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ABSTRACT

The climatic changes in the atmosphere have their counter 
parts in the ocean and, consequently, the changes in the 
conditions in the sea, reflect climatic conditions. The surface 
wind stress at the ocean-atmosphere interface is the main driving 
force for the tropical ocean dynamics. North Indian Ocean is of 
special significance to oceanographers because of its unique 
features of currents that switches direction on an annual cycle. 
The general circulation pattern of the North Indian Ocean largely 
depends on the seasonal reversal of monsoon winds over the Indian 
subcontinent. The main objective of the thesis is to develop 
numerical models for studying the wind-induced circulation in the 
Bay of Bengal and the Arabian Sea. It consists of seven chapters. 
In Chapter 1, a brief review of the literature relevant to the 
studies made in the thesis has been presented. It also provides a 
description of different modelling/observational studies on the 
wind-induced circulation for the Bay of Bengal and the Arabian 
Sea.

In Chapter 2, an oceanic climatological circulation model 
for the Bay of Bengal has been developed, which explains seasonal 
variability of currents. This chapter describes the theoretical 
formulation of a vertically integrated non-linear model, with 
realistic basin geometry which has been used for the simulation 
of the wind-induced circulation in the Bay of Bengal. The model 
is forced by the monthly mean wind stress derived from the



30-years (1950-79) of Comprehensive Oceanographic and Atmospheric 
Data sets (COADS)- The computed wind-induced circulation of the 
Bay of Bengal is found to be in good agreement with the 
climatological pattern.

The effect of riverine runoff from one of the greatest river
systems of the world, that is, Ganga-Brahmaputra-Meghana in the
head Bay has been discussed in Chapter 3. Oceanic climatological
circulation model for the Bay of Bengal described in this
chapter, includes the riverine discharge in the head Bay from the
northern river system. The model described in Chapter 2 was
suitably modified by applying an open boundary condition at the

*

location, where Ganga-Brahmaputra-Meghana rivers join the Bay of 
Bengal.

Sensitivity experiments have been performed with varying 
water inputs and a comparative study of the results with and 
without the inclusion of river discharge, have been made. The 
simulation provide definitive evidence that, the river discharge 
during monsoon season into the Bay of Bengal suppresses the 
upwelling along the northern parts of the east coast of India.

In Chapter 4, a wind-driven barotropic circulation model for 
the eastern sector of the Arabian Sea is described. Using 
vertically integrated numerical model, sensitivity experiments 
have been performed with six open boundary conditions and a 
comparative study of the results have been made. The results



suggest that Modified Orlanski (MOE) radiation boundary condition 
is probably the best choice for limited area barotropic ocean 
circulation models. Computed results show that the vertically 
integrated model can well be used for studying the response of 
the eastern Arabian Sea to monsoon wind stress forcing.

It is well known that during the summer monsoon strong winds 
prevail over the Bay of Bengal and their effects are observed on 
the surface as well as in the sub surface layers of the ocean. To 
study the vertical structure of the wind-driven circulation in 
the Bay of Bengal, a multi-level homogeneous model has been
developed for the simulation of wind-driven circulation in the 
Bay of Bengal and is described in Chapter 5. Conservation
equations are applied for mass, momentum and turbulence energy. 
The model uses an energy based scheme to parameterize the
Reynolds stress together with a transformed set of coordinates to 
facilitate the numerical solution of the free surface problem.

The model domain was forced by the mean monthly wind stress 
forcing derived from the 30 years (1950-79) data sets (COADS) . 
The model was able to reproduce many of the observed features of 
wind-driven circulation in the Bay of Bengal. The computed 
results show that the circulation pattern is essentially
three-dimensional in nature. The model can be used to identify 
the locations of upweiling and downwelling in the Bay of Bengal.
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In Chapter 6, a Reduced Gravity model for the Bay of Bengal 
has been discussed. A wind-induced, barotropic circulation models 
have been described in earlier chapters. Although the models are 
able to produce the surface general circulation features of the 
North Indian Ocean, but for more detailed and realistic 
simulation of the currents the inclusion of baroclinicity is 
desirable. A Reduced Gravity model includes the baroclinicity in 
terms of density difference of the two layers. The basic 
dynamical formulation of the model is the same as that used by 
Luther and O'Brien 19 8 5 and Luther et al. 198 5. The results 
presented from the two representative months namely July (SW 
monsoon) and February (NE monsoon) show that the inclusion of 
baroclinicity is necessary for the computation of wind-induced 
circulation of the Bay of Bengal.

Chapter 7 is the last chapter of the thesis. Chapter details 
the conclusions drawn from the studies included in the thesis. In 
order to have a better understanding of the dynamics of the 
circulation in the Bay of Bengal and the Arabian Sea, suggestions 
are also given for future work.
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