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Table 4. Heating rates associated with water exchange at different latitudes for the circulation
driven by winter winds and by annual mean winds in the Atlantic. Positive S gives the sink-

ing rate of upper-layer water, hence corresponds to cooling of water or negative heat flux
from atmosphere to ocean.

Winter

Atmosphere to ocean

Annual Mean

Atmosphere to ocean

heat flux heat flux
Location S(Sv) (10** gcal/yr) S(Sv) (10* gcal/yr)
©n 6 —2.3 5 —1.9
35N =075 .29 2 — .76
Eq 1 — .38 2.6 —j L
BC —5.4 2.05 —6.7 2.6
CGH 8 -3 7.5 =29
19) —8.1 3.1 —7.8 3.0

thermal balance with the atmosphere. Hence, the net amount of heat that the N.
Pacific receives from the atmosphere (in the winter wind calculation) must be trans-
ported to the S. Pacific. Some of this heat is released during the sinking that occurs
in the East Australian Current region (35S) and the remainder is ejected to the
atmosphere by the Cape Horn Current (CH).

Since the effective thermal expansion coefficient for the Atlantic is half that of
the Pacific (Table 2), each Sverdrup of mass transport involves heat exchange at
the rate of 3.8 X 10% gcal/yr. Table 4 summarizes the mass transports and rates
of heating of the ocean across latitudes that have special significance in the model.
The calculations show that the N. Atlantic releases heat to the atmosphere with
both winter and annual mean circulations. Hence, a net amount of heat is trans-
ported poleward by the N. Atlantic. In the present study, the bulk of the heat
transport occurs via the Norwegian Current. If horizontal density variations in the
upper layer were included, the Gulf Stream would provide a larger, poleward heat
flux.

At the separation latitude of the Brazil Current (indicated by BC in the table),
an intense upwelling (atmosphere-to-ocean heat flux) must occur. This region is one
with rather violently oscillatory thermal structure as can be seen from Wiist’s (1936)
temperature contours at 400 m. A great deal of mixing between warm- and cold-
water layers must occur as a result and the net effect for a two-layer system is to
generate upper-layer water since in reality the temperature of the Brazil Current is
higher than that of the average “upper layer” water. Upwelling near the western
boundary and sinking near the Cape of Good Hope involve approximately equal
amounts of water, hence in terms of heat flux the two processes tend to balance
and the bulk of the upwelled water in the Atlantic is transported to the north where
it sinks. Hence, the Atlantic, as a whole, transports heat northward.
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The situation for the Indian Ocean is rather more straightforward with the pres-
ent calculations. Since no cooling occurs in the N. Indian Ocean, all of the heat
absorbed by the upper layer must be transported to the southern hemisphere to be
released back to the atmosphere. Since just over 9 Sv of mass transport flows out
of the Indian Ocean around the southern tip of Tasmania, an equivalent amount
must upwell throughout that basin. The calculations show that three-fourths of this
occurs via uniform upwelling and the remainder upwells at the separation latitude
of the Agulhas.
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