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Supplementary Figure 1: Impact of graupel code error on future changes in
(top) mean and (bottom) 99th percentile of hourly precipitation in winter.
Shown are responses (%) for (left) RCM, (centre left) original UKCP CPM
and (centre) test CPM with graupel code error fixed (CPM fix), for the
standard unperturbed (STD) ensemble member. Also shown are (centre
right) differences in responses between CPM fix and the original UKCP CPM
and (right) the standard deviation of responses across the original 12-member
UKCP CPM ensemble. 16 years of data for each of the future (Dec 2060 to
Nov 2076) and present-day (Dec 1980 to Nov 1996) periods are used.
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Supplementary Figure 2: Impact of graupel code error on future changes
in the (top) frequency and (bottom) mean intensity of wet hours in winter.
Shown are responses (%) for (left) RCM, (centre left) original UKCP CPM
and (centre) test CPM with graupel code error fixed (CPM fix), for the
standard unperturbed (STD) ensemble member. Also shown are (centre
right) differences in responses between CPM fix and the original UKCP CPM
and (right) the standard deviation of responses across the original 12-member
UKCP CPM ensemble. 16 years of data for each of the future (Dec 2060 to
Nov 2076) and present-day (Dec 1980 to Nov 1996) periods are used. Wet
hours are defined as>0.1mmh−1 and results for the CPM are for precipitation
regridded to 12km scale.
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Supplementary Figure 3: Case study showing (top) total precipitation in
CPM standard member for Dec 1980 and (bottom) convective component
of this diagnosed using vertical gradient (925-700hPa) in wet bulb potential
temperature.
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Supplementary Figure 4: Case study showing (top) total precipitation in
RCM standard member for Dec 1980, and (middle) convective component
of this detected using output from the convection scheme, for cases where
convective-precipitation is more than half of the total precipitation. Also
shown for comparison only is (bottom) convective component of precipita-
tion diagnosed using vertical gradient (925 - 700hPa) in wet bulb potential
temperature. The latter method is not used for the RCM.

5



Supplementary Figure 5: Frequency of hourly precipitation events in different
intensity bins in winter in the CPM. Shown are maps of the frequency of
events (given as % of the total number of events, for all events occurring
in winter across all 12 ensemble members) in each of 4 intensity bins (0-0.1,
0.1-0.4, 0.4-2.0 and >2.0mm/h) for (left) present-day (1981-2000) and (right)
future (2061-2080) winters. Results are for precipitation regridded to 12km
scale.
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Supplementary Figure 6: Frequency of hourly precipitation events in different
intensity bins in winter in the RCM. Shown are maps of the frequency of
events (given as % of the total number of events, for all events occurring
in winter across all 12 ensemble members) in each of 4 intensity bins (0-0.1,
0.1-0.4, 0.4-2.0 and >2.0mm/h) for (left) present-day (1981-2000) and (right)
future (2061-2080) winters.
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Supplementary Figure 7: Observed and simulated hourly precipitation vari-
ability in winter. (top) Frequency and (bottom) mean intensity of wet hours
in winter in the (left) CEHGEAR gauge observations, and biases (%) in
the ensemble-average simulated values for the (centre left) RCM and (centre
right) CPM. Also shown (right) is the difference (%) in present-day ensemble-
average values between the CPM and RCM. The gauge observations corre-
spond to 1990-2014 and are only available over Great Britain; model results
correspond to 1981-2000. Wet hours are hours with greater than 0.1mm ac-
cumulation of precipitation, and hourly precipitation data was regridded to
the 12km scale in all cases. The mean value over Great Britain is indicated
for the gauge observations, along with the average Root Mean Square (RMS)
biases. (Based on Fig 3.4.1 in Kendon et al 2019b, but with additional right-
hand panel)
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Supplementary Figure 8: Observed and simulated hourly precipitation vari-
ability in summer. (top) Frequency and (bottom) mean intensity of wet
hours in summer in the (left) CEHGEAR gauge observations, and biases
(%) in the ensemble-average simulated values for the (centre left) RCM and
(centre right) CPM. Also shown (right) is the difference (%) in present-day
ensemble-average values between the CPM and RCM. The gauge observa-
tions correspond to 1990-2014 and are only available over Great Britain;
model results correspond to 1981-2000. Wet hours are hours with greater
than 0.1mm accumulation of precipitation, and hourly precipitation data
was regridded to the 12km scale in all cases. The mean value over Great
Britain is indicated for the gauge observations, along with the average Root
Mean Square (RMS) biases. (Based on Fig 3.4.2 in Kendon et al 2019b, but
with additional right-hand panel)
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Supplementary Figure 9: Fraction of winter precipitation occurrence com-
ing from convective showers (CF) in the (top) present-day (1981-2000) and
(bottom) future (2061-2080) periods, for the (left) CPM and (right) RCM.
Convective showers in the CPM are diagnosed using vertical gradients in
wet bulb potential temperature (θw), and in the RCM using the convection
parameterisation output, when there is more ‘convective’ precipitation di-
agnosed than ‘large-scale dynamic’. Shown is the central estimate locally,
across the CPM and RCM ensembles respectively. Quoted is the average of
the local CF values over land and separately over sea points. For the CPM,
results are for hourly precipitation on the native 2.2km grid with 6-hourly
sampling and for the RCM for hourly precipitation at 12km RCM grid-scale.

10



Supplementary Figure 10: Future change in the frequency of all convective
and all large-scale events in different intensity bins in winter in the RCM.
Shown are maps of the future change in the frequency of events (given as
% of the total number of events, for all events occurring in winter across
all 12 RCM ensemble members) in each of 4 intensity bins (0-0.1, 0.1-0.4,
0.4-2.0 and >2.0mm/h) for (left) all convective precipitation (which is all
output from the convective parameterisation scheme, in shower and non-
shower events) and (right) all large-scale precipitation (excludes embedded
convection in non-shower events). Future changes correspond to the differ-
ence between the future (2061-2080) minus present-day (1981-2000) periods.
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Supplementary Figure 11: Observed and model forecast precipitation on
11th December 2019 at 03Z. (top left) Radar observations, (top right) fore-
cast from 1.5km resolution UKV model and (bottom) forecast from global
operational model (N1280 resolution, corresponding to ∼10 km grid length
in mid latitudes).
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Supplementary Figure 12: Future change in summer precipitation on hourly
timescales. Central estimate of the change in (left) mean precipitation, (cen-
tre) precipitation occurrence and (right) precipitation intensity in summer,
in the CPM and RCM ensembles. Changes (in %) correspond to the differ-
ence between the future (2061-2080) and baseline (1981-2000) periods, for
RCP8.5. Quoted are the average values over land and separately over sea
points. Wet hours are defined as >0.1mmh−1 and results for the CPM are
for precipitation regridded to 12km scale.
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Supplementary Figure 13: Future change in winter precipitation on hourly
timescales across Europe. Change in (left) mean precipitation, (centre) pre-
cipitation occurrence and (right) precipitation intensity in winter, in (top)
2.2km model, (middle) 25km model and (bottom) the percentage difference
in the changes between the 2.2km and 25km model. Changes (in %) corre-
spond to the difference between the future (10 years, ∼2100, under RCP8.5)
and present-day (1997-2007) periods. Wet hours are defined as >0.1mmh−1

and results are for precipitation regridded to 25km scale.
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