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Future flood 
risk in the 
Rhine basin
Due to the impact of climate 
change, the probability of 
flooding in the Rhine basin 
in 2050 is expected to be two 
to five times as high as it is 
today[1]. That isa, in case no 
additional flood management 
measures are implemented.  
Population growth and 
increase in property values 
in flood prone areas further 
enhance future flood risk. 

Many uncertainties exist in flood risk 
projections. For example, extreme value 
analysis on flood probabilities in 2050 
are difficult to make and different meth-
ods are currently under debate. Fur-
thermore, projections on the basin-wide 
potential damage are not available.
The central aim of this research is to 
focus on extreme flood events, on their 

probability, and to simulate the effect of 
climate change on future flood peaks in 
the Rhine basin. Based on this informa-
tion, cross-boundary flood management 
strategies can be developed and evalu-
ated. Recent scientific literature describes 
the necessity to move away from tradi-
tional flood frequency analysis, since 
climate change undermines the basic 
assumption of stationarity[2]. Therefore, 
we adopted a process-based approach 
including different climate change 
projections, a rainfall generator, and 
hydrological models, to estimate changes 
in low-probability flood peaks and the 
impact of measures. 

The embankments along the Lower 
Rhine and in the Netherlands have very 
high safety norms of 1/ 500 and 1/1250 
years, respectively. Our results displayed 
that in the most extreme climate change 
scenario, associated design discharges 
increase by 17% (Figure 1). Due to vari-
ation in safety levels, however, upstream 
flooding in Germany might occur, which 
lowers peak discharges downstream in 
The Netherlands up to 15%. The only 
effective measure at the basin-wide scale 
to reduce flood probability is drastic dike 
heightening, while measures such as 
extra retention basins, reforestation and 
by-passes can be beneficial at the local 
scale[3]. However, in a risk-based ap-
proach, more could be gained by damage 

reduction than through flood defense 
measures to reduce flood risk. Calcula-
tions to estimate (future) potential dam-
age in the Rhine basin are in progress.
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Figure 1. 
Extreme value plots of yearly 
maximum discharges of the Rhine 
at the German Dutch border. As 
input for the rainfall-runoff model 
served 1000 years of daily mete-
orological input data that were 
obtained by a weather generator. 
Displayed are 1000 years of simu-
lated yearly maximum discharges 
for the reference situation and 
two climate change scenarios for 
the year 2050.

Return period (year)

Standardized Gumbel variate

50    100               500      1250
x 104

2                        4                         6                         8

2

1.8

1.6

1.4

1.2

1

0.8

42    Climate research Netherlands – research highlights

A07A07


