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ABSTRACT. This paper describes the average monthly wind flow for the period from April 1988 to July
1988 based on the INSAT-derived cloud motion vectors over parts of the Indian Ocean. Comparison of these
patterns has been made with those obtained earlier during MONEX 1979 with GOES data and with the mean
monthly climatology given in the 11OE atlas. The vorticity and vergence fields derived from the average wind fields
have also been discussed. The transition from the pre-monsoon to the monsoon pattern is clearly brought out in

the analysis. In June, the east-to-west increase of the wind speed towards Somali coast is strongest along 2°N
and further strengthening of the wind down-stream in low level flow reflects the formation of the low level jet.

1. Introduction

Observations of the wind flow over the oceanic areas
are an important pre-requisite to weather prediction by
numerical models and to synoptic scale forecasting.
Prior to the utilisation of the geostationary meteorological
satellite INSAT-1B, the Indian Ocean had remained a
perennial data gap region in this respect. The derivation
of cloud motion vectors (CMVs) from INSAT imagery
commenced in November 1984 at the Meteorological
Data Utilisation Centre, using an automated procedure
(Kelkar and Khanna 1986). Subsequently, the areal
coverage was extended and interactive quality control
procedures were introduced. From January 1988, high-
quality CMV data sets on magnetic tapes are available.
The data are also being disseminated on Global Tele-
communication System (GTS).

Many studies hayve been conducted with the CMV
data generated from the GOES satellite which was
temporarily brought over the Indian Ocean during
MONEX 1979. Joshi et al. (1987) assessed the impact
of the GOES-derived winds in monsoon forecasting
using a general circulation model. Mahajan et al.
(1986) studied the onset of the 1979 monsoon with
respect to the wind pattern and its changes in the lower
levels over west Indian Ocean using satellite winds
derived from GOES data during MONEX 1979.
They related the abrupt changes in the flow pattern
with the onset of monsoon and concluded that the
satellite-derived wind data are of potential use to forecast
the onset of monsoon rainfall along the west coast of
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India. The onset of the monsoon in 1987 over India was
examined by Yadav and Kelkar (1989) with reference to
INSAT-derived cloud motion vectors.

The areas over which INSAT CMVs arederived as a
routing are shown in Fig. 1. The CMVs derived at 06
UTC are transmitted over the GTS. For the study of the
monsoon activity in all the phases, namely, onset, advance
and withdrawal, the deviation of the flow pattern from
climatological fields is of interest. Such fields over the
oceanic areas in the monsoon region were in the past,
derived with the data obtained in specially organised
experiments such as 1IOE of 1963-64 (Ramage and
Raman 1972). These [ields were derived with the obser-
ved winds through radiowind ascents over the oceanic
area which are sparse in space and time scales. However,
the GOES derived satellite winds were used for the
first time in calculating the average fields over the mon-
soon area during May to June 1979 by Youngeral. (1980)
who used objective analysis on a grid. In view of the
encouraging agreements of the daily INSAT satellite-
derived wind patterns with the wind analysis from
synoptic charts, an attempt has been made in the present
paper to construct the average wind fields over the
oceanic areas over which the INSAT CM Vs are derived.
Unlike over land, CMVs and winds may be regarded as
synonymous over oceanic areas. The average monthly
wind patterns were derived for the period from April
1988 to July 1988 in order to observe the changes in the
wind flow during the pre-monsoon to monsoon periods.
The authors have also presented the average monthly
vergence and vorticity patterns for the above period.




446 SANT PRASAD ef al.

i OCEaN (C10 )

SOUTH WEST INDIAN ‘ | *
| OCEAN (SWiD ) e | I |
s i oy - . ]
, SDUTH INDIAN | i |
-1 - | OCE=N 510 ' H |

N b |
» : ] S W 271
|20 | i b o TS
—. ) ARABAN SEA | )
e | ' s | 31
{ = o | -
]
\— ‘ BAT DF BEWGAL J {
s | 28 )
g \— " i L
1 r ‘ N\ [
s ™ '
- _—1 - '_ | 1
LR | WEST inDIAN OCEAN CENTRAL nDlAw
d‘l‘/ ’ FwWio )
i

L~
i,

f

L3

[

|

r

|

e

Fig. 1. Areas of Indian Ocean over which INSAT CMVs are

derived at 06 UTC. CMVs for Arabian Sza, Bay of
Bengal and central Indian Ocean are also derived at
03 UTC.

2. Data used

The INSAT cloud motion vectors are basically derived
through an autemated procedure (Kelkar and'Khanna
1986) and they show a good degree of spatial and‘iemporal
consistency (Kelkai ef al. 1987). The CMVs are computed
for every l-deg. latitude/longitude] box subject to
availability of suitable cloud tracers. These CMVs are
then subjected to quality control by interactive editing
procedures which are described by Yadav and Kelkar
(1989). Those CMYVs, which are not supported by
synoptic features as indicated by the cloud configuration,
aie deleted. For editing 06 UTC, CMVs, synoptic upper
air charts of 00 UTC which are the latest available, are
used for reference. Those CMVs which indicate isolated
strong gradients are also eliminated. The CMVs which
are not consistent internally, and CMVs in disagreement
with known climatological features are delected.

For the analysis of the present paper CMVs of 03 and
06 UTC (daily) for the period April-July 1988 were used.

3. Methodology

In the MDUC CMYV derivation technique the CMVs
are assigned a height corresponding to the modal cloud
top temperature of the reference pattern. In the present
study, the CMVs are categorised in two levels. Those
CMVs whose heights are less than 3 km are taken as low
level CMVs and those whose heights are greater than §
km are taken as high level CMVs. The CM Vs are resolved
into their east (U) and north (V) components. Since the
CMVs can be derived only in the region where cloud
tracers are available, it is obvious that their density is
not uniform. Therefore, CMVs are averaged over 2.5
deg. latitude/longitude boxes. Although occasional
instances of strong vertical wind shears may exist, they
can be ignored in view of the spatial and time averaging
done for this study. The monthly averages of these CM Vs
for each box were computed subject to the condition
that there should be at least five CMVs in a box during

the month. However 859 of the boxes had more than 10
CMVs. These CMVs were plotted and streamlines were
drawn. Isotachs were drawn at the intervals of 10 kt.

Using the average U and ¥ components in each box,
the divergence and vorticity fields were also derived as
monthly mean pattern as per the following formulae :
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Since the grid size is only 2.5 Lat./Long. equal
weightage was given to all CMVs for averaging within a
box. The central finite difference method has been emp-
loyed to calculate the divergence and vorticity as follows :
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where, (i, j) is the grid point, ¢ is the latitude in degrees
and  is the grid distance.

The formulae cannot be applied at the edges of the
sectors.

Isolines are drawn on the average monthly values at
the interval of 1<10—% sec—! Though the vorticity
and vergence patterns have been computed for all the
four months, we are presenting the patterns of April and
July 1988 only to bring out the contrast between pre-
monsoon and monsoon situations.

4. Results and discussion
4.1. Mean low level wind flow

The mean wind patterns for low level winds for April,
May, June & July 1988 are shown in Fig. 2, These patterns
are compared with those presented by Young ef al.
(1980) and Ramage & Raman (1972).

In the month ol Apiil, the ridge line runs along 15" N
with citculation centres lying over Arabian Sza & Bay
of Bengal and is more or less in the normal position. The
winds are light up to 107 S. In the northern hemisphere,
the winds east of 757 E have a southerly component while
the winds west of 75 E have predominantly northerly
components.

In the month of May, a ridge is located along 67° E
over Arabian Sea while the anticyclone over Bay of
Bengal has moved eastwards. A trough is located along
the east coast. A convergence zone is located in the
southern hemisphere roughly along 5°S. The south-
easterlies, south of this convergence zone are stronger.
North of this convergence zone, the winds are light
except over the north Arabian Sea. The wesl to east
increase of wind speeds along 5°S in May is in agieement
with the mean pattein of May (Ramage & Raman 1972).

In the month of June, the cross-cquatorial flow has set
in and both the branches of the monsoon, i.e., Arabian
Sea and Bay of Bengal branches are well established.
The winds over the Bay of Bengal are convergent towards
the head Bay. Near the latitude of recurvature (SE
becoming SW'ly), i.e.. about 2" N, the winds are light
over the longitudinal belt between 60° E & 85 E becom-
ing stronger west of 60" E. The stronger winds of the
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Fig. 2. Average monthly flow patterns and isotachs (in knots) for April, May, June and July 1988 derived from low

level CMYVs

order of 25 to 30 kt off the coast of Somalia continuing
further downstream up to Peninsular India, suggest the
presence of low level jet. On comparison of this pattern
with that presented by Young ef al. (1980) the south-
easterly flow in the southern hemisphere is comparatively
stronger in June 1988, a normal monsoon year, than
the winds in the month of June 1979 (Young et al. 1980)
which was a bad monsoon year.

In the month of July, the wind pattern continues to
exhibit similar features with increase in convergence over
head Bay. The monsoon trough is well-established.
Anticyclonic vortices are seen roughly along the equator
east of 70° E. A comparison of these charts (April to
July) with those of I1OE atlas (Ramage & Raman 1972)
shows close agreement.

4.2, High lev2l wind fiow

The high level wind patterns for the corresponding
months are given in Fig. 3.

The ridge line in the northern hemisphere in April lies
approximately along 10° N which is very near to the
normal position as expected in a normal monsoon year,
like 1988. The position of the ridge line in the southern
hemisphere also closely agress with the normal position
which is located around 10 S. Winds of the order of 20 kt
are seen over the southeastern Arabian Sea and adjoining
central Arabian Sea. In May, the ridge line is flocated
somewhat north of the normal position in the northern
hemisphere while its position in the southern hemisphere
agrees with the normal. Easterlies, characteristics of
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Fig. 3. Same as in lig. 2 but for high level CMVs

monsoon season, are well brought out in the charts of

June and July over the Arabian Sea, Bay ol Bengal and
central Indian Ocean,

4.3, Vorticity fields

4.3.1. Low level pattern  The vorticity patterns are
shown in Fig. 4 for April and July, the representative
months for pre-monsoon and monsoon season. The low
level vorticity pattern in the month of April indicates two
negative vorticity centres in the central Bay of Bengal and
Arabian Sea which coincide with the anticyclonic centres
located over the same areas in the low level tlow pattern.
Positive vorticity is seen along the equatorial regions
between 60° E and 80" E.

As the season changes from pre-monsoon to monsoon
months, the vorticity fields become weak. The anticyclo-
nic vorticity moves northwards and cyclonic vorticity
prevails over northern portions ol Arabian Sea as well
as the Bay of Bengal in conformity with the progress
of the monsoon season.

4.3.2. Highlevel pattern  In the pre-monsoon season,
pariicularly in the month of May (not shown). cycl-
onic vorticity pievails over the Bay ol Bengal in the
high levels. This relates to the fact that no storm
formed in the Bay of Bengal during the month May
1988 although cyclonic vorticity prevailed in the low
levels. This pattern changed in the monsoon season with
the prevalence of anticylonic vorticity both in the
Arabian Sea and Bay of Bengal north of 10°N latitude.

Over this region, being north of the mean position of

easterly jet, anticyclonic vorticity is a normal feature.

The belt ol anticyclonic vorticity along 2° N during
pre-monsoon season changes to cyclonic vorticity in the
monsoon season.

4.4, Vergence fields

4.4.1. Low level patterns — The vergence patterns for
the months of April and July are shown in Fig. 5. A
broad zone ol convergence prevails over equatorial
region during the pre-movnsoon scason, A small area of
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Fig. 4. Monthly average vorticity (107¢ sec-!) for, April and July 1988 for low and high levels

divergence is scen northwest of Gan Island extending
up to Goa. Over the central and adjoining southwest
Bay of Bengal, off Tamil Nadu coast and Sri Lanka
coast, a region of divergence is located. Over the other
parts of Arabian Sea and Bay of Bengal, convergence
prevails. This situation changes completely by July, i.e.,
when monsoon has completely set in. Convergence
prevails over most parts of Bay of Bengal and Indian
Ocean and eastern parts of Arabian Sea except over
the region northwest of Gan Island and over south-
west Bay of Bengal off Tamil Nadu and Sri Lanka
coasts where weak divergence prevails,

4.4.2. High level pattern— In the pre-monsoon season
in higher levels, a broad belt of divergence occurs, in the
equatorial regions. A tongue of this belt extends upto
Kerala coast and further eastwards to the southwest Bay
of Bengal. Thisupper air divergence and the low level
convergence zone may, perhaps, be associated with the
widespread thunderstorm activity over Kerala and off
Kerala coast during this season. As the monsoon estab-
lishes over the country, convergence prevails in most
parts of the Bay of Bengal. A broad zone of divergence
prevails north of equator over Indian Ocean.

5. Conclusions

The cloud motion vectors derived over a large part of
the monsoon area bring out the mean features of the flow
pattern for the months of April to July 1988 quite well.
The change-over of the flow pattern from pre-monsoon to
monsoon is well brought out. The cross equatorial flow
in the month of June and July and the wind speed
gradients from ecast to west are in conformity with the
charts presented by Young ¢t al. (1980). The low level
vorticity and vergence fields also agree to a large extent
with the mean patterns given by Hastenrath and Lamb
(1979) for the surface patterns. The northward progres-
sion of the convergence field from April to June is in
good agreement with the onset phase of the monsoon
current.

The analyses based upon the INSAT cloud motion
vectors, support the existing concepts of the arrival
of the monsoon current from the southern hemisphere.
The present study, though preliminary, has well depicted
the changes in the flow pattern from pre-monsoon
season to monsoon season,
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Fig. 5. Same as in Fig. 4 but for divergence (107 sec-')

It is proposed to expand the scope of the work to
cover all the months (subject to availability of tracers),
using a larger CMV data base, as it gets built up over the
coming years.
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