MAUSAM, 56, 1 (January 2005), 59-64

Introduction

551.553.21 : 551.526.6

Response of sea state to the monsoon onset

O.P.SINGH and H.R. HATWAR
110 003, India
op_singh54@yahoo.com

India Meteorological Department, New Delhi -

e mail :

AR — 39 Y U H RGN & ARMWP TR & RM YDA P MU 3RF AR & @I
AR I & Jifbel B START B 8¢ ERIAeld Uraal IR AGA 2003 & ARA & J41G Bl Sird
PR DT TAN [HAT AT & | ARG 2003 & RT & QIR IUT Sl BS Bl oRA faRRAT 3R AN
@I I AR TRA AT AR WS FAIfT @1 ReIfoRll & @ a1 € § &R S g udr =eran
2 % 2003 & AV @ ART B & IRM S I @S P dR—dR FAMT g2 | a9 2003 &
AT & ARF B & QR S O s &5 H o] H7 ide add i o R I8 uan
I © 6 9fe & IRY B9 WR B IUT I s B AAD TG B DI ARBI & © STdfdh Ig
Rerfer 2003 & AR & oY | AFGH & MR B A T 23 T gl <fEror ydf oRe WrR #
e P yhedl (T B JaTk) H I g3 © o199 I§ UAT ol 2 b Heldwd AMYd & 3IR|
B @ favaeiy qdeE® €1 8 S Pl IR # AT @ IR A @I TP A8 Usal Aqd
gdi 3R9 AR (8°—20° J) H UH. U 0L H 9 w1 RN | S U9 7 W UE. Sg, 1 AP D 9
Wﬁsﬁw$wwtﬁqﬁﬁ?ﬁaﬁmw%‘mwﬁw§ﬁmﬁ$mﬁs
T BT AR B ARA B JAAAT $HD URGH I D AI—AT AR 3T 961 F QAT 3RT AR
TR T, U, 9. s Rer ok gfifed e w |

ABSTRACT. Utilizing the buoy meteorological data of Arabian Sea collected during the onset phase of ARMEX
an attempt has been made to examine the influence of monsoon onset 2003 on the surface parameters. The peaking and
collapse of warm pool during monsoon onset 2003 has been compared with the normal peaking and collapse conditions
and it has been found that the collapse of warm pool during the onset of 2003 monsoon was very gradual. As a matter of
fact the evaporative cooling in the warm pool region was quite subdued during 2003 monsoon onset which shows that the
sudden collapse of warm pool should be expected to occur only when onset vortex is formed which did not happen during
2003.The roughness of sea (wave height) increased over the southeastern Arabian Sea about 2-3 days before the monsoon
onset showing that the swells are reliable precursors of monsoon onset. There was a steep fall in SLP throughout the
eastern Arabian Sea (8° - 20° N) about a week before the monsoon onset over Kerala on 8 June. All buoys from DS7 to
SW1 registered this type of SLP change. After the sudden fall on 1 June the SLPs over the eastern Arabian Sea remained
almost steady and unimpacted by the monsoon onset on 8 June or subsequent advance along the west coast.
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intensity and extent of the warm pool. Though there have

One of the main objectives of ARMEX-2003 was to
study the changes in the warm pool region in the
Lakshadweep Sea during the onset phase of summer
monsoon 2003. For this purpose continuous monitoring of
surface parameters like SST, SLP etc. was made in the
eastern Arabian Sea during the onset period of 2003
monsoon through two deep water buoys, DS7 and DS2
deployed in that area. Three shallow water buoys, SW4,
SW3 and SW1 recorded the surface data to facilitate the
study of impact of monsoon advance along the west coast
of India. The Lakshadweep Sea warm pool is associated
with local SST maximum and reaches its peak intensity
just before the onset of summer monsoon over the
southeastern Arabian Sea and collapses with the monsoon
onset. There are large interannual variations in the

(59)

been many studies on the genesis of warm pool (Joseph,
1990; Vinayachandran and Shetye, 1991; Shankar, 1998;
Shenoi et al., 1999; Rao and Sivakumar, 1999) there was a
need to collect intensive observations from the warm pool
region during the onset phase of monsoon to establish the
association of warm pool with the monsoon onset. The
surface data of buoys deployed in the Arabian Sea during
ARMEX was extremely useful in the study of day-to-day
changes that occurred over the eastern Arabian Sea
especially in the warm pool region with the advance of
summer monsoon over that area.

2. Data and methodology

The study utilizes the surface data of 5
meteorological buoys deployed in the Arabian Sea namely



60 MAUSAM, 56, 1 (January 2005)

Longitude

Latitude
Fig. 1. Locations of Meteorological buoys in the Arabian Sea during ARMEX-2003
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Fig. 2. Annual variation of SST near selected stations in southeastern Arabian Sea (Based on satellite derived SSTs for 1985-98)

DS7, DS2, SW4, SW3 and SW1 during the onset phase of means of surface parameters i.e., SST, SLP, wave height
summer monsoon 2003 (26 May to 14 June). The and wind speed were computed utilizing all the
locations of buoys have been shown in Fig. 1. The daily observations available on a particular day. Thus, the day-
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Fig. 3. Daily variation of SST at different buoy locations in the southeastern Arabian Sea during 26 May - 14 June, 2003
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Fig. 4. Daily variation of wave height at different buoy locations in the southeastern Arabian Sea during 26 May - 14 June, 2003
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Fig. 5. Daily variation of wind speed at different buoy locations in the southeastern Arabian Sea during 26 May-14 June, 2003

to-day changes reported here are reliable as the sporadic
diurnal fluctuations have been smoothed out. The
temporal variations of the above- mentioned parameters
have been analysed at the fixed buoy locations in order to
bring out the changes taking place with the advance of
monsoon. In order to prepare a normal SST profile in the
Lakshadweep Sea area, we have utilized the gridded
NOAA-AVHRR SST data for the period 1985-98
obtained from the NASA, Physical Oceanography
Distributed Active Archive Centre, California, U.S.A. The
gridded data have been used to prepare the SST
climatology in the coastal waters near Cochin, Minicoy,
Hanimadhdhoo and Male (Maldives).

3. Results and discussion
3.1. Onset of 2003 summer monsoon

The progress of monsoon 2003 has been shown in
the paper by Hatwar et al. in this volume [(Fig. 5) at page
14]. The summer monsoon 2003 set in over Kerala on 8
June a week after the normal onset (1 June). After the
initial delay the rate of progress along the west coast was
normal and the monsoon reached the Gujarat coast almost
on time. Therefore, 2003 monsoon progressed well along

the west coast. However, there was very slow progress in
the Gangetic plains region (as given in the paper by
Hatwar et al. in this volume [(Fig. 5) at page 14]. The
observations of deep water buoys DS7 and DS2 in the
southeastern Arabian Sea were instrumental in the study
of influence of monsoon onset over Lakshadweep Sea
region. However, in absence of onset vortex the 2003
onset was less dramatic and changes that took place over
the sea areas seemed to be gradual.

3.2. Normal intensity of warm pool and its collapse
with the summer monsoon onset

The satellite derived SSTs have been very useful in
the study of the warm pool region in the Lakshadweep
Sea. It has been possible to prepare SST climatologies for
smaller sea regions using the high resolution grid point
SST data. We have prepared the SST climatologies for the
south Asian coast using NOAA-AVHRR SST data for the
period 1985-98. Here we present the annual variations of
SST in the coastal waters near Male and Hanimadhdhoo
(Maldives) and Minicoy and Cochin in the warm pool
region. Fig. 2 presents the annual variations of SST at the
above-mentioned four locations. A close examination of
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Fig. 6. Daily variation of SLP at different buoy locations in the southeastern Arabian Sea during 26 May - 14 June, 2003

Fig. 2 reveals several salient features of evolution of warm
pool in the Lakshadweep Sea area.

The intensity of warm pool reaches its peak during
April-May and the lowest SSTs are observed during July-
August at the peak of the summer monsoon. From
September onwards there is a steep rise in the SST near
Cochin till November. It is very interesting that the abrupt
rise in SSTs during post-monsoon period is almost
comparable with the abrupt fall with the monsoon onset in
June. Fig. 2 also reveals the important aspects of spatial
variation of warm pool intensity. Undoubtedly, the
maximum intensity of warm SST is more pronounced near
Cochin and least pronounced near Male. Generally, the
intensity of warm pool increases northward towards the
southwestern coast of India. The mean intensity of warm
SST near Cochin during April is 30.3° C and during May
it is 30.1° C. A mean fall of about 2° C is observed in the
warm pool area near Cochin from May to June with the
advance of summer monsoon. Large Interannual
variations in the intensity and extent of warm pool have
been observed during the period 1985-98. The maximum
SST of 31.2° C was observed during April 1998 near
Cochin whereas the minimum value of 29.5° C was
recorded during April, 1990. The amplitude of interannual
variation is maximum during June. In some years the
mean SSTs continued to remain in excess of 30° C in the

warm pool during June whereas there have been years
when the June SSTs fell to as low as 26° C (during 1989).
The analysis of entire SST data set for the 14-year period
from 1985-98 reveals that every year the intensity of
warmest SST occurs near Cochin.

3.3. SST variation in the warm pool region during
the onset phase of summer monsoon 2003

The daily variations of SSTs during onset phase of
2003 monsoon at the fixed buoy locations in the warm
pool region have been presented in Fig. 3. DS2 reported a
fall of about 0.5° - 0.6° C in SST from 6-9 June, 2003.
The gradual evaporative cooling in the warm pool region
commenced about 48 hours before the monsoon onset on
8 June in that area. After the establishment of monsoon
current the SST fell by about 1° C - 1.2° C within a week.
The SSTs reported by SW4 showed a gradual fall after
11 June onwards after the arrival of monsoon current over
that area on 10 June. However, a temporary fall was
observed in SSTs at SW4 location between 6 to 7 June
also.

Evidently along the Gujarat coast at SW1 location
SST continued to increase upto 14 June (data available
only upto 14 June) as monsoon advanced over that area
much later (i.e., on 17 June). Thus in general the
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evaporative cooling over the eastern Arabian Sea was
subdued during the onset phase of 2003 monsoon. The
SSTs fell by about 1° - 1.2° C over the period of one week
in the warm pool region in the Lakshadweep Sea area
after the establishment of monsoon current. Therefore,
2003 monsoon onset was marked by the absence of
dramatic SST fall in the warm pool region probably due to
the fact that onset vortex did not form during the onset
phase of 2003 monsoon.

3.4. Impact of monsoon onset on the wave height

The roughness of sea increases considerably with the
advance of monsoon due to the strengthening of winds. It
can be seen from Fig. 4 that height of swells registered an
increase of 2 metres at DS7 location between 6-14 June.
The marked increase in the swell height commenced over
the east central Arabian Sea (SW3) from 8 June onwards.
Thus, the wave height showed a marked increase of about
2-3 m before the monsoon onset over southeastern and
east central Arabian Sea, which is a well known feature.

3.5. Daily variation of wind speed

Fig. 5 shows the daily variations of wind speed at the
buoy locations. The wind speed variability is marked by
large day-to-day fluctuations. After the onset of monsoon
over southeastern Arabian Sea on 8 June, though the
winds strengthened over that area the daily mean wind
speeds did not go beyond 10 ms™. Thus, the onset current
seemed to be feeble. After a lull of about 2-3 days the
surface winds strengthened again from 12 June onwards.
This shows the pulsatory nature of monsoon current. It is
due to the feeble monsoon current that the evaporative
cooling in the warm pool region was subdued during 2003
monsoon onset.

3.6. Daily variation of SLP

The SLP variations are presented in Fig. 6. The SLPs
registered a sharp fall after 31 May throughout eastern
Arabian Sea. It is interesting to note that the sea level
pressure fell almost concurrently from southeastern to
northeastern Arabian Sea about one week prior to the
summer monsoon onset over Kerala on 8 June. The onset
of monsoon seems to have little influence on the SLP
fields as there was very little change in SLPs at the time of
monsoon advance. It may be due to the absence of onset
vortex during 2003 onset. However, the sudden fall of
SLPs over the Arabian Sea about a week before the
monsoon onset may serve as a good precursor of ensuing
monsoon onset.

4.  Conclusions
The study has brought out the following results:

(i) The collapse of warm pool in the Lakshadweep Sea
area was very gradual during the onset phase of summer
monsoon, 2003. The evaporative cooling was subdued due
to absence of onset vortex.

(if) The height of swells increased about 2-3 days before
the monsoon advance over the eastern Arabian Sea
showing that the swells are useful precursors of monsoon
onset.

(iii) There was large fluctuation in the wind speed during
the onset phase of the monsoon implying the pulsatory
nature of monsoon.

(iv) The sea level pressure fell sharply over the eastern
Arabian Sea about a week before the monsoon onset over
Kerala.
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