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Abstract

The mechanism of transitions among multiple steady states of thermohaline circulation is investigated
from a thermodynamic viewpoint. For this purpose, a new quantitative method is developed to express the
rate of entropy production for a large-scale open system and its surroundings by the transports of heat and
matter. This method is independent of explicit expressions of small-scale dissipation processes, and is
therefore applicable to general circulation models. Multiple steady states under the same set of boundary
conditions are shown to exist in an oceanic general circulation model as a result of perturbing high-latitude
salinity. The rate of entropy production is calculated during the transition among the multiple steady states
by this new method. For transitions among southern sinkings, the transition tends to occur from a state with
a lower rate of entropy production to a state with a higher rate of entropy production independent of the
signs of the perturbations, but the transition in the inverse direction does not occur. These transitions can
thus be said to be irreversible in the direction of the increase of the rate of entropy production. On the other
hand, for transitions from northern sinking to southern sinking, the transition can occur to a state with
a lower rate of entropy production. However, the decrease is found to be associated with a perfect collapse
of the initial circulation as a result of a perturbation to the sinking region ( an effective strong
perturbation ). All these results support the hypothesis that a nonlinear system, when perturbed, is likely to
move to a state with maximum entropy production. It is suggested that the rate of entropy production
represents global stability in nonlinear systems in general, including our climate system.
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(precipitation and evapolation), moon tide and
wind stress, respetively.
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Fig.2 Examples of open dissipative system (top left: Benard

convection ( Velarde & Normand, 1980 ), top right:
Wind-ripples on desert ( by W. Weidlich ), bottom:
the Earth ( Ahrens, 1994, available from http://
visibleearth.nasa.gov/ and http://earthobservatory.nasa.
gov/)).
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Fig.3 Example of development of non-equilibrium
system ( heat conduction and heat convection ).
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Fig.4 Example of the principle of maximum entropy
production ( climate system, Paltridge, 1975 ). Global
distributions of temperature (left), fractional cloud cover
(middle ), meridional heat flux (right) in the earth.
Solid line: predicted with maximum entropy production
and dashed line: observed.
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Fig.5 Example of multiple steady states under the same set of
boundary conditions ( from a review by Held, 1993 for
Marotzke & Willebrand, 1991 ).
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Fig. 6 (a) Model domain, and forcing fields of the model as
functions of latitude, (b ) forced zonal wind stress
defined as positive eastward ( Nm?.), (¢ )
prescribed sea surface temperature (°C .), (d)
prescribed sea surface salinity (°/o0),and (e) Fresh
water flux diagnosed from Nypc at year 5000
for spin-up ( The contour interval is 1.0 m year™ ).
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anti-clockwise (southern sinking) circulation
(indicated by the capital letter “S™).
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Summary of the results of the transition experiments.
The vertical axis indicates the rate of entropy produc-
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shows the maximum value of the zonally integrated
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Fig. 11
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