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Spread in projected sea level change among models largely due to differences in
ocean heat uptake and vertical heat transport (Kuhlbrodt and Gregory 2012)



Vertical heat transport:

traditional budget approach
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Residual circulation and heat transport by each cell and diabatic processes
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a) Pre-Industrial Overturning (Sv)

Y (T") = / / II(T* = T) w,s dxdy.

Zika et al., 2015
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Key objectives

J Quantify the contribution of different components of ocean
circulation to vertical heat transport

J Quantify what physical processes drive different components of
ocean circulation and their associated heat transport

] Define the Super Residual Circulation (SRC) by combining
resolved Eulerian and eddy advection with eddy mixing



Residual and Diathermal Circulation in ACCESS-OM?2

Residual Circulation (Zika et al., 2015)

Y(T*,Z") = fT<T*w dA.
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Diathermal circulation (brand new!!!)
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Diathermal circulation reveals influence of
both diabatic and advective processes!

036912151821242730

(b)'teal irculation 7

0 3 6 912151821242730
Temperature (°C)

20

15

110

-10

-15

-20

-25



Contribution of different processes to diathermal circulation

Advective processes (Kinematics)
i 25 Diabatic processes (thermodynamics)
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Heat transport by individual cells and the role of diabatic processes

Heat transport by individual cells Individual circulation cells
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Super Residual Circulation (SRC)

)
PRE(T*,Z27) = G_Tfsz* V- (uT) + V- (Kegay T) dV
T=T*

d The SRC is dominated by a thermally direct
cell.

(d The SRC describes 15Sv of water sinking
through the 1000m depth surface at about
0°C which is warmed to 2°C by diabatic
processes before upwelling.

(J The SRC describes Stommel and Arons’ and
Munk’s classical model of the deep
circulation.
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Super Residual Circulation (SRC) in 1°, 0.25° & 0.1° ACCESS-OM2

SRC is dominated by a thermally direct cell
in ACCESS-OM2-1°, 0.25° and 0.1°.

ACCESS-OM2-1° and 0.25° has two
thermally in indirect cell (warm cell) in
colder temperature (< 4°C) which is not
present in ACCESS-OM2-0.1°.

Upper 200 m has similar thermally direct
and thermally indirect cell in all
configurations.

SRC in ACCESS-OM2-0.1° transport 3 time
more heat upward than ACCESS-OM2-1° &
0.25° at 1000 m.

Super Residual Circulation (Sv)
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Conclusions

1 Using advective tendencies, we have presented the diathermal circulation in temperature and
depth (T-Z) coordinates which exactly describes contributions to vertical heat transport.

d We have revealed the diathermal circulation and the role of different diabatic processes in its
individual overturning cells.

[ For the first time, we have introduced the Super Residual Circulation (SRC) which combines
Eulerian and eddy advection with isopycnal mixing processes.

d The SRC is dominated by a thermally direct cell with cold water sinking and warm water
upwelling consistent with classical descriptions of deep ocean circulation.

d ACCESS-OM2 19, 0.25° and 0.1° are looks qualitatively similar although 0.1° does not capture
the warm cell in temperature < 0° in the subsurface.

(d The SRC allows a direct comparison between models with different resolutions and different
partitions between resolved and parameterized processes.
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Novel water mass framework in depth density coordinates
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Novel water mass framework depth temperature coordinates
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a) Decomposition of the Thermal Overturning Circulation (4Sv Cl)
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Key findings:

Warm Cell link with Interhemispheric
overturning Cell (green color)

Cold Cell link with Antarctic Bottom
Water (Abyssal) Cell (blue color)

Surface Cell link with tropical and
subtropical gyre Cell (red color)
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Residual and Diathermal Circulation in ACCESS-OM?2

Residual Circulation (Zika et al., 2015)

W(T*, Z*) = f w dA.
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Diathermal circulation (brand new!!!)
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* Diathermal circulation reveals influence of both diabatic and
advective processes!
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Super Residual Circulation (SRC) in 19, 0.25° & 0.1° ACCESS-OM2

Individual Advective Contribution to Super Residual Circulation (Sv)

Super Residual Circulation (Sv)
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