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Introduction

This Supporting Information contains 16 figures supplementary to the main manuscript.
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Supporting Fig. 1. Flowchart of the training of the statistical storm surge model with predictors derived from the ERAS5 reanalysis (1979-
2018) and predictands at tide gauges (TGs) from GESLA2 (1979-2014), and the application of the model to CMIP6 simulations (1850-2100).
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Supporting Fig. 2. Visualization of the decomposition of ANw Ap at an arbitrary location for an arbitrary CMIP6 simulation. The figure
shows precipitation against wind speed (grey circles) in (a) the historical period and (b) the future period. In (a), the blue solid and dashed
lines indicate the 98% threshold values, and the black solid and dashed lines the 97.68% and 97.44% threshold values of precipitation
and wind speed, respectively. In (b), the blue solid and dashed lines indicate the 97.68% and 97.44% threshold values, which are equal to
the 98% threshold values in the historical period, and the red solid and dashed lines the 98% threshold values of future precipitation and
wind speed, respectively. The right hand side of the figure shows which top-right quadrants are used to compute changes in the number of
joint extremes (A Nw A p) due to changes in the marginal distribution of wind speed (A Ny A p), the marginal distribution of precipitation

(AN}, p), the marginal distributions of both wind speed and precipitation (ANy;% 1) and the dependence between wind speed and precip-
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Supporting Fig. 3. (a) Number of joint storm surge and precipitation extremes based on storm surges computed with the statistical storm
surge model trained with daily maxima from CoDEC and precipitation from ERAS5, and (b) that number minus Ns,p. The nRMSE is

normalized by dividing by the mean of Ns,p. The correlation coefficient is statistically significant (p << 0.05).
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Supporting Fig. 4. N1}5'» simulated by individual CMIP6 models, and the multi-model ensemble mean N{i'5's (bottom right) [#/decade].
The number behind the name of each model denotes the number of initial-condition members that were used to compute N{¢8%, for that
model (all members available for SSP2-4.5). The emissions scenario SSP2-4.5 was used to extend the historical run to 2020.
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Supporting Fig. 5. CMIP6 ensemble spread (10) of ANw A p, under (a) SSP2-4.5 and (b) SSP5-8.5, respectively.



CESM2-WACCM (

=

CMCC-CM2-SR5 (1)
—

T
S

CMCC-ESM2 (1)
—

ey
Yole
OC6 (43) )

Supporting Fig. 6. ANy p simulated by individual CMIP6 models, and the multi-model ensemble mean ANy Ap (bottom right)
[#/decade], under SSP2-4.5. The number behind the name of each model denotes the number of initial-condition members that were used to

compute ANw A p for that model (all members available for SSP2-4.5).
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Supporting Fig. 7. ANwAp simulated by individual CMIP6 models, and the multi-model ensemble mean ANy Ap (bottom right)

[#/decade], under SSP5-8.5. The number behind the name of each model denotes the number of initial-condition members that were used to

compute ANy A p for that model (all members available for SSP5-8.5).
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(c) Wind & Precipitation-driven  (d) Dependence-driven
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Supporting Fig. 8. CMIP6 ensemble mean A Ny A p (SSP2-4.5) due to (a) changes in the marginal distribution of precipitation (ANF, , »),
changes in the marginal distribution of wind speed (A Ny A p), changes in the marginal distributions of precipitation and wind speed together
(AN% 5), and (d) changes in the dependence between precipitation and wind speed (AN g‘ff’\jllde"“). The stippling indicates where the

absolute value of the ensemble mean of each component of ANy A p exceeds the standard deviation of that component between models.
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Supporting Fig. 9. (a) CMIP6 ensemble mean N2, (Fig. 5a) minus N, saanp (Fig. 1a) and (b) CMIP6 ensemble mean NN, hist (Fig. 5a)

minus Ns,,, pap (Fig. 1b).
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Supporting Fig. 10. CMIP6 ensemble spread (1) of ANgnap, under (a) SSP2-4.5 and (b) SSP5-8.5, respectively.
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Supporting Fig. 11. ANg p simulated by individual CMIP6 models, and the multi-model ensemble mean ANgap (bottom right)
[#/decade], under SSP2-4.5. The number behind the name of each model denotes the number of initial-condition members that were used to
compute ANgn p for that model (all members available for SSP2-4.5).
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Supporting Fig. 12. ANg p simulated by individual CMIP6 models, and the multi-model ensemble mean ANgap (bottom right)

[#/decade], under SSP5-8.5. The number behind the name of each model denotes the number of initial-condition members that were used to
compute ANgn p for that model (all members available for SSP5-8.5).
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Supporting Fig. 13. CMIP6 ensemble mean of ANsap (SSP5-8.5) due to (a) univariate changes in precipitation (ANE , ), (b) univariate
changes in surge (ANZ,p), (¢) univariate changes in precipitation and surge (ANZ? ), and (d) changes in the dependence between pre-
cipitation and surge (ANgi‘f”de"’:e); CMIP6 ensemble mean of (e) AN, , minus AN, p, () ANS,p minus AN s p, (8) AN,
minus AN? 5 and (h) AN, gi’;"de”“ minus AN&?TPM‘;‘”CE. In (a-d), circles with a grey edge indicate where the absolute ensemble mean

change exceeds the standard deviation of the change between models.
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Supporting Fig. 14. Uncertainty in ANw Ap and ANgap under SSP2-4.5 due to (a-b) internal climate variability, (c-d) inter-model differ-
ences, and (e-f) differences between SSP2-4.5 and SSP5-8.5 [#/decade]. (g-1) as in (a-f), but under SSP5-8.5.
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Supporting Fig. 15. CMIP6 ensemble mean A Nw A p [#/decade] under SSP2-4.5 based on (a) the default methods described in Section 2.2,
(b) the default methods but using the 99th percentile as the threshold for extremes, (c) the default methods but allowing a lag of up to two
days between the extremes and (d) the default methods but with a 3-day declustering window applied to both extremes. (e-h) as in (a-d),

under SSP5-8.5.
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Supporting Fig. 16. CMIP6 ensemble mean A Nga p [#/decade] under SSP2-4.5 based on (a) the default methods described in Section 2.2,
(b) the default methods but using the 99th percentile as the threshold for extremes, (c) the default methods but allowing a lag of up to two
days between the extremes and (d) the default methods but with a 3-day declustering window applied to both extremes. (e-h) as in (a-d),
under SSP5-8.5.
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