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Contents: Wave-1 heat flux and NAM responses in Figs S1-5 for sensitivity experiments listed in

Table S1.

Expt Event type Wavenumber Vertical domain Lag (days)

S1 Extreme stratospheric eddy k0 Stratosphere 137 hPa -20 to -10

S2 SSW k0 Stratosphere 137 hPa -40 to -20

S3 Extreme stratospheric eddy k0 (τ =1 day) Stratosphere 137 hPa -20 to 20

S4 SSW k0 (τ =1 day) Stratosphere 137 hPa -40 to 40

S5 Extreme stratospheric eddy k1 Troposphere 298 hPa -20 to 20

S6 SSW k1 Troposphere 298 hPa -40 to 40

S7 Extreme stratospheric eddy k0 Stratosphere 298 hPa -20 to 20

S8 SSW k0 Stratosphere 298 hPa -40 to 40

S9 Extreme stratospheric eddy k0
k1

Stratosphere 298 hPa
Troposphere 298 hPa

-20 to 20
-20 to 20

S10 SSW k0
k1

Stratosphere 298 hPa
Troposphere 298 hPa

-40 to 40
-40 to 40

S11 Extreme stratospheric eddy k0 (climatology)
k1

Stratosphere 298 hPa
Troposphere 298 hPa

-20 to 20
-20 to 20

S12 SSW k0 (climatology)
k1

Stratosphere 298 hPa
Troposphere 298 hPa

-40 to 40
-40 to 40

S13 Extreme stratospheric eddy k1 (climatology)
k ≥ 2

Troposphere 137hPa
All

-20 to 20
-20 to 20

S14 SSW k1 (climatology)
k ≥ 2

Troposphere 137hPa
All

-40 to 40
-40 to 40

Table S1: Summary of the ensemble spectral nudging experiments S1-14 as a function of event
type, zonal wavenumber, vertical domain and lag centered on each event. The stratospheric and
tropospheric vertical domains are defined as hybrid-sigma levels above and below 137 hPa or 298
hPa, respectively. An ensemble composed of 50 members is produced for each of the 15 extreme
stratospheric eddy and SSW events from the model. The initial conditions are taken from the control
simulation every 50 days.
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(a) experiment S1 (-2%) (b) experiment S2 (-25%)

(c) experiment S3 (-1%) (d) experiment S4 (-29%)

extreme stratospheric eddy SSW 

Fig. S1: As in Fig. 2b,d except for the high-latitude wave-1 heat flux responses from experiments S1-
4. The red boxes denote the lag-pressure domains where the zonal-mean flow is nudged. The values
in brackets quantify the percentage of the composite control event reproduced by each experiment
denoted by the blue line.
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(a) experiment S5 (45%) (b) experiment S6 (44%)

extreme stratospheric eddy SSW 

(c) experiment S7 (5%) ((d) experiment S8 (-17%)

Fig. S2: As in Fig. 2b,d except for the high-latitude wave-1 heat flux responses from experiments
S5-8. The red and purple boxes denote the lag-pressure domains where the zonal-mean flow and
wavenumber k1 are nudged, respectively. The values in brackets quantify the percentage of the
composite control event reproduced by each experiment denoted by the blue line.
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(a) experiment S9 (75%) (b) experiment S10 (62%)

extreme stratospheric eddy SSW

(c) experiment S11 (65%) (d) experiment S12 (73%)

Fig. S3: As in Fig. 2b,d except for the high-latitude wave-1 heat flux responses from experiments
S9-12. The red and purple boxes denote the lag-pressure domains where the zonal-mean flow and
wavenumber k1 are nudged, respectively. The values in brackets quantify the percentage of the
composite control event reproduced by each experiment denoted by the blue line.
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(b) experiment S6 (c) experiment S8

(d) experiment S10

SSW 

(e) experiment S12

(a) experiment S2

Fig. S4: As in Fig. 4d except for the NAM responses from experiments S2, S6, S8, S10 and S12. The
red and purple boxes denote the lag-pressure domains where the zonal-mean flow and wavenumber
k1 are nudged, respectively.
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extreme stratospheric eddy SSW
(a) experiment S13 (-7%) (b) experiment S14 (-13%)

Fig. S5: As in Fig. 2b,d except for the high-latitude wave-1 heat flux responses from experiments
S13-14. The red and green boxes denote the lag-pressure domains where the zonal-mean flow and
wavenumbers k ≥ 2 are nudged, respectively. The values in brackets quantify the percentage of the
composite control event reproduced by each experiment denoted by the blue line.
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