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Figure S1.  Schematic outlines of the proposed mechanisms by which the easterly phase 
of the stratospheric QBO and the minimum phase of the 11-year solar cycle can result in 
reduced static stability in boreal winter in the tropical lowermost stratosphere and 
enhanced convection, leading to increased MJO amplitudes.  Heavy dark arrows indicate 
the flow of the proposed mechanisms; thin arrows represent the induced anomaly of the 
Brewer-Dobson circulation. 
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Figure S2. As in Figure 2 but using the relaxed Method 2 of QBO phase selection (15 
QBOE winters and 25 QBOW winters). 
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Figure S3.  As in Figure 3 but using the relaxed Method 2 of QBO phase selection (15 
QBOE winters and 25 QBOW winters; 6 QBOE/SMIN winters and 6 QBOW/SMAX 
winters). 
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Figure S4.  As in Figure 3 but the cumulative daily 100 hPa 45oN to 75oN meridional 
eddy heat flux anomalies are calculated over the Jan. 16 to March 31 period for each 
winter.   
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Figure S5.  As in Figure 2 but comparing composites for the 5 QBOE/SMIN (Method 1) 
years versus the 5 QBOW/SMAX years.   
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Figure S6.  Annual time series in a format similar to Figure 2 but for the 1981-1982 
winter, which included an early winter SSW. The central date of the SSW is indicated in 
panel (b).  1979-2019 means are shown for comparison. 
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                              Figure S7.  As in Figure S6 but for the 1984-1985 winter. 
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                              Figure S8.  As in Figure S6 but for the 1987-1988 winter. 
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                             Figure S9.  As in Figure S6 but for the 1998-1999 winter. 
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                                 Figure S10.  As in Figure S6 but for the 2001-2002 winter. 
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                              Figure S11.  As in Figure S6 but for the 2003-2004 winter. 
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                               Figure S12.  As in Figure S6 but for the 2013-2014 winter. 
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                                          Figure S13.  As in Figure S6 but for the 2018-2019 winter. 
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Figure S14.  As in Figure 6 but the early winter SSW composite is compared to a late 
winter SSW composite (red dashed lines) for 15 SSWs occurring after January 15 (Table 
2).   
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Figure S15.  As in Figure 6 but composites relative to the central dates of all SSWs listed 
in Table 2 (blue lines) are compared to composites for winters with no SSWs (red dashed 
lines).   



 
 

17 
 

Figure S16.  As in Figure 6 but comparing a composite of 5 early winter SSWs occurring 
in the historical MRI model simulation (blue lines; Table S1) versus a composite of 17 
model winters with no SSWs (red dashed lines).   



 
 

18 
 

 
 
Figure S17.  As in Figure 6 but comparing a composite of 5 early winter SSWs occurring 
in 40 winters of the r1 member of the MRI 4×CO2 model simulation (blue lines; Table 
S4) versus a composite of 20 model winters with no SSWs (red dashed lines).   
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 Figure S18.  As in Figure 7 but comparing a composite of 24 early winter SSWs 
occurring in the r7 ensemble member of the MRI 4×CO2 model simulation (blue lines) 
versus a composite of 60 model winters with no SSWs (red dashed lines). 
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Figure S19.  As in Figure 2 but calculated from MRI historical simulation model data (9 
QBOE winters and 19 QBOW winters; Table S1).   
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Figure S20. As in Figure 5 but using MRI historical simulation model data (Table S1). 
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Figure S21.  As in Figure 2 but calculated from MRI model data for the 4×CO2 
simulation (r1 ensemble member, 34 QBOE winters and 26 QBOW winters). 
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Figure S22.  As in Figure 2 but calculated from MRI model data for the 4×CO2 
simulation (r4 ensemble member, 31 QBOE winters and 27 QBOW winters). 
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Figure S23.  As in Figure 2 but calculated from MRI model data for the 4×CO2 
simulation (r7 ensemble member, 36 QBOE winters and 32 QBOW winters). 
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1All quantities are defined as in Table 1 but are calculated from MRI model data for 39 model 
winters. 
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1All quantities are defined as in Table 2 but are determined by analyzing MRI model data 
for 39 winters. 
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1All quantities are defined as in Table 1 but are determined by analyzing 4×CO2  
                            MRI model data for 40 winters. 
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1All quantities are defined as in Table 2 but are determined by analyzing 4×CO2  
                            MRI model data for 40 winters. 
 
 
 
 
 




