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ABSTRACT

Measurements indicate that mixing processes are intense in the surface layers of the ocean but weak
below the thermocline, except for the region below the core of the Equatorial Undercurrent where
vertical temperature gradients are small and the shear is large. Parameterization of these mixing processes
by means of coefficients of eddy mixing that are Richardson-number dependent, leads to realistic simula-
tions of the response of the equatorial oceans to different windstress patterns. In the case of eastward
winds results agree well with measurements in the Indian Ocean. In the case of westward winds it is of
paramount importance that the nonzero heat flux into the ocean be taken into account./This heat flux
stabilizes the upper layers and reduces the intensity of the mixing, especially in the east. With an ap-
propriate surface boundary condition, the results are relatively insensitive to values assigned to constants

in the parameterization formula.

1. Introduction

Mixing processes are of great importance near the
ocean surface. Kraus and Turner (1967) param-
eterized this mixing in a model that takes into ac-
count the effects of wind-stirring, and of entrain-
ment across the lower boundary of the mixed layer.
Since the model neglects the dynamical response of
the ocean to variable winds it is successful in regions
where mixed-layer properties are determined pri-
marily by the local fluxes (of heat and momentum)
across the ocean surface. The model fails in the
tropics where the effect of these local fluxes can be
secondary to effects associated with a horizontal
redistribution of heat in the upper ocean. This hap-
pens when the response of the ocean to changing
surface winds includes a change in the topography
of the thermocline. In Fig. 1a for example, the
pronounced zonal slope of isotherms in the equa-
torial plane is caused by the westward surface
winds (which accumulate warm water in the west
and expose cold water in the east). A relaxation
of the winds will cause the thermocline to become
horizontal. In the process, a large amount of heat is
transferred from west to east. The mixed layer in
the eastern equatorial Pacific therefore changes
enormously even though local fluxes across the
ocean surface may not change. The point is that,
in the upper layers of the tropical oceans, both
fluxes across the surface, and the dynamical re-
sponse to variable winds are important, even on
time-scales as short as a month.

Hughes (1980) recently developed an equatorial
mixed-layer model that includes the effects of

wind-stirring and entrainment according to the
Kraus-Turner formulation. The model also takes
some aspects of the dynamical response of the
ocean into account but it is unfortunately too simple
to cope with the horizontal redistribution of heat
(mentioned earlier) that is believed to be of para-
mount importance in the tropics.

Multilevel numerical models that are capable of
simulating the dynamical response of the ocean
usually parameterize mixing processes in a very
crude manner because constant values are assigned
to the mixing parameters, namely, the coefficients
of vertical eddy viscosity v and eddy diffusivity
k. Measurements show that these parameters vary
considerably in the tropical oceans. They usually
have large values in the mixed surface layer, but
have very small values below the thermocline.
Halpern (1980), for example, finds that the value for
v varies from 30 to 100 cm? s~! in the mixed layer
near 8°N, 23°W (which is in the North Equatorial
Countercurrent in the Atlantic Ocean). The value for
v in and below the thermocline, however, is sub-
stantially smaller. In the region of the Equatorial
Undercurrent mixing processes can be intense
both above and below the thermocline presumably
because of the large vertical shears associated with
the current. Below the core of the Undercurrent
there is sufficient mixing to give rise to a thermostad
—a region with very small vertical density gradients
and an average temperature of 13°C. The measure-
ments of Crawford and Osborn (1979a,b) suggest
that in this thermostad v has a value that varies
approximately from 2 to 11 cm? s~*. At the core of
the Undercurrent the value is of order 1 cm? s™! and
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F1G. 1. Temperature as a function of depth and longitude along the equator (a) as
observed in the Pacific Ocean by Colin et al. (1971) and (b) as simulated with the
model of PP in which v and « have constant values. (Longitude is measured in

units of 1000 km.)

above the core it varies from 8 to 100 cm? s~'. Jones
(1973) and Gregg (1976) obtain similar results from
the Pacific Ocean. (see also Katz et al., 1979).

If the results from numerical models were insensi-
tive to the constant values assigned to v and « then
there would be no need for concern. But this is not
the case. Philander and Pacanowski (1980), here-
after referred to as PP, find that the maximum speed
of the Equatorial Undercurrent in their model in-
creases from 50 to 75 ¢cm s™! when the value of v is
decreased from 10 to 5 cm? s7i. In the model of
Semtner and Holland (1980), the Undercurrent at-
tains speeds of 100 cm s~! in the time average. The
principal reason for this may be the small value for
v in that model. .

In this paper we explore non-constant param-
eterizations for v and k. The measurements of Craw-
ford and Osborn (1979a) and Osborn and Bilodean

(1980) suggest that mixing processes are strongly
influenced by the shears of the mean currents.
Empirical studies (see Robinson 1966; Jones, 1973)
indicate that the shear dependence of v and « should
be of the following form:
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where the Richardson number
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and the coefficient of thermal expansion of water
B ~ 8.75 x 10-T + 9).



