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ABSTRACT 
Statistical downscaling is used to generate synthetic point rainfall series suitable to be used for hydraulic 
analysis and design of urban drainage systems. Thereby, future changes of rainfall properties as 
predicted by regional climate models are transferred to fine temporal and spatial scales. We analyzed the 
impact of altered rainfall patterns as one major future driving force on the performance of one selected 
drainage system. We considered the main sources of uncertainties associated with (i) the short 
observation period with regard to rainfall extremes and (ii) the transfer of climate predictions to fine 
scales. The analysis reveals that the performance of urban drainage systems may vary significantly both 
under current and future climate conditions and that there is a clear tendency that system performance 
will deteriorate under future climate. 

1 INTRODUCTION 
High temporal resolution historical rain series commonly serve as model input for hydraulic models 
used for the design and performance assessment of existing and planned urban drainage systems. The 
need for high temporal resolution in rainfall is due to the rapid runoff response of urban catchments to 
variability in rainfall and hence their vulnerability with respect to flooding and combined sewer 
overflow (CSO) during high intensity rainfall.  

There is concern that in the future rainfall patterns will substantially change the performance of drainage 
systems, requiring the implementation of adaptive measures. A wide range of global and regional 
climate models (GCMs, RCMs) predict changes in rainfall, but do not have the proper temporal and 
spatial resolution for urban drainage models. Methodologies as discussed in (Onof and Arnbjerg-Nielsen 
2009) are available, and are aiming to describe changes in point rainfall properties at fine time scales 
based on changes at coarser scales as forecasted by RCMs. 

Main objective of the study is to investigate the impact of future rainfall anticipated by different 
combinations of GCMs and RCMs on the hydraulic performance of a selected drainage system in 
Switzerland. Focus of these preliminary results is the effects of the input uncertainty, created by the 
downscaling of different RCM results, on the performance of a drainage system regarding urban 
flooding.  

2 GENERATION AND ANAYSIS OF FUTURE RAINFALL SERIES 

2.1 Model Approaches 
The downscaling of rainfall predicted by RCMs involves different steps and methodologies. We used 
the Neyman-Scott Rectangular Pulse (NSRP) Model (Rodriguez-Iturbe et al. 1987; Cowpertwait 1991) 
for stochastic rainfall modelling and the parameterization as described in (Fatichi et al. 2011). The 
model is capable to generate rainfall series reproducing the statistical properties of observed rainfall 
intensities on an hourly scale. The rainfall generator is calibrated to a 30 years point rainfall series 
measured at a station in the proximity of the considered urban catchment in Switzerland.  

Simple scaling of specific present rainfall properties as suggested by (Kilsby et al. 2007) is used to adapt 
the model parameters of the NSRP model according to the changes in rainfall statistics as predicted by 
RCMs. We used the results from 10 selected combinations of GCMs and RCMs provided by the 
ENSEMBLE project (van der Linden and Mitchell 2009) under the SRES A1B emission scenario 
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Annual rainfall maxima calculated for the future reference period based on output from 10 ENSEMBLE 
model chains are shifted towards higher values compared to those of the control period. Furthermore, 
the uncertainty is increased in particular in case of large return periods. 

Long-term planning of urban drainage infrastructure requires the consideration of future rainfall patterns 
as well as inherent uncertainties to assure a desired system performance. The need for considering 
uncertainties relies on the fact that the prediction uncertainty due to uncertain model input is 
considerable and on average approximately in the same order of magnitude as the importance of climate 
change. In the present paper, a first, mere qualitative assessment of uncertainty has been done. In order 
to assess the importance of climate change and input uncertainty thoroughly we suggest to perform 
Monte Carlo simulations based on a whole sample of simulated continuous historical rainfall series from 
both the control and future reference period. The analysis may be worth to be performed with different 
sewer networks as the vulnerability to increasing rainfall extremes likely differs between different 
systems. Furthermore, knowledge on the overall importance of climate change in the context of long 
term planning of sewer systems could be gained by setting climate change in relation to other future 
drivers as such triggered by population increase and economic growth. 
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