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Abstract—The Alps play a vital role in the water supply of the 
region through the rivers Danube, Rhine, Po and Rhone while 
they are crucial to the ecosystem. Over the past two centuries, we 
witnessed the temperature to increase by +2 degrees, which is 
approximately three times higher than the global average. Under 
this study, the Alps are analyzed using regional climatic models 
for possible projections in order to understand the climatic 
changes impact on the water cycle, particularly on runoff. The 
scenario is based on assumptions of future greenhouse gases 
emissions. The regional model results show the consistent 
warming trend in the last 30-year span: temperature in winter 
may increase by 3 to 4.5°C and summers by 4 to 5.5°C. The 
precipitation regime may also be altered: increasing about 10-
50% in winter and decreasing about 30-60% in summer. The 
changes in the amount of precipitation are not uninformed. 
Differences are observed particularly between the North West 
and South East part of the Alps. Due to the projected changes in 
alpine rainfall and temperature patterns, the seasonality of alpine 
flow regime will also be altered: massive rise will occur in winter 
and a significant reduction in summer. The typical low flow 
period during winter will also be shifted to late summer and 
autumn. 

Keywords-climate change; European Alps; flow regime; impact 
assessment 

I. INTRODUCTION  

The Alps, spanning over the central part of Europe, play a 
key role in the water supply of the region. The chain of this 
mountain region known as the “water towers” of Europe are a 
mother to number of rivers, i.e., Danube, Rhine, Po, and 
Rhone. These rivers provide key services to the ecosystem both 
at upstream and the downstream regions. Worryingly, 
mountain regions and the Alps in particular are highly exposed 
to the climate change. The region has witnessed a remarkably 
rise in temperature of approximately +2°C during the last two 
hundred years against the global mean surface temperature 

increase of 0.74°C [1]. The Alps are highly sensitive to climate 
change, even a slight variation in climatic parameters can 
significantly change the hydrological cycle. Seasonal snow and 
ice factor have strong altitude sensitivity concerning 
temperature conditions, so the variation in temperature could 
result in sharp changes both to the Alpine climate and 
hydrology [2]. The increased temperature rate has severely 
affected the alpine hydro-climate system, i.e., extensive glacier 
retreat, decline in snow cover duration, rise of snowline, 
variations in seasonal runoff regime etc. [3]. 

Authors in [4-6] analyzed the precipitation in the region and 
reported a rise in rainfall in winter season by 20-30% and a 
reduction in autumn by 20-40%. The buildup of snow at higher 
elevations may form glaciers, and during summer, when 
precipitation and runoff are low, their melting provides water to 
low-lying areas. The rivers Rhine, Rhone, and Inn, show stable 
and higher mean specific discharges of 28-33l/s per km2 in 
comparison with Po, Adige and Mur which show lower and 
variable mean specific discharges of 17-24l/s per km2. 
However, due to the three times higher impact of global 
warming, any further temperature change shall result in change 
in the Alps hydrological cycle. The two-third of this water 
volume were lost by 2000 and 10% of the volume was lost just 
in the hot summer of 2003 [7]. If this trend continues, the large 
glaciers will lose about 30-70% of their remaining volume by 
2050 [8, 9]. 

It is projected that the changes in the hydro-climate system 
will be further intensified in the coming decades, resulting into 
increased number of summer droughts, winter floods and 
higher inter-mean annual variation in river runoff regimes [10-
12]. Anticipated shortfall of water along with continual intense 
events and with the growth in water demand will have negative 
impact on the ecosystem. Agriculture, energy use, forestry, 
winter-tourism, and river transportation are highly susceptible 
to water shortage. These changes in temperature have left 
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