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Abstract 
Extreme precipitation events (EXPEs) were analyzed based on daily precipitation data from 

1961 to 2020 in Novi Sad, Serbia. The temporal characteristics of the following EXPEs were 

investigated: Heavy precipitation days (R10mm), Very heavy precipitation days (R20mm), 

Highest 1-day precipitation amount (Rx1day), Highest 3-day precipitation amount (Rx3day), 

Highest 5-day precipitation amount (Rx5day), Very wet days (R95p), Extremely wet days 

(R99p), Precipitation fraction due to very wet days (R95pTot) and Precipitation fraction due to 

extremely wet days (R99pTot). The EXPEs were analyzed on an annual and seasonal basis and 

for two reference periods 1961-1990 and 1991-2020. Positive trends were found for both 

annual and seasonal values for all indices, except for R20mm and R99pTot in winter. A 

significant increase in Rx1day, Rx3day and Rx5day was observed in all seasons (except for 

Rx1day and Rx5day in winter) and on an annual basis. The high value of Rx1day (116.6 mm) 

was recorded in the summer of 2018 in Novi Sad, caused by convective precipitation that led 

to urban flooding. The possible influence of large-scale circulation patterns was investigated. 

A strong positive and negative influence of the East Atlantic pattern and the East Atlantic 

Western Russia pattern on the EXPEs was found. The results of this work support the growing 

evidence that the impact of extreme conditions is likely to become even stronger due to changes 

in their intensity and frequency. 
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Introduction 
The risk of extreme precipitation events is increasing due to global warming (e.g. Fuentes-

Franco et al., 2023). It is known that a warmer atmosphere can hold more moisture (Zeder & 

Fisher, 2020). According to the Clausius-Clapeyron relationship, the intensity of daily extreme 

precipitation increases by about 7 % per ºC temperature (Trenberth, 1999). There is a high 

confidence that extreme precipitation will increase with climate change (IPCC, 2021). A 

significant increase in heavy rainfall events has been observed worldwide, both on a continental 

and global scale (Westra et al., 2013; Sun et al., 2021) and on a regional scale (Wang et al., 

2014). Van den Besselaar et al. (2013) found that five-, ten- and twenty-year events with 1-day 

and 5-day precipitation became more frequent in Europe in the period 1951–2010. Zeder and 
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Fischer (2020) pointed out that extreme precipitation increased at the majority of stations in 

Central Europe in the period 1901-2013. Based on the daily precipitation from 40 regional 

climate simulations of the EURO-CORDEX ensemble, Ettrichrätz et al. (2023) found a 

significant increase in heavy and extreme precipitation in Central, Northern and Eastern 

Europe. Extreme precipitation can lead to flooding (Berényi et al., 2023), soil erosion (Eekhout 

& de Vente, 2022), and landslides (Gariano & Guzzetti, 2016). Successful mitigation of these 

damages depends on the prediction of extreme rainfall events and better design and planning 

of urban drainage systems (Zhou et al., 2017; Davis & Naumann, 2017). Characterization of 

heavy rainfall events in urban areas is the first line of defense against urban flooding and crucial 

for risk management.  

Serbia is a continental country in south-eastern Europe, located in the western region 

of the Balkan Peninsula. The northern part of the country is characterized by low elevation, 

which gradually rises towards the southern parts which are covered by mountains and hills 

surrounding river valleys. The climate of Serbia varies spatially from a temperate continental 

climate in the northern part to a continental climate in the central part and a modified 

Mediterranean climate in the southern part (Bajat et al., 2015). The average annual temperature 

in the lowlands is between 11 and 13 °C, while the average annual temperature in the mountains 

is below 8 °C. The mean annual precipitation is between 500 and 700 mm in the lowlands and 

over 1000 mm in the mountains (Vujadinović Mandić et al., 2022). The northern part of Serbia 

is the administrative unit of the Autonomous Province of Vojvodina, which is the most 

important agricultural region in the country. Agriculture is one of the most important sectors 

of the Serbian economy, and the factors that influence agriculture, especially climate 

conditions, have an impact on the economy of the entire country. Extreme weather conditions 

such as heavy precipitation affect not only crop production (Milošević et al., 2015; Mimić et 

al., 2022), but also the well-being of people living in urban areas. There are only a few recent 

studies that report the results of the analysis of precipitation in Vojvodina. Tošić et al. (2014) 

investigated the seasonal and annual variability of precipitation (recorded in monthly frequency 

at 92 stations in the period 1946-2006) in Vojvodina using empirical orthogonal functions 

(EOF). The trend analysis of the first EOF pattern (PC1) showed an increasing trend for annual, 

summer and fall precipitation and a decreasing trend for winter and spring precipitation. They 

indicated that the annual, winter and fall precipitation are influenced by the North Atlantic 

Oscillation (NAO). 

Malinović-Milićević et al. (2018) examined the temporal and spatial variability of 

extreme precipitation in Vojvodina by analyzing the trends of extreme precipitation indices 

calculated from daily data from seven stations in the period 1966–2013. The results (based on 

precipitation magnitude and frequency) indicated that the climate is getting wetter in the 

northern and central part of the region, while the southernmost part of the region is getting 

drier, which is consistent with observations from central and southern European regions, 

respectively. 

Bezdan et al. (2024) investigated the impact of climate change on extreme precipitation 

events and the associated risk of flooding based on the occurrence of the highest 3-day 

precipitation amount (Rx3day) in spring with a 10 years return period. They compared results 

from observational data (9 meteorological stations) for the period 1971-2019 with projections 

from 2020 to 2100 produced with an ensemble of eight regional climate models from the 

EURO-CORDEX project database. The results show that the Rx3day in spring increases by 19 

to 33% with a 10 years return period and the probability of more than one event occurring in 

which the Rx3day exceeds the threshold values increases by 105.6 % to 200.0 % compared to 

the historical period. For the future period, the Rx3day values in spring (used for the design of 

pluvial flood protection systems in Vojvodina) are below the future projections, indicating an 

increased risk of pluvial flooding. 



 

In this work we focus on the extreme precipitation in the city of Novi Sad, the capital 

of Vojvodina. Previous studies dealt with the problem of heat waves (Savić et al., 2018) and 

heat islands (Unger et al., 2011) as well as dynamics of air temperature in the “local climate 

zones” (Milošević et al., 2022). The main objective of this study is to analyze extreme 

precipitation events (EXPEs) on an annual and seasonal basis from 1961 to 2020 in Novi Sad. 

We examined trend on annual and seasonal time series of all analyzed EXPE indices for the 

entire 60-year period and compared the descriptive statistics for the two 30-year reference 

periods (1961-1990 and 1991-2020). We also investigate the possible influence of large-scale 

circulation patterns on extreme precipitation. 

 

Materials and Methods 
Study area and data 

Novi Sad is the capital of the autonomous province of Vojvodina and the second largest city in 

Serbia with 335,000 inhabitants and an area of 112 km2 (Unger et al., 2011). Novi Sad is 

situated in the northern agricultural lowland region of Serbia, in the south of the Pannonian 

Plain (Fig. 1). The city center is surrounded by agricultural fields in the north, east and west 

(with a low elevation of about 80 m), while the southeastern districts of Sremska Kamenica 

and Petrovaradin are located on higher terrain (up to 130 m) on the edge of the northern slope 

of Fruška Gora (low mountain range with the highest peak at 539 r). The main watercourse is 

the Danube, which is 260-680 m wide and flows in the east-west direction in the southern part 

of the town. The Danube–Tisza–Danube Canal crosses the city from northwest to southeast 

and separates the industrial area in the north from the urban area in the south. The climate 

exhibits characteristics of the Cfb-Köppen–Geiger (temperate climate with warm summers and 

well-distributed precipitation throughout the year) climate type (Milošević et al., 2022). Based 

on data from 1949 to 2015, the mean annual precipitation is 622.8 mm and the mean monthly 

temperature ranges from −0.3 C in January to 21.8 C in July (Savić et al., 2018). 

 

Figure 1. Position of Serbia in Europe (left) and position of Novi Sad in Serbia (center), and 

Vojvodina (right) 
Source: https://sco.m.wikipedia.org/wiki/File:Novi_Sad_in_Serbia_and_Europe.png 

 

Extreme precipitation events (EXPEs) were analyzed based on daily precipitation from 

1961 to 2020 in Novi Sad, Serbia. The data used in this work includes daily precipitation 

amounts recorded at the station of Novi Sad (45°20’ N; 19°51’ E; 84 m altitude) and is provided 

by the Serbian Meteorological Service, which technically and critically controlled these 

measurements. 

Monthly values of Northern Hemisphere teleconnection patterns (North Atlantic 

Oscillation - NAO, Eastern Atlantic - EA, and Eastern Atlantic Western Russia - EAWR 

pattern) were downloaded from the Columbia Climate School (International Research Institute 

https://sco.m.wikipedia.org/wiki/File:Novi_Sad_in_Serbia_and_Europe.png


 

for Climate and Society) 

https://iridl.ldeo.columbia.edu/SOURCES/.Indices/.CPC_Indices/.NHTI/ for the period 1961–

2020. 

 

Methods 

Climate indices 

The Expert Team on Climate Change Detection and Indices (ETCCDI) has developed a set of 

27 indices based on daily temperature and precipitation that are commonly used in climate 

change analysis (Alexander & Arblaster, 2017; Yin & Sun, 2018; Cooley & Chang, 2021). 

From this list, 9 indices are selected and presented in Table 1. The temporal characteristics of 

the following EXPEs were investigated: R10mm (Heavy precipitation days), R20mm (Very 

heavy precipitation days), Rx1day (Highest 1-day precipitation amount), Rx3day (Highest 3-

day precipitation amount), Rx5day (Highest 5-day precipitation amount), R95p (Very wet 

days), R99p (Extremely wet days), R95pTot (Precipitation fraction due to very wet days) and 

R99pTot (Precipitation fraction due to extremely wet days). The EXPEs were analyzed on an 

annual and seasonal basis and for two reference periods 1961-1990 and 1991-2020.  

 

The modified Man-Kendall (MMK) test  

In this work we use the Mann-Kendall test modified by effective sample size to detect trends 

in serially correlated hydrological series, proposed by Yue and Wang (2004). The description 

of this MMK procedure is presented in (Stosic et al., 2024), and all the calculations are 

performed using open-source software (Patakamuri & O'Brien, 2021; R Core Team, 2023). 

 

Table 1. Precipitation climate indices with their names, definitions and units 

No Index Indicator name Definitions Unit 

1 R10mm 
Heavy precipitation  

days 

Number of days where RR 

(daily precipitation) ≥ 10 mm 
days 

2 R20mm 
Very heavy 

precipitation days 

Number of days where  

RR ≥ 20 mm 
days 

3 RX1day 
Highest 1-day 

precipitation amount 

The maximum 1-day values 

for period j 
mm 

4 RX3day 
Highest 3-day 

precipitation amount 

The maximum 3-day values 

for period j 
mm 

5 RX5day 
Highest 5-day 

precipitation amount 

The maximum 5-day values 

for period j 
mm 

6 R95p Very wet days 
Number of days where RR  

(RR ≥ 1) ≥ 95th percentile 
days 

7 R99p Extremely wet days 
Number of days where RR  

(RR ≥ 1) ≥ 99th percentile 
days 

8 R95pTot 
Precipitation fraction 

due to very wet days 

R95pTot𝑗 = 100
∑𝑅𝑅𝑤𝑗

𝑅𝑅𝑗
, 

where RRwj > RRwn95 
% 

9 R99pTot 

Precipitation fraction 

due to extremely wet 

days 

R99pTot𝑗 = 100
∑𝑅𝑅𝑤𝑗

𝑅𝑅𝑗
, 

where RRwj > RRwn99 
% 

 

  



 

The large-scale teleconnection patterns (LSTP) 

The following teleconnection patterns, the North Atlantic Oscillation (NAO), East Atlantic 

pattern (EA) and East Atlantic Western Russia (EAWR) pattern are considered to investigate 

possible influence of the LSTP on EXPEs. The NAO consists of two centers of action being 

located near Iceland and the Azores and has a positive correlation with precipitation in 

Northern and Western Europe, and a negative one over Southern Europe, including Serbia 

(Hurrell, 1995). The EA pattern is characterized by two anomaly centers that are displaced 

southeastward to the approximate nodal lines of the NAO pattern (Barnston & Livezey, 1987). 

According to Krichak et al. (2014), the EAWR pattern is associated with negative geopotential 

height anomalies over the North Atlantic and the area north of the Caspian Sea and positive 

geopotential height anomalies over Western Europe and Northern China. Tošić and Putniković 

(2021) pointed out that precipitation over Serbia is negatively correlated with the EAWR. To 

examine links between EXPEs and LSTP, the Pearson correlation was used and calculated 

using the open-source software tool “Scipy”, Python library. The Student’s t-test at the 0.05 

significance level was applied to check the significance of correlation. 

 

Results 
Seasonal analysis 

Heavy precipitation days (R10mm) 

Figure 2 shows the seasonal values of heavy precipitation days (R10mm). Looking at all 

seasons, the highest number of days with more than or equal to 10 mm is recorded in summer. 

The mean value of R10mm is highest in summer in both periods: 6.3 from 1961 to 1990 and 

7.6 from 1991 to 2020 (Table 2). However, the highest R10mm value (21) is observed in spring 

in the period 1991-2020 (Table 2). All seasonal values increased in the second period, except 

for the minimum value of R10mm in fall, which was 0 in 2018. The maximum value of R10mm 

was measured in the spring (21) and summer (19) of 2014 at the Novi Sad station. 

 

Table 2. Minimum, mean and maximum values of R10mm during two periods: 1961-1990 

and 1991-2020 

R10mm 1961 - 1990 1991 - 2020 

season min mean max min mean max 

Winter 0 3.1 10 0 3.7 10 

Spring 0 4 10 0 5.7 21 

Summer 1 6.3 16 2 7.6 19 

Fall  1 4.0 10 0 6.2 13 

 



 

Figure 2. Seasonal values of R10mm during the period 1961-2020 in Novi Sad 

 

Very heavy precipitation days (R20mm) 

The seasonal values of very heavy precipitation days (R20mm) are shown in Fig. 3. There was 

a low number of R20mm in all seasons except summer (Fig. 3). The lowest number of heavy 

precipitation days was recorded in winter. The mean value of R20mm was 0.4 from 1961 to 

1990 and 0.5 from 1991 to 2020 (Table 3). On the other hand, the mean value of R20mm was 

2.4 from 1961 to 1990 and 3.2 during the second period in summer, with a maximum value of 

9 and 8. 

 

 
Figure 3. Seasonal values of R20mm during the period 1961-2020 in Novi Sad 

 

 



 

Table 3. Minimum, mean and maximum values of R20mm during two periods: 1961-1990 

and 1991-2020 

R20mm 1961 - 1990 1991 - 2020 

season min mean max min mean max 

Winter 0 0.4 2 0 0.5 2 

Spring 0 0.9 4 0 1.7 7 

Summer 0 2.4 9 0 3.2 8 

Fall  0 0.7 2 0 2 6 

 

Highest 1-day precipitation amount (Rx1day) 

Figure 4 shows the seasonal values of the highest 1-day precipitation amount (Rx1day). Daily 

precipitation was below 40 mm in winter and below 70 mm in fall (Fig. 4). There were two 

peaks for Rx1day in spring, 121.9 mm in 2015 and 91.8 mm in 1987. The highest 1-day 

precipitation values were measured in summer (Fig. 4). The mean values of Rx1day were 

highest during the summer season in both periods considered, 33.7 in the first and 44.5 in the 

second period (Table 4). All descriptive statistics increased in the second period 1991-2020, 

except for the mean and peak in winter (Table 4). 

 

 
Figure 4. Seasonal values of Rx1day during the period 1961-2020 in Novi Sad 

 

Table 4. Minimum, mean and maximum values of Rx1day during two periods: 1961-1990 and 

1991-2020 

Rx1day 1961 - 1990 1991 - 2020 

season min mean max min mean max 

Winter 4.9 16.9 36.3 7.0 7.8 19.6 

Spring 6.4 24.0 91.8 7.8 29.6 121.9 

Summer 14.4 33.7 91.6 14.5 44.5 116.2 

Fall  10 20.6 33.4 9.9 31.1 67.7 

 

 

 



 

Highest 3-day precipitation amount (Rx3day) and Highest 5-day precipitation amount 

(Rx5day) 

Rx3day and Rx5day are shown in Fig. 5 and Fig. 6 respectively. As in the case of Rx1day, the 

lowest values of both indices were recorded in winter. Higher values of Rx3day (Fig. 5) and 

Rx5day (Fig. 6) are recorded in the fall than in the winter. Two maxima can be observed in 

spring: 149.4 mm in 2015 and 102.6 mm in 1987 for Rx3day (Table 5) and 162.3 mm in 2015 

and 104.7 mm in 1987 for Rx5day (Table 6). The minimum, mean and maximum values of 

both indices increased from 1991 to 2020 compared to 1961-1990, with the exception of the 

minimum values of Rx3day (Table 5) and Rx5day (Table 6) during the fall season. 

 
Figure 5. Seasonal values of Rx3day during the period 1961-2020 in Novi Sad 

 

Table 5. Minimum, mean and maximum values of Rx3day during two periods: 1961-1990 and 

1991-2020 

Rx3day 1961 - 1990 1991 - 2020 

season min mean max min mean max 

Winter 5.8 24.9 52 7.9 28.6 63 

Spring 8.6 33.0 102.6 9.4 44.2 149.4 

Summer 20.8 46.9 105.4 17.7 60.2 130.1 

Fall  14.8 30.6 56.5 13.7 45.2 88 

 



 

 
Figure 6. Seasonal values of Rx5day during the period 1961-2020 in Novi Sad 

 

Table 6. Minimum, mean and maximum values of Rx5day during two periods: 1961-1990 

and 1991-2020 

Rx5day 1961 - 1990 1991 - 2020 

season min mean max min mean max 

Winter 7.1 29.8 58.2 8.8 32.8 70.7 

Spring 8.6 37.1 104.7 10.6 48.8 162.3 

Summer 20.8 52.6 105.4 23.9 68.7 133.2 

Fall  16.1 35.4 64.3 14.7 52.2 111.2 

 

Very wet days (R95p) 

Very wet days are shown in Fig. 7. The values of R95p were lower than 13 days in all seasons. 

The only exception was spring 2014, when 19 days were observed in Novi Sad. The descriptive 

statistics (mean and maximum values) presented in Table 7 show that all seasonal values 

increased in the period 1991-2020. The highest increase in the maximum value of R95p is 

observed in the spring, from 9 to 19 in the second period (Table 7). 



 

 
Figure 7. Seasonal values of R95p during the period 1961-2020 in Novi Sad 

 

Table 7. Minimum, mean and maximum values of R95p during two periods: 1961-1990 and 

1991-2020 

R95p 1961 - 1990 1991 - 2020 

season min mean max min mean max 

Winter 0 4 11 0 5.1 12 

Spring 0 3.7 9 0 5.3 19 

Summer 1 3.9 12 1 5.3 13 

Fall  0 3.4 10 0 5.7 12 

 

Extremely wet days (R99p) 

The extremely wet days are shown in Fig. 8. In general, the number of days greater than or 

equal to the 99th percentile was low (less than 3) in all seasons. Five days with R99p were 

observed in winter (2013) and spring (2014), 7 in summer (2010) and six in fall (2014). Table 

8 shows that the mean and maximum values of R99p increased in all seasons. The minimum 

number of R99p values was zero in the period 1961-2020. 



 

 
Figure 8. Seasonal values of R99p during the period 1961-2020 in Novi Sad 

 

Table 8. Minimum, mean and maximum values of R99p during two periods: 1961-1990 and 

1991-2020 

R99p 1961 - 1990 1991 - 2020 

season min mean max min mean max 

Winter 0 0.6 3 0 1.1 5 

Spring 0 0.6 3 0 1.2 5 

Summer 0 0.7 3 0 1.2 7 

Fall  0 0.4 2 0 1.5 6 

 

Precipitation fraction due to very wet days (R95pTot) 

The seasonal values of precipitation fraction due to very wet days (R95pTot) are shown in Fig. 

9. The values of R95pTot increase in all seasons (Fig. 9), as can be seen for the mean and 

maximum values of R95pTot in Table 9. The highest increase in the mean and maximum values 

of R95pTot is observed in the fall (Table 9). 



 

 
Figure 9. Seasonal values of R95pTot during the period 1961-2020 in Novi Sad 

 

Table 9. Minimum, mean and maximum values of R95pTot during two periods: 1961-1990 

and 1991-2020 

R95pTot 1961 - 1990 1991 - 2020 

season min mean max min mean max 

Winter 0 17.4 49.0 0 24.7 55.5 

Spring 0 19.8 53.5 0 28.2 68.6 

Summer 0 18.7 59.3 0 28.1 70.8 

Fall  0 16.5 39.4 0 29.0 71.3 

 

Precipitation fraction due to extremely wet days (R99pTot) 

Precipitation fraction due to extremely wet days (R99pTot) is shown in Fig. 10. Although it 

appears that the percentage of R99pTot is higher in winter in the first period (Fig. 10), Table 

10 shows that the mean value of R99pTot is higher in the second period (7.9) than in the first 

period (5.5). This was a consequence of the high R99pTot values from 1991 to 2000 (Fig. 10). 

It can be seen that the percentage of precipitation attributable to extremely wet days was greater 

in spring, summer and fall in the second period (Fig. 10). The mean and maximum values of 

R99pTot increased in the second period, with the highest increase occurring in the fall (Table 

10). For example, the mean value of R99pTot increased from 0.9 in the period 1961-1990 to 

11.7 in the period 1991-2020, while the maximum value of R99pTot doubled (from 27.5 to 

54.0). 



 

 
Figure 10. Seasonal values of R99pTot during the period 1961-2020 in Novi Sad 

 

Table 10. Minimum, mean and maximum values of R99pTot during two periods: 1961-1990 

and 1991-2020 

R99pTot 1961 - 1990 1991 - 2020 

season min mean max min mean max 

Winter 0 5.5 26.8 0 7.9 39.2 

Spring 0 3.8 28.8 0 9.8 49.9 

Summer 0 3.2 46.7 0 11.4 49.3 

Fall  0 0.9 27.5 0 11.7 54.0 

 

Trend analysis of seasonal EXPEs 

The trend of EXPEs was calculated for all seasons and results obtained using the MMK test 

were presented in Table 11 for winter, Table 12 for spring, Table 13 for summer and Table 14 

for fall. Table 11 shows that a positive trend prevailed in winter. A negative trend was identified 

for R20mm and R99pTot in winter (Table 11). There was no significant trend for seven indices. 

A significant positive trend was only observed for R95pTot and Rx3days. 

A significant positive trend was observed for all indices in spring (Table 12) and fall (Table 

14). A significant positive trend was observed for R95pTot, R99pTot, Rx1day, Rx3day and 

Rx5day in summer (Table 13). 

  



 

Table 11. The Modified Mann- Kendall test results (Z), p-value (pv), Sen’s slope (sen) and 

trend (trend_mdf) for time series of all indices in winter 

Index Z pv sen trend_mdf 

R10mm 0.8640 0.3875 0 No Trend 

R20mm -0.1215 0.9032 0 No Trend 

R95p 1.1622 0.2451 0 No Trend 

R95pTot 2.1818 0.0291 0.0620 Positive Trend 

R99p 1.4151 0.1570 0 No Trend 

R99pTot -0.9462 0.3440 0 No Trend 

Rx1day 1.6098 0.1074 0.0333 No Trend 

Rx3day 3.0160 0.0025 0.0833 Positive Trend 

Rx5day 1.0458 0.2956 0.0290 No Trend 

 

Table 12. The Modified Mann- Kendall test results (Z), p-value (pv), Sen’s slope (sen) and 

trend (trend_mdf) for time series of all indices in spring 

Index Z pv sen trend_mdf 

R10mm 3.0790 0.0020 0.0384 Positive Trend 

R20mm 4.5340 5.78E-06 0.0198 Positive Trend 

R95p 4.0652 4.79E-05 0.0454 Positive Trend 

R95pTot 7.3259 2.37E-13 0.2818 Positive Trend 

R99p 2.3198 0.0203 0 Positive Trend 

R99pTot 2.1617 0.0306 0 Positive Trend 

Rx1day 6.5839 4.58E-11 0.2426 Positive Trend 

Rx3day 4.7071 2.51E-06 0.3010 Positive Trend 

Rx5day 4.1435 3.42E-05 0.3064 Positive Trend 

 

Table 13. The Modified Mann- Kendall test results (Z), p-value (pv), Sen’s slope (sen) and 

trend (trend_mdf) for time series of all indices in summer 

Index Z pv sen trend_mdf 

R10mm 1.2335 0.2173 0 No Trend 

R20mm 1.3318 0.1829 0 No Trend 

R95p 1.4315 0.1522 0 No Trend 

R95pTot 5.7474 9.067E-09 0.3224 Positive Trend 

R99p 1.8878 0.0590 0 No Trend 

R99pTot 2.4546 0.0141 0 Positive Trend 

Rx1day 4.8792 1.06E-06 0.35 Positive Trend 

Rx3day 5.0675 4.03E-07 0.3827 Positive Trend 

Rx5day 4.4239 9.69E-06 0.3802 Positive Trend 

 

  



 

Table 14. The Modified Mann- Kendall test results (Z), p-value (pv), Sen’s slope (sen) and 

trend (trend_mdf) for time series of all indices in fall 

Index Z pv sen trend_mdf 

R10mm 5.5435 2.96E-08 0.0434 Positive Trend 

R20mm 4.1394 3.48E-05 0.0200 Positive Trend 

R95p 7.1969 6.15E-13 0.0510 Positive Trend 

R95pTot 8.2301 1.86E-16 0.3374 Positive Trend 

R99p 2.2884 0.0221 0 Positive Trend 

R99pTot 2.2294 0.0257 0 Positive Trend 

Rx1day 5.7814 7.40E-09 0.2000 Positive Trend 

Rx3day 6.3697 1.89E-10 0.3211 Positive Trend 

Rx5day 6.3408 2.28E-10 0.3546 Positive Trend 

 

Annual analysis 

The annual analysis shows an increase in all indices (Fig. 11 and Table 15). The number of 

days with more than 10 mm (R10mm) and 20 mm (R20mm) was highest in 2014, 53 and 20, 

respectively (Fig. 11). The highest daily precipitation (Rx1day) was 121.9 mm in 2015 (Fig. 

11). In addition, the highest 3-day (Rx3day) and 5-day precipitation amounts (Rx5day) were 

measured in 2015, 149.4 and 162.3 mm, respectively. The secondary maximum was observed 

in 2018, 116.2 mm for Rx1day, 130.1 mm for Rx3day and 133.2 mm for Rx5day. The highest 

number of very wet days (R95p) and extremely wet days (R99p) was 51 and 16 respectively in 

2014 (Fig. 11). As can be seen from Fig. 11, significantly more R95Tot and R99Tot occurred 

after 1995. In Novi Sad, a significant positive trend was observed for all indices (Table 15). 

 

Figure 11. Annual values of climate indices listed in Table 1 during the period 1961-2020 in 

Novi Sad 

 

 

 

 



 

Table 15. The Modified Mann- Kendall test results (Z), p-value (pv), Sen’s slope (sen) and 

trend (trend_mdf) for the annual time series of all indices during the period 1961-2020 

Index Z pv Sen trend_mdf 

R10mm 5.1871 2.14E-07 0.1234 Positive Trend 

R20mm 8.6622 4.63E-18 0.0714 Positive Trend 

R95p 6.9202 4.51E-12 0.1428 Positive Trend 

R95pTot 11.370 5.9E-30 0.3261 Positive Trend 

R99p 6.5170 7.17E-11 0.0555 Positive Trend 

R99pTot 7.7639 8.23E-15 0.2186 Positive Trend 

Rx1day 9.1368 6.43E-20 0.4586 Positive Trend 

Rx3day 8.0207 1.05E-15 0.4898 Positive Trend 

Rx5day 7.3926 1.44E-13 0.5131 Positive Trend 

 

The statistical analysis was then carried out for two reference periods 1961-1990 and 

1991-2020. The results are shown in Table 16. The comparison of the values in the two periods 

under consideration shows that the mean and maximum values of all indices increased in the 

second period (Table 16). The minimum values of all indices fell or remained the same in the 

period 1991-2020, with the exception of Rx5day. 

 

Table 16. Minimum, mean and maximum values of climate indices during two periods: 

1961-1990 and 1991-2020 

 1961 - 1990 1991 - 2020 

Index min mean max min mean max 

R10mm 10.0 17.4 30.0 6.0 23.2 53.0 

R20mm 1.0 4.4 11.0 1.0 7.3 20.0 

Rx1day 21.4 38.2 91.8 21.4 51.9 121.9 

Rx3day 30.4 52.3 105.4 27.5 69.2 149.4 

Rx5day 31.0 58.9 105.4 33.3 78.4 162.3 

R95p 8.0 15.1 28.0 5.0 21.3 51.0 

R99p 0 2.3 5.0 0 4.9 16.0 

R95pTot 7.9 22.5 44.5 7.4 31.9 49.8 

R99pTot 0 4.8 26.5 0 11.7 28.8 

 

An influence of the large-scale circulation on extreme precipitation events (EXPEs) 

In order to investigate the influence of the large-scale atmospheric circulation on the EXPEs in 

Novi Sad, the Pearson correlation coefficient was calculated, the results of which are shown in 

Table 17. A positive correlation was found between the climate indices and the EA pattern and 

a negative correlation with the EAWR pattern (Table 17). A significant positive correlation 

was found between R95p, R95pTot, R99p, R99pTot, Rx1day, Rx3day, Rx5day and EA, and a 

strong negative correlation between R20mm, R95p, R95pTot, R99p, R99pTot and EAWR. The 

influence of NAO on EXPEs was weak during the whole 1961-2020 period in Novi Sad. 

  



 

Table 17. Correlation coefficient between the climate indices listed in Table 1 and 

teleconnection patterns: the North Atlantic Oscillation (NAO), the East Atlantic pattern (EA) 

and the East Atlantic Western Russia (EAWR) pattern 

Index NAO EA EAWR 

R10mm -0.0808 0.2259 -0.2249 

R20mm -0.0392 0.2239 -0.3245 

R95p -0.0762 0.2617 -0.2591 

R95pTot 0.0854 0.2997 -0.3133 

R99p -0.0544 0.3087 -0.3857 

R99pTot 0.0774 0.3311 -0.3984 

Rx1day 0.2173 0.3280 -0.2527 

Rx3day 0.1668 0.3165 -0.2519 

Rx5day 0.1495 0.3085 -0.2223 
Coefficients being significant at the 5% level are bolded  

 

Discussion 
The EXPEs were examined on an annual and seasonal basis and for two reference periods 

(1961-1990 and 1991-2020). We investigated the following indices: R10mm, R20mm, 

Rx1day, Rx3day, Rx5day, R95p, R99p, R95pTot and R99pTot. The Modified Mann–Kendall 

(MMK) test was used to assess trends in the EXPEs series over two time periods considered. 

Compared to the classical Mann–Kendall (MK) test, the MMK offers the advantage of reducing 

bias from serial dependence in time series while retaining the robustness and non-parametric, 

distribution-free properties of the original MK test. In our study, positive trends were observed 

for all annual and seasonal values of the indices with the exception of R20mm and R99pTot in 

winter. A significant positive trend was obtained for all annual values, spring and fall seasons. 

Leščešen et al. (2023) applied the peak-over-threshold method for the same 1961-2020 period 

as we did, with the threshold set at the 90th percentile, and found a significant increase in the 

frequency of extreme precipitation. For example, a total of 11 extreme years occurred from 

2000 onwards, compared to six events before 2000 (Leščešen et al., 2023). Savić et al. (2020) 

analyzed the possible influence of urban factors on EXPEs in Novi Sad by establishing 

precipitation-climate indices and proposing to relate them to the pluvial flood hazard according 

to historical events. 

In 2014, extreme rainfall of more than 200 mm in 72 hours was recorded and 

catastrophic flooding occurred in Bosnia, Croatia and Serbia (Tošić et al., 2014). An area of 

around 20,000 km2 was flooded, which was unprecedented (Tošić et al., 2017). The maximum 

annual values of RR10mm, RR20mm, Rx1day, Rx3day, Rx5day, R95p and R99p were also 

measured in Novi Sad in 2014 (Fig. 11). A significant increase in Rx1day, Rx3day and Rx5day 

was observed in all seasons (with the exception of Rx1day and Rx5day in winter) and on an 

annual basis. High mean values of Rx1day (39.1 mm), Rx3day (53.6 mm) and Rx5day (60.6 

mm) were measured in summer (Figs. 4, 5 and 6), compared to other seasons. The mean values 

of Rx1day, Rx3day and Rx5day were 25.9 mm, 37.9 mm and 43.8 mm in fall, 26.8 mm, 38.6 

mm and 42.9 mm in spring, while lower values of 18.2 mm, 26.7 mm and 31.3 mm were 

recorded in winter, respectively. The high summer value of Rx1day (116.6 mm) was measured 

in Novi Sad in 2018, caused by convective rainfall, which led to flooding in the city due to a 

high proportion of impermeable surfaces and limited drainage systems (Savić et al., 2020). The 

meteorological situation that led to this flooding episode is shown in Fig. 12a. Figure 12a shows 

that Serbia is located in a region with increased geopotential and is under the influence of a 

very warm air mass. A low-pressure area is located much further north. A vertical profile of 

the temperature over Belgrade (sounding station closest to Novi Sad) on June 29, 2018 using 

data from the University of Wyoming (https://weather.uwyo.edu/upperair/sounding.html) and 

https://weather.uwyo.edu/upperair/sounding.html


 

applying the Metpy Python library (May et al., 2022) is shown in Fig. 12b. The negative Lifted 

Index (-3.20), the high CAPE value (1093.93 J/kg) and the favorable K (36) and Totals Totals 

(TT) indices (47.6) indicate an environment that favors strong convective development and 

leads to severe thunderstorms. A high temperature and a very unstable atmosphere favored 

strong convection and caused the heaviest precipitation in northern Serbia. Precipitation was 

locally very intense (Fig. 13), which is confirmed by the fact that the value of RX1day for Novi 

Sad on June 29, 2018 was 116.6 mm, which is three times the average summer RX1day (39.1 

mm). Our results are in line with the findings of other researchers (Marchi et al., 2010; 

Guerreiro et al., 2017), who found that flash floods in continental climates occur more 

frequently in the spring or summer months. 

 

a)  b)  

Figure 12. (a) 850 hPa Geopotential Height obtained from reanalysis (wetterzentrale.de) and 

(b) vertical profile for Belgrade for 29/06/2018 at 18 UTC 

 

 
Figure 13. Precipitation data for 29/06/2018 at 18 UTC obtained from reanalysis 

(wetterzentrale.de) 

 

This research and its results can contribute to the local community by providing reliable 

indicators of the increasing frequency and intensity of extreme precipitation, which is crucial 



 

for planning adaptation measures and reducing flood risk. The data obtained can be used to 

establish early warning systems, to adapt infrastructure - including the construction of more 

resilient buildings and the improvement of drainage systems (Yang et al., 2020; Mehvar et al. 

2021) - and to support responsible spatial planning, thereby strengthening the resilience of the 

local population. In addition, the data can be useful for planning and investing in flood defence 

infrastructure (protective walls, dikes) as well as green infrastructure, a comprehensive 

approach that incorporates natural elements such as wetlands, green roofs and permeable 

pavements into urban planning (Dharmarathne et al., 2024). In this way, research contributes 

directly to the protection of public health (Sustainable Development Goals - SDG 3), the 

development of sustainable and safe cities and settlements (SDG 11) and the implementation 

of climate action through adaptation to change (SDG 13). 

It should be emphasized that a strong positive correlation was found between the annual 

values of the climate indices R95p, R95Tot, R99p, R99pTot, Rx1day, Rx3day and Rx5day and 

EA, and a negative correlation between RR20mm, R95p, R95Tot, R99p, R99pTot and EAWR 

pattern. A correlation between the indices and the NAO was weak (Table 17). This result was 

not expected, as previous literature found a strong influence of the NAO on precipitation in 

Serbia (Tošić, 2004) and Vojvodina (Tošić et al., 2014). In their studies (Tošić, 2004; Tošić et 

al., 2014), the annual precipitation totals were analyzed, while in our case the number of days 

with daily precipitation greater than or equal to 10 mm, 20 mm and the 95th and 99th percentiles, 

as well as the fraction of precipitation due to very wet and extremely wet days were 

investigated. A negative correlation between EXPEs and the EAWR was expected, as Tošić 

and Putniković (2021) indicated that there was a precipitation surplus in Serbia when the 

EAWR was in a negative phase. A strong positive influence of the EA pattern on the 

temperature-climate indices in Serbia, including Novi Sad, was also found by Tošić et al. 

(2023). According to Ruml et al. (2017), the positive phase of the EA is associated with the 

transport of warm air over Serbia. In a warming climate, more frequent extreme precipitation 

events are expected.  

 

Conclusions 
Extreme precipitation events (EXPEs) were analyzed on the basis of daily precipitation 

recorded in Novi Sad, Serbia. The absolute and percentile climate indices were analyzed on an 

annual and seasonal basis for the entire observation period 1961-2020 and for two reference 

periods (1961-1990 and 1991-2020). All indices increased in the period 1991-2020 compared 

to the period 1961-1990, with the exception of R20mm and R99pTot in winter. A significant 

increase in Rx1day, Rx3day and Rx5day was observed in all seasons (except Rx1day and 

Rx5day in winter) and on an annual basis. This indicates an increasing frequency of high 

intensity precipitation events, especially in spring and summer. Of all the indices considered, 

Rx1day was found to be most strongly related to flood risk. The high value of Rx1day (116.6 

mm) was measured in Novi Sad in the summer of 2018, when flooding occurred in Novi Sad. 

The intense rainfall was of convective origin and led to flooding in the city due to local terrain 

characteristics and limited drainage systems. The possible influence of large-scale circulation 

patterns on EXPEs was investigated. A significant positive correlation was found between 

R95p, R95pTot, R99p, R99pTot, Rx1day, Rx3day and Rx5day and EA, and a strong negative 

correlation between R20mm, R95p, R95Tot, R99p, and R99pTot and EAWR. Since a 

significant positive trend was observed for all annual EXPEs, it is to be expected that extreme 

daily precipitation will occur more frequently in the future. It is therefore necessary to prepare 

for heavy precipitation, which can lead to flooding. 
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