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Geostrophic currents computed from hydrographic data collected in different months fromasectionalong
15*N in the ArabianSea show alternate N-S current bands. Flow directions of these bands are found to reverse
with the change in season. Analysis of ship drift data (KNMI atlas) supports the existence of such bands in this
area. Evidences suggest the possibility that these current bands can be due to westward propagation of
planetary (Rossby) waves of annual periodicity with a probable speed of 1-2 cm.sec™?! and wave length
varying between 200 and 500 km. Generation of these waves is thought to be linked to the SW and NE

monsoon winds in this region.

Information on surface currents in the Arabian Sea is
based mainly on the ship drift data compiled in the
form of atlases!'2. These atlases show that along the
west coast of India, there is a soythward current
during SW monsoon scason and a northward current
during NE monsoon season. Shenoi and Antony3+#
and Antony and Shenoi’® have made use of short term
current measurements along the shelf region at 15°N
in the eastern Arabian Sea to work out certain
characteristics of the observed currents. Shetye et al.®
have studied the hydrography along the west coast of
India during the SW monsoon of 1987 and proposed
that the circulation in this part of the Arabian Sea is
dynamically similar to wind driven eastern boundary
currents. Obviously, a lot more are yet to be
understood, especially on-the main driving force and
on the nature of current reversals. In this context, it is
felt desirable to make use of some of the available data
on hydrography in order to derive information on
nature and behaviour of currents in the eastern
Arabian Sea. In this paper, some observed features of
the computed flow across a section along 15°Nin the
eastern Arabian Sea between the period 1979 and
1983 are presented.

Materials and Methods

On several occasions between 1979 and 1982
hydrographic surveys were made along lat. 15°N by
R.V. Gaveshani in the Arabian Sea. This survey was
between long. 68° and 73°E except, on 2 occasions
when it extended westward to 60°E (Fig. 1). The
hydrographic stations occupied during these cruises

had a maximum separation of about 110 km and
temperature and salinity data were obtained through
CSTD (Guildline, Canada) and hydrocasts (Table
1). Hydrocast data were subjected to standard
corrections for depth and temperature and salinity
samples werc analysed using an Autosal (Guildline,
Canada) on board the vessel. The procedure adopted
for checking the quality of hydrocast data includes
routinc steps like preparation of L-Z graphs for
accepted depths, T-S curves, etc. Vertical plots of
temperature and T-S curves were also examined for
the presence of abnormal values. CSTD data were
cross checked with hydroeast data collected for the
purpose during each cruise and as there was good
agreement between them, no corrections were
applied to CSTD data set.

Dynamic computations were carried out using
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Fig. 1-—Map showing the section along 15°N in the Arabian Sea
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standard method taking a reference level of 1000 m.
Though selection of reference level was arbitrary,
earlier workers had used the same reference level in
this area with a certain amount of justification”. Also,
this had an added advantage that it makes the
inter-comparison easier. The computed flow, using

Table 1-—Details of data used (along 15°N)

the geostrophic relation, across this section at
different depths was plotted in depth vs longitude
graphs, and, these formed the basic reference for this
study.

From the ship drift data presented in the KNMI
atlas monthly current vectors for every 2° square
between lat. 14° and 16°N were read out and N—~§
components were computed. These components
were utilised for comparison with computed

Ship and Date Length of Mode of data .
cruise No. section collection gCOStrophlc flow.
R V Gaveshani
Cruise No. 54 May-June 1979 73-68 E Hydrocast Results . . .
Cruise No. 59 October 1979 72,30-68E CSTD Opposite flowing current bands—Geostrophic flow
Cruise No. 69 February 1980 74-68 E Hydrocast computed across lat. 15°N showed alternate current
Cruisc No. 91 April 1981 748E  CSTD bands flowing northward and southward with
Cruise No. 97 October 1981 7468 E  CSTD moderate speeds (Fig. 2). The flows were almost
Cruise No. 103 February 1982 73-60 E CSTD .- . . > ) ;
Cruisc No. 114 December 1982 3360 E Hydrocast umdlr_ectlonal in vemcal. and change only in their
Cruise No. 118 April 1983 72-67 & Hydrocast magnitudes. These opposing flows were consistently
O R V Sagar Kanya present during all surveys but with displacements in
Cruise No. 2 September 198372-66 E  CST D their positions. Therefore, in order to understand
' spatial and temporal variations of these bands, N—§
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Fig. 2—Vertical structure of N-S geostrophic current across 15°N in February 1982 (Numerals indicate speed in cm.sec ~!. Shaded
portion shows flow towards south and unshaded, towards north)
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surface geostrophic current vectors in between each
pair of longitudes (stations) of each survey were
plotted (Fig. 3). As the data were not sufficient enough
to show vectors for every month in any single year,
whole data were arranged monthwise {except for
monsoon months) without considering the year to
which they belong..

The two most important facts that emerge from
Fig. 3 are: (i) there is a seasonal reversal in the
direction of the flow across this section in between all
longitudinal (station) pairs. Accordingly one can
identify seasons as February-May and September-

December and (ii) during the same season flows in'

between different pairs of longitudes (stations)
oppose each ‘other. Both these features are very
prominent during the first half of the year and these
flow bands appear to have space scales of 1°-2° long.

cm.§ec: )
! o PR
N , P
EEE
| o T SRS
s 7
’. e -1t L
N 1
2
0 11 .
» !
w 1070 € L
wl T
n-
._
20
so; ™ |
ui1 T
20} I
AL S LA
n-
04 . no-T2*
w] : T
ha & g
1l g ] b
» $
] —
40 -
" “ 4
? i |
ST

Ty
JF MW A M J 3 A s 0ND

Fig. 3—Monthly surface geostrophic current vectorsacross 15°N  Fi

for each pair of longitudes (stations)
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Seasonwise grouping of flows across this section
during different cruises shows a wave-like pattern
which is prominent during February-May (Fig. 4A)
but less so during September-December (Fig. 4B).
However, the southward flow, between 70° and 72°E
during February-May, shows a definite reversal
during September-December. The mean seasonal
variability (Fig. 5A) gives the impression of a
standing wave being present here (Fig. 5B) with an
antinode on the eastern end close to shelf edge and its
amplitude decreasing in the offshore direction.

The flow along 2 extended sections up to. 60°E
shows existence of band structure throughout its
length (Fig. 6). Incidentally, these 2 sections fall in 2
different seasons mentioned earlier and as secen
before, these current bands are also out of phase with
each other throughout.
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Fig. 4—Geostrophic flow across 15°N during different months

grouped into seasons (A) February-May
(B) September-December
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- 5—Mean seasonal variability of geostrophic flow across 15°N
from the observed data (A) and schematic presentation (B)
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Reversals of the bands—From a careful analysis of
available data approximate time of reversal - of
current bands can be ascertained while assuming that
the year to year variability is at a minimum (Fig. 7).
The moderate southward flow between 70° and 71°E
during February increases in magnitude by April.
The reversal which started in September completed in
October and by December it gets intensified. This
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Fig. 6—N—S surface geostrophic flow across 15°N during
February and December in 1982
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Fig. 7—A near-time series of the computed flow showing reversal
with season - )
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northward flowing current, however, slows down
over a comparatively short period of time¢ and by
February it again turns towards south. This pattern is
almost reversed west of 70°E extending up to 68.5°E
beyond which the flow: pattern presents a mixed
picture. This shows that reversals occur in
September-October and in January-February.
Considerable asymmetry in the duration of
northward and southward flows has also been
observed. For example, between 70° and 71°E,
duration of southward flow is about 8 months,
whereas, northward flow appears to be of about 4
months only. The current reversals shown in the
KNMI atlas (ship drift) in February and in October
are very close to those mentioned above,

Geostrophic band structure and ship drift data—Itis
interesting to know how the geostrophic band
structure observed in this study agrees with the ship
drift data. An attempt to compare present results with
the KNMI data has been made though a direct
comparison could not be attempted because of
differences in spatial resolution and data source. Fig.
8 presents N-S components of monthly ship drift data
between lat. 14° and 16°N from January to December.
The ship drift data also exhibit N —S bands which
appear to be more prominent on the eastern half. The
seasonal reversal patterns are also clearly visible in
this figure. Thus it can be more for less confirmed that
the band structure observed in this investigationisa
near stationary phenomenon for this area.

Implications of the band structure—It may be
noticed from Fig. 7 that the southward flow centered
around 71°E in February 1982 shifts towards west
slowly and by December it reaches around 69°E. This
gives an impression that the mesoscale variability of
computed currents travel towards west. This
westward shift of the disturbance prompts to
speculate that these are induced by the propagation of
Rossby waves. Allernatively, it could be argued that
the band structure may be due to eddies presént in this
area. To varify this, geostrophic flows have been
computed across 4 adjacent sections along 15°, 17°,
19° and 21°N from a single cruisec of ORV Sagar Kanya
during September 1983 (Fig. 9). If the bands are due to
eddies, as presumed, it could be possible to identify
them by geostrophic computations provided their
size scales fall within these latitudinal limits.
However, from these computations a southward flow
is observed between 66° and 68°E which is almost
continuous between 15° and 21°N and on either side of
this there are continuous flows towaids north. These
features do not probably support the possibility that
the current bands are due to eddies.

It is known thai for T > /2, the flow due to Rossby
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Fig. 8—N— S component of ship drift data between 14* and 16°N
(January-December) showing alternate (N —S) flow bands

waves will be essentially geostrophic and that with
detailed observations, these can be shown by
geostrophic computations. Thus, it was tried to
derive some of the Rossby wave characteristics
which are apparent in the present data set. :

The observid westward shift in Fig. 7 requires a
speed of about 1.2 cm.sec ™!, which is comparable
with the typical speed of planetary wave propagation.
These- disturbances .have wave  lengths
(approximated from Fig. 7) varying between 200 and
500 km and the periodicity of propagation appears to
be annual. For forcing period of 1 y, the response is
both barotropic and baroclinic. Considering
barotropic mode and a wave length less than the
external Rossby radius of deformation, the speed, C,
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Fig. 9—Surface geostrophic flow between:latl 15° and 21I°N

can be computed from the relation8,
C=—p/K?

where K is the wave number, 2n/L and f=0f/dy. With
B=2x10"*m Ls " 'and L=200 km, Chasa value
of —2.02 cm.sec™ !, The negative sign indicates that
the wave propagation is towards west. The group
velocity is of the same order but directed in the
opposite direction. This computed value of Cis very
close to the speed derived from Fig. 7 earlier.
However, for a wave length of 500 km, the computed
speed has a value of 12.6 cm.sec™! which is higher
than the value derived from Fig. 7.

Discussion

An attempt has been made in the present study to
describe alternate N — S current bands along 15°N in
the Arabian Sea as induced by propagation of Rossby
waves. The consistent nature of current bands and
their. seasonal reversals give indications of
propagating waves of annual periodicity.
Occurrence of current bands throughout the
extended sections (Fig. 6) and also in the ship drift
data supports this preposition. Lighthill® has
proposed that the Somali current can be due to
accumulation of energy from the westward
propagating equatorially trapped planetary waves
generated by the onset of SW monsoon. Apart from
this fundamental work proposing propagation of
Rossby waves (near the equator), there are not many
studies relating to Rossby waves in the Arabian Sea.
Incidentally, Lighthill’s? proposed waves has a speed
of about 1 m.sec™! which is more than the speed
anticipated in this study.

Generation of the Rossby waves is linked to Ekman
pumping by wind stress curl and eastern boundary
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influence induced either locally by wind stress or
coastally trapped internal Kelvin waves!® It is not
clear which factor(s) is responsible for the generation
in the present case. Fig. 7 gives an impression that the
duration (about 8 months) of the southward flow is
more than the duration (about 4 months) of the

northward flow: This asymmetry is matching with the .

durations of SW and NE monsoons in this area. This
resemblance in the periodicities suggest the
importance of wind forcing as a possible cause of
generation of Rossby waves. The opposing current
patterns during February-May and September-
December (Figs 4 and 5) then could be the
manifestation of opposing winds during SW and NE
monsoons.

Distribution of the N — S components of ship drift
data at different latitudinal belts in the Arabian Sea
(results not presented here) shows a tendency for the
number of bands to increase while moving towards
north. This indirectly shows an increase in the wave
number which results in a decrease in the phase speed
of Rossby waves while moving northwards.

It appears that the amplitude of the wave tends to be
higher at the eastern boundary (Fig. 5). Itis not clear
whether this feature is related to the energy travelling
towards east (group velocity) or dissipation of energy
while moving away from the coast.

It would have been desirable to carry out some of
the quantitative estimates/cross spectral fit -as
performed by Emery and Maggard'! and Kang and

Maggard'2, however, such analyses could not be
made partly due to insufficient data.
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