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Abstract: Temporal and spatial variability of annual and seasonal precipitation from 71 stations located in 

Western Balkan (WB) countries (Serbia, Bosnia and Herzegovina, and Montenegro) and their correlations with 

nine atmospheric circulation patterns was examined for the period 1950–2016. Annual precipitation increased 

significantly throughout the WB (from 2% to 8% per decade) on 20% of stations located mainly in the 

mountainous western Serbia and eastern Bosnia and Herzegovina. Winter was characterized by non-significant 

precipitation changes in most of the studied area, with only a few stations characterized by significant 

precipitation increase (up to 12% per decade) in the mountainous area of WB, and a few stations characterized 

by significant decrease (up to –6% per decade) in the Pannonian plain. Significant precipitation increase was 

noticed on 15% of the stations in spring, while it was noticed on 17% of the stations in autumn. Summer 

precipitation decreased significantly (up to –5% per decade) on a limited area of northern Serbia (6% of the 

stations), while the majority of stations showed non-significant increase. The strongest influences on annual 

precipitation in WB region are of the Arctic Oscillation (AO) and Mediterranean Oscillation (MO), leading to the 

precipitation decrease during their positive phases. Winter precipitation is significantly negatively correlated with 

AO, East Atlantic/Western Russia oscillation (EA/WR), and North Atlantic Oscillation (NAO) and has a significant 

positive correlation with Western Mediterranean Oscillation (WeMO) on the majority of stations. MO has the 

strongest influence on summer precipitation in WB region leading to precipitation decrease, while AO has the 

dominant influence on precipitation in the region during autumn. 
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Introduction 

Spatial and temporal variability of precipitation becomes an increasingly important issue of climate 

change as the existing differences are expected to increase in the future. Climate models of the 

Intergovernmental Panel on Climate Change (IPCC, 2018) project robust differences in regional 

precipitation characteristics in frequency, intensity, and/or amount of heavy precipitation due to 

global warming; i.e., parallel with the fewer but intense rainfall events it also means that drought 

frequency and intensity also increases in several regions (Jakab et al., 2019; Kertész, 2016; Szabó et 

al., 2019). Accordingly, it is crucial to understand the historical variability of precipitation and try to 

distinguish the changes from natural pattern on different spatial scales in order to incorporate them 

into climate models for the future. 

Spring rainfall over the Balkan region revealed significant upward trends over the period 1950–

2014 in a study of Stadtherr, Coumou, Petoukhov, Petri, and Rahmstorf (2016). Luković, Bajat, 

Blagojević, and Kilibarda (2014) did not detect significant trends in Serbia at an annual scale in the 

period 1961–2009. However, seasonal trends indicated a slight decrease in winter and spring 

precipitation and an increase in autumn precipitation on a limited number of stations for the period 

1961–2009. Significant annual precipitation decrease in northwestern and western Slovenia and 

during all the seasons (except autumn) was obtained in a study of de Luis et al. (2014) for a period 

1951–2007. Similar results were obtained by Milošević et al. (2016) that revealed significant annual 

precipitation decrease (from −3% to −6% per decade) in western Slovenia and significant negative 

trends in southwestern Slovenia in summer (from −4% to −10% per decade) and near the Adriatic 

coast in spring (from −6% to −10% per decade) in the period 1963–2012. The study of Popov, 

Gnjato, Bajić, and Trbić (2019) investigated the spatial distribution of the seasonal and annual 

precipitation in Bosnia and Herzegovina using the mean monthly precipitation data from 40 

meteorological stations for the period 1961–1990. They have identified three sub-regions with 

different precipitation regimes over the territory of Bosnia and Herzegovina: northwest sub-region, 

northeast, east and central part sub-region, and south sub-region. Burić, Ducić, Mihajlović, Luković, 

and Dragojlović (2014) obtained mainly non-significant trends in the seasonal and annual 

precipitation in Montenegro in the period 1951–2010. Zikov and Bakeva (2014) noticed a slight 

decline in the average annual precipitation in North Macedonia for the period 1925–2003. In a study 

of Tošić (2004), a decreasing trend in winter precipitation in Serbia and Montenegro was noticed for 

the period 1951–2000. The results obtained by Popov, Gnjato, and Trbić (2018) suggested a general 

increase in heavy precipitation over the northern region of Bosnia and Herzegovina in the period 

1961–2016. Furthermore, a study of Popov, Gnjato, and Trbić (2019) obtained a downward trend in 

annual precipitation over the East Herzegovina region, with negative trends prevailing throughout 

the year, except in autumn season in the period 1961–2016. 

Changes in meteorological variables (e.g., precipitation) in mid-latitudes are mainly controlled 

by the atmospheric circulation patterns (Hurrell, 1995; Hurrell & Van Loon, 1997). They represent 

large and persistent patterns of pressure anomalies that influence the flow of air masses affecting 

climate of broad geographical regions (Hurrell, 1995), such as WB region of Europe. Only a few 

studies cover the correlations between precipitation in WB countries and atmospheric circulation 

patterns and they are mostly limited to one country or a small number of atmospheric circulation 

patterns. Milošević et al. (2016) showed that Western Mediterranean Oscillation (WeMO) is the most 

dominant atmospheric circulation pattern influencing annual and seasonal precipitation variability in 

Slovenia, except for winter during the period 1963–2012. In winter, Mediterranean Oscillation (MO) 

and North Atlantic Oscillation (NAO) are the most significant atmospheric circulation patterns 
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influencing precipitation quantities. Furthermore, the strongest influences of NAO and Arctic 

Oscillation (AO) on precipitation in Serbia were noticed during cold season (January–March) in the 

period 1958–2007 (Pavlović Berdon, 2012). In another study of Pavlović Berdon (2013), the significant 

influence of East Atlantic/Western Russia (EA/WR) atmospheric circulation on winter precipitation 

was also observed in Serbia in the period 1950–2010. Jovanović, Reljin, and Reljin (2008) noticed that 

NAO and AO have dominant influence on precipitation regime in Serbia in the period 1961–2006, 

especially during winter. Higher correlation coefficients were obtained for AO then for NAO index 

suggesting that AO phenomenon has more prominent impact on the region. Tošić (2004) analysed 

winter and summer precipitation over Serbia and Montenegro and obtained strong correlation 

between one of the winter precipitation patterns and the NAO index in the period 1951–2000, which 

indicated that NAO could be responsible for the winter precipitation variability. Efthymiadis, Jones, 

Briffa, Böhm, and Maugeri (2007) noticed that the NAO is the primary mode affecting south‐eastern 

Great Alpine Region precipitation variability which includes an area of WB (i.e., Bosnia and 

Herzegovina) in the period 1821–2004. Popov, Gnjato, and Trbić (2019) also noticed that the 

precipitation variability over the East Herzegovina is strongly dictated by NAO, EA/WR, and AO in 

the period 1961–2016. 

In this study, precipitation variability was analyzed for three WB countries: Serbia, Bosnia and 

Herzegovina, and Montenegro for the period 1950–2016. We have defined three main research 

goals of this study: (a) to analyze temporal and spatial variability of annual and seasonal 

precipitation quantities in the selected WB countries; (b) to analyze seasonal and annual 

precipitation trends and their statistical significance in the selected WB countries; and (c) to 

correlate seasonal and annual precipitation quantities with seasonal and annual values of 

atmospheric circulation patterns indices influencing the European region. Obtained results of 

precipitation quantities, trends, and correlations with atmospheric circulation patterns can be of 

valuable contributions for the climate change scenarios, analysis and evaluation of models, as well 

as for the development of mitigation and adaptation plans for the WB countries. 

Data and methods 

Study area 

The Western Balkans (WB) is a geopolitical term introduced by the governing bodies of the 

European Union in the early 2000s that referred to the countries in south-eastern Europe that were 

not EU members or candidates at the time, yet they could aspire to join the bloc (Dabrowski & 

Myachenkova, 2018). This area is situated in Europe, between Hungary in the north, Greece to the 

south, Croatia and the Adriatic Sea to the west, and Romania and Bulgaria to the east. Countries 

situated in this area are: Serbia, Bosnia and Herzegovina, Montenegro, Albania, and North 

Macedonia. The relief of WB countries is dominated by mountainous Balkan Peninsula with the 

Dinaric and Balkan Mountains, except for the north of Serbia which is located on the Pannonian 

Plain. The total research area is 153,300 km
2
, i.e., 88,361 km

2
 in Serbia (Pavlović, 2018), 51,129 km

2
 in 

Bosnia and Herzegovina (Davidović, 2004), and 13,812 km
2 
in Montenegro (Fabris & Žugić, 2012), 

with the total population of approximately 11 million (Central Intelligence Agency, 2020) (Figure 1). 

The climate of the area is mostly continental and temperate continental, with mountain climate in 

the mountainous areas and Submediterranean climatic influences on the Adriatic coast and its 

hinterland. 
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Figure 1. Location of Western Balkan countries and the distribution of 71 precipitation stations in Serbia, 

Bosnia and Herzegovina, and Montenegro. 

Precipitation data 

Precipitation from 71 meteorological stations located in the WB countries (Figure 1) was analyzed on 

annual and seasonal levels in the period 1950–2016. The stations are located on the territories of 

three countries: 47 stations in Serbia, 16 stations in Bosnia and Herzegovina, and eight stations in 

Montenegro. The area of interest is situated between approximately 41°N and 46°N, and between 

15°E and 23°E. Meteorological stations were selected based on the data availability and 

homogeneity as well as depending on the country size, climate types, and altitudes. Precipitation 

data was obtained from the official Hydrometeorological Institutions of Serbia, Bosnia and 

Herzegovina, and Montenegro and the data homogenization were performed by these institutions. 

Winter, spring, summer, and autumn precipitation average sums and trends compared to the 

long-term means (1961–1990) were calculated for each station using standard season’s definition, 

i.e., every season lasts for three months: winter (December–February), spring (March–May), summer 

(June–August), and autumn (September–November). Precipitation sums were calculated for each 

year in the analyzed period on annual and seasonal level. Furthermore, annual and seasonal trends 

of precipitation sums were calculated for each year and compared to the 30-year annual and 

seasonal averages (1961–1990). 
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Atmospheric circulation data 

In this study, we used data for nine atmospheric circulation patterns represented by their index 

values: Arctic Oscillation index (AOi), East Atlantic Oscillation index (EAi), East Atlantic/Western 

Russia Oscillation index (EA/WRi), Oceanic Niño index (ONi) and the Nino3.4 index, Mediterranean 

Oscillation index (MOi), North Atlantic Oscillation index (NAOi), Scandinavian Oscillation (SCANDi), 

and Western Mediterannean Oscillation index (WeMOi). Monthly values of AOi, EAi, EA/WRi, ONi, 

Nino3.4i, NAOi, and SCANDi were obtained from the Climate Prediction Center (CPC) available at: 

http://www.cpc.ncep.noaa.gov/products/precip/CWlink/MJO/climwx.shtml. Daily values of MOi were 

obtained from the Climatic Research Unit (CRU) available at: https://crudata.uea.ac.uk/cru/data/moi/. 

Monthly values of WeMOi were obtained from the University of Barcelona website available at: 

http://www.ub.edu/gc/documents/Web_WeMOi.txt. Afterwards, annual and seasonal values of the 

selected atmospheric circulation indices were calculated for the period 1950–2016. 

Statistical methods 

Based on the obtained data, simple linear regression was used to obtain trends of annual and 

seasonal precipitation. The statistical significance of the obtained precipitation trends was determined 

with Mann-Kendall non-parametric statistical test (Sneyers, 1991). For this purpose, MAKESENS 

calculation macro in Excel software was used, which was developed by the Finnish Meteorological 

Institute (Salmi, Määttä, Anttila, Ruoho-Airola, & Amnell, 2002). Precipitation changes are expressed as 

% per decade because of the differences in precipitation amounts between stations. 

To reveal the connections between annual and seasonal precipitation and atmospheric circulation 

patterns, Spearman test was selected and applied in the IBM SPSS Statistics (Version 23) software. 

Spearman test was chosen instead of the Pearson correlation coefficient because it is based on the free 

probability distribution of variables (i.e., does not require normal distribution) and no linear relationship 

between them (Irannezhad, Marttila, & Kløve, 2014). Other reasons for selecting the Spearman test are: 

(i) it runs better than Linear Pearson coefficient when rainfall outlier values are present; and (ii) Linear 

trends can be detected using Pearson or Spearman test, yet Spearman is preferable for monotonic 

non-lineal relationships (Gautheir, 2001; von Storch & Zwiers, 1999). Finally, numerous published studies 

had successfully applied the Spearman test in their research of correlations between precipitation and 

teleconnections (e.g., Dong et al., 2020; Irannezhad, Liu, & Chen, 2020; Irannezhad et al., 2014; Ríos-

Cornejo, Penas, Álvarez-Esteban, & del Río, 2020). The spatial distribution of the observed precipitation 

quantities and trends for 71 stations was plotted using ordinary Kriging method of interpolation (Oliver 

& Webster, 1990) with the Version 10.6 of ArcGIS (Esri, 2018). 

Results 

Annual and seasonal precipitation distribution in WB countries 

The highest annual precipitation amounts were registered at stations located in the southwestern, 

coastal and mountainous parts of Montenegro (maximum of 3276 mm at station Cetinje—CE) and 

Bosnia and Herzegovina, influenced by the interactions between Mediterranean and continental air 

masses. Towards the northeast, mountain and continental climatic influences strengthen with the 

lowest precipitation amounts recorded in the Pannonian plain in Serbia (minimum of 559 mm at 

station Kikinda—KI). During winter, the highest precipitation amounts were observed at stations 

http://www.cpc.ncep.noaa.gov/products/precip/CWlink/MJO/climwx.shtml
https://crudata.uea.ac.uk/cru/data/moi/
http://www.ub.edu/gc/documents/Web_WeMOi.txt
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located in the southwest of WB, in the hinterland of the Adriatic coast at the mountainous parts of 

Montenegro (600–1200 mm). The precipitation was reduced in the northwestern Bosnia and 

Herzegovina (200–600 mm), but the lowest precipitation amounts (<200 mm) were registered in 

northeast Bosnia and Herzegovina and larger part of Serbia. Seasonal precipitation range was the 

highest during winter with a difference of approximately 1200 mm between CE and KI stations. The 

influences of the vicinity of the Adriatic Sea and the relief of Dinaric Alps are once more evident 

during spring when precipitation amounts are substantially higher in the western part of the studied 

region compared to its eastern part. The southwestern, coastal and mountainous part of 

Montenegro had the highest amount of precipitation in spring (>400 mm), followed by Bosnia and 

Herzegovina (200–400 mm), and Serbia (<200 mm). Summer was characterized by substantial 

decrease of precipitation in the southwestern, mountainous part of Montenegro where <200 mm of 

precipitation was recorded. The western, central, and a part of northern (Pannonian) Serbia was 

characterized by intermediate values of precipitation (200–400 mm). Compared to the spring, 

seasonal precipitation was higher in autumn in the coastal part and its mountainous hinterland with 

>600 mm, while in Serbia the values of <200 mm were noticed at most of the stations. Relatively 

even/uneven precipitation distribution throughout the year was noticed in the moderate/ 

Submediterranean climate. 

Annual and seasonal precipitation trends in WB countries 

Regarding annual precipitation, a significant (p < .05) positive trend was noticed at 20% of the 

stations (from 2% to 8% per decade); however, the majority of the noticed positive trends were 

non-significant. These stations were in the mountainous western Serbia and eastern Bosnia and 

Herzegovina with continental and mountain climatic influences. Interestingly, station Prijedor (PR) in 

the valley of the river Sana in northwestern Bosnia and Herzegovina shows a statistically significant 

negative trend (–3% per decade) (Figure 2a, Table 1). During winter, non-significant changes were 

noticed over the majority of the continental parts of the WB (Table 1). Only the high-altitude 

meteorological stations in the studied region (>1000 m a.s.l., stations BJ, ZL, and SJ) showed 

significant positive trends between 4% and 12% per decade. On the contrary, stations SM, BP, and 

BČ located in the low Pannonian plain (<100 m a.s.l.) in northern Serbia, showed statistically 

significant negative trends (from –5% to –6% per decade; Figure 2b). 

 

Table 1 

The percentage of stations (%) with statistically significant and non-significant (NS) annual and seasonal precipitation 

trends in WB countries during the period 1950–2016 

Precipitation Annual Winter Spring Summer Autumn 

Significant positive trend 20 4 15 0 17 

Significant negative trend 1 4 1 6 1 

Non-significant positive trend  69 45 74 67 79 

Non-significant negative trend 10 47 10 27 3 

 

During spring, increasing precipitation trends were identified in almost the whole research area 

with statistically significant trends at 15% of stations (Table 1). These stations were located mainly in 

the mountainous regions of Bosnia and Herzegovina and in the valleys of western Serbia with 

values between 2% and 10% per decade (Figure 2c). Contrary to spring, summer was characterized 

by non-significant increase of precipitation at the majority of the stations with only four stations in 
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the northern part of the research area showing significant precipitation decrease with −1% to −5% 

per decade (Figure 2d). Autumn was characterized by significant precipitation increase in the lower 

areas of northern Serbia and in the mountainous area between the three countries (17% of stations) 

with positive trends between 4% and 7% per decade. Only the station HN showed significant 

precipitation decrease of 4% per decade in the coastal area of Montenegro (Figure 2e). 

 

 

Figure 2. Spatial distribution and statistical significance of long-term trends (% per decade) of precipitation amounts 

on: (a) annual; (b) winter; (c) spring; (d) summer; and (e) autumn level in WB countries during the period 1950–2016. 
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The correlations between annual and seasonal precipitation and atmospheric circulation 

patterns 

Annual precipitation in WB countries showed significant negative correlations in the period 1950–

2016 with four atmospheric circulation patterns: AOi (Figure 3), MOi, NAOi, and EA/WRi at 66%, 

52%, 39%, and 27% of stations, 

respectively (Table 2). The spatial 

pattern of these correlations showed 

that the highest influences of AO and 

NAO are in the Submediterranean 

and mountainous area of the WB, 

with larger correlation coefficient 

values between precipitation and 

AOi. The influences of AO (Figure 3) 

and NAO are spatially decreasing 

toward the northeastern part of the 

research area. The influence of MO 

was observed throughout the 

research area with smaller coefficient 

values, while EA/WR influenced only 

a limited area in the east and south 

of the WB. Precipitation showed 

statistically significant positive 

correlation with SCAND at 11% of the 

stations in the western part of the 

study area (Table 2). 

Table 2 

The percentage of stations (%) with statistically significant (p < .01, p < .05) and non-significant (NS) correlations 

between seasonal and annual mean precipitation and atmospheric circulation indices in the period 1950–2016 
Atm. 

circulation 

indices 

Annual Winter Spring Summer Autumn 

NS + – NS + – NS + – NS + – NS + – 

AOi 34 0 66 3 0 97 72 0 28 90 10 0 15 0 85 

EAi 96 3 1 100 0 0 99 0 1 73 0 27 99 0 1 

EA/WRi 73 0 27 7 0 93 92 0 8 99 1 0 39 0 61 

MOi 48 0 52 62 0 38 99 1 0 15 0 85 96 1 3 

NAOi  61 0 39 28 0 72 82 0 18 69 31 0 63 0 37 

ONi 96 0 4 99 1 0 100 0 0 96 4 0 90 0 10 

Nino3.4i 96 0 4 100 0 0 100 0 0 99 1 0 89 0 11 

SCANDi 89 11 0 69 31 0 99 0 1 75 25 0 87 13 0 

WeMOi 94 0 6 10 90 0 89 11 0 94 0 6 77 23 0 

Note. Bolded numbers represent the highest values for each of the atmospheric circulation patterns on annual 

and seasonal level; + positive correlation; – negative correlation; NS – non-significant correlation. 

 

Figure 3. Spatial distribution of the Spearman’s rank correlation 

coefficient values between annual precipitation and AOi. Square 

represents negative correlation with significance at: p < .01, 

p < .05, and circle represents non-significant. 
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The strongest correlations between 

precipitation and atmospheric circulation 

patterns on seasonal level were noticed 

in winter. Significant negative correlation 

was observed between precipitation and 

AOi (Figure 4), EA/WRi, NAOi, and MOi 

accounting for 97%, 93%, 72%, and 38% 

of the stations in the research area, 

respectively. On the contrary, significant 

positive correlation was observed 

between winter precipitation and 

WeMOi and SCANDi on 90% and 31% of 

the stations (Table 2). Regarding the 

spatial distribution of correlations, AO 

(Figure 4) and EA/WR influence was 

identified throughout the study area, 

while NAO and MO influences were the 

largest near the Adriatic coast, in its 

mountainous hinterland and in the 

Pannonian plain to the northeast. Positive 

correlations between precipitation and 

WeMO were revealed in the majority of the WB area with the highest coefficient values in the Pannonian 

and Peripanonnian area and were decreasing toward the southeast. On the contrary, positive correlations 

between precipitation and SCAND were noticed on a limited area with the highest correlation values near 

the Adriatic coast and in the Dinaric mountains in the southwest, and were decreasing towards the central 

area of WB countries. 

The influence of atmospheric circulation patterns on precipitation amounts in WB is the weakest in 

spring. Areas with significant negative correlations between precipitation and AOi, NAOi, and EA/WRi 

were smaller with 28%, 18%, and 8% of the stations accounted for. WeMO had significant positive 

influence on precipitation at 11% of the stations (Table 2). Spatially plotted correlations suggested that 

AO and WeMO influences were the strongest near the Adriatic coast and its hinterland, while NAO 

influence was dominant in the eastern part of the research area. 

Correlations between precipitation and atmospheric circulation indices were stronger in summer. A 

strong negative correlation between precipitation and MOi was noticed on the 85% of the stations 

(Table 2). Accordingly, it can be stated that MOi is the most important circulation patterns for summer 

precipitation in the northern part of the selected WB countries. Further significant negative correlations 

were noticed between precipitation and EAi in a smaller area at only 27% of the stations. Significant 

positive correlations between precipitation and NAOi, SCANDi, and AOi were noticed at 31%, 25%, and 

10% of the stations, respectively, with a spatially heterogeneous distribution. 

Autumn precipitation was significantly negatively correlated with AOi and EA/WRi at more than half 

of all the stations, i.e., 85% and 61%, respectively (Table 2). AO influence was the strongest near the 

Adriatic coast in Montenegro, in Bosnia and Herzegovina, and in the northern and southeastern Serbia. 

The influence of EA/WR on autumn precipitation was the strongest in Serbia, especially its northern 

Pannonian area, while the influence of NAO was the strongest with significant negative correlations at 

37% of the stations located in Montenegro, central Bosnia and Hercegovina, and northern Serbia 

 
 

Figure 4. Spatial distribution of the Spearman’s rank correlation 

coefficient values between winter precipitation and AOi. Square 

represents negative correlation with significance at: p < .01, 

p < .05, and circle represents non-significant. 
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(Table 2). The influence of ONi and Nino3.4i on precipitation was the strongest in autumn, yet on a 

limited area (10-11% of stations; Table 2) of central, mountainous Serbia and northern Montenegro. 

The significant positive correlation between precipitation and WeMOi and SCANDi was noticed with 

23% and 13% of the stations mainly located in the Dinaric mountainous range of Montenegro and 

in Bosnia and Herzegovina (Table 2).  

Discussion and conclusions 

In this paper, we performed the analysis of precipitation quantities, distribution, and trends in order 

to understand the spatial and temporal characteristics and variability of annual and seasonal 

precipitation in WB countries of Serbia, Bosnia and Herzegovina, and Montenegro. Furthermore, 

precipitation was correlated with nine atmospheric circulation patterns in order to characterize their 

influences on precipitation variability during the period of 67 years (1950–2016). 

Precipitation distribution showed diverse spatial characteristics in WB countries with annual 

precipitation range of >2700 mm between the area of Mediterranean climate in southwest of 

Montenegro and southwestern continental (non-coastal) parts of Bosnia and Herzegovina and 

continental climate in the northern plains of Serbia widely open to the north. The noticed precipitation 

decrease toward the northeast of the studied area is due to the fact that WB countries are exposed to 

the inflow of moisture air from the Adriatic Sea and to topographically-induced precipitation by the 

Dinaric Alps which represent the barrier for the moist air to reach the northeastern area of WB 

(Milošević et al., 2016). On the seasonal level, the highest regional differences in precipitation in WB 

countries occur during winter and the smallest differences occur during summer. 

Annual precipitation trends in WB countries showed non-significant positive values in the 

majority of research area, except for 20% of the locations in the central part of the research area 

with significant precipitation increase from 2% to 8% per decade. Significant positive precipitation 

trends were noticed during spring and autumn on 15% and 17% of stations, respectively. During 

summer, the majority of stations had non-significant precipitation changes except for few stations 

in northern Serbia which had significant decrease up to –5% per decade. Winter was characterized 

by non-significant decrease or increase of precipitation in the majority of the studied area. 

Significant winter precipitation increases of up to 12% decade were registered on stations in the 

Dinaric Alps region. Contrary to that, few stations located in the  southwestern part of the 

Pannonian plain (<100 m) in the north of Serbia, surrounded by the Sava and the Danube rivers, 

showed statistically significant negative trends of up to –6% per decade. 

Precipitation in WB region showed no uniform trend when compared to previous studies. For 

example, non-significant precipitation changes have been found in Serbia in the past century. 

Seasonal trends showed increase in autumn precipitation in Serbia, similarly as in this study. 

However, a decrease in winter and spring precipitation was also noticed (Luković et al., 2014). 

Furthermore, previous study of Burić et al. (2014) also obtained mainly non-significant trends in 

seasonal and annual precipitation in Montenegro, while the study of Zikov and Bakeva (2014) 

noticed a slight decrease of average annual precipitation in North Macedonia. For Bosnia and 

Herzegovina, the study of Popov, Gnjato, Bajić, & Trbić (2019) recognized three sub‐regions with 

different precipitation regimes indicating the significance of regional differences within the country 

of investigation. In general, the obtained trends from previous studies comply with projected 

precipitation decrease in the Mediterranean region (IPCC, 2007; Jacobeit, Hertig, Seubert, & Kutz, 

2014) suggesting to be the most pronounced in summer (Dubrovský et al., 2014). 
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Annual precipitation in WB region is significantly negatively correlated with AO and MO, 

followed by NAO and EA/WR atmospheric circulation patterns. During the positive phases of these 

circulations, precipitation decrease was noticed. During NAO positive phase, low-pressure 

anomalies throughout the Arctic combine with high-pressure anomalies across the subtropical 

Atlantic leading to drier conditions over the Mediterranean region (Visbeck, Hurrell, Polvani, & 

Cullen, 2001), including WB area. The positive phase of MO is related to anticyclonic conditions in 

the western Mediterranean and with below-average rainfall rates in the entire Mediterranean basin 

(Marta & Begueria, 2012) including the studied region.  

On a seasonal level, the largest influences of atmospheric circulations on precipitation amounts 

are noticed during winter. Significant negative correlations are noticed between winter precipitation 

and AO, EA/WR, and NAO over the majority of the research area. For Serbia, Jovanović et al. (2008) 

noticed that NAO and AO have a dominant influence on the winter precipitation regime in Serbia. 

The studies of Pavlović Berdon (2012, 2013) confirmed these findings and also noticed the strongest 

influences of AO, NAO, and EA/WR on precipitation in Serbia during a cold season. For Serbia and 

Montenegro, Tošić (2004) noticed that NAO could be responsible for the winter precipitation 

variability. The study of Popov, Gnjato, and Trbić (2019) recognized the strong influences of NAO, 

EA/WR, and AO precipitation variability over eastern Herzegovina, particularly during winter. 

Furthermore, in our study, winter precipitation is significantly positively correlated with WeMO and 

SCAND having the highest values during this season. WeMO positive phase corresponds to 

anticyclone over the Azores and low-pressures in the Liguria Gulf (Martin-Vide & Lopez-Bustins, 

2006) resulting in a higher precipitation amounts in larger part of WB region in all the seasons, 

except for summer when its influence is spatially limited. A similar result was obtained for Slovenia 

in a study of Milošević et al. (2016). WeMO negative phase corresponds to the anticyclone north of 

Italy and the low-pressure centre in the Iberian south-west (Martin-Vide & Lopez-Bustins, 2006) 

leading to a precipitation decrease in WB region. Spring precipitation correlations with atmospheric 

circulations are the weakest during this season with only a limited area under a significant influence 

of AO and NAO. It could be that local factors such as topography of complex terrain (Bojariu & 

Giorgi, 2005; Fernández, Sáenz, & Zorita, 2003) can substantially influence precipitation and limit 

the influence of atmospheric circulations. In summer, MO has a predominant influence on the 

decrease of precipitation amounts in the majority of WB region. Contrary to that, AO influence is 

the largest during autumn season regarding precipitation in the WB region. For Montenegro, the 

study of Burić et al. (2014) estimated the influence of MO and WeMO on precipitation variability. 

Correlation estimates showed that MO has a strong influence on rainfall parameters for winter 

season. However, some of the rainfall parameters for spring and autumn had a better relationship 

with WeMO. 

The results obtained in the study should contribute to the better understanding of precipitation 

quantities, distribution, and trends in the countries of WB region. Furthermore, the most dominant 

atmospheric circulation patterns and their influences on annual and seasonal precipitation in this 

region were noticed. The strongest influences are by AO and MO on annual precipitation, AO, 

EA/WR, WeMO, and NAO on winter precipitation, MO on summer precipitation, and AO on autumn 

precipitation, while in spring the influences of atmospheric circulations were on a limited area. 

Accordingly, the influences of the regional patterns of climate variability (e.g., MO and WeMO) and 

principal modes of the atmospheric circulation variability (e.g., AO, EA/WR, NAO) on a precipitation 

distribution in WB were registered. 
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