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Estimates of future discharges of the river Rhine using 
two scenario methodologies: direct versus delta 
approach

G. Lenderink, A. Buishand, and W. van Deursen
Abstract. Simulations with a hydrological model for the river Rhine for the 

present (1960–1989) and a projected future (2070–2099) climate are 

discussed. The hydrological model (RhineFlow) is driven by meteorological 

data from a 90-years (ensemble of three 30-years) simulation with the 

HadRM3H regional climate model for both present-day and future climate 

(A2 emission scenario). Simulation of present-day discharges is realistic 

provided that (1) the HadRM3H temperature and precipitation are 

corrected for biases, and (2) the potential evapotranspiration is derived 

from temperature only. Different methods are used to simulate discharges 

for the future climate: one is based on the direct model output of the 

future climate run (direct approach), while the other is based on 

perturbation of the present-day HadRM3H time series (delta approach). 

Both methods predict a similar response in the mean annual discharge, an 

increase of 30% in winter and a decrease of 40% in summer. However, 

predictions of extreme flows differ significantly, with increases of 10% in 

flows with a return period of 100 years in the direct approach and 

approximately 30% in the delta approach. A bootstrap method is used to 

estimate the uncertainties related to the sample size (number of years 

simulated) in predicting changes in extreme flows.
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