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In Switzerland, water is currently abundant on a national scale but regional and 
local water shortages might occur in dry years when water demand exceeds 
natural water availability. The development of such shortages might be 
exacerbated by climate induced changes which lead to a shift in runoff regimes 
with relatively less runoff in summer when water demand is highest. These 
regime shifts are caused by both increasing temperatures which lead to glacier 
retreat, a reduction in snow cover, and earlier snowmelt and shifts in the 
seasonality of precipitation from summer to winter precipitation. 
Water shortages have negative economic impacts related to a potential 
reduction in crop yields, hydropower, or artificial snow production and negative 
ecological impacts on e.g. fish populations or tree communities. To reduce such 
negative effects, water management plans have to be developed or adapted 
such that water demand can be reduced and/or water availability be increased 
e.g. by reservoir operation targeted at increasing water supply. The 
development of such management plans requires reliable estimates on potential 
water shortages under extreme streamflow conditions. Such estimates are not 
yet available for Switzerland neither for current nor future conditions. Here, we 
therefore investigate which regions in Switzerland might be most affected by 
water shortages under current climate conditions and assess how water 
shortage situations caused by extremely low streamflow conditions might 
change under future climate conditions. To do so, we quantified both natural 
water availability and water demand for 22 large hydrological regions in 
Switzerland. Natural water availablity was simulated using the hydrological 
model PREVAH (Viviroli et al., 2009), on the one hand, driven with observed 
meteorological data and, on the other hand, with climate model simulations. 
Water demand was estimated for various water use categories including 
drinking water (domestic and tourism), industry (second and third sector), 
agriculture (irrigation and livestock), ecology, and hydropower production. 
Potential water shortages were then computed for mean and extreme 
streamflow conditions under current and future climate conditions as the 
difference between water availability and water demand. Extreme streamflow 
conditions were defined in the form of annual design hydrographs for specified 
reoccurrence intervals of 10 and 100 years. To estimate such annual design 
hydrographs, we used three different techniques among which two account for 
the multivariate nature of the esimtation problem. The first approach involves a 
univariate frequency analysis of discharges of individual months (Coles, 2001). 
The second approach performs frequency analysis on the flow duration curve 
(Claps and Fiorentino, 1997) and uses a typical runoff regime for the 
reassignment of seasonality. The third approach performs frequency analysis 
on the annual hydrographs directly by using a functional data representation 
(Cuevas et al., 2007). The subsequent comparison of extreme annual 
hydrographs with regional water demand allowed for the identification of 
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seasons and regions that are/will be affected by water shortages. Our results 
show that water shortages can regionally and seasonall already occur under 
current extreme streamflow conditions (see Figure 1 for two example regions). 
Regions with rainfall dominated runoff regimes, such as northeastern 
Switzerland, are mostly affected by water shortages in summer while regions 
with snowmelt dominated regimes, such as the Valais, are mostly affected by 
winter water shortages. The results also show that these potential shortages are 
likely to get more severe under future extreme streamflow conditions. This 
knowledge about possible future regional and seasonal water shortages will 
help water managers to adapt water management and reservoir operation plans 
in order to ensure a save water supply. 

 
 
Figure 1. Water availability and shortages for two example regions (Thur and 
Valais) for the mean annual hydrograph, the hydrograph of the dry year 2003, 
and three extreme annual hydrographs derived using different estimation 
techniques under current climate conditions for a return period of 10 years. The 
extreme hydrographs include univariate monthly estimates, estimates derived 
by functional data analysis (FDA) and by flow duration curves (FDC). 
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