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Abstract: This study investigates the mean annual water temperature trends at the confluence of the 17 

Sava and Danube Rivers, along with air temperature trends at the Belgrade meteorological station, 18 

spanning from 1956 to 2020. Results reveal a consistent increase in temperature across all three 19 

measuring stations, with the Danube experiencing a rise of 0.34°C/10 years, the Sava at 0.44°C/10 20 

years, and Belgrade's air temperature increasing by 0.39°C/10 years. Employing the RAPS method, 21 

sharp rises in water temperature were pinpointed in 1989 for the Sava and 1990 for the Danube, 22 

while Belgrade's air temperature surge began in 1998. The highest intensity of air temperature in- 23 

crease within the recent period (1998-2020) was observed at the Belgrade observatory, reaching 24 

0.76°C/10 years. Notably, the Sava exhibited a faster increase in water temperature over the last 25 

thirty years compared to the Danube. August marked the peak average water temperature for both 26 

rivers, while July recorded the highest average air temperature in Belgrade. Despite differing flow 27 

rates, both rivers exhibit similar hydrological regimes, with maximum flows occurring in April and 28 

minimum flows in August for the Sava, and October for the Danube. Seasonal temperature increases 29 

were most pronounced in summer, notably in August, with the smallest rises occurring during cold 30 

periods. Additionally, an inverse proportional relationship between mean annual water tempera- 31 

tures and discharges was observed at both river stations. 32 

Keywords: air temperature; water temperature; time series; trend analysis; climate change; Sava 33 
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 35 

1. Introduction 36 

Climate change, particularly global warming, has far-reaching consequences on a 37 

planetary scale, notably evident in the increasing temperatures of both air and river water 38 
(Rabi et al., 2015). This phenomenon affects diverse aspects of life on Earth, garnering 39 
interest not only from climatologists and geophysicists but also from economists, politi- 40 

cians, and sociologists (e.g., Demeritt, 2001; Weston, 2015; Lehman, 2020; Miller, 2020). It's 41 
crucial to recognize that the manifestation of the warming process varies across locations, 42 

influenced by both natural and anthropogenic factors. Consequently, accurate determina- 43 
tion of the respective contributions of natural and human-induced impulses to warming 44 
is essential for each region (e.g., Webb, 1996; Caissie, 2006; Webb and Nobilis, 2007; 45 

Žganec, 2012; Harris, 2020; Beaufort et al., 2020; Kędra, 2020; Heggenes et al., 2021; 46 
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Seyedhashemi et al., 2020; Zaidel, 2020). For instance, Talke et al. (2023) analyze the tem- 47 
perature increase of the Willamette River in Oregon, USA, concluding that approximately 48 
30% of the rise is attributed to system changes, while 70% is attributed to the warming air 49 

temperature, indicative of climate change.  50 
River water temperature, an obvious indicator of climate change, significantly affects 51 

all physical, chemical, and biological processes within riverbeds and throughout the ba- 52 
sin, particularly in large rivers. The escalating trend of global warming has led to a sub- 53 
stantial increase in water temperatures worldwide (Bartholow 2005; Huguet 2008; Isaak 54 

2012; Garner et al. 2013; Marković et al. 2013; Hadzima-Nyarko et al. 2014; Rabi et al. 2015; 55 
Arora et al. 2016; Dokulil 2018; Graf and Wrzesiński 2020; Kędra 2020; Michel 2020; 56 

Drainas et al. 2023). Water temperature serves as a vital indicator of river health and vul- 57 
nerability (Fidelibus and Pulido-Bosch 2019; Zhu et al. 2019). Seyedhashemi et al. (2022) 58 
detailed daily discharge and water temperature reconstructions from 1963 to 2019, along 59 

with projections spanning from 1976 to 2100, for 52,278 reaches across the Loire River 60 
basin in France (117,000 km2). The water temperature of rivers increased across nearly all 61 

reaches and seasons from 1963 to 2019, with the most significant increases observed in 62 
spring and summer, with median increases of 0.38 ºC and 0.44 ºC per decade, respectively.  63 

Insufficient attention is often given to the profound impact of rising river water tem- 64 

peratures on societal and social processes in areas surrounding watercourses, where much 65 
of the global population resides (Nelson 2007; Ducharne 2008; Bonacci 2016). These detri- 66 

mental situations primarily occur during warm, rainless periods characterized by low 67 
river water levels (Miranda et al. 2024). Mohseni and Stefan (1999) underscore water tem- 68 
perature as a primary factor in studies on the potential effects of global climate change on 69 

freshwater ecosystems. Van Vliet et al. (2013) predict an increase in river water tempera- 70 
ture and a decrease in low flows in many regions worldwide. Consequently, this could 71 

lead to increased deterioration of water quality and freshwater habitats, along with re- 72 
duced availability of water for human consumption and drinking water production.  73 

River water temperature extremes are significantly influenced during drought events 74 

(White et al. 2023). This is a consequence of the combined effects of intense solar radiative 75 
forcing and lower river discharges. During drought episodes, flow depths and velocities 76 

are reduced, as well as the river's thermal buffering capacity. Tang et al. (2023) found that 77 
global lakes are warming slower than surface air temperature due to accelerated evapo- 78 
ration. Nam et al. (2023) indicate that spatial and temporal differences in thermal re- 79 

sponses of stream water temperature to water levels are controlled by catchment-scale 80 
effects under rapidly changing rainfall patterns. Analyzing lake surface water tempera- 81 

tures for 92,245 lakes during the 1981-2020 period, Tong et al. (2023) concluded that global 82 
lake surface water temperature is warming slower than surface air temperature due to 83 
accelerated evaporation.  84 

Understanding the response processes and mechanisms of climate change and hu- 85 
man activities is imperative for assessing the sustainable development of river ecological 86 

environments (Guo et al. 2023). These findings are crucial for guiding water resource man- 87 
agement, protecting river eco-hydrological processes, and comprehending their impact 88 
on aquatic ecology. Restoring riparian vegetation and shading can mitigate future in- 89 

creases in river water temperature (Caissie 2006; Kail et al. 2021; Seyedhashemi et al. 2023). 90 
Perry et al. (2016) suggest that this approach can alleviate the impacts of climate change 91 

on flood damage to human infrastructure, riparian biodiversity, ecosystem vulnerability, 92 
and changes in river discharge.  93 

Caissie (2006) categorized the factors influencing river water temperature into four 94 

groups: atmospheric (including solar radiation, air temperature, wind speed, precipita- 95 
tion, evaporation, and condensation); topographic (involving the altitude, latitude, orien- 96 

tation of the flow, riparian vegetation, and subsoil); hydrologic (encompassing discharge, 97 
flow velocity, stream depths, width of the water surface, level, and groundwater temper- 98 
atures); and anthropogenic (influenced by discharge of urban and industrial wastewater, 99 
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reductions in flow, artificial reservoirs and diversion canals, removal of riparian vegeta- 100 
tion, etc.).  101 

This paper will analyze the specific case of the development of water and air temper- 102 

ature processes at the confluence of the Sava River and the Danube in Belgrade (Serbia). 103 
This area represents an important and sensitive environment where the water masses of 104 

two large European rivers intersect with the urban area of a rapidly expanding city. It is 105 
essential to recognize that these rivers flow through different climatic regions of Europe 106 
and meet in the heart of Belgrade, Serbia's capital. Thus, these rivers are an integral part 107 

of the city's urban structure. A detailed study and understanding of the trends in air and 108 
water temperature of both the Danube and Sava rivers is vital for ensuring the sustainable 109 

development of Belgrade. 110 

2. Materials and Methods  111 

2.1. Study area 112 

After the Volga, the Danube stands as the second-largest European river, with a basin 113 

area of 817,000 km² and a total length of 2850 km. At its confluence with the Black Sea, the 114 
Danube has an average flow of 6700 m³/s. The Danube basin area up to the confluence 115 
with the Sava is 412,800 km². The geographical coordinates of the Sava and Danube con- 116 

fluence are 40°49′27″N - 20°26′38″E. At the confluence point, the Danube's average flow is 117 
estimated at 3600 m³/s, and the distance to the Black Sea is 1,170 km. 118 

The Sava River, the largest tributary of the Danube in terms of water volume, has an 119 
average annual flow of around 1720 m³/s at its confluence near Belgrade. With a catchment 120 

area of 95,179 km² and a length of 945 km, the Sava is smaller than the Tisa River, which 121 
has a catchment area of 157,183 km² and a length of 1,358 km. The mean elevation of the 122 
Sava River Basin varies from 2,864 m above sea level (a.s.l.) to 70 m a.s.l. at its confluence 123 

with the Danube in Belgrade, Serbia. The Sava River basin is home to 8.1 million people 124 
across six countries.  125 

At the confluence of the Sava and the Danube (Fig. 1), a distinct contrast in water 126 
colour is noticeable, indicating the distinct origins of the rivers' waters. This difference is 127 
most evident during low water levels in the summer months. It's important to note the 128 

considerable pressures faced by both the Danube River and the Sava River due to various 129 
anthropogenic activities and procedures. The Danube, which courses through nine coun- 130 

tries, contends with significant challenges arising from these activities. Similarly, the Sava 131 
River, with a basin extending across six countries in Southeastern Europe, faces a compa- 132 
rable situation. Figure 2A schematically illustrates the positions of the water measuring 133 

stations where water temperatures are monitored along the Danube and Sava rivers. This 134 
figure provides values for their datum plane "0" in meters above sea level (m a.s.l.) and 135 

the respective basin area A in square kilometres (km2).  136 
The literature on the Danube River and its catchment water temperature is extensive 137 

(e.g., Webb and Nobilis 1994, 2007; Bonacci et al. 2008; Pekárová et al. 2008; Lovasz 2012; 138 

Ducić et al. 2015; Basarin et al. 2016; Bonacci et al. 2022; Pandžić et al. 2022; Pekárová et al. 139 
2023).  140 

Analysis of Danube water temperature in Austria by Webb and Nobilis (2007) con- 141 
cluded that there were significant increases in annual mean values, closely following 142 
changes in air temperature. They also suggest that characteristics of the catchment area 143 

influence trends in seasonal mean values. Contrasts were observed between sites in a 144 
headwater tributary, at the outlet of a catchment with a substantial lake area, and on the 145 

mainstream of the Danube. Additionally, evidence suggests that inter-annual variations 146 
in water temperature were influenced by the climate pattern of the North Atlantic Oscil- 147 
lation, particularly during the winter months.  148 

The Danube River section in Serbia spans a total length of 587.5 km. During periods 149 
of low water flow, the river stretch downstream of Novi Sad is impacted by the Iron Gate 150 

backwater (Babić Mladenović et al. 2013). Trend analysis of a 70-year time series (1951- 151 
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2019) for annual characteristic water levels, including minimum, mean, and maximum 152 
values, confirmed a decreasing trend across all parameters (Đorđević et al. 2023). River 153 
regulation activities, industrial dredging, and reductions in natural sediment load are 154 

identified as the primary factors driving this decline (Goda et al. 2007). However, the time 155 
series for characteristic annual discharges showed neither an increasing nor decreasing 156 

trend.  157 
Belgrade, the capital of the Republic of Serbia, is situated at the confluence of the Sava 158 

River and the Danube River, marking the boundary between Southeast and Central Eu- 159 

rope. As per the 2022 population census, the city is home to 1,685,563 inhabitants. The 160 
climate in the broader Belgrade area is classified as continental (Milovanović et al. 2017). 161 

According to the Köppen-Geiger scheme developed by Köppen and Geiger in 1936, Bel- 162 
grade's climate falls under the Cfa category. In this classification: C indicates that the tem- 163 
perature of the warmest month is equal to or greater than 10°C, and the temperature of 164 

the coldest month is less than 18°C but greater than -3°C; f denotes precipitation that is 165 
fairly evenly distributed throughout the year; and a indicates that the temperature of the 166 

warmest month is 22°C or above (source: Britannica).  167 
An analysis of air temperatures recorded at 64 stations across Serbia from 1961 to 168 

2010 revealed a trend of increasing temperatures in line with observations across Europe 169 

(Bajat et al. 2015). Ruml et al. (2017) further examined the correlation between annual tem- 170 
perature indices and large-scale circulation features at 26 Serbian meteorological stations 171 

over the same period. They found that the average annual maximum temperature at these 172 
stations exhibited a decreasing trend from 1961 to 1980 but a significant increasing trend 173 
from 1981 to 2010, with a regional average rate of 0.56°C per decade. Their analysis also 174 

showed that the East Atlantic pattern demonstrated a stronger association with the exam- 175 
ined indices compared to the North Atlantic Oscillation and the East Atlantic/West Russia 176 

pattern.  177 
A noticeable impact of the urban heat island effect in Belgrade is evident in the sig- 178 

nificant rise in the average annual mean temperature (Anđelković 2003; Milovanović 179 

2015). At the beginning of the century, this increase averaged 0.04°C per year, whereas in 180 
the last six decades, it amounted to 0.09°C. This escalation can be attributed to the rapid 181 

population growth and extensive developmental activities within the city. Notably, the 182 
UHI effect attains its peak values during the winter season. Comparatively, during the 183 
period from 1961 to 1990, Belgrade's average annual temperature was 0.4 to 1.0°C higher 184 

than that of smaller surrounding cities (Anđelković 2003). The water temperature of the 185 
Sava River is significantly influenced by the thermal power plant located in Obrenovac, 186 

which releases a portion of its water into the river. Consequently, the Sava River does not 187 
freeze, even during the coldest days of winter. The thermal power plant in Obrenovac is 188 
situated on the Sava River, approximately 20 km upstream from its confluence with the 189 

Danube. The first block of this thermal power plant commenced operations in March 1970.  190 
 191 

2.2. Materials 192 
The paper undertook an analysis of the mean annual and monthly water tempera- 193 

tures of the Sava and Danube rivers at their confluence, along with air temperatures in 194 

Belgrade, Serbia's capital, spanning 65 years (1956-2020). Mean daily water and air tem- 195 
peratures were collected for each year in a temperature time series, and the annual and 196 

monthly averages of these values were calculated.  197 
At the confluence of the Sava and the Danube in Belgrade, flow measurements are 198 

not taken for either river. Therefore, the paper utilized Sava flow data from the Sremska 199 

Mitrovica water measuring station. The Sava basin area up to Sremska Mitrovica encom- 200 
passes 87,996 km², accounting for 92.45% of the Sava basin before its confluence with the 201 

Danube. For the Danube, flow data from the Bogojevo water station (area: 251,593 km²) 202 
were utilized, supplemented by the flows of the Tisza near Senta (area: 141,715 km²). This 203 
approach covers 95.29% of the area of the Danube basin before its confluence with the 204 
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Sava. Figure 2B illustrates the positions of the water measuring stations where flow data 205 
were obtained for this study.  206 

All data used in the analysis were sourced from the Republic Hydrometeorological 207 

Service of Serbia in Belgrade.  208 
 209 

2.3. Methods 210 
The time series of mean annual water and air temperatures were analyzed using the 211 

Rescaled Adjusted Partial Sums (RAPS) method (Garbrecht and Fernandez, 1984). The 212 

expression for the calculations RASP is given by:  213 
 214 

𝑅𝐴𝑃𝑆𝑘 = ∑ 𝑘 (
𝑄𝑘 − 𝑄𝑎𝑣

𝜎𝑄

) 215 

 216 
where Qav is the average value of the analyzed time series consisting of n members, 217 

and σQ denotes the standard deviation of the same series. The counter k=1,2..., n represents 218 
the summation index. 219 

Linear trend time series were computed, and in one instance, a parabolic trend was 220 

considered. The regression line equation for the linear trend of the analyzed time series is 221 
as follows: 222 

𝑌 = (𝑎 × 𝑡) + 𝑏 223 
 224 
Here, Y denotes one of the five parameters in the year t, while a and b represent linear 225 

regression coefficients calculated using the least squares method. The coefficient a repre- 226 
sents the slope of the regression line, measured in degrees Celsius per year during the 227 

analyzed time series. It indicates the average intensity of the trend of increasing or de- 228 
creasing values of the analyzed time series.  229 

Determination coefficients R2 were defined for linear trends, while correlation index 230 

IR2 was calculated for parabolic trends. The statistical significance of linear trends was 231 
assessed using the Mann-Kendall test (Mann, 1945; Kendall, 1975; Husain Shourov and 232 

Mahmud, 2019).  233 
The F-test and t-test were utilized to determine the statistical significance of differ- 234 

ences between the variances and average values of adjacent time sub-periods. The F-test 235 
was employed to assess the statistical significance of the variances, while the t-test was 236 
used to evaluate the statistical significance of the average values of two adjacent time sub- 237 

periods (McGhee 1985). Probability values p<0.01 and 0.01<p<0.05 were utilized as the lev- 238 
els of statistical significance for the differences in all three tests. 239 

3. The analysis of mean annual water and air temperatures 240 

The series of mean annual water temperatures of the Danube (blue), Sava (red), and 241 

the air temperature of Belgrade (green) for the period 1956-2020 are presented in Fig. 3. 242 
The directions of the increasing trends are illustrated, along with their respective linear 243 

regression expressions. Additionally, the values of the determination coefficients (R2) and 244 
the probability values (p) determined by the Mann-Kendall (M-K) test are provided. 245 

During the 65 years analyzed (1956-2020), the average values of mean annual water 246 

temperatures were recorded as 13.7ºC for the Sava, 12.3ºC for the Danube, and 12.5ºC for 247 
Belgrade mean annual air temperature. Notably, the minimum and maximum mean an- 248 

nual water temperatures measured at the Sava were 12.0ºC (in 1976) and 15.6ºC (in 2000), 249 
respectively. For the Danube, corresponding values were 10.6ºC (in 1980) and 14.2ºC (in 250 
2018), while for Belgrade air temperature, they were 10.8ºC (in 1976) and 14.8ºC (in 2019). 251 

Across all three analyzed series, statistically significant increasing trends were ob- 252 
served. Specifically, the largest increase was noted in the Sava water temperature range, 253 

with a rate of 0.44ºC per decade. For the Danube, this increase amounted to 0.39ºC per 254 
decade, while for the series of mean annual air temperatures in Belgrade, the increase 255 
amounted to 0.34ºC per decade.  256 



Meteorology 2024, 3, FOR PEER REVIEW 6 
 

 

Using the RAPS method, the behaviour of the time series of mean water and air tem- 257 
peratures analyzed in this work was examined. Figure 4 illustrates the behaviour of their 258 
RAPS values during the 1956-2020 period.  259 

In the Danube water temperature series, RAPS proved the existence of two subseries: 260 
1956-1988 and 1989-2020. The average values of the first and second subseries are 11.7ºC 261 

and 12.9ºC, respectively. The F-test indicates no statistically significant difference between 262 
the variances of the subsets (p=0.629), while the t-test indicates a statistically significant 263 
difference in the average values of the subsets (p=4.5E-11).  264 

Similarly, in the Sava water temperature series, RAPS identified two subseries: 1956- 265 
1989 and 1990-2020. The average values of the first and second subseries are 12.9ºC and 266 

14.6ºC, respectively. The F-test indicates no statistically significant difference between the 267 
variances of the subsets (p=0.053), while the t-test indicates a statistically significant dif- 268 
ference in the average values of the subsets (p=8.2E-15).  269 

For the Belgrade air temperature series, RAPS identified two subseries: 1956-1997 270 
and 1998-2020. The average values of the first and second subseries are 12.0ºC and 13.5ºC, 271 

respectively. The F-test indicates no statistically significant difference between the vari- 272 
ances of the subsets (p=0.151), while the t-test indicates a statistically significant difference 273 
in the average values of the subsets (p=2.0E-12).  274 

Figure 5 displays pairs of subseries defined by the RAPS method (Fig. 4). It is notable 275 
that all six subseries exhibit increasing trends, yet in the initial sub-period, none of the 276 

trends are statistically significant at the p<0.01 level. However, in recent sub-periods, all 277 
growth trends become statistically significant. The most substantial increase is observed 278 
in the series of mean annual air temperatures in Belgrade during the sub-period 1998- 279 

2020, averaging 0.762ºC per decade. This increase is over 3.7 times higher than in the pre- 280 
vious sub-period (1956-1997), where it was 0.207ºC per decade. The trends of water tem- 281 

perature rise in both rivers appear similar, indicating a notable intensification of the Urban 282 
Heat Island (UHI) effect in Belgrade in recent years. 283 

In Figure 6, the series of differences between the mean annual temperatures meas- 284 

ured at the three stations analyzed in this paper are depicted. While all three cases exhibit 285 
increasing trends, none are statistically significant. Notably, the difference between Sava 286 

water temperatures and Belgrade air temperatures (ΔT=TWS-TAB) has decreased since 287 
the early 1990s, possibly due to the sudden increase in the UHI effect in Belgrade. Drawing 288 
a parabola instead of a line emphasizes this decreasing trend more clearly. 289 

Figure 7 illustrates the relationship between the mean annual water temperatures of 290 
the Sava and Danube rivers. The coefficient of determination (R2=0.736) indicates a signif- 291 

icant similarity in water temperature regimes. Only in 1974 was the mean annual water 292 
temperature of the Danube higher than that of the Sava. 293 

Table 1 presents the values of the determination coefficients (R2) between the series 294 

of mean annual water temperatures of the Danube (TWD), Sava, (TWS), the mean annual 295 
air temperatures of Belgrade (TAB), and the flow of the Danube (QD) and Sava (QS) for 296 

the period 1956-2020. It is noteworthy to observe the high degree of coincidence between 297 
the water temperatures of both rivers and the air temperatures of Belgrade. 298 

 299 

3.1. The examination of the relationship between the mean annual water and air temperatures 300 
and the river discharges 301 

 River discharge is significantly influenced by water temperature, and their interac- 302 
tion varies for each open stream flow. Understanding this interplay is crucial for ensuring 303 
the sustainable development of rivers and their catchments. To achieve this, comprehen- 304 

sive interdisciplinary analyses integrating climate, hydrology, and environmental factors 305 
are necessary (Beaufort et al., 2020).  306 

Probst and Mause (2023) highlighted shifts in the discharge seasonality of the Dan- 307 
ube River, noting an increase in winter runoff and a decrease in summer runoff. They also 308 
observed an elevated risk of both high and low flows along different sections of the Dan- 309 
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ube mainstream. Accurate estimations of future river water temperatures and their inter- 310 
connection with discharges are of paramount importance, particularly during low water 311 
and warm periods of the year (van Vliet et al., 2013). For example, in the Loire River basin, 312 

France, Seyedhashemi et al. (2023) found strong evidence of basin-wide increases in water 313 
temperature due to rising air temperatures and decreasing streamflow. They proposed 314 

that some of these effects of climate change could be alleviated through the restoration 315 
and maintenance of riparian forests. Additionally, Prohaska et al. (2023) conducted exten- 316 
sive analyses of low-water discharges in the Sava River around the Drina River conflu- 317 

ence.  318 
Figure 8 illustrates the relationships between mean annual water temperatures and 319 

the flow of the Sava and Danube rivers from 1956 to 2020. It reveals an inverse propor- 320 
tionality, where an increase in flow corresponds to a decrease in water temperatures. No- 321 
tably, this relationship is stronger with the Sava River, as indicated by a coefficient of de- 322 

termination (R2) of 0.228, compared to the Danube River, where the R2 value is 0.090.  323 

 324 

4. The analysis of mean monthly water and air temperatures 325 

The study of temperature data on shorter time scales than a year provides insights 326 
into the specific behaviour of the analyzed phenomena within the year, often influenced 327 

by seasonal climate variations. 328 
Table 2 presents the values of the slope of the regression line (a), the coefficient of 329 

determination (R2) and the probability of the M-K test (p) for the series of mean monthly 330 
water and air temperatures observed at the three stations from 1956 to 2020. It is notewor- 331 
thy that in each month of the year, there are trends of increasing mean monthly tempera- 332 

tures at all three analyzed stations. However, those trends vary significantly throughout 333 
the year and across different locations. Probabilities (p) less than 0.01 are highlighted in 334 

red, while probabilities between 0.01 and 0.05 are highlighted in blue.  335 
The analysis reveals that water temperatures in the Sava and Danube rivers exhibit a 336 

statistically significant increase in all months of the year, whereas this is not consistently 337 

observed in the air temperatures recorded in Belgrade. Overall, the findings suggest that 338 
a more pronounced rise in both water and air temperatures occurs during the warmer 339 

part of the year.  340 
Figure 9 presents histograms of average monthly flows of the Sava and Danube rivers 341 

over the analyzed period from 1956 to 2020. While there is a similarity between their hy- 342 

drological regimes, they are not identical. Minimum flows on the Danube occur in Octo- 343 
ber, two months later than on the Sava, while maximum flows are observed in April for 344 

both rivers. 345 
Figure 10 shows histograms of average monthly water temperatures of the Danube 346 

(blue) and Sava (red) and the air temperature of Belgrade (green) from 1956 to 2020. For a 347 

detailed examination of differences across the months, Figure 11 displays histograms de- 348 
picting the differences between pairs of average monthly temperatures for all three ana- 349 

lyzed stations.  350 
Observations indicate that the water temperature of the Sava consistently exceeds 351 

that of the Danube throughout the year. The largest difference is observed in August 352 

(2.3ºC), while the smallest difference occurs in May (0.2ºC). Furthermore, the water tem- 353 
perature of the Sava surpasses the air temperature of Belgrade from July to February. Con- 354 

versely, from March to June, the air temperature in Belgrade exceeds that of the Sava 355 
River, with the difference being minimal in March (0.04ºC). Additionally, the water tem- 356 
perature of the Danube is lower than the air temperature in Belgrade from February to 357 

August, while it exceeds the air temperature from September to January.  358 
 359 

5. Conclusions 360 
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Protecting the city of Belgrade from the impacts of climate change, particularly the 361 
adverse effects of global warming, stands as a critical, intricate, and ongoing endeavour. 362 
Given its strategic location at the confluence of two major rivers, the climate of Belgrade 363 

is significantly influenced by these water bodies. It is imperative to enhance our under- 364 
standing and elucidate the interconnections between urban spaces and river dynamics. 365 

Scientists, water managers, and policymakers bear the responsibility of implementing 366 
measures to prevent or mitigate both natural and anthropogenic impacts on river and ur- 367 
ban ecosystems (Blosche, 2018).  368 

The initial step in this multifaceted process involves accurately identifying the causes 369 
and implications of future changes in water and air temperatures. Understanding the fac- 370 

tors governing the water temperature at the confluence of the Danube and Sava rivers 371 
holds immense importance for a major urban agglomeration such as Belgrade. Investigat- 372 
ing the response processes and mechanisms of river water temperature to climate change 373 

and anthropogenic activities is crucial for assessing the sustainable development of river 374 
ecosystems as well as human well-being. The analysis of how thermal regimes have 375 

evolved in the past and may evolve in the future is invaluable for the city’s evolution and 376 
governance, particularly in light of the escalating air temperatures attributed to climate 377 
change (van Vliet et al., 2013).  378 

Harris (2022) suggests that given the anthropogenic drivers behind contemporary 379 
climate change, it is imperative to incorporate humanity’s impact into climate models, 380 

particularly in the context discussed in this paper.  381 
Beaufort et al. (2020) highlight the concept of thermal sensitivity, which is based on 382 

the relationship between air and water temperature, as a means to quantify a river's sen- 383 

sitivity to future climate change. With river water temperatures expected to rise, under- 384 
standing the underlying drivers becomes crucial for developing effective mitigation strat- 385 

egies (Hannah et al., 2008).  386 
The main conclusions drawn from the analyses conducted in our study are as follows:  387 
1. Across all three analyzed locations, a consistent upward trend in both water 388 

and air temperatures was observed; 389 
2. The highest average temperature over the 65 years was recorded in the Sava 390 

River; 391 
3. Sharp increases in water temperatures were observed in 1989 for the Sava and 392 

1990 for the Danube, while the air temperature in Belgrade began rising somewhat later 393 

in 1998;  394 
4. The most significant increase in air temperature in the recent period (1998- 395 

2020) was observed at the Belgrade observatory, reaching 0.76 ºC per decade; 396 
5. The rate of temperature increase in the Sava's water over the last three decades 397 

slightly outpaced that of the Danube; 398 

6. Peak average water temperatures for both the Sava and Danube rivers oc- 399 
curred in August, while the highest average air temperature in Belgrade was recorded in 400 

July; 401 
7. The average annual flow of the Danube near Belgrade is approximately 2.4 402 

times higher than that of the Sava; 403 

8. While the hydrological regimes of both rivers throughout the year are similar, 404 
they are not identical;  405 

9. Maximum average flows for both rivers occur in April, with the minimum av- 406 
erage monthly flow occurring in August for the Sava and October for the Danube;  407 

10. The most substantial temperature increases were observed during the summer 408 

months, particularly in August, while smaller increases were noted during colder periods 409 
of the year; 410 

11. There is an inversely proportional relationship between mean annual water 411 
temperatures and river discharges at both observed river stations.  412 

 413 
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In conclusion, while there are numerous potential causes for the significant upward 414 
trends in water and air temperatures observed in the rivers of Belgrade, existing databases 415 
and knowledge about these complex processes are insufficient to provide definitive an- 416 

swers to many pressing questions. Further research and understanding of these phenom- 417 
ena are necessary to address these challenges effectively. 418 

 419 
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