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Abstract

For understanding hydroclimatological process chain it is crucial to identify relations between large-
scale climatic circulations and river discharge. The Danube is one of the most important European wa-
terways, flowing 2.857 kilometers across the Europe and with 817.000 km2 basin. Danube River average 
and maximum discharges are correlated with eight atmospheric circulation patterns indices: AOi, EAi, 
EA/WRi, ENSOi, MOi, NAOi, SCANDi and WeMOi in 65 years period at the Bezdan gauging station in 
Serbia. Obtained results showed that precipitation, MOi and WeMOi have constant and dominant in-
fluences on Danube River average discharge at Bezdan gauging station, while maximum discharge is 
mainly influenced by precipitation and MOi. All registered correlations are positive.
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Introduction

Identifying relationships between large-scale climat-
ic circulations and river basin-scale precipitation as 
well as discharge provides insight into understand-
ing the hydroclimatological process chain (Kingston 
et al., 2009). Statistically significant empirical climate 
linkages could be exploited in predicting precipitation 
and river flow anomalies at seasonal timescales if com-
bined with accurate seasonal predictions of the driving 
large-scale climatic circulations. Such long-term hy-
drological predictions are important to help improve 
advanced planning of water resources and increase hu-
man preparedness for hydrological extremes, including 
floods and droughts (Wedgbrow et al., 2002). This is an 
important challenge because hydrological extremes are 
expected to become more commonplace in a changing 
climate (Kundzewicz et al., 2007). Studies investigating 
relationships between large-scale climatic circulations 

and precipitation as well as river flow, use atmospher-
ic indices that summarise the main modes of atmos-
pheric variability over a particular region and their 
time-series are freely-downloadable (Lavers et al., 2011). 
Numerous studies proved the links between weather, 
hydrology and atmospheric circulation patterns. The 
North Atlantic Oscillation (NAO), which refers to the 
redistribution of atmospheric mass between the sub-
tropical Atlantic and the Arctic (Hurrell et al., 2003), is 
considered the most significant mode of climate varia-
bility in the North Atlantic region (Murphy & Wash-
ington, 2001). Changes in the NAO phase, as charac-
terised by the NAO index, have been associated with 
variations in the frequency and strength of the surface 
westerly winds over Europe, which influences precipi-
tation occurrence (Fowler et al., 2003; Uvo, 2003). The 
El Nino-Southern Oscillation (ENSO) influences sig-
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nificantly the precipitation over Europe (Rimbu et al., 
2004). Significant influence of Western Mediterranean 
Oscillation (WeMO), NAO and Mediterranean Oscil-
lation (MO) on precipitation in Central Europe is ob-
served (Milošević et al., 2015). Furthermore, signifi-
cant correlations between the mean annual maximum 
temperatures and the East Atlantic Oscillation (EA), 
Arctic Oscillation (AO) and the Scandinavian Oscil-
lation (SCAND) are indicated (Milošević et al., 2015, 
Milošević et al., 2017). River discharge and its extremes 
have been correlated with atmospheric circulation indi-
ces in numerous studies and books (Bomin & Shuqing, 
1994; Caspary, 1995; Fan, 2005; Peterson et al., 2002; Pe-
terson et al., 2013). Rimbu et al. (2002) analyzed the in-
fluence of NAOi on Danube River flow at the lower ba-
sin stations for the period 1931-95. Results of this study 
indicated strong correlation between NAOi and dec-
adal variability of Danube River flow in the lower ba-
sin. In the next study, Rimbu et al. (2004) analyzed the 
influence of NAOi and ENSOi on Danube River flow 
variability. According to this study, significant positive 
correlations have been established between NAOi, EN-
SOi and Danube flow variability (especially maximum). 
Higher correlations were observed between maximum 
flow variability and NAOi during colder part of the 
year and ENSOi during warmer part of the year. How-
ever, relationships between circulation pattern indices 
and Danube River discharge in central basin (Pannon-
ian plain) have not been well identified.

The main aim of this paper is to analyze tempo-
ral variability of annual maximum discharge (Qmax), 
average discharge (Qavg) and precipitation data on 
Bezdan gauging station at Danube River in Serbia 
(Central Danube basin) and to correlate it with indi-
ces of the atmospheric circulation patterns influenc-
ing Central European region: Arctic Oscillation index 
(AOi), East Atlantic Oscillation index (EAi), East At-
lantic/Western Russia Oscillation index (EA/WRi), El 
Nino Southern Oscillation index (ENSOi), Mediterra-
nean Oscillation index (MOi), North Atlantic Oscil-
lation index (NAOi), Scandinavian Oscillation index 
(SCANDi) and Western Mediterranean Oscillation 
index (WeMOi). 

In Central Danube River basin, Danube River flows 
through Hungary, Serbia and Croatia. Bezdan gaug-
ing station is positioned in Serbia, close to Serbia-
Hungary-Croatia border triangle. 

Results of this analysis will indetify possible links 
between atmospheric patterns and Danube flow ex-
tremes in central Danube River basin. Study results 
can help in predicting extreme Danube flow scenarios 
in Serbia (SRB) and Croatia (CRO) river section of im-
portance to cities: Apatin (SRB), Osjek (CRO), Vink-
ovci (CRO), Vukovar (CRO), Bačka Palanka (SRB), 
Novi Sad (SRB), Belgrade (SRB), Pančevo (SRB) and 
Smederevo (SRB). Furthermore, obtained results can 
represent input data for the risk management studies 
in the Central Danube River basin.

Data and methods

The primary research subject analyzed in this study 
is the variation in Danube river flow. The Danube is 
one of the most important European waterways, flow-
ing 2.857 kilometers across the continent from the 
Schwarzwald (Black Forest) Mountains in Germany 
down to the Black Sea. The Danube basin extends to 
817.000 km2 with many countries sharing the Danube 
catchment area (Rimbu et al., 2004). The time series 
of Danube river discharge used in this study are re-
corded at Bezdan gauging station (45.84° N; 18.97° E). 
Precipitation data were obtained from Sombor mete-
orological station that is geographically closest pre-
cipitation station to Bezdan gauging station in Serbia. 
The database was provided by the Republic Hydrome-
teorological Service (RHMS) from Belgrade, Serbia. 
The streamflow and precipitation monthly data covers 
the period from 1951 to 2014. 

Our study is focused on the exploration of the re-
lations between the atmospheric circulation patterns 
influencing Central European region and Danube 
discharge variability recorded at Bezdan gauging sta-
tion. Eight atmospheric circulation patterns indices 

were used: AOi, EAi, EA/WRi, ENSOi, MOi, NAOi, 
SCANDi and WeMOi. Monthly values of AOi, EAi, 
EA/WRi, ENSOi, SCANDi and NAOi were obtained 
from the National Oceanic and Atmospheric Associa-
tion (NOAA) Climate Prediction Center (CPC) Web-
site (https://www.cpc.ncep.noaa.gov/products/precip/
CWlink/daily_ao_index/teleconnections.shtml) for 
the period 1951–2014. Daily values of MOi were ob-

Figure 1. Spatial position of Bezdan gauging station
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tained from Climatic Research Unit website (http://
www.cru.uea.ac.uk/cru/data/moi/) for the period 
1951–2014. Monthly WeMOi data was obtained from 
the University of Barcelona webpage (http://www.
ub.edu/gc/en/2016/06/08/wemo/) for the period 1963–
2014. Annual AOi, EAi, EA/WRi, ENSOi, MOi, NAOi, 
SCANDi and WeMOi were calculated using month-
ly series, while annual MOi was calculated using dai-
ly series.

The obtained data were analyzed in a statistical 
program SPSS. Data were analyzed for the whole re-
search period 1951-2014 and for the moving three-dec-
ade periods: 1951-1980, 1961-1990, 1971-2000 and 1981-
2010. Three-decade period is minimum relevant for 
climatologic and hydrologic analysis according to 
World Meteorological Organization. Presented re-
sults were obtained using statistical analyses applied 
in similar researches: descriptive statistical analysis 
(Maguire & Klobučar, 2011), one-way analysis of vari-
ance (ANOVA) (Xiaolong et al., 2010; Parvulescu et al., 
2011; Paillisson et al., 2011; Ntakirutimana et al., 2013; 
Pantelić et al., 2012) and t-test analysis for independ-
ent samples (Leščešen et al., 2015). Post-hoc Schef-
fe test was applied for definition of difference signif-
icance between certain groups (Banha & Anastacio, 
2011; Leščešen et al., 2015). Descriptive statistical anal-

ysis was applied for the definition of parameters mean 
values according to rivers, profiles and time periods. 
One-way analysis of variance is statistical procedure 
that ensures difference testing between several arith-
metic means. Post-hoc Scheffe test: If F-test proves 
there are statistically significant differences, it is im-
portant to define the groups among which there are 
statistically significant differences. The results of F-
test can only prove the significance of the difference 
between groups with the lowest and highest arithme-
tic means. Different significance between particular 
groups can be defined according to post-hoc test, i.e. 
technique for systematic error risk lessening, whereas 
the error can be caused by greater number of compar-
isons between two arithmetic means. Scheffe post-hoc 
test, as one of the strictest and most often applied tests 
(Augustus et al., 2002; Yang et al., 2002), was used in 
this research. T-test for independent samples is wide-
ly used for comparison of results and definition of sta-
tistical significance of differences between mean val-
ues of investigated parameters. Independent samples 
are samples that do not have any correlation after the 
measurement (Baldi & Long, 2001). Risk possibility 
level of 5% and 1% (Yang et al., 2002) was taken into 
account in the process of definition of statistical sig-
nificance of obtained results.

Results and discussion

During the studied period (1951-2014) average annual 
discharge (Qavg) was 2.286 m3/s. Highest annual dis-
charge value was recorded during 1980 (3.775 m3/s). 
Average monthly values show that the discharge was 
highest (2.960 m3/s) during June while lowest was dur-
ing October (1.705 m3/s). The annual Qavg values pre-
sented in figure 2 clearly shows moderate negative 
trend (y=-0.332x + 2297). Presented decreases in dis-
charge values are in good accordance with results pre-
sented by Arnell and Gosling (2013) and Schnider et 
al (2013) which projected a decrease in discharge of 
the major rivers in the Central and Southern Europe. 
During 1951-1980 period Qavg was 2.359 m3/s, with 
highest average monthly discharge in July, 3.086 m3/s 
and lowest during October (1.677m3/s) with trend dur-
ing observed period (2.645x + 2318). During 1961-1990 
period Qavg was 2.295 m3/s with highest discharge val-
ue in 1980 (3.775 m3/s). Negative trend was observed 
during this period (y= -6.014x + 2387). In third thir-
ty-year period (1971-2000), annual Qavg was 2.222 m3/s, 
with highest annual Qavg measured, as in the previous 
periods, in 1980. The highest monthly Qavg was shift-
ed from June to May (2.760 m3/s) while the lowest dis-
charge values remained during October (1.610 m3/s). 
In this period, positive trend was observed (y=6.290x + 

2124). During 1981-2010 three-decade period, Qavg was 
2.266 m3/s, while the highest monthly Qavg was once 
again shifted, this time to April with 2.981 m3/s. High-
est annual Qavg was measured in 2010 with 2.821 m3/s. 
Very distinctive positive trend is observed during this 
period (y=12.14x + 2078). While discharge values for 
the 64 year period show decreasing trend, a positive 
trend that lasts from the seventies can be identified. 
This trend was also noticed on Danube River at Beu-
ron gauging station in Germany (Caspary, 1995). 

During the whole investigated period (1951-2014), 
average annual maximum discharge (Qmax) was 3.078 
m3/s. The lowest value of Qmax was measured during 
winter 2.650 m3/s, while the highest discharge was 
during summer 3.658 m3/s. The highest annual Qmax 
was in 1965 with 4.364 m3/s which was the year of big-
gest floods on Danube River during XX century. Aver-
age maximum monthly values show that highest dis-
charge was measured during July (3.884 m3/s). Highest 
Qmax was measured in June of 2013 with 8.380 m3/s. 
The annual Qmax trend presented on figure 3 shows 
moderate positive trend (y=1,897x + 3016). 

During the 1951-1980 three-decade period, aver-
age annual Qmax was 3.061 m3/s. The lowest season-
al Qmax was during autumn (2.457 m3/s), and highest 
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during summer (3.794 m3/s). On monthly bases, the 
highest Qmax for the observed period was during July 
4.019 m3/s. Annual Qmax values show negative trend 
(y=-2.813x+3104) over this thirty year period. Dur-
ing the 1961-1990 three-decade period, average annual 
Qmax was 3.026 m3/s, lowest seasonal values were ob-
served during autumn (2.463 m3/s) while the highest 
were during summer (3.598 m3/s). On monthly bases 
the highest values were during July (3.667 m3/s). Dur-
ing this period, negative trend was also observed (y=-

9.100x + 3167). For the 1971-2000 period, lowest val-
ues of annual average Qmax was measured (2.977 m3/s) 
with a maximum discharge measured in 1999 with 
3.764 m3/s. This is due to the fact that in this period, 
the 1965 flood event was not included. Again, the low-
est monthly Qmax was measured during autumn (2.413 
m3/s) and highest was during summer (3.500 m3/s) 
with the highest average value of Qmax during July 
3.636 m3/s. Annual Qmax values show clear positive 
trend over this period (y=9.406x + 2831). In the last 
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Figure 2. Average annual discharge for the 1951-2014 period

Figure 3. Average annual maximum discharge values for the 1951-2014 period
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thirty-year period (1981-2010) average annual Qmax 
was highest among all four thirty-year periods with 
3.082 m3/s. Highest annual Qmax was during 2002 with 
3.807 m3/s. Highest seasonal Qmax was during summer 
3545 m3/s and lowest during autumn (2.573 m3/s). The 
highest Qmax was during July 3.868 m3/s. For this last 
investigated period positive trend in annual Qmax was 
also clearly shown (10.82x + 2913). Regarding month-
ly Qmax values for all investigated periods lowest val-
ues of discharge were during the month of Novem-
ber while highest values were measured during the 
month of June. As presented, during the last two pe-
riods (1971-2000 and 1981-2010) an increasing trend of 
Qmax can be observed. The increasing trends were no-
ticed on Sava River, at the geographically close loca-
tions (Jasenovac and Županja) to our investigated sta-
tion (Orešić et al., 2017). 

Average annual precipitation over the whole inves-
tigated period was 606 mm with a moderate positive 
upward trend (y=0.798x + 580.2). Absolute maximum 
was measured during 2010 with 1.036 mm. Highest 
amount of monthly average precipitation was meas-
ured in June with 77.1 mm. During the first three-dec-
ade period, average amount of precipitation was 602 
mm with no statistically significant trend over ob-
served period (0.041x + 601.6). Absolute maximum 
of precipitation was measured in 1955 with 912 mm 
and with maximum in June (77 mm). Over the next 
three-decade period (1961-1990), average annual pre-
cipitation was lower (583 mm) with a clear negative 
trend (y=-2.543x + 622.9). In 1963 maximum amount 
of precipitation was measured (846 mm) with maxi-

mum also in June (79 mm). During the period 1971-
2000, average annual precipitation was 580 mm with 
maximum in 1999 (779 mm) followed with minimum 
amount in 2000 (278 mm). Monthly value analysis 
show that highest amount of precipitation was in June 
with 76 mm. Trend analysis show that there was no 
trend over this period (y=0.083x + 578.2). Last three-
decade period shows highest annual amount of pre-
cipitation with 612 mm with a clear positive trend 
(y=6.354x + 513.6). Similar clear positive trends have 
been detected in several studies conducted in the UK 
(Osborn et al., 2000), the USA (Karl & Knight, 1998) 
and Italy (Brunetti et al., 2000). Absolute maximum 
with 1.036 mm occurred in 2010, while monthly val-
ues show that highest amount of precipitation was 
again during June with 81.5 mm.

Independent sample T-test was applied in order to 
compare arithmetic means of two groups – parameter 
(Pantelić et al., 2012; Leščešen et al., 2015) values with 
eight indices of the atmospheric circulation patterns. 
Results of t-test analysis for the research period are 
presented in Tables 1 and 2. The results obtained for 
all eight atmospheric circulation patterns and precip-
itation show that correlation values with average dis-
charge and maximum discharge are as expected, dif-
ferent during research period. 

Pearson correlation between Qavg, selected atmos-
pheric oscillations indices and precipitation show var-
iations through research period. For the whole re-
search period 1951-2014 correlation was statistically 
significant for Qavg and precipitation at the level of 
p<0.01 (F= 0.226, p=0.000). The same level of statis-

Figure 4. Annual amount of precipitation for the 1951-2014 period
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tical correlation between Qavg and precipitation has 
been retained to the same extent of p<0.01 in the 
moving three-decade periods: 1951-1980 (F=0.203, 
p=0.000), 1961-1990 (F=0.197, p=0.000), 1971-2000 
(F=0.167, p=0.002) and 1981-2010 (F=0.276, p=0.000). 
This strong correlation between precipitation and riv-
er discharge was observed in multiple European re-
gions (Dettinger & Diaz, 2000; Ionita & Rimbu, 2008). 
In 1961-1990 three-decade period, significant correla-
tion at the level p<0.05 was registered between Qavg 
and ENSOi (F=0.105, p=0.046). Significant correla-
tion at the level p<0.01 was registered for the whole 
researched period 1951-2014 between Qavg and MOi 
(F=0.172, p=0.000) and WeMOi (F=0.145, p=0.000). 
Correlation between Qavg and MOi varies in the 
three-decade moving periods, in 1951-1980 (F=0.232, 

p=0.001), 1961-1990 (F=0.201, p=0.000) and 1971-2000 
(F=0.142, p=0.007) being at the level p<0.01; follows 
1981-2010 three-decade period with correlation level 
at p<0.05 (F=1.122, p=0.020). Same level of statistical 
correlation of p<0.01 between Qavg and WeMOi has 
been retained in the two moving three-decade peri-
ods, 1951-1980 (F=0.210, p=0.002), 1961-1990 (F=0.177, 
p=0.001) and in the 1971-2000 correlation is at level 
p<0.05 (F=0.132, p=0.012).

Pearson correlation between Qmax and selected at-
mospheric oscillations indices and precipitation show 
variations through researched period. For the whole 
researched period 1951-2014 correlation is statistical-
ly significant for Qmax and precipitation at the level 
of p<0.01 (F= 0.158, p=0.000). Same level of statistical 
correlation between Qmax and precipitation has been 

Table 1. Correlation between Qavg and selected atmospheric oscillations indices and precipitation 

Investigated 
period

NAO AOI ENSO EA/WRi

r p r p r p r p

1951-2014 -0,025 0,481 -0,037 0,303 0,012 0,746 0,019 0,595

1951-1980 0,012 0,825 0,024 0,648 0,054 0,308 0,059 0,262

1961-1990 0,000 1,000 -0,012 0,815 0,105 0,046* 0,033 0,535

1971-2000 -0,020 0,704 -0,098 0,063 0,016 0,759 -0,054 0,303

1981-2010 -0,050 0,342 -0,085 0,107 -0,064 0,228 -0,066 0,209

Investigated 
period

EAOI SCANDi MOI WeMOI

r p r p r p r p

1951-2014 0,067 0,062 0,026 0,466 0,172 0,000** 0,145 0,000**

1951-1980 0,091 0,085 0,032 0,543 0,232 0,001** 0,210 0,002**

1961-1990 0,048 0,360 0,045 0,396 0,201 0,000** 0,177 0,001**

1971-2000 0,066 0,214 0,034 0,522 0,142 0,007** 0,132 0,012**

1981-2010 0,061 0,245 0,008 0,884 0,122 0,020* 0,061 0,252

**p<0.01; *p<0.05;

Table 2. Correlation between Qmax and selected atmospheric oscillations indices and precipitation

Investigated 
period

NAO AOI ENSO EA/WRi

r p r p r p r p

1951-2014 -0,036 0,318 0,001 0,986 -0,042 0,244 0,059 0,100

1951-1980 -0,015 0,780 0,069 0,192 -0,042 0,427 0,126 0,017

1961-1990 0,013 0,805 0,040 0,444 0,037 0,482 0,096 0,068

1971-2000 0,024 0,651 -0,023 0,666 -0,043 0,421 0,015 0,775

1981-2010 -0,060 0,254 -0,058 0,254 -0,042 0,422 -0,038 0,476

Investigated 
period

EAOI SCANDi MOI WeMOI

r p r p r p r p

1951-2014 0,085 0,018* 0,045 0,215 0,239 0,000** 0,054 0,182

1951-1980 0,067 0,208 -0,018 0,735 0,354 0,000** 0,175 0,010*

1961-1990 0,025 0,637 -0,014 0,791 0,314 0,000** 0,123 0,024*

1971-2000 0,090 0,090 0,047 0,376 0,251 0,000** 0,044 0,401

1981-2010 0,101 0,056 0,089 0,093 0,167 0,001** -0,031 0,555

**p<0.01; *p<0.05;
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retained at level of p<0.01 in the moving three-dec-
ade periods: 1951-1980 (F=0.161, p=0.002), 1961-1990 
(F=0.142, p=0.007) and 1981-2010 (F=0.153, p=0.004). 
During the 1971-2000 correlation is at level of p<0.05 
(F=0.127, p=0.016). Statistical correlation for the whole 
research period 1951-2014 is registered at the level of 
p<0.05 (F=0.085, p=0.018) between Qmax and the EAi 
and at the level of p<0.01 (F=0.239, p=0.000) between 
Qmax and the MOi. In the three-decade moving peri-
ods statistical correlations are registered at the level 
p<0.01 between Qmax and the MOi, 1951-1980 (F=0.354, 
p=0.000), 1961-1990 (F=0.314, p=0.000), 1971-2000 

(F=0.251, p=0.000) and 1981-2010 (F=0.167, p=0.001). 
In the two three-decade moving periods are registered 
statistical correlations between Qmax and the WeMOi 
at the level of p<0.05 in 1951-1980 (F=0.175, p=0.010) 
and 1961-1990 (F=0.123, p=0.024). Interesting observa-
tion is that NAO show no statistically significant cor-
relation with discharge values on our site, this result is 
in contrast with results that were previously present-
ed by Rimbu et al. (2004) and Mikhailova et al. (2008). 
Our results show that MOI have dominant influence 
on Danube River discharge at Bezdan station at the 
highly significance level (p=0,000 and p=0,001). 

Conclusion

During the whole investigated period (1951-2014), Qavg 
on Danube River Bezdan gauging station is 2.286 m3/s 
and average monthly values show that highest Qavg is 
measured during June with 2.960 m3/s. Average an-
nual Qmax is 3.078 m3/s, lowest average monthly Qmax 
is in December 2.650 m3/s and the highest is in June 
3.658 m3/s. 

 Average annual precipitation over the whole investi-
gated period is 606 mm with a highest average month-
ly amount of precipitation measured in June (77.1 mm). 
During the whole period, Qavg shows moderate nega-
tive trend while Qmax and precipitation show positive 
trends. In conclusion, the observed river discharge re-
gime changes are unfavourable from the hydrological 
stand point and as such these changes should be con-
sidered by experts in different fields, because, most like-
ly current discharge trends will continue in accordance 
to predicted future climate change in the region. Corre-
lations between atmospheric circulation patterns, pre-
cipitation and Danube River flow in Central Danube 
River basin were analyzed and general results are ac-
quired. The results suggest predominant positive influ-
ence of precipitation on Qavg and on Qmax. Positive in-
fluence of MOi and WeMOi on Qavg is registered for the 
whole period 1951-2014 and in all moving three-decade 
periods except for WeMOi in 1981-2010. The majority of 
registered correlations are at the level of p<0.01. Also, in 
one tree-decade period 1961-1990 is registered positive 

influence of ENSOi on Qavg at the level of p<0.05. On 
Qmax positive influence through the whole period and 
in all moving three-decade periods have precipitation 
with dominant level at p<0.05. Constant positive influ-
ence on Qmax for the whole period and in all moving 
three-decade periods was registered. From MOi at the 
level of p<0.01. For the whole period is registered EAi 
influence on Qmax with level of p<0.05. And in the two 
moving three-decade periods (1951-1980 and 1961-1990) 
the positive influence of WeMOi on Qmax on the lev-
el of p<0.05 was registered. All registered correlations 
are positive. 

We can conclude that average and maximum dis-
charge values of the Danube River at the Bezdan sta-
tion are correlated with eight atmospheric circulation 
patterns indices: AOi, EAi, EA/WRi, ENSOi, MOi, 
NAOi, SCANDi and WeMOi. Average river discharge 
is influenced dominantly by precipitation, MOi and 
WeMOi, while maximum discharge is under the in-
fluence only by precipitation and MOi. 

Despite the evidence on the appropriateness of the 
NAO as an indicator of the climate in Europe we sug-
gest that by using a MOi or WeMOi a more accurate 
and reliable forecasting of the average and maximum 
discharges for Danube River. Future research will be 
set towards establishing the physical mechanisms 
that is responsible for the MOi and WeMOi impact on 
Danube discharge as presented in our study.
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