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Abstract

A new numerical ocean model with multiple isopycnal layers has been used
to model the Indian Ocean. Normal vertical modes are used for initialization and
in a new open boundary formulation. A 21 year integration with the Hellerman-—
Rosenstein wind stress is made with a 3.5 layer and a 1.5 layer version of the model.

The solution with three active layers reproduces the observed general cir-
culation and variability of the Indian Ocean, for instance the semi-annual equatorial
undercurrent and Yanai wave field in the west. The seasonal changes in the Somali
Current system is studied in more detail. It is found that barotropic instability is
likely to cause the generation of the Great Whirl in early June. We find a very
good agreement between the observed undercurrents and the simulations in the
model. Equatorial onshore flow below the thermocline in June is associated with
the disappearence of the undercurrent below the Somali current. The return of
this undercurrent in the fall is caused by instability of the Great Whirl. Experi-
ments where the duration of the summer monsoon is extended show that the initial
decrease in the magnitude of the Great Whirl is due to eastward and dewnward
energy transfer rather that due to relaxation of the wind. The solutions of the
model indicate that baroclinic instability plays an important role in the decay of
the Great Whirl.

The solution with a single active layer is essentially the same for the upper

layer until in the late summer monsoon, when the flow becomes unstable. Different
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decay patterns of the whirl and associated eddies leads to different flows during the

winter monsoon.
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1. INTRODUCTION

1.1. Motivation and objectives

There has been a long tradition at Florida State University of using isopy-
cnic layered models with a limited vertical resolution to study ocean dynamics. Mc-
Nider and O’Brien (1973) used a four-layer model to study coastal upwelling, while
Hurlburt and Thompson (1980) investigated the circulation in the Gulf of Mex-
ico using three different models: a two-layer, a reduced-gravity, and a barotropic
model. Studies using reduced-gravity models with one moving layer have been suc-
cesful in simulating equatorial flow, for instance El Nind in the Pacific (Busalacchi
and O’Brien, 1980). The work by Hurlburt and Lin, (1981), who demonstrated
that a reduced-gravity model contained the essential physics for generation of a So-
mali Current, motivated later work with realistic geometries for the Indian Ocean
as mentioned below, e.g., Luther and O’Brien (1985). These studies suggests that
further progress can be made by including additional physics. For instance, Zebiak
and Cane (1987) added a mixed layer of constant depth with thermodynamics on
top of the upper layer and coupled the ocean to an atmospheric layer to study the
El Nind-Southern Oscillation phenomenon. In a similar study (Schopf and Suarez,
1988) a two-layer reduced-gravity model allowed temperature variations in both
active layers.

Layers permit accurate representation of low vertical modes compared to
fixed levels. Therefore for fixed resources one can have finer horizontal resolution.

Bleck and Boudra (1981, 1986) compared results from quasi-isopycnic layered mod-



2
els with other numerical formulations, for instance quasi-geostrophic layered models
and isobaric models as Bryan’s (1969) model. They found that the latter two sup-
pressed barotropic and baroclinic instability. Two and three layer versions. of their
quasi-isopycnic model were also used to study the effect of model parameters on
the circulation of the South Atlantic-Indian Ocean (Boudra and Ruijter, 1986).

The principal advantage of using density as the vertical coordinate as in
the models above, compared to depth, is that no artificial cross isopycnal mixing
occurs. Another consequence of using the layer thicknesses as variables is that bet-
ter vertical resolution automatically is obtained in areas with strong stratification
(Bleck and Boudra, 1986). The low vertical resolution effectively filters out higher
vertical modes, which, due to their smaller length scales, are not adequately resolved
by the horizontal discretization in the numerical model and consequently produce
unwanted noise. Finally, these models with coarse vertical resolution and without
prognostic thermohaline equations require relatively small computational resources
compared to oceanic general circulation models with full physics. This makes it
possible to perform numerical experiments where the effect of changing various
parameterizations, boundary conditions, geometries and wind stress fields can be
investigated. The multi-layer formulation to be used in this study is described in
section 2.

The purpose of this study is to build a new multi-layer ocean model, which
can simulate the seasonal changes of surface and subsurface currents in the North-
west Indian ocean, in particular the Somali Current system. As forcing, a seasonal
climatological wind stress is used to obtain a quasi-periodic ocean circulation. The
model results will be analyzed and compared with observations. The effect of addi-

tional layers will also be studied by comparing the currents in the upper layer of the






