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Fig. S1. The horizontal distribution of θ (°C). (a) Climatological SST in summer from WOA18. (b) As in (a), but for SST in 

winter. (c) As in (a), but for the climatological annual mean θ at the bottom layer. 
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Fig. S2. The vertical distribution of zonally averaged θ (°C). (a) Climatological annual mean of zonally averaged θ in the 

Southern Atlantic sector from WOA18. The zonal average is calculated by omitting dry grids. (b) and (c) As in (a), but for 

the Southern Pacific and Southern Indian sectors, respectively. 
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Fig. S3. The vertical profiles of horizontally area-averaged θ (°C). (a) The horizontally area-averaged θ within the Southern 

Atlantic sector (semi-transparent red region in Fig. 5a in the manuscript). Semi-transparent color shading denotes the STD of 

monthly climatology. (b) and (c) As in (a), but for the Southern Pacific and Southern Indian sectors, respectively. 
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Fig. S4. As in Fig. S1, but for the horizontal distribution of S (psu). 
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Fig. S5. As in Fig. S2, but for the vertical distribution of zonally averaged S (psu). 
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Fig. S6. As in Fig. S3, but for the horizontally area-averaged S (psu). 
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Fig. S7. The horizontal distribution of MLD (m).  (a) The MLD of WOA18 in the austral summer. (b) As in (a), but for the 

MLD in the austral winter.   
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Fig. S8. The circumpolar distribution of the SAF, PF, and SACCF in WOA18, with θ (°C) at corresponding depths in color. 

(a) The SAF (the green line, 4 °C isotherm) and θ (°C) at 400 m depth. (b) As in (a), but for the PF (2.2 °C isotherm) and θ 95 

(°C) at 800 m depth. (c) As in (a), but for the SACCF (1.8 °C isotherm) and θ (°C) at 500 m depth. 
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Fig. S9. (a) Climatological water mass volume (log10 (V), m3) distribution in θ–S space (bins of 0.05 °C by 0.05 psu size) in 

the inner model domain in WOA18, superimposed with potential density σ0 (grey lines) in contour intervals of 0.5 kg m-3. 100 

The red dashed line denotes the surface freezing point of seawater. The black lines denote the σ2 contours of 37.16 kg m-3, 

indicating the threshold between CDW and AABW. (b-d) As in (a), but for the Southern Atlantic sector, the Southern 

Pacific sector, and the Southern Indian sector, respectively. 
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Fig. S10. The barotropic stream function. (a) The climatological Ψ (Sv) estimated from the C2016. The grey region over the 

open ocean indicates the absence of observational estimation. (b) As in (a), but for SOSE. Negative cells denote cyclonic 

circulations. 
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Fig. S11. The sea surface Kinetic Energy and the variability of η. (a) The log10(MKEsurf) (m2 s-2) in the AVISO. The grey 

region over the open ocean indicates the absence of year-round data in the AVISO. (b) and (a) As in (a), but for the STD of η 

(m) and the log10(EKEsurf) (m2 s-2), respectively. 
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Fig. S12. The horizontal distribution of θ (°C) and S (psu) over the continental shelf. (a) Climatological θ at the bottom layer 

from the gridded MEOP. (b) As in (a), but for bottom S. 
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Fig. S13. The vertical structure of θ (°C) and S (psu) over the continental shelf. (a) Meridionally averaged θ over the 120 

continental shelf from the gridded MEOP. The light grey region indicates the absence of year-round data in the gridded 

MEOP. (b) As in (a), but for S.   
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Fig. S14. The meridional structure of θ (°C) along the selected transects (blue lines in Fig. 5b) perpendicular to the 

continental slope. (a) Climatological θ along the selected transect in the Bellingshausen sector from Y2025. Black lines 125 

denote σ0 (kg m-3) in contour intervals of 0.1 kg m-3. (b) and (c) As in (a), but for the transects in the Ross and Maud sectors, 

respectively. The cyan lines denote the γn contour of 28.27 kg m-3.  
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Fig. S15. As in Fig. S14, but for S (psu), with the red line denoting the γn contour of 28.27 kg m-3. 130 
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Fig. S16. The meridional structure of ualong (m s-1) along the selected transects (blue lines in Fig. 5b) perpendicular to the 

continental slope. (a) Climatological ualong along the selected transect in the Bellingshausen sector from the SOSE. Positive 135 

values indicate a current flowing to the right of the down-slope direction (i.e., a generally eastward-flowing ASC). Black 

lines denote σ0 (kg m-3) in contour intervals of 0.1 kg m-3. The red line denotes the γn contour of 28.27 kg m-3. (b) and (c) As 

in (a), but for the transects in the Ross and Maud sectors, respectively.  
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Fig. S17. The spatial pattern of SIC. (a) The satellite observed SIC in February from the UB. (b) As in (a), but for 140 

September. 
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Fig. S18. As in Fig. S17, but for the SIT (m). 
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Fig. S19. The spatial pattern of estimated SIP (m yr-1) during the freezing period (March-October) based on the AMSR-E by 

the HU.  
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Fig. S20. The observed annual climatology of spatial pattern of SHIfw (m yr-1) from A2020. 


