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Figure. S1. The mesh of the ocean component (i.e. FESOM) in the aqua-planet model. Most of the earth is covered by ocean, except the region higher than 85 degrees over both hemispheres. 
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Figure. S2. Climatological patterns of the atmosphere and ocean circulation in real-world observations. A: Stream function of the atmospheric overturning circulation. Positive values represent clockwise flow, and negative values stand for anticlockwise flow. B: Zonal mean sea level pressure (SLP). Subtropical high SLP is associated with sinking branches of Hadley cell and Ferrel cell, while, subpolar low SLP corresponds to the raising branches of Ferrel cell and Polar cell. C: Zonal mean sea surface height (SSH). Subtropical high SSH represents the centre of the subtropical gyre, while subpolar low SSH presents the position of subpolar gyre. D: Stream function of the overturning circulation of the ocean. Positive values represent clockwise flow, and negative values stand for anticlockwise flow.  Results based on NCEP-DOP (Kanamitsu et al., 2002), AVISO (https://www.aviso.altimetry.fr) and SODA2.4 (Carton and Giese, 2008) datasets. Due to the land-sea distribution, the SLP and SSH fields have zonal gradients. The zonally mean profile does not accurately reproduce the peak SSH and SLP as shown in the aqua-planet world, since it is offset by the zonally asymmetric structure. The detailed spatial distribution of the SLP and SSH fields are also shown in Fig. S3.
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[bookmark: _GoBack][image: PubFigure/Figure1_SSH_clim.png] Figure. S3. Observed spatial distribution of the climatological A. sea level pressure (SLP) and B. sea surface height (SSH). The results are based on the NCEP-DOP atmospheric reanalysis and AVISO satellite derived SSH. 
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The altimeter products were produced by Ssalto/Duacs and distributed by Aviso, with support from Cnes (http://www.aviso.altimetry.fr/duacs/).
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