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Supplemental Material 

Supplementary Figure S1 adds more information on the Pacific Ocean surface 

wind signal associated with NDJ SSWs, while the other Supplementary Figures S2 and 

S3 address different properties of the high- and low-top model that influence or directly 

describe wave propagation. Supplementary Figure S4 shows the SSW precursor region 

(NDJ SSW composite at Lag -1) for both models together with the El Niño pattern for 

the NDJ period. El Nino winters were determined by calculating the running average 

over three-month-season means of the standardized Nino 3.4 index for the SONDJFM 

period. Whenever this average exceeds a value of 0.5 we defined the winter to be an El 

Nino winter. A similar method was applied in Butler et al. (2014). We calculated the NDJ 

SLP El Nino pattern by averaging the NDJ SLP for all El Nino winters. Prior to the 

pattern correlation the fields were normalized. 

Furthermore, we include a comparison of our model characteristics to those 

discussed by Sassi et al. 2010 using the DJF climatology (Supplementary Figs. S5 and 

S6). Sassi et al. (2010) compared the older version 3 of CAM and WACCM, coupled to 

a slab ocean, to each other, whereas we use version 4 of CAM and WACCM, coupled 

to a fully interactive ocean. Sassi et al. (2010) attributed differences in the tropospheric 

circulation between these two models to differences in the zonal mean state of the 

respective model stratospheres, which was found to be influenced by reflection of 

resolved planetary scale waves close to the model lid in the low-top model (CAM3). 

CAM3 is characterized by very strong westerlies reaching more than 50 m/s close to its 

model lid (~ 40 km) in the December to February (DJF) mean, exceeding the strength of 

the westerlies in WACCM3 by more than 20 m/s at this altitude. To analyze the 
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reflection of planetary scale waves, Sassi et al. (2010) considered the zonal 

wavenumber one (wave-1) amplitude and phase of geopotential height (GPH). They 

found too weak wave-1 amplitudes in both models and a reduced westward tilt with 

height of the wave-1 phase in the low-top model above 30 km (~ 10 hPa). The latter, 

they suggested to be connected to wave reflection at the lower model lid. In our study, a 

comparison of version 4 of WACCM and CAM, coupled to a fully interactive ocean, we 

find a smaller difference in the DJF zonal mean zonal wind field between the high- and 

the low-top model (Supplementary Fig. S5) and a generally larger amplitude of the GPH 

wave-1 component for both models (Supplementary Fig. S6a). This difference between 

the model versions agrees well with the known improvements of WACCM and CAM 

from version 3 to version 4 (Richter et al. 2010). Nevertheless, we find the same 

difference between the high- and low-top model in the phase tilt of the GPH wave-1 

component (Supplementary Fig. S6b) as Sassi et al. (2010), hinting at a similar 

reflective behavior of the low-top model close to the model lid in the newer version of 

the low-top model and supporting our description of the enhanced reflection at the lower 

model lid. We want to emphasize that the reflection in the newer version of CAM is 

much decreased compared to the older version. We still find positive EP-Flux 

divergence in our CAM4 simulation but it is much reduced compared to that shown in 

Sassi et al. 2010, and so is the difference in the mean state of the stratospheric vortex. 
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Supplementary Figures 

Supplementary Figure S1: NDJ SSW composites with emphasis on the Pacific Region 

for zonal wind at 700 hPa (U700) in [m/s]. High-top model results are shown above 

low-top model results. Shading shows anomalies before (Lag -1 Month), during 

(Lag 0) and after a SSW (Lag +1 and +2 Months), while contour lines show the 

respective climatological fields (positive: black and solid, negative: gray and 

dashed). Colored areas indicate statistical significance at the 90 % level after a 

bootstrapping test. .................................................................................................... 6 

Supplementary Figure S2: Climatological NDJ zonal wavenumber 1 a) amplitude in m 

for the high-top (contour lines) and for the differences low-top minus high-top 

(shading); b) phase in ° (contour interval 10°) for the high-top model (black 

contours) and for the low-top model (red contours, only depicted in the upper right 

corner as this is the region with the largest difference between the models. 

Climatological NDJ EP-Flux vector (arrows), its divergence (shading) and zonal 

mean zonal wind (contours) for c) the low-top model and d) for the difference low-

top minus high-top model. The EP-Flux Vector was scaled for a better visualization 

equally for c) and d). The colorbar for the divergence of the EP-Flux Vector is valid 

for c) and d). The zonal mean zonal wind is depicted with a c) 5 m/s and d) 2 m/s 

contour interval. Solid (dashed) lines indicate positive (negative) values. The zero 

line is omitted. ........................................................................................................... 7 

Supplementary Figure S3: NDJ SSW composites for anomalies of the vertical 

component of the EP-Flux Vector (Fz) in [kg s-2] for zonal wavenumbers 1 to 3. 

High-top model results are shown above low-top model results. Color shading 
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shows Fz anomalies before (Lag -1 Month), during (Lag 0) and after a SSW (Lag +1 

Month), while contour lines show the corresponding zonal mean zonal wind 

anomalies (positive: black and solid, negative: gray and dashed). Hatched areas 

indicate areas that are statistically not significance at the 95 % level after a 

bootstrapping test. .................................................................................................... 9 

Supplementary Figure S4: Lag -1 NDJ SSW for SLP (a and b) and the El Nino 

teleconnection pattern for the North Pacific (c and d) for NDJ for the high-top (a and 

c) and for the low-top (b and d) model. The SSW composite pattern at Lag -1 were 

used to identify the SSW precursor regions (color shading). This region was then 

used to calculate a pattern correlation with the El Nino pattern for the NDJ season 

(indicated between a and c for the high-top model and b and d for the low-top 

model). .................................................................................................................... 10 

Supplementary Figure S5: Climatological DJF Zonal Mean Zonal Wind. Contours 

show the climatology of the low-top model (contour interval: 4 m/s). Color shading 

indicates the difference between the low- and high-top model (shading interval: 1 

m/s). ........................................................................................................................ 11 

Supplementary Figure S6: Climatological DJF zonal wavenumber 1 a) amplitude in m 

for the high-top (contour lines) and for the differences low-top minus high-top 

(shading); b) phase in ° (contour interval 10°) for the high-top model (black 

contours) and for the low-top model (red contours, only depicted in the upper right 

corner as this is the region with the largest difference between the models). ......... 12 
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Supplementary Figure S1: NDJ SSW composites with emphasis on the Pacific Region 

for zonal wind at 700 hPa (U700) in [m/s]. High-top model results are shown above low-

top model results. Shading shows anomalies before (Lag -1 Month), during (Lag 0) and 

after a SSW (Lag +1 and +2 Months), while contour lines show the respective 

climatological fields (positive: black and solid, negative: gray and dashed). Colored 

areas indicate statistical significance at the 90 % level after a bootstrapping test. 
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Supplementary Figure S2: Climatological NDJ zonal wavenumber 1 a) amplitude in m 

for the high-top (contour lines) and for the differences low-top minus high-top (shading); 

b) phase in ° (contour interval 10°) for the high-top model (black contours) and for the 

low-top model (red contours, only depicted in the upper right corner as this is the region 



8 
 

with the largest difference between the models. Climatological NDJ EP-Flux vector 

(arrows), its divergence (shading) and zonal mean zonal wind (contours) for c) the low-

top model and d) for the difference low-top minus high-top model. The EP-Flux Vector 

was scaled for a better visualization equally for c) and d). The colorbar for the 

divergence of the EP-Flux Vector is valid for c) and d). The zonal mean zonal wind is 

depicted with a c) 5 m/s and d) 2 m/s contour interval. Solid (dashed) lines indicate 

positive (negative) values. The zero line is omitted.    
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Supplementary Figure S3: NDJ SSW composites for anomalies of the vertical 

component of the EP-Flux Vector (Fz) in [kg s-2] for zonal wavenumbers 1 to 3. High-top 

model results are shown above low-top model results. Color shading shows Fz 

anomalies before (Lag -1 Month), during (Lag 0) and after a SSW (Lag +1 Month), while 

contour lines show the corresponding zonal mean zonal wind anomalies (positive: black 

and solid, negative: gray and dashed). Hatched areas indicate areas that are 

statistically not significance at the 95 % level after a bootstrapping test. 
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Supplementary Figure S4: Lag -1 NDJ SSW for SLP (a and b) and the El Nino 

teleconnection pattern for the North Pacific (c and d) for NDJ for the high-top (a and c) 

and for the low-top (b and d) model. The SSW composite pattern at Lag -1 were used to 

identify the SSW precursor regions (color shading). This region was then used to 

calculate a pattern correlation with the El Nino pattern for the NDJ season (indicated 

between a and c for the high-top model and b and d for the low-top model). 
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Supplementary Figure S5: Climatological DJF Zonal Mean Zonal Wind. Contours 

show the climatology of the low-top model (contour interval: 4 m/s). Color shading 

indicates the difference between the low- and high-top model (shading interval: 1 m/s).   
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Supplementary Figure S6: Climatological DJF zonal wavenumber 1 a) amplitude in m 

for the high-top (contour lines) and for the differences low-top minus high-top (shading); 

b) phase in ° (contour interval 10°) for the high-top model (black contours) and for the 

low-top model (red contours, only depicted in the upper right corner as this is the region 

with the largest difference between the models). 
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