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Figure 4. (i) East -west cross sect ion of temperature fo r c = o.6. (ii), (iii) M eridional cross sections 
of temperature for c = o.6. 

is shown in Fig. 5. On the left of each diagram is the eastward velocity com-
ponent as calculated at x = l . On the ri ght is the conjectured verti cal moti on 
deduced from the amount of eastward and westward transport present and 
from the fact that there is upwell ing into the Ekman layer at y = o. l but 
downwelli ng at y = 0.9. N oti ce that the upwelling into the Ekman layer 
comes from only the upper part of the thermal layer. However, downwellin g 
from the Ekman layer continues to the deepest parts of the thermal layer. 

8. The .Abyssal Layer. As the abyssal layer has 0 (1) thickness, there is no 
scali ng of the verti cal coordinate. T o maintain a complete continuity equation 
it is necessary that u,v ,p have the same order of magnitude as w , which is 
o(E1l2 ) to match the thermal layer. L et 

!! A = E112 f! + . . . , PA = E112p + ... , 

then ( 9 )-( l 3) become, to lowest order, 
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Figure 5. Diagrammatic representation of upwelling and downwell ing in the eastern-boundary layer, 

fv=px, fii= - py, p,=T, iix+vy+W,=O, 
- - -

uTx+vTy+iuT , = o. 

From (II) it may be seen that lower-order terms in TA wi ll be identicall y 
zero. Hence variations in TA are small compared with variations in temperature 
in the thermal layer, but they may well be important. 

Although the above set of equations is nonlinear, the horizontal transports 
in the abyssal layer may be found in the usual way. From (38) it may be shown 
that 

(3v = Jiu,; 

hence, integrating across the layer from z = o to z = 1, the northward trans-
port is 

(39) 

Used here is the fact that iv = o at the bottom of the layer (as the lower Ek-
man layer is weak and unable to accept Ekman suction to this order) and 
iv = kclf at z = 1 fr om the matching condition with the thermal layer, 

limwA = limwp . 
Z-rl rJ-ra> 

Then, from the continuity equation, the eastward transport is 

E'l2 udz = E'l2 - (1 -x), J' kc 

0 f 



212 Journal of Marine Research [ 29,3 

where we have satisfied the condition of no net transport from the abyssal 
layer into the eastern boundary layer. Hence, the transport in the abyssal layer 
is basically northeastward, with water rising into the thermal layer. A com-
pensating southward-flowing western-boundary current is required and the 
whole flow in this layer is significantly modified by variations in bottom 
topography. 

Finally, the integrated northward transport is calculated for all three layers; 
the transport at a given latitude is 

which is the familiar Sverdrup balance of northward transport against wind-
stress curl. 
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Note added in proof: I have recently seen a manuscript by R . C. Al exan-
der that he has submitted for publication in Tellus. He discusses a similar 
model to that described above. Though using a different method for deter-
mining the surface temperature distribution, he reaches the same conclusion, 
that horizontal advection is more important than the horizontal diffusion 
of heat. 


