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Figure S1. As in Figure 4 in the main text but measuring coupling strength with correlations instead of regressions.

Data availability. The hindcasts from the S2S database used here are available from https://apps.ecmwf.int/datasets/data/s2s/ under the

"Reforecasts" S2S set. The NOAA GEFSv12 hindcasts can be obtained from https://registry.opendata.aws/noaa-gefs-reforecast/. Hindcasts

for CESM2-CAM are available at https://www.earthsystemgrid.org/dataset/ucar.cgd.cesm2.s2s_hindcasts.html, while those for CESM2-

WACCM are from https://www.earthsystemgrid.org/dataset/ucar.cgd.cesm2-waccm.s2s_hindcasts.html. Data for the GFDL-SPEAR can be

made available upon request.5

Author contributions. CIG and AHB drafted the paper. CIG produced the final version of all figures except Figure 9 and 10. ZDL organized

and led the SNAP effort leading to this paper, and also downloaded all of the data. AHB produced the final version of Figure 9 and 10.

EDS produced an earlier version of Figures 9 and 10. IS and AYK produced an earlier version of Figure 12. GK produced earlier versions
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Figure S2. Correlation of NAM10 with T850 lagged by 10 days. T850 is multiplied by -1 to focus on the anomalies associated with a weak

vortex. Individual models with available data are shown in panels (a) to (r), the low-top multi-model mean in (s), and the multi-model mean

in panel (t). The area-weighted correlation in the red box over Eurasia is shown at the top left for each panel, and at the bottom right for the

black box over subtropical Eurasia. Stippling for each model indicates regions where (left column) all available ensemble members indicate

the same-signed response, and (right column) all members suffer from the same-signed bias relative to ERA5. Stippling for the low-top and

multi-model means (panels s and t) indicates where (left column) all models agree on the sign of the response, and (left column) all models

suffer from the same signed bias.
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regress(NAM10 with T850 +10days) DJF initializations
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Figure S3. As in Figure S2 but for a regression with T850 lagged by 10 days. The area-weighted correlation in the red box over Eurasia is

shown for each panel in the top left, and over subtropical Eurasia in the bottom right.
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r(NAM10 with Z500 +10days) DJF initializations
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Figure S4. As in Figure S2 but for the correlation of NAM10 with Z500 (latitude vs. longitude) lagged +10 days later. Z500 is multiplied by

-1 to focus on the anomalies associated with a weak vortex. The area-weighted correlation over the polar cap is shown in the top left of each

panel, and in the North Pacific region with the red box in the bottom right of each panel.
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Figure S5. As in Figure 7 in the main text but for the correlation of NAM10 with Z500latlon 5 day later. The area-weighted correlation over

the polar cap is shown for each panel.
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Figure S6. As in Figure 7 in the main text but for the correlation of NAM10 with Z500latlon 15 day later. The area-weighted correlation

over the polar cap is shown for each panel.
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regress(NAM10 with Z500 +10days) DJF initializations

S2S
(a) BoM

36

-47

ERA5

8.8

7.4

(b) ECCC-GEPS4
15

-21

12

-6.3

(c) ECCC-GEPS6
16

-15

8.9

2.2

(d) ECCC-GEPS7
16

-16

11

1.9

(e) NCEP-CFSv2
8.3

-24

7.3

-3

S2S
(f) HMCR

15

-7.7

ERA5

16

-4.3

(g) CMA-s2sv1
27

-29

13

-8.6

(h) CMA-s2sv2
16

-11

3.4

18

(i) JMA-GEPS1701
12

-17

14

-17

(j) JMA-CPS3
14

-31

13

-4.2

m km
-1

S2S
(k) ISAC-CNR

11

-2.9

ERA5

15

-9.7

(l) KMA-Glosea5-gc2
13

-12

14

-2.4

(m) KMA-Glosea6-gc32
7.6

-33

13

2.4

(n) ECMWF-cy47r3
13

-16

11

2.6

(o) ECMWF-cy45r1
13

-15

6.6

3.8

S2S
(p) CNRM-CM60

18

-19

ERA5

15

-6.3

(q) UKMO-Glosea5-gc2li
14

-12

13

2.4

(r) UKMO-Glosea6
16

-31

13

2.4

(s) low-top
22

-25

12

-4.3

(t) high-top
14

-19

11

-0.36

m km
-1

-100 -80 -60 -40 -20 0   20  40  60  80  100 

Figure S7. As in Figure S4 but for the regression of NAM10 with Z500latlon lagged +10 days later. The area-weighted regression over the

polar cap is shown for each panel in the top left, and over the North Pacific in the bottom right.
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and recommendations are those of the author(s) and do not necessarily reflect the views of NOAA, or the U.S. Department of Commerce.
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r(NAM1000 with Z500 +0days)
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Figure S8. Correlation of NAM1000 with Z500 lagged by 0 days, with NAM1000 taken in days 9 to 12 after initialization. Other plotting

conventions follow Figure S4.
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variance DJF initializations Z500
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Figure S9. Variance of Z500 in days 22–28 in each system and in ERA5 subsampled to match each system. The area-weighted average in

the box over the North Pacific and over the North Atlantic is shown for each panel. The low-top multi-model mean is shown in panel s, and

the high-top mean across all 18 models in panel t.
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r(SAM10 with T850 +10days) SON initializations
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Figure S10. As in Figure S4 but for T850 lagged by 10 days for SH in SON.
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regress(SAM10 with T850 +10days) SON initializations
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Figure S11. As in Figure S10 but for a regression approach for SH in SON.
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r(SAM10 with Z500 +10days) SON initializations
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Figure S12. As in Figure S4 but for SH in SON.
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r(NAM1000 with T850 +10days) DJF initializations
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Figure S13. Correlation of NAM1000 with T850 lagged by 10 days, with NAM1000 taken in days 9 to 12 after initialization. Other plotting

conventions follow Figure S4 .
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r(NAM1000 with Z500 +10days) DJF initializations

S2S
(a) BoM
0.15

-0.17

ERA5

0.089

-0.11

(b) ECCC-GEPS4
0.092

-0.11

0.069

-0.13

(c) ECCC-GEPS6
0.081

-0.12

0.066

-0.11

(d) ECCC-GEPS7
0.092

-0.15

0.087

-0.086

(e) NCEP-CFSv2
0.06

-0.13

0.088

-0.12

S2S
(f) HMCR
0.11

-0.15

ERA5

0.083

-0.092

(g) CMA-s2sv1
0.12

-0.17

0.068

-0.14

(h) CMA-s2sv2
0.08

-0.15

0.086

-0.083

(i) JMA-GEPS1701
0.078

-0.13

0.082

-0.12

(j) JMA-CPS3
0.078

-0.14

0.082

-0.078

S2S
(k) ISAC-CNR
0.075

-0.099

ERA5

0.083

-0.1

(l) KMA-Glosea5-gc2
0.085

-0.14

0.082

-0.082

(m) KMA-Glosea6-gc32
0.067

-0.14

0.071

-0.1

(n) ECMWF-cy47r3
0.075

-0.13

0.098

-0.1

(o) ECMWF-cy45r1
0.068

-0.12

0.071

-0.11

S2S
(p) CNRM-CM60
0.12

-0.11

ERA5

0.081

-0.1

(q) UKMO-Glosea5-gc2li
0.074

-0.13

0.071

-0.1

(r) UKMO-Glosea6
0.077

-0.14

0.071

-0.1

(s) low-top
0.11

-0.14

0.077

-0.12

(t) full MMM
0.087

-0.13

0.079

-0.1

-0.4 -0.32 -0.24 -0.16 -0.08 0 0.08 0.16 0.24 0.32 0.4

Figure S14. Correlation of NAM1000 with Z500 lagged by 10 days, with NAM1000 taken in days 9 to 12 after initialization. Other plotting

conventions follow Figure S4 .
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r(SAM1000 with Z500 +10days) SON initializations
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Figure S15. As in Figure S4 but for Z500 lagged by 10 days against SAM1000.
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