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ABSTRACT. Time variations of currents, temperatures and salinities at spzcified depths from surface to
1000 m have been studied using the hydrographic and current data collected by the USSR research ships at north-
ern and southern locations of the central Arabian Sea polygon of Monsoon-77 experiment. The results are discussed
in relation to the onset and progress of the summer monsoon. The influence of a severe cyclonic storm on the
variation of thermal structure in the surface layers is also discussed.

1. Introduction

The annual visit of summer monsoon and
subsequent changes at the surface and sub-
surface waters of the Arabian Sea as well as of
the entire north Indian Ocean have been recei-
ving much attention by several groups of workers
in recent vears. Earlier studies carried out over
the Arabian Sea using the data collected during
International Indian Ocean Expedition (IIOE
1960-65) mostly revealed the spatial variations
of various oceanographic parameters (Rochford
1964, Sastry and D’souza 1970, °71, *72, Sundara
Ramam et al. 1968). Time series observations
on several oceanographic and meteorological
parameters are obtaired in ISMEX-73 (Indo-
Soviet Monsoon Experiment) and Monsoon-77
expeditions, Either of these two is considered
as a prelude to the International MONEX-79
(Monscon Experiment) programme and these
expeditions are carried out with the collaboration
of USSR and India, Ramesh Babu er al. (1977)
have studied the influence of southwest monsoon
on the upper layers (upto 200 m) of the Arabian
Sea based on ISMEX data.

In the present study hydrographic and current
data collected at northern (R.V. Okean) and
southern (R.V. Pisiliv) locations of the central
Arabian Sea polygon of Monsoon-77 experi-
ment are ulilised to discuss time variations of
currents, temperatures and salinities at specified
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depths from surface to 1000 m with reference to
the progress of summer monsoon. A severe
cyclonic storm which had passed over the central
Arabian Sea during second week of June 1977
and the subsequent changes noticed in water
characteristics at surface and below layers are
also discussed in this paper.

2. Data and methods

The station locations of USSR research ships
of the Arabian Sea polygon of the Monsoon - 77
expedition are shown in Fig. 1. The experimental
programme was conducted in two phases :
Phase I from 7 to 20 June and Phase II between
29 June and 15 July. 3-hourly observations on
temperatures, salinities and currents obtained
at the northern and southern ships of the polygon
are used for the present study. Moored buoys
were deployed and current meters were attached
to the mooring lines at different depths upto
1000 m to monitor continuous measurements
of currents during this expedition. The Hydro-
graphic and current data were not collected at the
northern ship (Okean) from 10 to 14 June due
to a severe cyclonic storm which had passed over
this region.

In the present investigation 3-hourly current
vectors are resolved into zonal and meridional
components and the corresponding daily average
values are shown (3-hourly values are not shown
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TABLE 1

Vectorial and arithmetic phase average currents

Average com- Vectorial aver-  Arith-

ponent age of current  metic
Depth ( A N average
(m) zonal  Meri- Dir.  Speed current
(cm/ dional ) {cm/ (cm/
sec) (cm/sec) sec) sec)
Southern ship, Priliv, Phase I
50 9 —40 165 41 6l
100 14 —17 140 23 41
150 11 —15 145 19 31
200 11 —6 120 13 29
500 9 4 05 10 14
1000 3 4 35 § 8
Northern ship, Olean, Phase 1
50 —2 @ —2 225 3 49
100 —9 + 295 10 45
200 —b 3 295 8 17
500 —5 5 315 7 11
1000 —2 2 315 3 5
Northern ship, Ol.can, Phase 11

50 4 —15 165 16 52
100 —6 —10 210 12 38
150 —3 —1 250 4 14
200 —1 1 315 2 13
500 2 —2 135 3 9
800 3 —3 135 4 9

Note — Current speeds rounded-off to nearest 1 cm and
directions to ncarest 5°

as lot of variations in current direction and speed
are observed) at specified depths between 50
and 1000 m. Vectorial and arithmetic averages
of currents are also evaluated for cach depth
separately during Phases T &IT and they are given
in a tabular form. Daily and phase averages of
3-hourly temperature and salinity values are
calculated for different depths [rom surface to
1000 m and the temporal variations of 3-hourly
observations along with the average values are
plotted to study the non-stationary behaviour
of these parameters at different levels of the
ocean on a synoptic scale basis.

3. Results and discussion

3.1. Currents

Time variations of currents (daily =averages)
for the period 7 to 19 Junc at the southern and
northern locations and during 30 June to 14 July
at the northern locations of the ploygon are
shown in Figs. 2 (a-c). The arithmetic and
vectorial phase averages of current velocities
together with the phase averages of zonal and
meridional components for specified depths are
presented in Table 1. The variations in current
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Fig. 1. Station locations of USSR research ships in
Arabian Sea during Monsoon-77

speed and direction at the northern location are
more at all depths than at the southern location.
During Phase I at the southern position an average
southerly component of 40cm/sec at 50 m depth
is noticed. As the depth increases the average
vectorial current speed decreased to 5 cm/sec
at 1000 m and the direction gradually shifted from
S to NE through SE. In other words, it may be
stated there is a counter-clockwise shift in the
current direction with the increase of depth.
For the same period unlike at the southern posi-
tion, the currents are weak and a maximum speed
of 10 cm/sec is found at 100 m at northern posi-
tion. Here the current in SW direction at 50 m
gradually changed to W and NW with increasing
depth which indicates a clockwise shift in its
direction. Even in Phase II the vectorial averages
of currents at the northern end of the polygon
show very weak current with a maximum speed
of 16 cm/sec at a depth of 50 m and more or
less a clockwise shift in current direction as the
depth increases, is being observed like in Phase 1.
The low magnitudes of vectorial averages of
currents which are noticed during both the phases
at the northern location are due to the high
frequency oscillations of the currents. The large
differences between arithmetic and vectorial ave-
rages (see Table 1) very clearly depict the incon-
sistency of the current direction. A comparative
study on the structure of currents at the northern
and southern positions indicates a southerly
component at the surface layers (upto 100 m)
and a northerly component at deeper depths
(=500 m) whereas at intermediate levels an
easterly component at southern location and a
westerly component at northern location have
prevailed,
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Fig. 2 (a). Southern location, Phase I

3.2. Temperatures

Figs. 3 (a-c) present the time variations of
3-hourly temp. obsn. against phase mean and
daily mean values for Phases I and II at
southern and northern positions of the polygon.
At the northern ship, Okean, during 7-10 June a
continuous fall in sea surface temperature of more
than 1 °C has been noticed and the same trend of
decreasing temperature is observed at all depths
upto 200 m. The observations from 14 June
indicate the decpening of the surface mixed
layer toa depth of 50 m or even more but not
greater than 75 m. The exact depth of the mixed
layer in this case could not be evaluated as the
water bottle data are available at standard depths
only. Below the surface mixed layer the daily
average curves of temperature at 75 and 100 m
(thermocline region) also exhibit an increasing
trend. On going through IDWR charts supplied
by India Meteorological Department, with a
view to understand the synoptic meteorological
situation for the above period, it is found that
a low pressure area has formed over east central
Arabian Sea off Karnataka-Goa coasts on 7 June
and later intensified into a cyclonic storm by 9
June and moved in northerly direction. This was
further intensified into a severe cyclonic storm
with a strong core of lurricane winds and moved
WNW towards Oman coast through central
Arabian Sca by 12 June. Hence in the present
case (ke observed cooling of watersat the surface
and sub-surface layersand the consequent increase
in mixed layer depth might be due to these severe
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Fig. 2 (c). Northern location, Phase

Figs. 2 (a-c). Time variation of currents (daily averages).
Solid line shows the zonal component U, Dot-
ted line shows the meridional component, ¥

cyclonic winds which had passed over this region
during the above period (Leipper 1967, Elsberry et
al. 1976). From the surfac: heat budget calculations
carried out for the same period and same area
Ramanatham et al. (1977) had shown that the
net heat gain by the sea surface was negative
between 8 and 11 June and changed its sign on 12th.
Further they concluded that the latent heat of
flux from sea to air is twice during the cyclone
period than that of energy transfer during normal
conditions. However, the retention of these deep
mixed layers during latter part of Phase I can be
explained through the processes of convective
and wind mixing which might have been caused by
the monsoon conditions prevailing over this area.
The thermal conditions at the southern location
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Fig. 3 (c). Southern location, Phase 1T
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Figs. 3 (a-d). Time variation of temperatures. Thick curve shows 3-hourly values. Dotted curve
shows daily averagevalues. AT (Right side scale) gives variations from phase mean

during the above period are not influenced by the
cyclonic storm and an increase in temperature
is observed at the surface and sub-surface depths
(upto 200 m) between 7 and 9 Junc. The surface
mixed layer of an approxmiate depth of 50 m
is seen from 12 June till the end of this phase.
At the beginning of Phase I the surface waters at
the northern position are warmer by about 1 °C
than at the southern position but at the end of
this phase the sea surface temperatures at both
the locations are found to be same, which shows
the spread of the summer monsoon in northerly
direction.

In Phase 1I the sea surface temperatures at
southern and northern locations have appeared
same and they are almost steady throughout, except
for a slight dip in the surface temperature noticed
towards the end of the phase at the southern loca-
tion. The mixed layer is as deep as 75 m at southern
position while it is only upto S0 m depth at northern

Jocation.
During both the phases at s0 uthern and northern

positions, in the thermocline region the variation
in temperature including the deviations of 3-hour-

ly values of temperature from daily mean and
phase mean are quite high compared to the varia-
tions at surface and deeper depths. At deeper
depths, 500 m and below, no considerable changes
in temperature are noticed from Phase 1 to Phase
II and temperatures are slightly higher at the nor-
thern point than at the southern point of observa-
tions.

3.3. Salinities

Figs. 4(a-c) show the time variations of 3-hourly
salinity observations against daily and phase
average values for Phases I and 11 at the southern
and northern ships. Higher salinity values are
observed at almost all depths from surface to 1000 m
at northern location than at the southern location.
The observations at the southern ship at surface and
50m depths indicate an increase in salinity of 0.3
10 0.4°/,, from 7 to 13 June and during the latter
part of the phase (upto 18th) the daily average
salinity values remain more or less steady. The
increasing trend of salinities from the beginning
till the end of the phase at this location can alsg
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Fig. 4 (a). Southern location, Phase |

be seen at 75, 100 and 200 m depths. At the nor-
thern ship a similar raise in salinity from 36.0 to
36.3°/,, from 7 to 14 June is obscrved at surface
and 50 m depths.

During Phase IT at southern position the surface
salinity values show a consistant raise from 36.0
1036.5°/, between 30 June and 15 July. Sin.ilar
trend of increase in salinity towards the end of the
phase has also appeared at 50m and 75 m depths.
In contrast the salinity values at the northern
position at surface and 50 m remain almost steady
throughout this phase.

The total increase in surface salinity by about
1°/,, atsouthernend and 0.7°/_, at northernend of
the polygon during the entire period of observa-
tions (viz., 7 June to 15 July) cannot ke attributed
to the surface evaporative process alone. The
rough estimates of evaporation made over this
region for the above period have revealed, only
1/4th of the total increase in salinity can be caused
due to evaporation. Hence there must be an advec-
tive flow at surface and sub-surface levels of high
saline waters entering into this area. In the absence
of adequate data especially with more spatial cov-
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Fig. 4 (b). Northern location, Phase 1

erage and with the limited observations used for
the present investigation it is hardly possible to
make any guess over the origin of these high saline
waters. However, from the present observations
on currents and salinities it may be mentioned that
the southerly current at surface levels at southern
and northern positions, the higher salinities pre-
vailing throughout the observation peried at nor-
thern position thanat southern position and a con-
tinuous increase of salinity values from the be-
ginning of Phase I to the end of Phase 11 at southern
location are in favour of surface flow of high saline
waters through northern position towards southern
position of the polygen. Rochford (1964) found
a salinity maxima at the surface of the central
Arabian Sea and the higher salinity valves of more
than 36°/ . were recorded at very shallow depths
between 25 and 75 m. He classified these waters as
Arabian Sea high saline waters. So it may be
postulated that the present observations which
indicate a flow of high saline waters at surface
levels in southerly direction might have originated
in the central Arabian Sea itself, However, it needs
confirmation with more data collected at various
parts of the central Arabian Sea during summer
monsoon period,
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4. Conclusions

(1) The current directions are very inconsistant
and at the northern point the currents are weak
while compared to the southern point of the
polygor, Southerly component of current at surface
layers (upto 100 m) and northerly component at

deeper depths (>>500 m) are prevailing at both the
observation points,

(2) The thermal structure in the surface layers
upto 200 m at the northern location is being
influenced due to the transit of a severe cyclonic
storm. Consequently the fall in sea surface tem-
perature of more than 1°C and deepening of
mixed layer have occurred at this location.

The surface waters at the northern location are
warmer by 1°C than that of the southern loca-
tion before the onset of monsoon, and the water
temperatures have appeared to be same at both the
locations as the monsoon advanced to the north-
ern part.

(3) Higher salinities are prevailing at all depths
from surface to 1000 m at the northern location
when compared to the southern location. The
salinity has gradually increased in the surface
layers during both the phases at the southern
location whereas the similar raise is seen at the
northern location only in Phase I. High saline
waters are flowing in southerly direction from the
surface high salinity waters of the central Arabian
Sea.
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