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The observed short-term variability in the temperature records of the top 200 m water column and in
the current meter records at'50 and 75 m depths was investigated with the aid of short time series mea
surements made at a single station (18°N,67~) in the NE Arabian Sea (29 May to 5 June 1973).The sea
surface temperature increased by about O.soC and the temperature at 75 and 100 m depths did not show
any perceptible changes. However, a remarkable feature was a temperature drop of 2°C at 50 m depth
during this period. Both vertical and lateral advection appeared to have contributed towards cooling of
1.2°Cand 0.8°Crespectively in association with the readjustment conditions produced in the upper layers
by a westward moving meteorological disturbance during the preceding week.

During summer (Feb-May), the surface layers in the
Arabian Sea warm up due to excessive absorption of
solar radiation resulting in an increase in tempera
ture by about 2° to 4°C. However, this seasonal
warming may not be monotonic and progressive
throughout the summer season, but during May
some short cooling events also occur due to the
development and passage of transient meteorologi
cal disturbances over the warm Arabian Sea. On a
climatological mode, for instance, in May, (during
years 1877-1970) about 25 disturbances formed
over the sea of which 16 intensified into storms 1•Be
cause of these meteorological disturbances which
form only in some years, the thermal structure in the
upper layers is expected to exhibit prominent short
period variations. These disturbances not only pro
duce localised variations but their influence could at
times be noticed in the neighbouring areas too due to
storm induced advection and propogating waves2•
However, the corresponding observational evidence
to describe this type of intra-seasonal variation dur
ing the premonsoon heating season in the Arabian
Sea is not available due to lack of systematic data
collection. The distribution of climatic mean month
ly temperature fields3-s in the upper layers of the
Arabian Sea do not reflect impression of these tran
sient meteorological disturbances. Monitoring the
physical properties of the upper layers at finer
sampling interval (hours to few days) for durations 0
(1 week) probably allows the detection of short peri
od variability caused by these transient disturbances.

Occurrence of such an event was monitored during
the Indo-Soviet Monsoon Experiment (ISMEX -73)
during the pre-onset phase of the summer monsoon
season of 1973. In the present study the possible in
fluence of a meteorological depression (26-28 May
1973) is documented with the aid of the observ
ations made at a nearby station (18"N, 67~) in the
NE Arabian Sea during ISMEX-73 programme.

Observations

A USSR ship R. V. Prilivoccupied a stationary po
sition 18"N, 67~ (Fig. 1) from 29 May to 5 June
1973 in the Arabian Sea. Time series ofbathytherm
ograph data in the upper 200 m water column were
collected at slightly uneven sampling intervals (30
min to 4 h). These data were utilised to generate va
lues at every 3 h through linear interpolation. During
the same period current meter records were also col
lected at 50 and 75 m depths, sampled at 20 min in
tervals from a moored buoy. Unfortunately, very few
surface marine meteorological data were reported
during this period. The time series of temperature
and current records were made use of in this study.

Although the weather was fair during the observa
tional period at the station6, disturbed weather con
ditions prevailed during the preceding 5 days (24-28
May 1973). A well marked low pressure developed
off the southwest coast of India on 24 May. Moving
westwards, this low concentrated into a depression
on 26th morning near 12"N, 61 ~ (Fig. 1) and be
came deep on 27th morning near 12°30'N, 56°30'E.
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Fig. 2- Time series of surface marine meteorological elements.
(PR = pressure, DD=wind direction, FF=wind speed, CL=to
tal cloudiness, DB = dry bulb temperature, DP= dew point tem-

perature, SST = sea surface temperature)

STUDy AREA
e

ARABIAN SEA

.-~~""'~-·--~IMAY tin

Continuing to move westward at a rapid rate, it
weakened into a depression on 28th evening and in
to a low over the Gulf of Aden on the 29th morning.
This system was classified as stage B from satellite
cloud imageries by National Meteorological Centre,
Washington6• After the passage of this system, fair
weather conditions prevailed over the Arabian Sea
during the next 8 days. During the observational pe
riod westerly winds weakened from 4 to 2 m.sec -1at
the stationary position (Fig. 2). The air temperature
showed weak fluctuations between 29° and 30°C

and cloudiness was generally around 2 octas. The
sea surface temperature (SST) increased by about
0.5°C probably due to solar heating under clear
skies.

Fig. i-Station location map (0) with the track of a meteorolog
ical depression (0--.---0 )

Results and Discussion
The time series of temperature at the surface, 50,

75 and 100 m depths and the mixed layer depth
(MID) are shown in Fig. 3. Following Camp and
Elsberry 7, the MID was defined as the deepest
depth where temperature was lower than SST by
O.2°C in the individual BT profile. Du.ring the obser
vational period, the MID exhibited a shoaling tend
ency from 30 to 15 m and the SST registered an ap
proximate increase of OSc. The mixed layer shoal
ing is in accordance with near surface stratification
as evidenced by an increase in the SST. The temper
ature at 75 and 100 m depths did not show any per
ceptible changes. But interestingly the temperature
at 50 m depth dropped over 2°C. The coherence be
tween the temperature fluctuations at 50 and 75 or
100 m depths is apparent only in the high frequency
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Fig. 3- Time series'of temperature at surface, 50, 75 and 100 m

depths and mixed layer depth (MID)

mode but not in the low frequency mode. But the
magnitudes of these high frequency fluctuations at
50 m depth are not comparable to those at 75 or 100
m depths. This conspicuous feature led to probe the
reasons for the observed drop only at 50 m depth.

Surfaceheat budget-As the mixed layer was shal
lower than 50 m, the heat budget processes which
regulate the mixed layer temperature cannot obvi-
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Fig. 5- Time series of zonal (u) and meridional (v) components
of currents at 50 and 75 m depths
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Munk and Anderson 12reported that the effective
vertical diffusivity in a turbulent, stratified fluid
should depend strongly upon the Richardson num
ber (Ri)

The temporal march of the derived vertical shear
across the water column between 50 and 75 m

depths is presented in Fig. 6. The corresponding
variation in the dynamic stability (D)

Fig. 4- Time series oflow pass filtered current vectors at 50 and
75mdepths
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is also shown in this figure. The zonal shear was
mostly positive (with the exception during the first 2
days) implying stronger westward flow at 50 m than
at 75 m depth. Similarly the meridional shear was in
general negative (again with the exception of the first
2 days) suggesting stronger southward flow at 75 m
over that at 50 m depth. The resultant dynamic sta
bility showed a progressive decrease with time. This
reduction suggests suppression of the turbulence or
strengthening of stratification between the depths
under reference.

ously influence the temperature at this depth in the
upper thermocline. On the other hand, the SST
which is analogous to the mixed layer temperature
showed an increase of OSC during this period.
Hence, the cooling caused by the surface heat ex
change processes at this depth is a remote possibil
ity. However, no attempt could be made to parame
terise heat exchange terms due to lack of sufficient
surface marine meteorological data.

Mixing in the upper thermocline due to cu"ent
shear-Shear instability is known to be caused by
currents flowing in opposite directions, breaking of
internal waves, etc. can cause mixing, thus homogen
ising the vertical thermal regimes. Colder waters
from below when mixed with warmer waters above
can produce cooling at the intermediate depths. This
possibility was explored with the aid of available cur
rent meter records. Although it would be ideal to
have one current meter record above and one below

the depth under study i.e. 50 m, in the present study
current meter records available only at 50 and 75 m
depths were made use of. The low pass filtered cur
rent vectors (alternate 20 min observations) at these
two depths (Fig. 4), suggest that the flow was steady
and was mostly south-southwestward with an aver
age speed of about 30 cm.sec - I. The coherence be
tween the flow regimes at these two depths was also
quite high. The resolved zonal and meridional com
ponents are shown in Fig. 5. In general, the current
components were slightly stronger at 50 m depth
compared to those at 75 m depth. The westward
component gradually weakened at both the depths
while the southward component was relatively
steady at 50 m depth. A mild strengthening tendency
at least up to 4 June is evident in the southward com
ponent at 75 m depth. These components also ex
hibit superposed oscillatory nature (5 waves) with an
approximate period of 1.6 days which shows a very
good agreement with the local inertial period at the
station under reference. Inertial oscillations appear
always during the period of calm following a period
of wind9• SaelenlO recorded inertial waves at 63°N
off the Norwegian coast for several days after the
passing of a well defined atmospheric low. Evidence
of these oscillations in the subsurface temperature
and current records was shown from a buoy in the
Gulf of Mexico for several days after the storm
passed away2. Raoll noticed these oscillations at the
base of the mixed layer in the central Arabian Sea
during the following 10 days when the onset vortex
traversed north westward (at an average distance of
1000 km from the observational station). The ob
served oscillations in the current meter records per
haps suggest the influence of the meteorological de
pression.
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Fig. 6-Time series of zonal (au/az), meridional (a vlaz) current
shears and dynamic stability (D) across 50 and 75 m depths

where g-the acceleration due to gravity, p-the
density of the fluid, z-the vertical co-ordinate, u,v
the zonal and meridional components.

The Ri is a measure of the degree of balance be
tween the stabilising effect of the density gradient
and the destabilising effect of the mean velocity
shear, and is an indicator of the degree to which mix
ing is suppressed by the density stratificationl3• In a
stable stratified shear flow, the intensity of vertical
mixing, represented by the vertical eddy viscosity
coefficient (Ay), is dependent upon the stratification
and the shear represented by Ri. Halpem8 presented
a functional relationship between Ay near-surface
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wind speed ( l-;o) and Ri as

4.3 x 10-4 vio
A= )[1.0+ 10 Ri]

The distributions of Ay and Ri for the layer between
50 and 75 m depths are shown in Fig. 7, The pro
gressive increase in Ri and decrease in clearly il
lustrate the reduction in the mixing cau ed by cur
rent shear instability. Hence the possi ility of en
hanced mixing caused by current shear so appears
to be an unlikely candidate. Lateral ed y mixing is
assumed to be of less importance as the s ation is not
located in any of the known current b undary re
gions as the observed currents were also steady.

Advection of heat-Horizontal advec .on of cold
(warm) waters produce cooling (warmin ) at a given
depth. Upwelling produces cooling an downwell
ing results in warming. To parameterize ese terms,
simultaneous measurements of temp ature gra~
dients and the velocity components alo g three di
mensions are required. Although such a ata base is
not available, an attempt is made to p rameterize
these lateral and vertical heat advection terms with
the available limited data sets. The zonal thermal

gradient at 50 m depth was estimated from BT casts
made from an Indian research ship INS Delhi along
200N (nearest available zonal leg) during the period
21 to 24 May 1973. This term al1ax at 50 m depth
was approximately 1°C in 10° longitude (600-700E)
with temperature increasing westward. The meridi
onal thermal gradient at 50 m depth was estimated
from Nansen casts made from the ship R V. Priliv
along 65°E (nearest available meridional leg) during
24-26 May 1973. This term al1ay at 50 m depth

I STATION: leoN &li7°E I
MAY
29 30 31

lOr 1 I

JUNE '73-

2
T

3
T

4
T

5
T 100

>-
50 c(

80 t

90

/'"\I ~,.
J .•..\._

,1""""""'1

.1 \
\/"\.f \

('. "'\

\

'I;,5

DC' .U ~_M_j ::
Fig. 7-Time series of Richardson Number (Ri) and vertical ed

dy viscosity coefficients (A,) across 50 and 75 m depths
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was approximately 4°C in 10° latitude (12°-22°N)
with temperature increasing southward. These esti
mates imply that meridional thermal gradient at 50
m depth in this area was 4 times stronger than the
zonal thermal gradient. The vectorially averaged
zonal and meridional currents at 50 m depth for the
period 29 May to 5 June 1973 were - 9.3 em. sec-!
and - 29.8 cm.sec -! respectively. The observed
flow in both the directions favour advection of col

der waters at the station under study. But the south
ward transport term was stronger than the westward
transport term by more than one order of magni
tude. The estimated cooling [(ua17ax)+'(m17ay)]
with the aforementioned values works out to be
0.8°C during the 8 d period.

In the calculation of vertical advection of heat, de
termination of vertical velocity (w) is usually a diffi
cult task as its order of magnitude is much smaller.
The vertical velocitY can be indirectly estimated
from the slope of the subsurface isotherms from a
depth-time temperature section after filtering out
the influence of internal waves. In the present study,
w was estimated from the depth-time section of tem
perature constructed from BT casts (Fig. 8). This fi
gure clearly portrays the upsloping of a bunch of
tightly packed isotherms with time, around 50 m
depth. The average ascent rate of these isotherms
(26° to 28°C) in the vicinity of 50 m depth was esti
mated to be -1 m.d-! (7.5 m from 29 May to 5
June). The average (29 May-5 June) vertical thermal
gradient observed at 50 m depth was ISC. 10 m -1.
This type of upwelling might have produced a cool
ing (wa17az) of 1.2°C during the observed 8 d peri
od. If these estimates are reasonably accurate, the
observed drop in temperature at 50 m depth of 2°C

~ : ISON a. 67°E 1 DATE
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o

can be accounted to cooling of 0.8°C due to lateral
advection and 1.2°C due to vertical advection.

It would be rather difficult to explain the factors
responsible for the observed horizontal currents and
the inferred upwelling tendency from single point
measurements alone due to non-availability of other
complementary data sets (on the distributions of
large scale surface wind stress and its curl over the
Arabian Sea, the density structure in the upper lay
ers of the surrounding areas, etc.) for the observa
tional period.

When a meteorological disturbance passes over
the ocean, the anticlockwise surface wind stress curl
within the eyewall (radius of maximum winds) pro
duces upwelling tendency in the upper layers below.
Outside the eyewall, the clockwise curl produces
downwelling tendency. The meteorological disturb
ance which traversed westward along 12SN must
have produced such upwelling! downwelling tend:
encies in the upper layers of the sea. The station un
der study was located at an approximate distance of
1300 km to the centre of the system when the dis
turbance was most intense (27 May 1973). It is diffi
cult to ascertain whether this system could have had
its influence in producing such a downwelling tend
ency at this distant station. If such a proposition can
be accepted, under its influence the mixed layer
depth must have been depressed due to Ekman type
of convergence. After the passage of the system,
once the wind field relaxed, a retreat might had set in
and accordingly the mixed layer and a bunch of iso
therms just below the mixed layer might have
shoaled to their pre-storm position. Such a retreat
after the passage of a strom was noticed!4 in the up
per layers of the Bay of Bengal during MONEX-79.

Fig. 8-Depth-time section of temperature in the upper 200 m
water column
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The large magnitude of w (1 m.d -} )also suggests the
probable influence of strong meteorological forcing
regime that prevailed earlier.
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