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Return periods of rainfall are used to design adequate drainage systems in buildings.  Since 
buildings are built to last for many years it is imperative that such drainage systems are 
sufficient to cope with a changing climate. Here we make estimates in the changes of return 
periods of rainfall events. It is found that a 1 in a 100 year rainfall event could become a 1 in 
50 year event by 2030. It is proposed that sizing is achieved by doubling the return periods to 
account for climate change rather than using a fixed uplift.   
 
 
Introduction 
Jenkins has carried out an analysis of trends in precipitation over England and Wales since 
records began in 1766 [1]. Although the annual mean precipitation has not changed 
significantly, the seasonal rainfall has varied considerably with a trend towards a slight 
decrease in the summer and an increase in the winter over time. However there has been little 
change in the past 50 years. In the south west the contribution to winter rainfall from heavy 
precipitation events has increased by approximately 5 %, while summer rainfall has 
decreased by approximately 5 %. The recent climate change projections have shown that 
these trends are set to continue with winter rainfall increasing by up to 54% and summer 
rainfall decreasing by up to 49 % by the 2080s under the medium emissions scenario [2]. 
Some projections have indicated that while the total summer rainfall is decreasing, giving an 
increased potential for drought, the rainfall is concentrated into a few high intensity events. 
Hence climate change could have a significant effect on future return periods of extreme 
rainfall events. It is these changes which will be examined in this work. 
 
Methodology 
In this report the UKCP09 weather generator is used to study how the return periods of daily 
rainfall change under climate change. The return period refers to the frequency of the event 
with an associated daily rainfall amount (in mm). The weather generator outputs weather 
representative of the base period (1961 – 1990) and a future scenario based on the required 
emissions and decade at the desired location, in this case, Exeter. For the future scenario the 
weather generator produces 100 samples of future climate, with each containing a 30 year 
time series, creating 3000 years in total. Similarly for the base period, 3000 years are 
generated but there is only the one description of climate derived from observations. Due to 
the statistical relationships used within the weather generator, there is a low confidence in 
return periods longer than 30 years. 
 
Calculation of Return Periods 
To calculate the return periods, Extreme Value Analysis (EVA) has been used. Extreme value 
analysis is a statistical technique which allows a time series of twenty to thirty years to derive 
return periods of up to 100 years. However there are uncertainties with using this method. 



The uncertainty increases as the return periods get longer, due to the possibility of extreme 
events not being present in the time series. Also the uncertainty decreases as the length of the 
data series used gets longer (there is a 63.4 % chance of a 1 in 100 event appearing in 100 
years but only 26 % chance in 30 years). The base data is based on a single thirty year time 
period from observations and the statistics generated within the weather generator reflect 
these. Therefore the weather generator only contains a description of the observed events in 
the base period. For each set of 3000 weather years, the largest daily precipitation is taken to 
generate 3000 extreme rainfall events. These rainfall data are then ranked in order from 
lowest to highest whereby an empirical cumulative frequency is calculated by the expression 
 
 ( ) ( )NiPC i += 1  , (1) 
 
where i is the rank, Pi is the precipitation event and N is the largest rank (in this case 3000).  
The return period (T) is then given by the expression 
 

( )( )11 −= iPCT  . (2) 
 
To estimate return periods the cumulative frequency is fit to a Gumbel distribution given by 
the expression 
 
( ) ( )( )( )mPPgPC −−−= expexp  , (3) 

 
where g is the Gumbel scaling factor and Pm is the modal precipitation.  To generate return 
periods of different duration a plot of ( )( )( )PClnln −−  against the annual maximum 
precipitation P gives a linear fit with the gradient equal to g and the intercept equal to -gPm.  
A rainfall event of a given return period is then simply given by the expression 
 
( ) ( )( )( ) gTUTU m 11lnln −−−=  . (4) 

 
Results 
Table one shows the return periods of daily rainfall events for a range of future scenarios as 
well as the modelled base period. For each sample of the weather generator (for both the 
future and base climate) the fitting procedure as described above is used to model the return 
periods of daily rainfall. This generates a set of 100 return periods. For each return period the 
values are ordered from lowest to highest and the 10th, 50th and 90th percentile values are 
displayed. Also shown are return periods derived from observations [3]. For the base climate 
the range of values (between the 10th and 90th percentile) is a description of error in the 
modelled weather. For the future climate the range is a description of the modelling error as 
well as the range of climate change scenarios. The modelled base period agrees well with the 
observations showing that the method can be used to describe the current rainfall extremes. 
Under climate change, the median rainfall events do not change much over time after 2030, 
however, the spread of the return periods increase vastly. This is due to the underlying 
sampling of the climate change scenario with larger rainfall events occurring at higher 
percentiles. The greatest effect of climate change suggest that a 1 in 100 year event from 
observations will become a 1 in 50 year event by 2030 for the mean projection and will be 
less severe than a 1 in 20 year event at the 90th percentile. Similar work has been carried out 
by the Met Office investigating seasonal variations of daily rainfall events using a different 
data set [4]. In this work they showed that a 1 in 100 year event as observed in the winter 
could become a 1 in 20 year event. Likewise, in the summer, a 1 in 100 year event as 



observed could be a 1 in 60 year event (although the summer period carried greater 
uncertainty). These results are in broad agreement with those presented here.  
 

Return 
Period 
(Years) 

Observations 
 

Modelled base 
Period 

2030 2050 2080 

5 53.2 (43.6) 50.4 (57.1) (48.0) 59.4 (73.4) (47.6) 59.5 (74.7) (51.3) 62.3 (79.6) 

10 61.8 (49.9) 59.7 (68.5) (55.1) 72.2 (91.1) (55.4) 72.1 (94.3) (58.5) 75.2 (102.8) 

20 71.5 (56.2) 68.6 (80.5) (61.9) 84.4 (108.0) (62.2) 84.2 (113.2) (65.0) 87.7 (122.8) 

50 86.3 (64.1) 80.2 (96.3) (70.7) 100.2 (129.8) (70.9) 99.8 (137.6) (73.0) 103.8 (151.0) 

100 99.3 (69.9) 88.8 (107.9) (77.3) 112.1 (146.2) (77.5) 111.5 (156.0) (80.5) 115.9 (172.0) 

Table 1, Return periods for mean daily extreme rainfall events (mm per day) for observations, 
modelled observations, 2030s, 2050s and 2080s using the UKCP09 weather generator. The 
central figure is the median and brackets refer to the 10th and 90th percentile. 
 
Conclusion 
Climate change will have a strong influence on the return periods of extreme daily rainfall 
events but the event is highly dependent on the climate change scenario. The results show 
that a 1 in a 100 year event as observed could become more like a 1 in 50 year event, a 1 in 
50 year event could become more like a 1 in 20 year event by 2030 and a 1 in 20 year event 
could become a 1 in 10 year event by 2030.  
 
The confidence in the return periods of hourly rainfall is much lower than that of the daily 
data and as such a similar analysis could not be carried out. This suggests that as a precaution 
one sizes so that in all cases one doubles the return period rather than adding a fixed uplift 
such as 20% due to the non-linear nature of the return periods. It is unknown whether this 
method is still true for events for shorter duration than 24 hrs. However in light of a lack of 
knowledge it would seem sensible to apply this rule of thumb to all durations 
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