimum time series
(0.1-0.2°C). A recent study by Bacevi¢ et al. (2026) examined
air temperature variability during the vegetation period in
Central Serbia over 70 years (form April to October). The
results obtained indicate a warming trend, which, in addition to
affecting local climate conditions, may also affect agriculture
and food production.

According to Purdevi¢ et al., (2018) it is expected that air
temperature values in the territory of Serbia will continue to
rise, and that by the end of the 21°' century they will be higher
on average by 3°C to 5°C compared to the middle of the 20"
century, which will cause an even more significant change in
climate conditions, and favor the more frequent occurrence of
extreme events in the future. As Vukovié-Vimi¢ &
Vujadinovi¢-Mandi¢ (2024a) claim for the mid-century period,
an expected increase of average air temperature for Serbia is
about 3.1°C. Tosi¢ et al. (2023) conducted a comprehensive
analysis of changes in mean and extreme temperature indices
for Serbia during the period 1951-2020, and the results
confirmed the warming trend that dominated for 70 years. The
highest increase was observed for ,warm nights” (Tyi, >20°C)
of 7 days/dec during the summer season. All of this affects the
climatic conditions in Belgrade, as confirmed by various
authors.

Unkasevi¢ et al. (2005) investigated the influence of
rising mean summer air temperatures in Belgrade during
1975-2003 on changes in minimum (Tyi) and maximum
temperatures (Tmax). Their results indicated that the mean
summer temperature increased by 0.132°C/year, the mean
minimum temperature by 0.138°C/year, and the mean
maximum temperature by 0.104°C/year. An even more
pronounced increase was recorded for the highest summer
maximum temperatures, which rose at a rate of 0.164°C/year
over the same period. Pordevi¢ (2008) analyzed mean (Tean),
minimum (Tmin), and maximum (Tmax) air temperature values
in Belgrade over the period 1888-2006. For example, the
mean winter air temperature exhibited a positive trend of
1.95°C/100 years, while the winter maximum temperature
showed an increase of 1.68°C/100 years. The most pronounced
rise, however, was observed in winter minimum temperatures,
with a trend of 2.97°C/100 years. Overall, across the 118-year
study period, minimum air temperatures (Tni,) increased most
rapidly in the remaining seasons as well: minimum spring
temperatures showed a trend of 1.92°C/100 years, minimum



summer temperatures 1.95°C/100 years, and minimum autumn
temperatures 1.69°C/100 years.

In order to comprehensively assess and identify altered
climatic conditions, it is necessary to consider studies based on
multi-decadal time series. One such investigation was
conducted by Unkasevi¢ & Tos$i¢ (2009a), who analyzed heat
waves recorded during the three summer months (June, July,
and August) using data on maximum daily temperatures (Tmax)
from Belgrade (1943-2007), Smederevska Palanka (1949-
2007), and Ni§ (1948-2007). Heat waves in Belgrade and Ni§
were further examined by Unkasevi¢ & Tosi¢ (2009b) for the
period 1948-2004, during which an increase in the number of
“tropical days” (Tmax = 30°C) was documented, particularly
after 1975. UnkaSevi¢ & Tosi¢ (2015) extended their analysis
of cold and heat waves in Serbia beyond 2007, supplementing
their earlier research with a study focused on the seasonal
variability of cold and heat waves over the period 1949-2012.
This research was based on meteorological data collected from
15 stations across Serbia, including Belgrade. The years 2007
and 2012 were identified as record-breaking. July 2007 was
3.3°C warmer than the long-term average. The extreme
maximum temperatures recorded across Serbia led to the
exceedance of previously observed absolute maxima at nearly
all meteorological stations (Andelkovi¢, 2007; UnkaSevi¢ &
Tos$i¢, 2011). In Belgrade, a temperature of 43.6°C was
measured during the summer of 2007, surpassing the prior
record by 3.1°C (Unkasevi¢ & Tosi¢, 2011).

A study by Cegar et al. (2023a) showed that the mean
annual air temperature in Belgrade during 1961-2020 followed
a positive trend of 0.042°C/year, with similar tendencies
observed for mean monthly values. The highest trends were
identified during the summer months: the mean August
temperature increased at a rate of 0.075°C/year, the mean July
temperature at 0.060°C/year, and the mean June temperature at
0.046°Clyear. Among the winter months (December, January,
and February), February stood out, with a positive trend of
0.048°Clyear. Within the spring season, the most rapid
increases were observed in March and April, with trends of
0.046°Clyear and 0.043°C/year, respectively.

Similar trends can also be observed when studies from
the region are taken into consideration. Bacevi¢ et al. (2020)
analyzed air temperature data measured in Podgorica
(Montenegro) during the period 1947-2018. The authors found
that the mean annual air temperature in Podgorica increased by
1.4°C, the mean maximum air temperature increased by 2.5°C
and mean minimum air temperature increased by 0.6°C.
Analyzing temperature trends in Banja Luka (Bosnia and
Herzegovina) for the period 1961-2022, Popov et al. (2023)
reported an increase in air temperature at the annual level of
0.51°C/decade. Regarding seasonal trends, the highest
warming rates were observed in summer (0.68 °C/ decade) and
winter (0.57°C/decade). Gnjato et al. (2021) analyzed extreme
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climate indices in Sarajevo during the period 1961-2016 and
found that annual Tmax and Ty, increased by 0.42°C/decade
and 0.32°C/decade, respectively. As Bonacci et al. (2018)
reported, during the 68-year period (1949-2016) the mean
annual air temperature in Zagreb (Croatia), where the
meteorological station is located on a small hill in the inner-
city centre, increased by 1.84°C or 0.0276°C/year. Over the
same period, the minimum air temperature in Zagreb increased
by 3.67°C or 0.0539°C/year.

Finally, it is important to briefly address the period after
2020. Although this study focuses on the 19912020 period, it
should be noted that 2024 was the warmest year on record in
Serbia at all principal meteorological stations, with a mean
temperature anomaly of +2.3°C relative to the 1990-2020
reference period. In the same year, record values of the mean
annual maximum and mean annual minimum air temperature
were also observed in Serbia.

In Belgrade, 2024 was the warmest year since 1888, with
a temperature anomaly of +2.7°C. According to data from the
Republic Hydrometeorological Service of Serbia (RHSS), at
the principal meteorological station Belgrade — Observatory, a
total of 67 tropical nights (Tmi, > 20°C) were recorded in 2024,
which is 41 nights above the long-term average, exceeding the
previous record of 57 tropical nights recorded in 2012. The
second warmest year in Serbia since 1951 was 2023, with a
mean air temperature anomaly of +1.5°C, while in Belgrade
the anomaly reached +1.7°C. Looking back on this past year,
2025 is ranked as the third warmest year in Serbia since 1951,
with a mean annual temperature anomaly of +1.3°C relative to
the 1990-2020 average. In Belgrade, 2025 was the fourth
warmest year since 1888, with an anomaly of +1.5°C.

Accordingly, these results clearly indicate that the
previously identified warming trends are likely to continue in
the coming decades.

Urban development, land-use change and implications for
urban climate in Belgrade

Urban development, land use, and the urban microclimate
are closely related. The way in which the urban fabric is
transformed under the influence of excessive urbanization
often causes a series of direct and indirect implications that
affect the local climate. As Tsoka et al. (2017) noted the
gradual transformation of the morphological structure of urban
areas, particularly through the expansion of surfaces
dominated by artificial materials such as asphalt, concrete,
steel, and glass instead of natural land cover increases the
amount of heat energy in cities (high heat-absorbing
properties). According to Khan et al. (2025) anthropogenic
heating (AH) is also a significant factor (heat generated by
human activities, primarily industrial processes, transport and
energy consumption). The combined effect of these factors
contributes to the development of the UHI phenomenon,
whereby air temperatures in urban areas are generally higher



than those measured in surrounding suburban and rural
environments (Gunawardena et al., 2017). This has also been
confirmed by IPCC Sixth Assessment Report (WG1), where it
is pointed out that urbanization has exacerbated changes in
temperature extremes in cities, in particular for nighttime
extremes (high confidence).

Similar patterns are observed in Belgrade. Regarding the
main challenges of contemporary urban development of
Belgrade, many domestic researchers agree that some of them
are: land-use change, intensive urbanization, heavy traffic,
lack of open public spaces and green areas (Luki¢ & Lukic,
2022; Luki¢, 2025; Miti¢-Radulovi¢ & Lalovié, 2021; Mitic-
Radulovi¢ et al., 2022a; 2002b), usurpation and questionable
management of open public spaces (Zivkovié et al., 2025),
ethically unsound urban governance practices, large corporate
building projects (Coli¢ Markovi¢ & Sturm, 2025; Corovié et
al., 2025, Graovac et al., 2024), etc. The above also presents a
significant challenge for establishing long-term climate-
conscious urban planning, sustainable land-use policies, and
future adaptation strategies.

As the number of active construction sites grows,
Belgrade justifiably holds the title of ,the largest construction
site in Europe™ as Miti¢c-Radulovi¢ et al. (2022a,b) claim.
Construction activity in Belgrade has intensified considerably
in recent years: as much as 30% of all construction works
carried out in Serbia in 2020 took place in Belgrade. Between
2016 and 2020, the annual number of new apartments
increased by 70%, the annual value of construction works rose
by 105%, while the annual number of square meters of newly
built high-rise buildings grew by as much as 350% (Miti¢-
Radulovi¢, 2022a,b). The most intensive construction takes
place in the central city municipalities: Vracar, Savski venac
and Stari grad, which are already characterized by dense built-
up areas, while green spaces are scarce and unevenly
distributed, which makes those parts of the city particularly
sensitive to the consequences of climate change (Luki¢ &
Luki¢, 2022; Luki¢, 2025; Miti¢-Radulovié¢, 2022a,b). At the
same time, the share of green areas is decreasing, which is
confirmed by data available in various planning and strategic
documents adopted for the City of Belgrade.

These unsustainable practices of urban planning and
management also indirectly affect the city's microclimate and
increased levels of thermal discomfort, especially in Belgrade
central urban zone. Pronounced increase in evening
temperatures (T,1n) and reduced nocturnal cooling are not only
consequences of global warming, but are also likely intensified
by rapid urbanization processes, anthropogenic heat emissions,
and limited green infrastructure in densely built urban districts
such as Vracar.

According to the Elaborate for early public inspection for
the General Urban Plan of Belgrade 2041, Vracar is the city
municipality with the least representation of green spaces with
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only 5% of the total territory (0.15 km?). Such a densely built
environment contributed to the fact that during the summer of
2024, as many as 67 tropical nights were recorded in Vracar
(RHSS, 2024). Similar patterns are observed in other highly
urbanized districts of Belgrade. For instance, research that
dealt with the analysis of tropical nights in Belgrade, which
were recorded in the period June-August 2008-2017 shows
that the central urban area, which is deficient in green spaces,
is also the most affected by the urban heat island effect
(Filipovi¢ & Purdevi¢, 2023; Simi¢, 2023).

To what extent urban greenery in a microlocation can
influence the outdoor thermal comfort and air temperature in
densely built districts of Belgrade, shows the research
conducted by Savi¢ et al. (2024). The study showed that urban
greenery can lower the temperature in the hottest part of the
day by up to 7°C. Similar study was conducted in Novi Sad
(Serbia), where the highest mean air temperature during the
observation period was 8 degrees lower in the city park,
compared to the main city square. Research on the impact of
urban greenery on the microclimate conducted by Bukovetz et
al. (2023) with in-situ measurements in Skopje (North
Macedonia) showed that the differences in the highest
measured air temperatures when comparing the values in the
main urban park and the street with no greenery were as much
as 7.9°C. This suggest that by changing the approach to urban
development towards a climate-conscious planning practice,
increasing urban greenery and applying nature-based solutions
(NbS), it is possible to contribute to the regulation of thermal
stress, urban microclimate, and mitigation of UHI.

Study limitations

To ensure the transparency and scientific rigor of the
research process, in addition to presenting the obtained results,
it is important to highlight the shortcomings of this study and
its methodological limitations, as well as to indicate directions
for future research.

Although this study makes a significant contribution to
the analysis of long-term air temperature trends in the central
urban zone of Belgrade, and to a better understanding of the
practical application of microclimatic data in urban planning,
its key limitation lies in the restricted availability of
meteorological data.

The municipality of Vracar (where meteorological station
is located) is a good representative of densely built Belgrade's
urban districts that are characterized by a deficit of greenery
and are therefore more severely affected by the UHI therefore,
the air temperature data collected at this station give us a
general insight into the current state and trends.

Still, one of the main limitations is that the analysis relied
on data recorded at only one meteorological station (Belgrade -
Observatory), which limits the possibility of a precise
assessment of the spatial distribution of microclimatic
conditions within the urban area of Belgrade. The analysis



presented in this paper is based on the existing data of the
Republic Hydrometeorological Service of Serbia (RHSS) for
the reference period 1991-2020 and on theoretical models,
without  systematic  micrometeorological —measurements
conducted simultaneously at different locations.

There are no publicly available data on continuous
measurements of daily and hourly values of meteorological
parameters at multiple locations within the city, which
complicates analyses of different urban zones. More precisely,
the daily data on hourly measurements (07h, 14h, and 21h)
over a longer time period, on which this research is based, and
which were taken from the Meteorological Yearbook -
Climatological data published by the RHSS, are available for
only a few meteorological stations in Serbia, including
Belgrade-Observatory.

The directions of the author's future work will be aimed
at advocating greater availability of meteorological data
collected at meteorological stations throughout Serbia,
especially hourly values. It is necessary to ensure the
transparency and availability of such data, especially for young
researchers, but also for the entire scientific community.

The cooperation of national institutions with the
academic community, including RHSS, is a prerequisite for
the successful adaptation to changed climatic conditions, and
the availability of precise and reliable data is necessary not
only for researchers, but also for urban planners and policy-
makers. In addition, besides studies based on data provided by
the RHSS, it would be valuable to conduct field research using
mobile meteorological stations at key points across the wider
Belgrade urban area (city center, sub-urban area, riverbanks,
green spaces, industrial and business zones, residential areas,
etc.). One such study was conducted by Savi¢ et al. (2024),
who examined how green spaces in the densely built urban
core of Belgrade can contribute to mitigating extreme weather
conditions and high temperatures during heat waves. It would
be very useful if such studies were more regular, continuous,
with systemic support and cooperation from national
institutions and research organizations. The author will strive
to advocate such research in the context of supporting the
development of climate-conscious urban planning, primarily
through networking and providing the necessary data on air
temperature (but also other meteorological parameters) for
future bioclimatic and other studies. Further research could
also include the application of time-series decomposition
methods (trend, seasonal, and residual components), as well as
a more detailed analysis of statistical distributions and
variability, in order to provide a more comprehensive
understanding of temperature dynamics.

CONCLUSION

This paper tried to offer, at least to some extent, an
answer to the complex question why is it important to
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understand long-term air temperature trends in Belgrade. Also,
why is it necessary to deeply understand the urban
microclimate in the context of adaptation to climate change.
The conducted analysis of long-term air temperature trends in
the Belgrade central urban zone for the reference 30-year
period (1991-2020) indicates a clear and consistent warming
trend across all 6 examined temperature variables. Positive
trends were detected in mean, minimum, and maximum air
temperatures, as well as in temperatures measured at standard
observation times (07:00h, 14:00h, and 21:00h CET), both at
annual and seasonal levels. The increase was particularly
evident after 2011, when the highest mean values of most
temperature variables were recorded, confirming the
amplification of warming during the last decade of the
analyzed period (2011-2020). At the annual level, in the period
1991-2020, an increase in temperature values was observed,
so that the registered positive trend was from 0.064°C/year to
0.084°C/year. Seasonal analysis showed that the warming
trend is present throughout the entire year, with especially
pronounced increases during summer from 0.055°C/year to
0.084°C/year, and autumn from 0.076°C/year to 0.091°C/year,
while winters have become milder compared to the first
decade of the study period (1991-2020). The winter increase in
temperature variables averaged 0.069°C/year to 0.082°C/year.
In most cases, the highest increase in air temperature values
was observed during the evening hours (Tzip), indicating a
reduced nocturnal cooling effect, which is characteristic of
densely urbanized environments affected by the urban heat
island phenomenon (UHI).

These results are consistent with previous climatic and
bioclimatic studies conducted for Belgrade urban area, and the
wider region, which also reported a long-term increase in air
temperature values. In addition, these findings confirm that the
Belgrade central urban zone is experiencing intensified
warming, consistent with broader regional and global climate
change.

Finally, it should be noted that the results of this research
also contribute to the achievement of the United Nations
Sustainable Development Goals (SDGs), particularly SDG 11
(Sustainable Cities and Communities) and SDG 13 (Climate
Action). By identifying long-term warming trends and
intensified evening and seasonal temperatures in the central
urban zone of Belgrade, the study provides a basis for more
climate-resilient and climate-conscious urban planning,
including the development of green infrastructure, sustainable
land-use strategies, heat-risk reduction measures, and
adaptation of densely built urban districts. In addition, the
findings support the development of local climate adaptation
policies, early warning systems, and public health prevention
strategies aimed at reducing the wvulnerability of urban
populations to increasing thermal stress. Therefore, the
understanding of long-term temperature trends at the local



scale is essential for different experts and urban planners,
decision-makers, institutions responsible for sustainable urban
development and climate governance, but also for non-
governmental organizations dealing with climate education
and action, as well as for the citizens themselves.

ACKNOWLEDGMENTS

The work was supported by funds from the Ministry of
Science, Technological Development and Innovation of the
Republic of Serbia (Contract No. 451-03-33/2026-03/200091).

REFERENCES

Allen, M., Arsenovi¢, D., Savi¢, S. & Nikitovi¢, V. 2024.
Mortality Risk during Heatwaves: An Evaluation of Effects
by Heatwaves Characteristics in Serbia. Geogr. Pannon.,
28(4), pp. 284-293. https://doi.org/10.5937/gp28-52729

Andelkovié, G. 2002. Influence of anthropogenic heat sources
on the climate of Belgrade. Master's thesis. Belgrade:
University of Belgrade - Faculty of Geography.

Andelkovi¢, G. 2003. The basic characteristics of the
Belgrade’s heat island. Bulletin of the Serbian
Geographical Society, vol. LXXXIII, No. 1, pp. 15-30.

Andelkovi¢, G. 2007. Temperature conditions on July 2007 as
extreme climatic phenomenon in Serbia. Bulletin of the
Serbian  Geographical Society, 87(2), pp. 51-62.
https://gery.gef.bg.ac.rs/handle/123456789/200

Bacevi¢, N. R, Valjarevi¢, A., Kicovi¢, D., Milentijevi¢, N.,
Ivanovi¢, M. & Mujevie, M. 2020. Analysis of air
temperature trends: City of Podgorica (Montenegro). The
University Thought - Publication in Natural Sciences,
10(1), pp. 31-36. https://doi.org/10.5937/univtho10-24790

Bacevi¢, N. R., Milentijevi¢, N. M., Valjarevi¢, A., Gici¢, A.,
Kiéovi¢, D., Radakovié, M. G., Nikoli¢, M. & Panteli¢, M.
2021. Spatiotemporal variability of air temperatures in
Central Serbia from 1949 to 2018. Id6jaras — Quarterly
Journal of the Hungarian Meteorological Service, 125(2),
pp. 229-253. https://doi.org/10.28974/idojaras.2021.2.4

Bacevi¢, N.R., Radakovi¢, M.G., Nikoli¢, M., Markovi¢,
R.S., Tomi¢, N., Tomi¢é, T., Kicovi¢, D., Valjarevi¢, A,
Markovi¢, S.B. & Luki¢, T. 2026. Air temperature
variability during the vegetation period in Central Serbia
over the last 70 years. Iddjaras — Quarterly Journal of the
Hungarian Meteorological Service, 130(1), pp. 1-28.
https://doi.org/10.28974/idojaras.2026.1.1

Bajat, B., Blagojevi¢, D., Kilibarda, M., Lukovi¢, J. & Tosi¢, 1.
2014. Spatial analysis of the temperature trends in Serbia
during the period 1961-2010. Theor. Appl. Climatol., 121
(1-2), pp. 289-301. https://doi.org/10.1007/s00704-014-
1243-7

Barnes, E. & Barnes, R. 2015. Estimating Linear Trends:
Simple Linear Regression versus Epoch Differences.
Journal of Climate, 28(24), pp. 9969-9976.
https://doi.org/10.1175/JCLI-D-15-0032.1

Bogdanovi¢, D., MiloSevi¢, Z., Lazarevi¢, K., Doli¢anin, Z.,
Randelovi¢, D. & Bogdanovi¢ S. 2013. The impact of the
July 2007 heat wave on daily mortality in Belgrade, Serbia.

GEOGRAPHY, GEOSCIENCE AND ASTRONOMY

Central European Journal of Public Health, 21(3), pp. 140-
145. https://doi.org/10.21101/cejph.a3840

Bonacci, O., Andri¢, 1. & Roje-Bonacci, T. 2018. Increasing
trends of air temperature in urban area: a case study from
four stations in Zagreb city area. Vodoprivreda, 50 (294-
296), pp. 203-214.

Bukovetz, J., Kochubovski, M. & Kaplan, G. 2023. Urban
Heat Island and Green Spaces in the City of Skopje: An
Environmental Health Approach Combined with Remote
Sensing data. Scientific Journal of Civil Engineering,
12(2). https://doi.org/10.21203/rs.3.rs-3193084/v1

Climate Change Adaptation Programme for the period 2023-
2030 ("Official Gazette of RS", no. 119/2023).

Copernicus Climate Change Service (C3S), available on:
https://climate.copernicus.eu/why-do-we-keep-talking-
about-15degc-and-2degc-above-pre-industrial-era

Cegar, N., Durlevi¢, U., Dobri¢, M. & Vukasinovié, S. 2023a.
A statistical analysis of temperature and precipitation in
Belgrade, Serbia (1961-2020). Forum geografic. Studii si
cercetdri de geografie si protectia mediului, Volume XXII,
Issue 1, pp. 5-15. https://doi.org/10.5775/f9.2023.090.i

Cegar, N., Vukasinovi¢, S., Dobri¢, M. & Durlevi¢, U. 2023b.
Assessment of tourist climate comfort on the example of
Novi Sad. Bulletin of the Serbian Geographical Society,
103 (2), pp. 107-128.
https://doi.org/10.2298/GSGD2302107C

Coli¢ Markovié, N. & Sturm, U. 2025. City of Belgrade -
Changing governance, planning standards and urban form.
The Planning Review, 61(3), pp. 4-14.
https://doi.org/10.1080/02513625.2025.2589660

Corovi¢, D., Koraé, S. & Milinkovié, M. 2025. Revisiting the
Contested Case of Belgrade Waterfront Transformation:
From Unethical Urban Governance to Landscape
Degradation. Land, 14, 988.
https://doi.org/10.3390/1and14050988

Draft Spatial plan of the Republic of Serbia until 2035. 2023.
Ministry of Construction, Transport and Infrastructure.

Drljaca, V., Tosi¢, I. & UnkaSevi¢, M. 2009. An analysis of
heat waves in Belgrade and Ni§ using the climate index.
Journal of the Geographical Institute "Jovan Cvijic" SASA,
59(1), pp. 49-62.

DPordevi¢, S. 2008. Temperature and Precipitation Trends in
Belgrade and Indicators of Changing Extremes for Serbia.
Geographica Pannonica, 12(2), pp. 62-68.
https://doi.org/10.5937/GeoPan0802062D

DBurdevi¢, V., Vukovi¢, A. & Vujadinovi¢-Mandi¢, M. 2018.
Climate changes observed in Serbia and future climate
projections based on different scenarios of future
emissions. UNDP.

DBurdevi¢, D., Vasi¢, M., Ogrin, M., Savi¢, S., Milosevi¢, D.,
Dunji¢, I, Secerov, L, dela, M. et al. 2023. Long-Term
Assessment of Bioclimatic Conditions at Micro and Local
Scales in the Cities of the Western Part of the Balkan
Peninsula during the 21st Century. Sustainability, 15(21),
15286. https://doi.org/10.3390/s5u152115286

Elaborate for early public inspection for the General Urban
Plan of Belgrade 2041. 2022. Belgrade: Urban Planning
Institute of Belgrade.

Filipovi¢, L. & Djurdjevi¢, V. 2023. Spatio-temporal Analysis
of the Urban Heat Island in Belgrade Using Urban Climate


https://doi.org/10.5937/gp28-52729
https://gery.gef.bg.ac.rs/handle/123456789/200
https://doi.org/10.5937/univtho10-24790
https://doi.org/10.28974/idojaras.2021.2.4
https://doi.org/10.28974/idojaras.2026.1.1
https://doi.org/10.1007/s00704-014-1243-7
https://doi.org/10.1007/s00704-014-1243-7
https://doi.org/10.1175/JCLI-D-15-0032.1
https://doi.org/10.21101/cejph.a3840
https://doi.org/10.21203/rs.3.rs-3193084/v1
https://climate.copernicus.eu/why-do-we-keep-talking-about-15degc-and-2degc-above-pre-industrial-era
https://climate.copernicus.eu/why-do-we-keep-talking-about-15degc-and-2degc-above-pre-industrial-era
https://doi.org/10.5775/fg.2023.090.i
https://doi.org/10.2298/GSGD2302107C
https://doi.org/10.1080/02513625.2025.2589660
https://doi.org/10.3390/land14050988
https://doi.org/10.5937/GeoPan0802062D
https://doi.org/10.3390/su152115286

Model Data. International Conference on Hydro-Climate
Extremes and Society, Jun, 27th-30th, University of Novi
Sad, Serbia.

Gnjato, S., Popov, T., IvaniSevi¢, M. & Trbi¢, G. 2021.
Changes in extreme climate indices in Sarajevo (Bosnia
and Herzegovina). Bulletin of the Serbian Geographical
Society, 101(2), pp. 1-21.
https://doi.org/10.2298/GSGD2102001G

Graovac, A., Poki¢, J., Slavkovi¢, Lj. & Radovanovi¢, K.
2024. Belgrade Waterfront — A portal for ,true” reality.
Collection of papers "Local self-government in planning
and arrangement of space and settlements”. Belgrade:
Association of Spatial Planners of Serbia, University of
Belgrade - Faculty of Geography, pp. 355-363.

Gunawardena, K. R. Wells, M. J. & Kershaw, T. 2017.
Utilising green and bluespace to mitigate urban heat island
intensity. Science of the Total Environment, 584-585, pp.
1040-1055.https://doi.org/10.1016/j.scitotenv.2017.01.158

IPCC 2021., available on: www.ipcc.ch/help/frequently-asked-
questions/

IPCC, Sixth Assessment Report, Climate Change 2021. The
Physical ~ Science Basis (WG1), available on:
https://www.ipcc.ch/report/sixth-assessment-report-
working-group-i/

Khan, A., Vasilakopoulou, K. & Santamouris, M. 2025.
Exploring the potential impacts of anthropogenic heating
on urban climate during heatwaves. Sci Rep 15, 3908.
https://doi.org/10.1038/s41598-024-83918-y

Lazi¢, L., Savié, S. & Tomié, Z. 2006. Analysis of the
Temperature Characteristics and Trends in Novi Sad Area
(Vojvodina, Serbia). Geographica Pannonica, 10, pp. 14-
21. https://doi.org/10.5937/GeoPan0610014L

Luki¢, M. 2019. An analysis of the influence of air
temperature and humidity on outdoor thermal comfort in
Belgrade (Serbia) using a simple heat index. Archives for
Technical Sciences, 21(1), pp. 75-84.
https://doi.org/10.7251/afts.2019.1121.075L

Lukié¢, M. & Milovanovié, J. 2020. UTCI based assessment of
urban outdoor thermal comfort in Belgrade, Serbia.
Proceedings of the SINTEZA 2020 - International
Scientific Conference on Information Technology and Data
Related Research. Belgrade: Singidunum University, pp.
70-77. https://doi.org/10.15308/Sinteza-2020-70-77

Luki¢, M., Filipovi¢, D., Pecelj, M., Crnogorac, L., Luki¢, B.,
Divjak, L., Luki¢, A. & Vuciéevié, A. 2021. Assessment of
Outdoor Thermal Comfort in Serbia’s Urban Environments
during Different Seasons. Atmosphere, 12, 1084.
https://doi.org/10.3390/atmos12081084

Luki¢, M. & Luki¢, A. 2022. Outdoor thermal comfort as an
indicator of the "Belgrade Green City" concept -
advantages and applications. Proceedings of the 4th
International Conference on Urban Planning — ICUP 2022.
Nis: University of Ni§ - Faculty of Civil Engineering and
Architecture, pp 173-180.

Luki¢, M. & Buri¢, D. 2023. Thermal comfort in Belgrade,
Serbia: UTCI-based seasonal and annual analysis for the
period 1991-2020. Archives for Technical Sciences, 28(1),
pp. 77-88. https://doi.org/10.59456/afts.2023.1528.077L

Luki¢, M. & Filipovi¢, D. 2024. Uticaj izmenjenih
bioklimatskih uslova na planiranje grada - analiza

GEOGRAPHY, GEOSCIENCE AND ASTRONOMY

toplotnog optereéenja u Beogradu tokom 30 godina.
Zbornik radova VI Kongresa geografa Srbije sa
medunarodnim uces¢em ,,Kuda ide geografija®, str. 365-
375. ISBN 978-86-6283-154-5

Luki¢, M. 2025. Spoljasnji termalni komfor u funkciji urbanog
planiranja gradskog naselja Beograd. Doktorska disertacija.
Beograd: Univerzitet u Beogradu — Geografski fakultet.

Malinovi¢-Milicevi¢, S. 2023. Biometeorological conditions of
urban and suburban areas in Bosnia and Herzegovina.
Theoretical and Applied Climatology, 153, pp. 697-708.
https://doi.org/10.1007/s00704-023-04501-5

Mihajlovi¢, J. 2018. Application of recent climate
classifications for the climate regionalization of Serbia.
Doctoral dissertation. Belgrade: University of Belgrade —
Faculty of Geography.

Milenkovié, J. & Luki¢, M. 2025. Evaluation of bioclimatic
conditions for tourism activities in the Podrinje-Valjevo
Region (Serbia). IDOJARAS Quarterly Journal of the
HungaroMet Hungarian Meteorological Service, 129(4),
pp. 443-464. https://doi.org/10.28974/idojaras.2025.4.4

Milentijevi¢, N., Bacevi¢, N., Risti¢, D., Valjarevi¢, A.,
Panteli¢, M. & Kicovi¢, D. 2020. Application of Mann-
Kendal (MK) test in trend analysis of air temperature and
precipitation: Case of Macva district (Serbia). The
University Thought - Publication in Natural Sciences,
10(1), pp. 37-43. https://doi.org/10.5937/univtho10-24774

Milovanovi¢, B., Radovanovi¢, M. & Schneider, Ch. 2020.
Seasonal distribution of urban heat island intensity in
Belgrade (Serbia). Journal of Geographical Institute “Jovan
Cvijic” SASA, 70(2), pp. 163-170.
https://doi.org/10.2298/1JG12002163M

Milovanovi¢, B., Takara, K., Radovanovi¢, M., Milivojevic,
M. & Jovanovi¢, J. 2023. Frequency analysis of absolute
maximum air temperatures in Serbia. Journal of
Geographical Institute “Jovan Cvijic” SASA, 73(3), pp.
279-293. https://doi.org/10.2298/1JG12303279M

Milosevi¢, D., Dunji¢, J., Stojsavljevi¢, R., Zgela, M., Savié,
S. & Arsenovi¢, D. 2023. Analysis of long- and
short- term biometeorological conditions in the Republic
of Serbia. International Journal of Biometeorology, 67, pp.
1105-1123. https://doi.org/10.1007/s00484-023-02482-8

Milutinovi¢, S. 2024. Analysis of observed and future climate
changes in the NiSava District: Insights from essential
climate variables and indices. Nis: Zbornik radova sa
Nacionalne konferencije sa medunarodnim uce$¢em —
Zelena Gradnja. https://doi.org/10.5937/greenb24036 M

Miti¢-Radulovi¢, A. & Lalovi¢, K. 2021. Multi-Level
Perspective on Sustainability Transition towards Nature-
Based Solutions and Co-Creation in Urban Planning of
Belgrade, Serbia. Sustainability 13 (14), 7576.
https://doi.org/10.3390/su13147576

Miti¢-Radulovi¢, A. Luki¢, M. & Simi¢, A. 2022a. Ecological
index as an instrument of adaptation of belgrade to climate
change. Collection of papers "Local self-government in
planning and arrangement of space and settlements".
Belgrade: Association of Spatial Planners of Serbia,
University of Belgrade - Faculty of Geography, pp. 123-
130.

Miti¢-Radulovi¢, A. Simi¢, A. and Ljubi¢, S., 2022b.
Possibilities of applying the Ecological index in the


https://doi.org/10.2298/GSGD2102001G
http://www.ipcc.ch/help/frequently-asked-questions/
http://www.ipcc.ch/help/frequently-asked-questions/
https://www.ipcc.ch/report/sixth-assessment-report-working-group-i/
https://www.ipcc.ch/report/sixth-assessment-report-working-group-i/
https://doi.org/10.1038/s41598-024-83918-y
https://doi.org/10.5937/GeoPan0610014L
https://doi.org/10.7251/afts.2019.1121.075L
https://doi.org/10.15308/Sinteza-2020-70-77
https://doi.org/10.3390/atmos12081084
https://doi.org/10.59456/afts.2023.1528.077L
https://doi.org/10.1007/s00704-023-04501-5
https://doi.org/10.28974/idojaras.2025.4.4
https://doi.org/10.5937/univtho10-24774
https://doi.org/10.2298/IJGI2002163M
https://doi.org/10.2298/IJGI2303279M
https://doi.org/10.1007/s00484-023-02482-8
https://doi.org/10.5937/greenb24036M
https://doi.org/10.3390/su13147576

planning of Belgrade. Belgrade: Centre for Experiments in
Urban Studies - CEUS.

Nimac, I, Herceg-Buli¢, L., Cindri¢ Kalin, K. et al. 2021.
Changes in extreme air temperatures in the mid-sized
European city situated on southern base of a mountain
(Zagreb, Croatia). Theor Appl Climatol 146, pp. 429-441.
https://doi.org/10.1007/s00704-021-03689-8

Pecelj, M., Luki¢, M., Filipovi¢, D., Proti¢, B. & Bogdanovi¢,
U. 2020. Analysis of the Universal Thermal Climate Index
during heat waves in Serbia. Nat. Hazards Earth Syst. Sci.,
20, pp. 2021-2036. https://doi.org/10.5194/nhess-20-2021-
2020

Pecelj, M., Malinovi¢-Milicevi¢, S. & Matzarakis, A. 2025.
Thermal Comfort and Tourism in Mostar (Boshia and
Herzegovina): A Human Bioclimatic Information Sheet for
Visitors and Planners. Atmosphere, 16(8), 987.
https://doi.org/10.3390/atmos16080987

Popov, T., Gnjato, S., Trbi¢, G. & IvaniSevi¢, M. 2023.
Changes in air temperature and precipitation in Banjaluka
in 1961-2022. Bulletin of the Serbian Geographical
Society, 103(2), pp. 231-254.
https://doi.org/10.2298/GSGD2302231P

Proki¢, M. 2018. Climate trends of temperature and
precipitation in Nisava river valley (Serbia) for 1960-2015
period. J. Geogr. Inst. Cvijic. SASA, 68(1), pp. 35-50.
https://doi.org/10.2298/ijgi1801035p

Republic  Hydrometeorological ~ Service, Meteorological
Yearbook - Climatological data, 1991-2020. available on:
https://www.hidmet.gov.rs/latin/meteorologija/klimatologij
a_godisnjaci.php

Republic Hydrometeorological Service, Annual Bulletin for
Serbia, 2023, 2024, 2025. available on:
https://www.hidmet.gov.rs/data/klimatologija/

Roustaei, N. 2024. Application and interpretation of linear-
regression analysis. Med Hypothesis Discov Innov
Ophthalmol., 13(3), pp. 151-159.
https://doi.org/10.51329/mehdiophthal 1506.

Savi¢, S., Milanovié¢, B., Milosevi¢, D., Dunji¢, J., Pecelj, M.,
Luki¢, M., Ostoji¢, M. & Fekete, R. 2024. Thermal
assessments at local and micro scales during hot summer
days: a case study of Belgrade (Serbia). IDOJARAS
Quarterly Journal of the HungaroMet Hungarian
Meteorological ~ Service,  128(1), pp. 121-141.
https://doi.org/10.28974/idojaras.2024.1.7

Sinharay, S. 2010. An Overview of Statistics in Education.
International Encyclopedia of Education (Third Edition),
pp. 1-11. https://doi.org/10.1016/B978-0-08-044894-
7.01719-X

Statistical Office of the Republic of Serbia, Profile - Vracar.
2025. https://www.devinfo.stat.gov.rs/diProfili

Stanojevi¢, G., Stojicevié, J., Spalevié, A. & Kokotovi¢, V.
2014a. Impact of Heat waves on daily mortality in
Belgrade. Environmental Hazards, 13(4), pp. 329-342.
https://doi.org/10.1080/17477891.2014.932268

Stanojevi¢, G., Spalevi¢, A., Kokotovi¢, V. & Stojilkovié, J.
2014b. Does Belgrade (Serbia) need heat health warning
system? Disaster Prevention and Management, 23(5), pp.
494-507. http://dx.doi.org/10.1108/dpm-11-2013-0200

Tosi¢, I & UnkaSevi¢, M. 2013. Klimatske promene u Srbiji.
Monografija. Beograd. ISBN 978-86-920651-0-1

GEOGRAPHY, GEOSCIENCE AND ASTRONOMY

Tosié, L, Mladjan, M., Gavrilov, M. Zivanovi¢, S.,
Radakovi¢, M., Putnikovi¢, S., Petrovi¢, P., Krstié
Mistridzelovié, 1. & Markovi¢, S. 2019. Potential
influence of meteorological variables on forest fire risk in
Serbia during the period 2000-2017. Open Geosciences,
11, pp. 414-425. https://doi.org/10.1515/ge0-2019-0033

Tosié, 1., Tosié, M., Lazi¢, 1., Aleksandrov, N., Putnikovi¢, N.
& Djurdjevi¢, V. 2023. Spatio-temporal changes in the
mean and extreme temperature indices for Serbia.
International Journal of Climatology, 43 (5), pp. 2391-
2410. https://doi.org/10.1002/joc.7981

Tsoka, S. Tsikaloudaki, K. & Theodosiou, T. 2017. Urban
space’s morphology and micro climatic analysis: A study
for atypical urban district in the Mediterranean city of
Thessaloniki, Greece. Energy and Buildings, 156, pp 96-
108. https://doi.org/10.1016/j.enbuild.2017.09.066

United Nations, Department of Economic and Social Affairs,
Sustainable Development, The 17 Goals, available on:
https://sdgs.un.org/goals

Unkasevi¢, M., Vujovi¢, D. & Tosi¢, 1. 2005. Trends in
extreme summer temperatures at Belgrade. Theor. Appl.
Climatol., 82, pp 199-205. https://doi.org/10.1007/s00704-
005-0131-6

Unkasevi¢, M. & Tosi¢, 1. 2009a. An analysis of heat waves in
Serbia. Global Planet Ghange, 65 (1-2), pp. 17-26.
https://doi.org/10.1016/j.gloplacha.2008.10.009

UnkaSevi¢, M. & Tosié¢, 1. 2009b. Heat waves in Belgrade and
Nis. Geographica Pannonica, 13 (1), pp. 4-10.

UnkaSevi¢, M. & Tosi¢, 1. 2011. The maximum temperatures
and heat waves in Serbia during the summer of 2007.
Climate  Change, 108 (1-2), pp. 207-223.
https://doi.org/10.1007/s10584-010-0006-4

UnkaSevi¢, M. & Tosi¢, 1. 2013. Trends in temperature indices
over Serbia: relationships to large- scale circulation
patterns. International Journal of Climatology, 33, pp.
3152-3161. https://doi.org/10.1002/joc.3652

UnkaSevi¢, M. & Tosi¢, 1. 2015. Seasonal analysis of cold and
heat waves in Serbia during the period 1949-2012.
Theoretical and Applied Climatology, 120 (1-2), pp. 29-
40. https://doi.org/10.1007/s00704-014-1154-7

Vasi¢, M., Milosevi¢, D., Savié, S., Bjelajac, D., Arsenovié, D.
& Dunji¢, J. 2022. Micrometeorological measurements
and biometeorological survey in different urban settings
of Novi Sad (Serbia). Bulletin of the Serbian geographical
society, 102(2), pp. 45-66.
https://doi.org/10.2298/GSGD2202045V

Vukovié, A., Vujadinovi¢, M., Renduli¢, S., Purdevi¢, V.,
Ruml, M., Babi¢, V. & Popovi¢, D. 2018. Global
Warming impact on climate change in Serbia for the
period 1961-2100. Therm. Sci., 22(6A), pp. 2267-2280.
https://doi.org/10.2298/TSC1180411168V

Vukovi¢-Vimi¢  A., Djurdjevié, V., Rankovi¢-Vasié, Z.,
Nikoli¢, D., Cosi¢, M., Lipovac, A., Cvetkovié¢, B,
Sotonica, D., Vojvodi¢, D. & Vujadinovi¢-Mandi¢, M.
2022. Enhancing Capacity for ShortTerm Climate Change
Adaptations in Agriculture in Serbia: Development of
Integrated  Agrometeorological ~ Prediction  System.
Atmosphere 13, 1337.
https://doi.org/10.3390/atmos13081337


https://doi.org/10.1007/s00704-021-03689-8
https://doi.org/10.5194/nhess-20-2021-2020
https://doi.org/10.5194/nhess-20-2021-2020
https://doi.org/10.3390/atmos16080987
https://doi.org/10.2298/GSGD2302231P
https://doi.org/10.2298/GSGD2302231P
https://doi.org/10.2298/GSGD2302231P
https://doi.org/10.2298/ijgi1801035p
https://www.hidmet.gov.rs/data/klimatologija/
https://doi.org/10.51329/mehdiophthal1506
https://doi.org/10.28974/idojaras.2024.1.7
https://doi.org/10.1016/B978-0-08-044894-7.01719-X
https://doi.org/10.1016/B978-0-08-044894-7.01719-X
https://www.devinfo.stat.gov.rs/diProfili
https://doi.org/10.1080/17477891.2014.932268
http://dx.doi.org/10.1108/dpm-11-2013-0200
https://doi.org/10.1515/geo-2019-0033
https://doi.org/10.1002/joc.7981
https://doi.org/10.1016/j.enbuild.2017.09.066
https://sdgs.un.org/goals
https://doi.org/10.1007/s00704-005-0131-6
https://doi.org/10.1007/s00704-005-0131-6
https://doi.org/10.1016/j.gloplacha.2008.10.009
https://doi.org/10.1007/s10584-010-0006-4
https://doi.org/10.1002/joc.3652
https://doi.org/10.1007/s00704-014-1154-7
https://doi.org/10.2298/GSGD2202045V
https://doi.org/10.2298/TSCI180411168V
https://doi.org/10.3390/atmos13081337

Vukovi¢-Vimi¢ A. & Vuyjadinovié-Mandi¢, M. 2024a.
Dynamics of change of climate conditions and extreme
weather events in Serbia. Matica Srpska J. Nat. Sci., 147,
pp 33-45. https://doi.org/10.2298/ZMSPN2447033V

Vukovi¢-Vimi¢ A. & Vujadinovié-Mandi¢, M. 2024b.
Klimatske promene i adaptacija. UdZbenik. Beograd:
Univerzitet u Beogradu — Poljoprivredni fakultet.

Zohuri, B., Mossavar-Rahmani, F. & Behgounia, F. 2022.
Knowledge is Power in Four Dimensions: Models to

GEOGRAPHY, GEOSCIENCE AND ASTRONOMY

Forecast  Future  Paradigm.  Academic
https://doi.org/10.1016/C2021-0-02583-9

Zivkovi¢, J., Vasilevska, Lj. & Slavkovié, M. 2025. Planning
framework for (re)developing public open spaces in
residential neighbourhoods: Case of Belgrade (Serbia).
Proceedings of the 5th International Conference on Urban
Planning — ICUP 2025, pp. 29-36. Ni$: Urban Planning
Cluster NiS.

Press.


https://doi.org/10.2298/ZMSPN2447033V
https://doi.org/10.1016/C2021-0-02583-9

