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Text S1.
There are 11 models in the S2S dataset, but only 6 of them are used in this study. The other 5 of the 11 models in the dataset are not included in this study. The BoM (Australian Bureau of Meteorology) model is running at a relatively low resolution and the prediction skill of extratropical cyclone activity is much lower than the other models. The JMA (Japan Meteorological Agency) model reforecast is initialized three time a month. Including this model in the multi-model ensemble will significantly decrease the number of cases that models can be combined into a multi-model ensemble. The KMA (Korea Meteorological Administration) model currently does not have all the mean sea level pressure data available. The UKMO (United Kingdom Met Office) model does not provide mean sea level pressure currently. The NCEP (National Centers for Environmental Prediction) model has relatively short reforecast period (1999-2009). Few strong ENSO events are in this period. As ENSO are playing important role in both seasonal and subseasonal forecast of extratropical cyclone activity, we exclude the NCEP model to include more strong ENSO events (especially the 1997/98 El Nino event) in the multi-model ensemble.

Text S2.
The region A in this study is slightly shifted (within 1.5° in each direction) from the region A in Zheng et al., (2018). This is because we are using a 1.5° by 1.5° grid in this study, while a 2.5° by 2.5° grid is used in Zheng et al., (2018). Results (not shown) from a sensitivity test has shown that move the box one or two grid boxes in each direction or make the box one or two grid boxes larger or smaller yield almost the same results.

Text S3.
Is the weak MJO-related signal from week 2 to 4 in ECMWF model (Figure 7c) due to that ECMWF composite is made from an EM while the Reanalysis has “only one ensemble member”? MJO composites of individual ECMWF members over region A are shown in Figure S2. None of the ensemble members have as large amplitude as Reanalysis. This is consistent with section 5.2 that ECMWF has too weak predictable signal. Single CNRM member MJO composites of region A are shown in Figure S3. The MJO-related signal in all of the CNRM members are very noisy compared to Reanalysis and none of the members have the same “nice” slope structure in Reanalysis.

Text S4.
Is this signal-to-noise problem only lies in extratropical cyclone activity? The prediction skill and potential predictability of Z500 in week 3-4 in ECMWF and CNRM is also investigated. The Z500 potential predictability in ECMWF (Figure S11b) is lower than its prediction skill (Figure S11a), except over east Asia and Pacific, while potential predictability in CNRM (Figure S11e) is higher than its prediction skill (Figure S11d). Again, the spatial patterns between Z500 potential predictability and   are very similar (Figure S11b and S11c for ECMWF and Figure S11d and S11f for CNRM). The high potential predictability of Z500 in CNRM compared to ECMWF is due to high . So, the problem that, ECMWF has higher potential predictability than prediction skill does not only exist in extratropical cyclone activity, but also exists in Z500 field.
Text S5.
The square of Pearson correlation actually reflects the proportion of the Reanalysis anomaly that is explained by the Model anomaly. In our case, as long as the average of the anomalies is close to zero, ACC is very close to Pearson correlation. So, here we just use ACC to replace Pearson correlation in the equation.
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Figure S1.  Solid lines show the prediction skill of each model as a function of ensemble size. The prediction shown here is the area average ACC over all the grid points north of 10°N. The dash lines show the prediction skill of MME (49 members), ECMWF and CNRM combined ensemble (26 members), and MME without ECMWF (38 members). The magenta point shows the prediction skill of CMA, CNR-ISAC and ECCC combined ensemble (13 members).
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Figure S2.  a) The same as Figure 7a. b-l) The same as Figure 7c, but showing the composite using individual ECMWF model members instead of ECMWF ensemble mean.
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Figure S3.  a) The same as Figure 7e. b-l) The same as Figure 7g, but showing the composite using individual CNRM model members instead of CNRM ensemble mean.
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Figure S4.  a) The same as Figure 7b. b-l) The same as Figure 7d, but showing the composite using individual ECMWF model members instead of ECMWF ensemble mean.
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Figure S5.  a) The same as Figure 7f. b-l) The same as Figure 7h, but showing the composite using individual CNRM model members instead of CNRM ensemble mean.
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Figure S6.  The same as Figure 8a but showing the ACC between ONI index and individual ECMWF ensemble members instead of ERA-Interim.
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Figure S7.  The same as Figure 8a but showing the ACC between ONI index and individual CNRM ensemble members instead of ERA-Interim.
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Figure S8.  The same as Figure 8b but using PVI in day -28 to day 14 instead of week 2-3 (day 8-21).
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Figure S9.  The same as Figure 8a but showing the ACC between extratropical cyclone activity in ERA-Interim between QBO (30-hPa zonal mean zonal wind at equator) instead of ONI index.
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Figure S10. The same as Figure 9a-9c but using the first 11 members of CNRM instead of all the 15 members.  
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Figure S11.  a-f) The same as Figure 9 but showing the prediction skill of 500-hPa geopotential height instead of extratropical cyclone activity. g-i) The same as Figure S10 but showing the prediction skill of 500-hPa geopotential height instead of extratropical cyclone activity.
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Figure S12.  An example shows the process to select Day0 (see main text) in order to combine S2S models into an MME. a) For each model and each day, the lead of the nearest forecast is shown in text (e.g. L3 for 3 lead days). The blue color marks when a model has a reforecast initialized. b) The same as a). The green color marks when the lead of a model is larger than 4 days. The yellow color marks the days when the lead is less than or equal to 4 days for all the models. The red boxes show the days that are selected as Day0.
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a) ERA-Interim region A (ECMWF cases)



c) ECMWF #2 region A



b) ECMWF #1 region A



d) ECMWF #3 region A



f) ECMWF #5 region A



h) ECMWF #7 region A



j) ECMWF #9 region A



l) ECMWF #11 region A



e) ECMWF #4 region A



g) ECMWF #6 region A



i) ECMWF #8 region A



k) ECMWF #10 region A
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a) ERA-Interim region A (CNRM cases)



c) CNRM #2 region A



b) CNRM #1 region A



d) CNRM #3 region A



f) CNRM #5 region A



h) CNRM #7 region A



j) CNRM #9 region A



l) CNRM #11 region A



e) CNRM #4 region A



g) CNRM #6 region A



i) CNRM #8 region A



k) CNRM #10 region A



n) CNRM #13 region Am) CNRM #12 region A



p) CNRM #15 region Ao) CNRM #14 region A
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a) ERA-Interim region B (ECMWF cases)



c) ECMWF #2 region B



b) ECMWF #1 region B



d) ECMWF #3 region B



f) ECMWF #5 region B



h) ECMWF #7 region B



j) ECMWF #9 region B



l) ECMWF #11 region B



e) ECMWF #4 region B



g) ECMWF #6 region B



i) ECMWF #8 region B



k) ECMWF #10 region B



ph
as



e
ph



as
e



ph
as



e
ph



as
e



ph
as



e
ph



as
e



ph
as



e
ph



as
e



ph
as



e
ph



as
e



ph
as



e
ph



as
e











image6.emf



a) ERA-Interim region B (CNRM cases)



c) CNRM #2 region B



b) CNRM #1 region B



d) CNRM #3 region B



f) CNRM #5 region B



h) CNRM #7 region B



j) CNRM #9 region B



l) CNRM #11 region B



e) CNRM #4 region B



g) CNRM #6 region B



i) CNRM #8 region B



k) CNRM #10 region B



n) CNRM #13 region Bm) CNRM #12 region B



p) CNRM #15 region Bo) CNRM #14 region B
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a) ECMWF #1 b) ECMWF #2 c) ECMWF #3



d) ECMWF #4 e) ECMWF #5 f) ECMWF #6



g) ECMWF #7 h) ECMWF #8 i) ECMWF #9



j) ECMWF #10 k) ECMWF #11
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a) CNRM #1 b) CNRM #2 c) CRNM #3



d) CNRM #4 e) CNRM #5 f) CRNM #6



g) CNRM #7 h) CNRM #8 i) CRNM #9



j) CNRM #10 k) CNRM #11 l) CRNM #12



m) CNRM #13 n) CNRM #14 o) CNRM #15
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a) abs ACC ERA-Interim vs PVI day(-28~14) (MME cases)
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a) abs ACC ERA-Interim vs QBO
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b) CNRM[11] potential predictabilitya) CNRM[11] c) CNRM[11] EM amp vs model rms
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b) ECMWF[11] potential predictabilitya) ECMWF[11]



d) CNRM[15] e) CNRM[15] potential predictability



c) ECMWF[11] EM amp vs model rms



f) CNRM[15] EM amp vs model rms



h) CNRM[11] potential predictabilityg) CNRM[11] i) CNRM[11] EM amp vs model rms



z500 potential predictability
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