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ABSTRACT

The Meridional Overturning Circulation (MOC) is a known mass and heat conveyor belt in the global ocean.
Thus, it controls the polar mass balance and the moderate climate of maritime. It is also a crucial mecha-
nism in transporting nutrients and carbon dioxide. However, critical questions remain on the drivers of the
MOC and the processes governing heat and mass transfer in the major ocean basin. Mechanical forcing
(e.g., wind, tide, etc.) has long been regarded to predominantly drive and maintain the MOC, but recent
works have revealed that surface buoyancy forcing (heating and cooling, evaporation, and precipitation) can
also drive energetic flow in the ocean. However, the role of buoyancy forcing, and convective motion asso-
ciated with it in the oceans is poorly understood and not well represented in the ocean and climate mod-
els. Thus, our understanding of ocean circulation is likely to be limited in predicting ocean adjustments, in-
cluding heat uptake and any change in the meridional overturning circulation due to global climate change.

' Our study shows that global differences of temperature and buoyancy flux at the
ocean surface are responsible for small-scale convection at high latitudes, global
overturning, and the top-to-bottom density difference in the oceans. With
planetary rotation, the convection also contributes to the large-scale horizontal,
geostrophic circulation, and it crucially involves a 3D linkage between the
geostrophic circulation and vertical overturning. The governing dynamics
of such a surface-forced convective flow are fundamentally different from
Rayleigh—Bénard convection. Geostrophic balance adds to the constraints on
transport in horizontal convection, as illustrated by experiments, theoretical
scaling, and turbulence-resolving simulations for closed (mid-latitude) basins
and an annulus or reentrant zonal (circumpolar) channel. In these geometries,
buoyancy drives either horizontal mid-latitude gyre recirculations or a strong
Antarctic Circumpolar Current, respectively, in addition to overturning.
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