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As one moves from the Indian coastline towards 
the deeper depths of the open seas, impact of 
phenomena such as tidal currents that dominate the flow 
field in the shallow waters, decreases.  The currents then 
come under increasing influence of the large-scale near-
surface flow in the open sea.  Recent current meter 
records from the coastal region of India show presence 
of variability with periods ranging from few days to 
weeks.  This is superimposed on the seasonal variability 
that was documented earlier.  This lecture first examines 
what is known about the seasonal currents and why they 
occur.  Then the higher frequency variability is looked at 
and its causes are discussed. 

 
Seasonal variability of near-surface wind-driven 

circulation is a characteristic of the entire North Indian 
Ocean.  It is a consequence of the occurrence of the 
monsoons.  As the Sun moves towards the north during 
January-June as a part of its annual cycle, the Inter-
Tropical Convergence Zone (ITCZ) follows it.  When the 
ITCZ is south of the equator, the winds over the northern 
part of the Indian Ocean are northeasterly.  When the 
ITCZ is over the North Indian basin, intense precipitation 
occurs over the Bay of Bengal and the eastern Arabian 
Sea.  Winds turn southwesterly over most of the basin 
and are strongest over the western Arabian Sea.  This 
seasonality of winds has been known for quite some 
time.  Also known is that it introduces seasonality in 
surface currents.  The seasonal cycle associated with 
these currents is documented in climatology of monthly-
mean ship-drifts.  It shows that the coastal currents 
around the Indian subcontinent are distinctly clockwise 
during November-January.  They tend to be counter-
clockwise during approximately April-August.  Structure 
of the currents is not easily decipherable in ship-drifts 
during February-March and September-October.  What 
is the structure during these months?  What are the 
transports associated with the coastal currents?  How 
does the mass field change from season to season?  
What are the underlying dynamics?   

 
It is to answer questions like these that the 

National Institute of Oceanography launched a research 
programme that included a series of cruises in the latter 
half of 1980s and early 1990.  Analysis of the data 
collected during these cruises, and other data, revealed 
that the transport due to the coastal currents is best 
developed during November-January.  Downwelling 
conditions occur along the coast at this time.  Along the 

entire coastline, transport due to the coastal current field 
is the largest along the east coast during March-April: a 
northward flow with a transport of about 10 Sv (106 m3/s) 
occurs at this time.  Interestingly, the climatological 
monthly-mean winds are among the weakest of the year 
at this time.  In contrast, the transport during June-
August, when the winds are strongest, is weak along the 
most of the coastline: it is largest, 4 Sv, off the southwest 
coast of India.  In essence, the time of strongest coastal 
currents is not the same as the time of strongest winds.  
What then is the connection between the two? 

 
This question was answered during the 1990s with 

emergence of a theoretical framework with the following 
elements.  The dynamics of the North Indian basin are 
linear, and the seasonal circulation can be looked at as 
superposition of waves triggered by the annual and 
semi-annual wind-stress.  The most important of the 
waves are: 

 
1) Equatorially-trapped Kelvin waves:  These waves 

are trapped in the vicinity of the equator with a 
trapping radius of about 300 km.  The phase 
velocity of these waves is about 2 m/s and is 
always eastward.  The advective particle velocity 
associated with the wave is strictly along the 
equator and can be both eastward or westward. 

2) Long equatorially-trapped Rossby waves:  These 
waves propagate westward non-dispersively.  At 
the equator their wave speeds are slower than the 
Kelvin waves by a factor of 3, 5, 7, 9…etc.  Their 
phase velocity at locations away from the equator 
are slower and is inversely proportional to the 
square of the distance from the equator.  The 
trapping radius of these waves is dependent on the 
period: longer the period, larger is the trapping 
radius.  For a wave with the period of about 60 
days, the trapping radius is about 1000 km; for six-
monthly waves it is about 3,000 km, which is of the 
same order as the meridional extent of the North 
Indian Ocean.  The particle velocity of Rossby 
waves can have both eastward and northward 
components.   

3) Coastally-trapped Kelvin waves: The coastally-
trapped Kelvin waves propagate with the coast to 
their right in the northern hemisphere.  They are 
non-dispersive, and are trapped at the coast with a 
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trapping scale that is inversely proportional to the 
Coriolis parameter.  At 5 N, the trapping scale is 
about 150 km, at 10 N it is about 75 km.  The 
particle velocity associated with this wave is along 
the coast and it can be either in the same direction 
as the phase velocity or in the opposite direction. 
The cross-shore particle velocity due to this wave is 
always zero.   

 
The precise details of issues like what waves get 

triggered, what kind of surface currents result from the 
waves, how they evolve with time, etc. depend on 
structure of the wind stress and its evolution with time. 

 
An implication of the above framework is that the 

coastal current at a particular location is a consequence 
of both local wind-forcing and remote forcing.  The latter 
implies that to understand the current at any location 

along the coast of India, one has to take into account 
wind-driving over the whole basin.   

 
The framework above applies to both seasonal 

currents as well as currents with periods ranging from 
days to weeks that have often been seen in current 
meter data from the coastal region of India.  It is well 
known that variability with periods ranging from days to 
weeks is present in the winds over the North Indian 
Ocean and they can trigger coastal currents with similar 
periods.  Thus, while we do understand in principle how 
and why coastal currents around India can and should 
show variability with periods ranging from days to weeks, 
we still have quite a bit of work to put in to establish a 
cause-effect relationship between the winds over the 
basin and the wind-driven currents along the coast. 
 

 
 
 

 




