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The zonally integrated heat transport

¥ Oceanic heat transport (OT) is larger in Northern Hemisphere

¥ Atmospheric heat transport (AT) compensates asymmetry

¥ ITCZ shifted to Northern hemisphere



Peculiarity of Atlantic heat transport

¥ Atlantic heat transport is northward at every latitude.

¥ Responsible for northward heat transport across equator
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FIG. 5. Implied zonal annual mean ocean heat transports based upon the surface ßuxes for Feb
1985ÐApr 1989 for the total, Atlantic, Indian, and PaciÞc basins for NCEP and ECMWF atmo-
spheric Þelds (PW). The 1 std err bars are indicated by the dashed curves.

all latitudes. The lack of reproducibility is consistent
with the very small size of the interannual variability
(1%Ð3% of the actual transports), and the main message
is that temporal sampling is not a major factor.

For the ERBE period, the bias in the northward at-
mospheric energy transport as compared with the mean
for the entire 1979Ð98 period is slightly negative by
about 0.05 PW from 10! to 50!N and is positive by
about 0.05 PW from 10! to 35!S. This is consistent with
the error bar estimates provided by the panel on the
right of Fig. 4, with values divided by 2 (square root
of the number of ERBE years), in terms of sampling.

c. The derived ocean heat transports

In Fig. 2, the difference (RT" AT) gives an implied
ocean heat transport, and for NCEP, in particular, the
implication is that there is almost no ocean contribution
north of 45!N. However, such an ocean estimate as-
sumes that the long-term surface heat budget over land
is in balance, because internal heat transport is negli-
gible. Instead, such a balance does not typically exist
over land, and so such an ocean estimate is contaminated

by the considerable problems over land. This constraint
allows the errors in atmospheric transports and surface
ßuxes over land to be quantiÞed, and they are found to
be largest over complex and high topography (Trenberth
et al. 2001a). Therefore it is desirable to recompute the
ocean transport separately based upon the implied sur-
face ßuxes over just the ocean, and in this way we can
also (somewhat arbitrarily south of 35!S) partition the
transports into those from the individual ocean basins.

The implied zonal mean ocean transports, adjusted as
discussed below, are computed from the residually de-
rived surface ßuxes (Fig. 5) starting at 65!N where there
is a minimum of ocean available to transport heat north-
ward. Estimates are that the transport through the Bering
Strait is 0.2# 1013 W, and that in the North Atlantic is
1.4 # 1014 W (Aagaard and Greisman 1975). Therefore
we use 0.14 PW at 65!N as the starting point of our
integration in the Atlantic. We set the dividing line be-
tween the Atlantic and Indian Ocean at 25!E, directly
south of Africa. The Atlantic and the PaciÞc are sepa-
rated at 70!W, south of South America. For the PaciÞc
and Indian Oceans, we use 130!E from 5!S to south of
Australia and 100!E north of 5!S. Although integration
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Meridional Overturning Circulation

¥ Asymmetric Atlantic heat transport due to the meridional overturning 
circulation (MOC).

¥ Changes in MOC have global ripercussions on atmospheric circulation

¥ High latitudes (NH and SH) control the MOC



Salt advection feedback essential in MOC dynamics

S Eq N

rain evaporation evaporationrain rain

salt
advection

¥ Advection from subtropics keeps northern hemisphere salty 

¥ Isopycnal window increases, residual overturning strengthens

¥ Positive feedback that leads to multiple regimes



Hysteresis and multiple regimes
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¥ As salt in North Hemisph. decreases, MOC collapses and reverses

¥ Collapse is preceded by increases in oscillationsÕ amplitude



Indicators of ROC collapse : MOV

�6!"!#$%&

'!#
()

* !+
,&

-./01�ï12�ï3451

!

!

�ï)6)78 �ï)6)7 �ï)6)*8 �ï)6)* �ï)6)98 �ï)6)9 �ï)6)(8 �ï)6)( �ï)6))8 )

�ï7

�ï*

�ï9

�ï(

)

(

9

*

7

�ï(

�ï)68

)

)68

(

�6!"!#$%&

'!#
()

* !+
,&

3451�ï12�ï-./01

!

!

�ï)6)78 �ï)6)7 �ï)6)*8 �ï)6)* �ï)6)98 �ï)6)9 �ï)6)(8 �ï)6)( �ï)6))8 )

�ï7

�ï*

�ï9

�ï(

)

(

9

*

7

�ï(

�ï)68

)

)68

(

!"#$%&"'()

*"
#$

%& "'(
)

"

"

% $ +
−,

−-

−&

−+

−$

%

$

+

&

-

,

−$+%

−,-"

−&%"

−$."

−/""

%"""

/"""

$.""

&%""

,-""

$+%"

MOV > 0

M OV !
1

So

! !

! h
øv( øS " So) dz

MOV becomes positive at dynamical 
boundary of basin, north of channel

channel



Indicators of ROC  collapse: flickering
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 Variance of ßuxes increases as the transition is approached:
could be used as an indicator of impending collapse

Salt ßux across 
equator

Heat ßux across 
equator



Challenges:

¥ Is multiplicity of regimes robust in the coupled atm.-sea-ice system? 

¥ Are indicators robust in the eddying regime?

¥ Are indicators useful in coupled models?

¥ Is the current observing system adequate at measuring indicators?


