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S.1 Comparison of large-scale Euro-Atlantic dynamics in HadAM4 and HadGEM 3-

GC3.05

We used a principal component analysis to check whether the differences in DJF mean rainfall between the
HadGEM3-GC3.05 and HadAM4 models over the baseline period (as described in the Results section) are
due to differences in the simulated large-scale dynamics. Significant differences in these dynamics would
be a concern, as it would represent a fundamental difference between the two models, and would make the
ensemble comparisons in the main text less meaningful.

We computed the principal components (PCs) and corresponding empirical orthogonal functions (EOFs) of
DJF mean mean sea level pressure (MSLP) anomaly data from the UKCP18 PPE 1997-2016 over the region
bounded by 35:70N, -30:20E (Neal et al., 2016). We then determined which PCs were most important in
explaining UK rainfall variance using an ordinary least-squares regression cross-validation. We regressed the
top 20 (here we denote the PCs by their rank in terms of MSLP variance explained) MSLP PCs against DJF
mean rainfall averaged over the UK from the same simulations, excluding one PC at a time, and observed
which exclusions reduced the total rainfall variance explained by the regression model by the largest amount.
Three PCs were clearly more important than the rest: 0, 1 and 4. The regression model using these three
PCs as the predictors explains 71 % of the total variance in UK rainfall. Their corresponding EOFs are
shown in Figure S1.
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FIGURE S1 - empirical orthogonal functions of UKCP18 PPE 1997-2026 Euro-Atlantic DJF mean sea
level pressure. EOFs 0, 1 and 4 explain 43, 33 and 2.3 % of the overal variability in MSLP over the region

shown.



Next, we compared the distribution of these chosen PCs to their distribution within the aggregated ExSamples
baseline ensemble. The distribution of these PCs within the ExSamples baseline ensemble was computed by
projecting their EOFs onto the simulated DJF mean MSLP anomalies, thereby generating a set of pseudo-PCs.
We find no significant differences between the distributions of these PCs within the UKCP and ExSamples
baseline ensembles, using a two-sample Kolmogorov-Smirnoff test (Hodges, 1958; Kolmogorov, 1933; Smirnoff,
1939b,a). These distributions are shown in Figure S2.
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FIGURE S2 - histograms of unscaled principal components associated with EOFs 0, 1 and 4. Grey filed
histogram shows original PCs from decomposition of UKCP18 PPE 1997-2026. Black line histogram shows
pseudo-PCs from EOF projection onto aggregated ExSamples 2007-2016 baseline. The subplot titles state
the p-value of a two samples K-S test.



This analysis suggests that the difference in mean rainfall intensity between the two models is not due to
differences in their simulation of large-scale mid-latitude dynamics. We suggest that these differences may be
caused by differences in the parameterisation of precipitation or convection between the two models.

S.2 Analog frequency in ExSamples ensembles

Figure S3 displays the distribution of euclidean MSLP distances between the study winters and their
corresponding ExSamples ensembles. This illustrates the slight increase in average distance to the study
winter for the HOT1 ensemble compared to its corresponding baseline (and corresponding decrease in analog
frequency), and vice versa for the HOT2 ensemble.
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FIGURE S3 — PDFs of euclidean MSLP distance between ExSamples ensemble members and corresponding
UKCP18 extreme winters. Coloured lines show PDFs of ExSamples future ensembles, black lines show
corresponding baseline ensembles. Dashed grey line indicates a distance of 3 hPa, the bounding limit of the
analog selection criterion.
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S.3 Comparison table and figures for additional variables

This section contains a table as Table 2 and figures as Figure 3 for all the variables discussed but not presented
in the main text.



UKCP18 quantile (return period)

Study winter | Variable {56 76~ 005770.95 (1-in-20) 0.99 (1-in-100)
HOTI1 TXx 0.92 [0.87 , 1.00] | 1.02 [0.91 , 1.11] | 1.33 [1.11, 4.63]
PRx 1.02 [0.91 , 1.14] | 0.90 [0.84 , 1.06] | 0.97 [0.73 , 1.84]
HOT2 TXx 1.58 [1.51, 1.70] | 1.84 [1.68 , 1.95] | 2.38 [L.87 , 6.80]
PRx 1.40 [1.31, 1.46] | 1.31 [1.20, 1.39] | 0.66 [0.33 , 2.09]
WET TXx 1.95 [1.86 , 2.01] | 2.18 [1.92 , 2.33] | 2.67 [2.18 , 7.85]
PRx 1.46 [1.30 , 1.56] | 1.19 [1.09, 1.34] | 0.2 [0.21 , 1.59]

TABLE S1 — As Table 2, but for TXx and PRx variables.




S.3.1 TXm



density

UK DJF mean tasmax anomaly / °C

0.6 1

0.5

0.4 1

0.3 1

0.2

T

UKCP 2061-2080 (5/300)

WET ensemble (72/917)

UKCP 2007-2016 (0/150)
WET-B ensemble (0/452)

WET ensemble analogs (1/52)
WET-B ensemble analogs (0/22)
WET winter value

UK DJF mean tasmax anomaly / °C

* UKCP 2061-2080
—— GPD fit median
+ GPD fit 5-95%

— = WET winter value
WET ensemble

I I
102 104
return period / yrs

ensemble member count

102

102

107

100

C

==+ WET winter value
] UKCP 2061-2080
[ WET ensemble

100

1 1
102 10*
return period / yrs

FIGURE S4 - As Figure 3, but for the WET winter.

10



S.3.2 PRm

11



A
0.025 o = UKCP 2061-2080 (145/300)
e HOT1 ensemble (330/1032)
= JKCP 2007-2016 (26/150)
00204 — HOT1-B ensemble (116/489)

! =8= HOT1 ensemble analogs (72/83)
=—®— HOT1-B ensemble analogs (33/48)
==+ HOT1 winter value

2 0.015
‘v
c
[«b)
©
0.010
0.005
0.000 - T T T

T I
-10 10 30 50 70 90
UK DJF mean precip anomaly / % change

T
-70 -50 -30

Cc

o 108 |
o )
c ==+ HOT1 winter value
= [ UKCP 2061-2080
Qo ] HOT1 ensemble
R g

=
= g 10°
@ -~
E @
) o
5 5
o
G | E 10"
2 I 3
3 i +  UKGP 2061-2080 3 i
@ 30 = I
= | GPD fit median @ |
T 1 - GPD fit 5-95% 100 I
8 -50 : — =+ HOT1 winter value : \
e 70 1 HOT1 ensemble 1
D - I II Ty T T TTTTT T T TTTTIhy T mTTTTm ] Il T IIIIII} T T TTTrTg T T TTTIT] T T TTTTIm]

100 10" 102 10° 104 10° 107 102 10° 104

return period / yrs return period / yrs

FIGURE S5 — As Figure 3, but of DJF mean precipitation averaged over the UK region.
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FIGURE S7 — As Figure 3, but of DJF max of daily maximum temperatures averaged over the UK region.
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FIGURE S8 — As Figure 3, but of DJF max of daily maximum temperatures averaged over the UK region

and for the HOT?2 winter.
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FIGURE S9 — As Figure 3, but of DJF max of daily maximum temperatures averaged over the UK region
and for the WET winter.
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FIGURE S10 — As Figure 3, but of DJF max of daily precipitation averaged over the UK region.
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FIGURE S11 — As Figure 3, but of DJF max of daily precipitation averaged over the UK region and for

the HOT?2 winter.
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FIGURE S12 — As Figure 3, but of DJF max of daily precipitation averaged over the UK region and for
the WET winter.
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