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ABSTRACT

A numerical experiment has been carried out with a joint model of the ocean and atmosphere. The 12-level
mode! of the world ocean predicts the fields of horizontal velocity, temperature and salinity. It includes the
effects of bottom topography, and a simplified model of polar pack ice. The numerical experiment allows the
joint ocean-atmosphere model to seek an equilibrium over the equivalent of 270 years in the ocean time
scale. The initial state of the ocean is uniform stratification and complete rest. Although the final tempera-
ture distribution is more zonal than it should be, the major western boundary currents and the equatorial
undercurrent are successfully predicted. The calculated salinity field has the correct observed range, and
correctly indicates that the Atlantic is saltier than the Pacific. It also predicts that the surface waters of
the North Pacific are less saline than the surface waters of the South Pacific in accordance with observations.
The pack ice model predicts heavy ice in the Arctic Ocean, and only very light pack ice along the periphery
of the Antarctic Continent.

The poleward heat transport of the model is very sensitive to the strength of the circulation in the vertical-
meridional plane. The heat transport is strongest in the trade wind belt where Ekman drift and thermo-
haline forces act together to cause a net flow of surface water toward the poles. At higher latitudes in the
westerly belt the wind and thermohaline forces on the meridional circulation tend to oppose each other. As
a result, the heat transport is weaker. Heat balance computations made from observed data consistently
show that the maximum heat transport by ocean currents is shifted 10°-20° equatorward relative to the
maximum poleward heat transport by the atmosphere in middle latitudes. The effect of the zonal wind in
enhancing poleward heat transport at low latitudes and suppressing it in middle latitudes is offered as an
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explanation.

1. Introduction

In Part I of this series (Manabe ef al., 1975) the state
of the atmosphere is described for two numerical experi-
ments with a global climatic model. In one experiment
the ocean is purely passive, and serves only as an
infinite source of water for surface evaporation. In a
second experiment the effect of heat transport by ocean
currents is included. The ocean model is allowed to take
over part of the task of transporting excess heat received
in the tropics to higher latitudes. A careful comparison
of these two experiments allows a better understanding
of how the ocean and atmosphere work together to
produce a climate. This paper is devoted to a description
of the ocean component of the model both from the
standpoint of method and results obtained.

Although the atmosphere and ocean models used in
this experiment have roughly the same horizontal
resolution and the same number of levels, the atmo-
spheric model requires two orders of magnitude more
time steps to simulate a unit period of time than the
ocean model. This large difference is due to the rela-
tively low speed of currents and internal waves in the
ocean, coupled with the fact that fast moving external
waves can be filtered out of the ocean model with little
loss of accuracy in the lower frequencies important in
large-scale air-sea interaction. In units of mass per unit
time the observed intensity of the ocean circulation is
comparable to that of the atmosphere. The mass of the
ocean, however, is 400-500 times greater, As a result,
the “turnover” time of the ocean is very much longer

than the atmosphere, giving a very long response time
to changes in external boundary conditions. In a
climatic calculation the long response time of the ocean
model tends to offset the advantage of a longer time
step. ‘

In the previous study by Manabe and Bryan (1969)
there was a factor of 100 between the time frame of the
atmosphere and the ocean models. In the present study
the same approach is used with the difference increased
to 320. In practice, fluxes of momentum, heat and water
calculated by the atmospheric model in a unit period
are low-pass filtered with respect to time, and applied
to the ocean model over the equivalent of 320 units of
time. Seasonal variations of solar insolation must be
omitted, an important simplification required by this
non-synoptic method of coupling the ocean and
atmosphere.

The world ocean circulation is a vast system. To
cover the entire globe entails a significant loss of
horizontal resolution compared to earlier studies of
individual ocean basins [e.g., Cox’s (1970) study of the
Indian Ocean]. For climatic studies, however, it is vital
to have global models synthesize and test the results of
simpler models. The Northern and Southern Hemi-
spheres have quite different ocean circulation patterns,
illustrating the critical importance of geometry in the
ocean circulation. The study of water mass properties
show that very remote portions of the world ocean are
intimately connected together by the abyssal thermal-
haline circulation. Cold, dense water formed in the






