
The EPI was calculated annually from 1901 to 2005, 
and then decadal averages were calculated for the 
period 1906–2005.

A positive trend in EPI anomalies is evident 
from observations over the past 4 decades. The 
multimodel median of CMIP5 simulations also 
shows an increasing trend in EPI anomalies over the 
same time period, albeit smaller than observed. The 
standard deviation between the models is extremely 
large, often greater than the signal, indicating 
that there are large differences between extreme 
precipitation events in the models (see Fig. ES2 in 
the supplementary materials, which compares the 

correlation coefficient of observed and modeled 
decadal average EPI values for the CONUS for 
each of the 26 CMIP5 models used). Many models 
have a correlation coefficient with observations 
greater than 0.50, with the Beijing Climate Center, 
Climate System Model, version 1.1 (BCC_CSM1.1), 
for example, approaching 1.00 for a 10-yr return. 
At the same time, however, seven of the models 
have a negative correlation, demonstrating the large 
spread in model ability to capture observed trends in 
extreme precipitation events. In terms of future pro-
jections, Fig. 5 (bottom) shows an increasing trend 
in EPI values under both the mid–low RCP4.5 and 
the higher RCP8.5 scenarios. For these projections, 
the multimodel spread is smaller than the signal, 
indicating strong agreement of an increase in the 
EPI across all models. Figure ES3 in the supplemen-
tary materials shows that there is a large variation 
between ensemble individual runs.

An alternate indicator of long-term trends in 
extreme precipitation is the fraction of the annual 
total precipitation that falls in the heaviest 1% of 
daily events. Figure 6 compares simulated histori-
cal changes in the top 1% of extreme CONUS pre-
cipitation over time with observed data, calculating 
the 99th percentile for the base period (1900–60), 
ignoring all days with less than 1 mm of precipitation 
at each grid point, and summing the data for days 
above that threshold. The models show an increase 

FIG. 5. (top) Observed decadal (blue) and modeled 
(red) EPI percent anomalies for 2-day duration and 
1-in-5-yr events: percent deviation from the long-term 
mean (1901–60). The red bars are the median of the 
CMIP5 historical simulations from 1906 to 2005. The 
error bars represent ±1 standard deviation of the 
models. (bottom) The model median of EPI percent 
anomalies for RCP4.5 (purple) and RCP8.5 (green) and 
historical model simulations for the period 1901–2100 
by decade. The long-term mean is 1901–60. Error 
bars show the spread of the models as ±1 standard 
deviation.

FIG. 6. Percentage of annual precipitation over the con-
tiguous U.S. falling in the heaviest 1% of daily precipita-
tion events, relative to the 1901–60 average, as simu-
lated by the CMIP5 historical simulations (1900–2005) 
and the RCP4.5 and RCP8.5 simulations (2006–2100). 
Observational data (1901–2010) are also shown. The 
solid lines and shaded areas represent the mean and 
standard deviation of the 9-yr running average.
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