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Abstract—This study was carried out in order to analyze the 

climate change driven influence on mean monthly flow series of 

Danube River and its tributaries during the last century. The 

study confirms some signs of climate driven alterations in 

monthly river flow series along with change in flow seasonality 

during the last century. In spite of this, man-made interference in 

the basin like i.e. groundwater extraction, irrigation, river 

regulation, land use alteration and urbanization, has significantly 

changed Danube flow regime in most areas of the catchment. The 

analysis of Achleiten station demonstrates that average annual 

flow regime is a little bit increased. Major increase is observed in 

winter and autumn months and decrease in summer months. 

These seasonal alterations clearly signal a future glimpse of 

reduced water availability in alpine basins. This will mainly 

occur due to the change in the form of precipitation in winter, 

from snow to rain and the consequent less snow accumulation, 

and the early melt of snow storage, less precipitation and high 

evaporation rate in summer. 

Keywords-climate change; man-made abstraction; seasonal 

flow regime; Alpine river 

I. INTRODUCTION 

Earth’s atmosphere has experienced an extraordinary 
warming over the 20th century. The average atmospheric 
temperature has risen by approximately 0.8°C during the last 
200 years, and since the ‘80s, earth has witnessed the warmest 
years over the last 1400 years. The rise in average global 
temperature has caused a major change in weather patterns and 
properties of earth’s atmosphere [1]. The temperature increase 
over the last century emerged in two phases, during 1910-1940 
and at higher rate since 1980. The increase in the average 

surface temperature has been caused by perturbations in the 
radiation system of earth’s atmosphere. Perturbations might 
happen due to volcanic eruptions resulting in release of gases, 
changes in solar irradiation or greenhouse gas emissions. IPCC 
relates the increase in the average earth surface temperature to 
human activities [2]. IPCC reported that many river basins in 
mountain regions would suffer a massive decrease in water 
resources due to climate change. Due to increased precipitation 
and decreased evapotranspiration with altitude, mountain 
regions are characterized by high discharge values [3]. Their 
contribution in total water supply to global population is far 
greater than their areas [4]. Their future global water resource 
role would likely be altered from the anticipated climate 
change. Therefore, climate change impacts on the hydrological 
cycle of mountain watersheds and subsequent water availability 
which is critical for sustainable future water resource planning 
and management. IPCC reported that the change level is higher 
in mountain regions-approximately 300% more than the 
average global temperature [5-7]. 

The warming rate in the lower-troposphere rises with 
elevation. This makes mountainous regions very vulnerable [8]. 
Therefore, any change in climatic parameters, i.e. temperature 
and precipitation patterns, will change significantly the snow 
storage and subsequently alter both timing and volume of the 
discharge regime of mountain rivers [8-18] and accordingly the 
water availability in downstream regions [19-20]. This may 
have severe implications on freshwater systems and their 
management [21]. Under this study, flow series of Danube 
river major tributaries originated from European Alps have 
been investigated to check out the climate change driven signs. 
This would help water resource planning and development 
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managers to understand future changes in alpine region. 

II. STUDY AREA DESCRIPTION 

Danube River is the second largest in European region. It 
originates from Black Forest Mountains of Germany and 
cascades into Black Sea. It flows through Germany, Austria, 
Slovak Republic, Hungary and Croatia, passes through Serbia, 
Romania and Bulgaria, Ukraine and Moldova (Figure 1). 
Approximately around 81 million people inhabit within its 
proximity. The basin is approximately 2900km long. It 
possesses drainage area of about 817000km

2
. Plain and hilly 

areas are around the two thirds of the total basin area, while the 
remaining one third consists of mountains. Its average flow is 
approximately 6500m

3
/sec. Its elevation ranges from a few 

hundred meters at lowlands to over 3000m a.s.l with a mean 
height of about 475m a.s.l. 

 

 
Fig. 1.  Geographical map of Danube with both up and downstream gauge 

stations Achleiten and Ceatal Izmail. 

The basin climate varies considerably from mountainous to 
plain areas due to diverse relief and surface area: 
Mediterranean climate dominates Sava and Drava catchments, 
whereas in the western part, high precipitation is the main 
characteristic of the upper basin due to Atlantic climate while 
low precipitation and cold winters are the main features of 
continental climate. The precipitation amount also varies from 
high altitude to low altitude: the upper part receives around 
2000mm per year, while the lower basin receives around 
500mm. Similarly, temperature varies from 5-6°C at upper 
Danube to 11-12°C at middle to lower part. Snow cover is the 
dominant feature above 1500m a.s.l from November to March. 
The seasonal variation rises from western to eastern part [7, 
10]. 

III. RESULTS AND DISCUSSION  

The surface runoff and discharge levels of the main river 
and its tributaries are highly influenced by seasonal and spatial 
variations. The tributaries Morava, Tisza, Sava, Drava and Inn 
are the most vital ones. Overall, Danube River consists of 26 
main tributaries. Sava tributary is considered the leading one by 
average annual discharge volume (approx. 50km

3
) and the 

second one by drainage area (approx. 95400km
2
). Whereas, Inn 

river is the third main tributary regarding volume with approx. 
23km

3
 and the seventh by drainage area with 26128km

2
. The 

hydrological characteristics of several Danube tributaries have 
been analyzed in [22]. Authors in [22] monitored the alpine 
gauging stations (i.e. Hofkirchen, Passau, Wien), found higher 
specific discharges compared to low land streams monitored at 
gauging stations (i.e. Tisza, Silistra, Ceatal Izmail). Alpine 

tributaries, e.g. Inn, originate at the upper basin and possess 
high runoff per unit area, whereas lower to middle region of 
Danube basin produces small values. The mean annual specific 
value reduces from head waters of Alpine part towards 
tributaries of the eastern region of Carpathians i.e. 25 to 
30l/s/km

2 
for Alpine headwaters to 14.59l/s/km

2 
for Drava, 

towards 6.03l/s/km
2
 for Tisza. The contribution of Alpine 

tributaries is more than 25% of the total mean annual flow and 
particularly in summer months its average contribution is 
around 40-45%, and may even reach to 80% in dry years like in 
the hot summer of 2003. The Austrian part of Alpine region 
mostly lies with Danube basin and adds up approximately 20% 
of total basin flow volume with mean flow of 1448m

3
/s [22]. 

The assessment of monthly flow series of Achleiten station 
demonstrates that the average annual flow volume is 
marginally increased [22], however the main effect has been 
noticed over seasonal flows, i.e. flow volume is increased in 
winter and autumn and significantly decreased in summer. The 
increase in volume is most probably due to the increased 
precipitation rates in winter and recent general temperature 
increase. Similarly, reduced precipitation rates in summer and 
early onset of snow melt including high summer evaporation 
rates are the main cause of reduced summer flows (Figure 2).  

 

 
Fig. 2.  The linear trends of mean seasonal flow series of Danube at high 

alpine gauging station Achleiten over 1900-2008. Linear trends indicate a 
significant shift in seasonality: increase in winter and decrease in summer. 

Station flow data was provided by GRDC, Germany. 

These seasonal tendencies point the future, when the water 
availability might be affected during summer months like it did 
in the summer draught of 2003. The situation clearly 
demonstrates the importance of Alpine contribution. The 
region fairly offsets the water scarcity through enlarged glacial 
melt. In a nutshell, there is little indication that climate change 
has altered seasonal or annual flow volume during the last 
century. However man-made interferences i.e. groundwater 
extraction, irrigation demand, urbanizations have remarkably 
changed river flow regime in most parts of catchment.  

IV. CONCLUSION 

This study has been carried out to assess the climate change 
effect on mean annual and seasonal flow series of Danube 
River and its tributaries during the 20th century. The study 
reveals the variations driven by climate change in mean annual 
and seasonal flow series. The analysis of Achleiten station 
demonstrates that the average annual flow regime is a little bit 
increased. Major increase is observed during winter and 
autumn months and while decrease is observed during summer 
months. This points out that in future, climate driven changes 
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may have a significant effect over snow storage and 
subsequently alter both timing and volume of the flow regime 
of mountain rivers and accordingly water availability in 
downstream regions. Severe implications may emerge on fresh 
water management and development. However, currently man-
made inventions have possibly been the main reason behind 
Danube flow series alterations. 
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