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ABSTRACT 

The oceans are looked on as a heat engine, and the points are made, firstly, that the effect 
operating this engine is modest, and, secondly, that the engine efficiency is extremely small. It 
is argued that a parameter, called the "thermal stiffness", generally increases when certain 
phenomena: new instabilities, turbulence, noise, etc., appear in thermodynamically forced 
systems. For the ocean system, this indicates that the temperature rise associated with the 
greenhouse effect may be overestimated in numerical ocean models which do not include, or do 
not properly resolve, such phenomena. 

1. The oceans as a heat engine 

An engineer looking at the oceans may compare 
this system to a "heat engine". This engine is 
fuelled by a surface heat flux as well as by mechani­
cal energy from the overlying atmosphere, and its 
output is the kinetic energy associated with the 
general ocean circulation, which is the "flywheel" 
of the engine. It may also be useful for oceano­
graphers to think in terms of such an engine: 
for one thing, it will focus their attention on 
some important overall parameters of the ocean 
circulation, such as the input and output powers, 
the stored flywheel energy, the efficiency etc. 
I have made some rough estimates of such "engine 
parameters"; the details of the underlying calcula­
tion will appear elsewhere. 

Firstly, we look at the oceans as a "black box", 
with two inputs: the surface heat flux Q and the 
wind-stress r, and a temperature variable T and 
the flywheel kinetic energy K as outputs. An 
oceanographic modeler may ask if I have forgotten 
the haline driving, the net evaporation, which is 
known to contribute essentially to the circulation, 
but in the "grand picture", where only the primary 
inputs are shown, the haline driving translates to 
a heat input. Latent heat transformations cause the 
main salinity changes and corresponding density 
changes of the water, and this heat component is 
already considered in Q. 

It is not obvious how we should define Q. We 
may consider the total heat flux going into the 
ocean surface, which is mainly the incoming solar 
radiation, minus the reflected part; we may alter­
natively consider the net heat flux with outgoing 
long-wave radiation, etc., subtracted out. From 
the engineers viewpoint, the first consideration is 
the more correct one, since we ought to count 
the energy "waste", obtained in the transformation 
of high-quality energy (solar radiation) to low­
quality energy (long-wave radiation). 

The total heat taken up by the ocean is found to 
be of order 1014 KW, using an albedo of0.15. The 
net heat flux going through the ocean system, 
entering in certain surface regions and leaving 
in other regions, is much smaller, of order 
5 -109 KW, possibly as high as 1010 KW, depend­
ing on the estimate of the wind-stress. Of course, 
the mechanical energy input by the wind is used 
more effectively than the heat, to drive the engine; 
it contributes essentially to ocean circulation. 
Water is a very ineffective medium for a thermo­
dynamic engine (unless we bring it to boiling): 
we get only small density changes out of heating 
and cooling, and a vast amount of heat in the 
latent form is needed to produce the density 
changes associated with the salinity. It should be 
pointed out that it is not really the density changes, 
and the "buoyancy work'', which create energy for 
the ocean circulation, although it may appear so in 
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