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S1 Additional figures

Figure S1. Model evaluation (CESM vs ERA5). ERA5 and CESM mean frequencies (count) of wintertime compound wind and precipi-
tation (CWP) extremes computed at each grid cell without any constraints on modes of variability phases. For model evaluation only, CWP
extreme frequencies from the CESM model have been regridded via a nearest-neighbour approach to ERA5 grid. Results are presented by
defining CWP extremes when both daily wind and precipitation values exceed their 95th percentiles simultaneously for the period 1959-
2019. Numbers in the headers indicate the empirical return period (T=1 year because there are no constraints on modes here in contrast to
images in the main text). Stippling indicates that the range of the average CWP extreme frequencies of the CESM ensemble does not cover
the value of ERA5.
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Figure S2. Model evaluation for the effects of NAO. (a, b) ERA5 and (c, d) CESM ratio of mean frequencies of wintertime compound wind
and precipitation (CWP) extremes computed at each grid cell between individual phases of the NAO mode and neutral conditions. Please
note that here the other modes are not constrained to be in a particular phase due to ERA’s limited sample size (see Methods). For model
evaluation only, CWP extreme frequencies from the CESM model have been regridded via a nearest-neighbour approach to ERA5 grid.
Results are presented by defining CWP extremes when both daily wind and precipitation values exceed their 95th percentiles simultaneously
for the period 1959-2019. Numbers in the headers indicate the empirical return periods (in years) for the (a, c) positive and (b, d) negative
phases of NAO. Stippling indicates that the range of the ratio of average CWP extreme frequencies for the CESM ensemble does not cover
the value of ERA5.
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Figure S3. Model evaluation for the effects of ENSO. Same as Fig. S2 but for ENSO.
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Figure S4. Model evaluation for the effects of AMV. Same as Fig. S2 but for AMV.
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Figure S5. Model evaluation for the effects of PNA. Same as Fig. S2 but for PNA.
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Figure S6. Sea level pressure anomalies for direct effects of variability modes. Mean sea level pressure (SLP) anomalies for the (a)
positive and (b) negative phases of NAO (while other variability modes are in their neutral phases) compared to neutral conditions (all
variability modes being in their neutral phases) based on the CESM model. Corresponding maps are also displayed for (c, d) PNA, (e, f)
ENSO and (g, h) AMV. Numbers in the headers indicate the conditional empirical return period T (in years; see Methods) for positive and
negative phases of the variability modes stated in the title of the panels (while other modes are in their neutral phases). The empirical return
period for neutral conditions (i.e., when all modes are in their neutral phases) is T=3 years. The regions framed in blue are areas where
the direct effects of variability modes significantly increase regionally averaged compound wind and precipitation extremes compared with
neutral conditions (see methods in subsection section 2.2.3); This reflects the information in Fig. 3).
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Figure S7. Influence of individual and concurrent variability modes on regional wintertime compound wind and precipitation (CWP)
frequency. Same as Fig. 3 but for wintertime absolute frequencies (counts per winter).
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Figure S8. Influence of individual and concurrent variability modes on regional wintertime compound wind and precipitation (CWP)
frequency for the MED region. (a) Same as Fig. 3 but for the MED region only. (b) Boxplots for all combinations of modes.
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Figure S9. Influence of individual and concurrent variability modes on regional wintertime compound wind and precipitation (CWP)
frequency for the NEU region. (a) Same as Fig. 3 but for the NEU region only. (b) Boxplots for all combinations of modes.
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Figure S10. Influence of individual and concurrent variability modes on regional wintertime compound wind and precipitation
(CWP) frequency for the ARP region. (a) Same as Fig. 3 but for the ARP region only. (b) Boxplots for all combinations of modes.
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Figure S11. Influence of individual and concurrent variability modes on regional wintertime compound wind and precipitation
(CWP) frequency for the ENA region. (a) Same as Fig. 3 but for the ENA region only. (b) Boxplots for all combinations of modes.
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Figure S12. Influence of individual and concurrent variability modes on regional wintertime compound wind and precipitation
(CWP) frequency for the NCA region. (a) Same as Fig. 3 but for the NCA region only. (b) Boxplots for all combinations of modes.
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Figure S13. Influence of individual and concurrent variability modes on regional wintertime compound wind and precipitation
(CWP) frequency for the WSB region. (a) Same as Fig. 3 but for the WSB region only. (b) Boxplots for all combinations of modes.
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Figure S14. Influence of individual and concurrent variability modes on regional wintertime compound wind and precipitation
(CWP) frequency for the SAS region. (a) Same as Fig. 3 but for the SAS region only. (b) Boxplots for all combinations of modes.
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Figure S15. Influence of individual and concurrent variability modes on spatially compounding wind and precipitation (CWP) ex-
tremes. Same as Fig. 6 but for all combinations of modes. Light grey and blue colours show distributions of metrics for combinations of
modes that are not retained following the methodology.
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Figure S16. Sensitivity analysis for the influence of individual and concurrent variability modes on regional wintertime compound
wind and precipitation (CWP) frequency. Same as Fig. 3 but for seasonal counts of CWP extremes defined as wind and precipitation
values simultaneously exceeding the 99th percentile over the 1950–2019 period. Please note that we remove concurrent variability modes
that occur in less than 10 winters and regions without significant effects arrows (EEU, WCE, GIC, SCA, RAR and WSB).
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Figure S17. Sensitivity analysis for the influence of individual and concurrent variability modes on regional wintertime compound
wind and precipitation (CWP) frequency. Same as Fig. 3 but for seasonal counts of CWP extremes defined as wind and precipitation
values simultaneously exceeding the 99.5th percentile over the 1950–2019 period. Please note that we remove concurrent variability modes
that occur in less than 10 winters and regions without significant effects arrows (WAF, CNA, EEU, WCE, WNA, GIC, SCA, RAR, WSB,
EAS, ECA, SAS and TIB).
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Figure S18. Sensitivity analysis for the influence of variability modes on spatially compounding wind and precipitation (CWP)
extremes. Same as Fig. 6 but for seasonal counts of CWP extremes defined as wind and precipitation values simultaneously exceeding the
99th percentile over the 1950–2019 period.
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Figure S19. Sensitivity analysis for the influence of variability modes on spatially compounding wind and precipitation (CWP)
extremes. Same as Fig. 6 but for seasonal counts of CWP extremes defined as wind and precipitation values simultaneously exceeding the
99.5th percentile over the 1950–2019 period.
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Table S1. Summary of direct effect of modes of variability on wintertime compound wind and precipitation (CWP) extremes. Blue
ticks indicate where the direct effects of modes significantly increase the average wintertime CWP extreme frequencies compared with
neutral conditions. Green ticks indicate where those significant direct effects of modes are supported by previous literature.

Regions Sub-regions NAO+ NAO- PNA+ PNA- ENSO+ ENSO- AMV+ AMV-
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MED ✓ ✓ 2

NEU ✓ ✓ 1

WCE ✓ 1
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NEN ✓ ✓ ✓ 5

NWN ✓ ✓ 5

WNA ✓ ✓ 5
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RAR ✓ ✓ 7

RFE ✓

WSB ✓ ✓ 7
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EAS ✓✓ 8

ECA ✓

SAS ✓✓ 9

TIB

WCA ✓

1Hurrell and Deser (2010)
2Pinto et al. (2009)
3Niranjan Kumar and Ouarda (2014)
4Yeh et al. (2018)
5Guan and Waliser (2015)
6Taschetto et al. (2020)
7Pinto and Raible (2012)
8Zhang et al. (2012)
9Mahala et al. (2015)
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