o

Mausam, (1984), 35, 4, 493-498

551.515,83 1 533.27 (267)

Flux of air and moisture in Bay of Bengal in

summer monsoon’
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ABSTRACT, The flux of air and moisture in the Bay of Bengal during Monex 1979 period, when

the Soviet ships were moving in that area, have been computed. It is found that the northward trans-
port of air and moisture across the equator is confined only to the area west of 85 deg. E. Eastwards
of 85 deg ¥, the reversal of transport is found fo occur. The compuiations of the air and moisture
tux velues have also been carried out for the central Bay of Bengal in July for the period when the
ships were stationed there. Comparison between the flux values for the comparatively strong and weak
phases of monsoon reveals that while the northward flux does not show any appreciable variation,
the eastward fux changes significantly, becoming more than double during the strong phase as compared

with that of the weak phase, both aleng the east ceast and in the central Bay.

1. Introduction

- It is generally believed that a large amouat ef air
and moisture transport occurs across the equator into
northern hemisphere from the southern hemisphere
during the Indian Summer Monsoon peridd, ie., from
June to Sept. and is responsible for the widespread
rainfall over the Indian sub-continent, Various wor-
kers have tried to compute this cross equatorial flow
into the Arabian Sea, west of 75 deg. E. Rao (1964),
Pisharoty (1965), Findlater (1969), Saha (1970) and
Ghosh ef al. (1978) have all shown that large volume
of air does cross the equator particularly over extreme
western regions of northern Indian Ocean, Pisharoty
(1965) and Ghosh ef al. (1978) found that the total
porthward flux across equator was much less than the
castward flux across meridian 75 deg. E, and there-
fore, argued that the Arabian Sea rather than the
southern hemisphere was playing a major role in the

*This work is an extension of tha study done and presented at the

Expariment held av Bali, Tndonesia, in Ostober 1981.

influx of moisture jnio the country. Flohn (1964),
Bjerknes (1969} and Ghosh e af, {1578) have also
suggested the existence of a zonal cell in the Arabian
Sea during active monsoon with the ascending limb
over cast Arablen Sea and west coast of India and
the desceading branch over the west Arabian Sea.
Das (1962) had earlier suggested the presence of zonl
cell during the monsoon with ascending motion over
northeast India and descending motion with consequent
marked subsidence over northwest India,

Except for the siudy of Ghosh et al, (1978), which
was based upon the data taken on the Russian ships
during Indo-Soviet Monsoon Experiment (ISMEX),
1973, all the ahove referred studies are based on very
meagre upper air observations, viz., those taken at
Gan, Nairobi, Seychelles and Dares-Salam, etc. More-
over, out of these, the data of Seychelles and Dares-
Salam cannot be strictly considered as representative
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Fig. 1. Vertically integtated net meridional transport of air and
water vapour across equator
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Fig. 2. Vertical distribution of meridional air flux across equator Fig. 3. Vertical distribution of mend:ona} water vapour flux
across the equator (Unit : 108 metric tonnes per day per

{Unit ; 10 metric tonaes per day per deg. Long.)
deg. Long.)
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FLUX OF AIR & MOISTURE IN THE BAY

TABLE 1

Net northward flux values across the equator

Vertical Moisture  Air flux
extent flux in in metric
Author Long, from metric tonnes/day
range surface  tonnes/day (x 101)
{°E) to (mb) (x 10l9)
Pisharoty 42-75 450 2.7 .
Findiater 35-75 600 . 7.8
Saha 42.75 450 4.4 5.0
Ghosh ef al. 50-75 400 3.2+
2. 9%x

*Weak monsoon., **Active monsoon.

of the conditions prevailing at the equator particularly

during the Indian Summer Monsoon, as they are situat-
. ed about 5 deg. to 7 deg. south of the equator, more

$0 since it has been shown by Ghosh and Pant (1976)

that the southern hemispheric equatorial trough gives

rise to large scale modification of the air flow in the
1 near equatorial lower troposphere.

The values of net northward flux across the equator
obtained by various workers have been summarised
*in Table 1.

All these studies have remained confined to west of
75 deg. E and so far nothing much has been known
about the eastward extent of this cross equatorial flow,
This, of course, is mainly due to the lack of any ob-
servational platforms in that area. During MONEX-
79, however, such an opportunity presented itself when
five Russian ships took observations in the near equa-
torial region cast of 75 deg. E during last week of
June and later four of them moved into the central
Bay of Bengal to form a stationary polygon, A large
volume of upper air data were, therefore, made avail-
able for the first time from these areas during June
and July 1979, These data have been utilised in the
present study to compute the moisture and air Auxes
on the equator, east of 75 deg. E and in the central
Bay of Bengal.

r

2. Data wtilised

. During International Monsoon Experiment (MO-
NEX-79) five Russian research ships, namely, UMAY,
EREC, UHQS, EREH and EREB made oxtensive
cruises forming polygons in the Bay of Bengal. They
moved from 75 deg. E to 91 deg. E in the near equa-
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torial region (2 deg. S to 5 deg. N) from 24 to 28
June 1979, as shown in Fig, 4, During 9 to 24 July,
four of these ships moved from 7 deg. N to 18 deg. N
between fixed longitudes 85.5 deg. E & 91.5 deg. E
forming a polygon. They remained stationary in the
central Bay of Bengal from 12 to 24 July on the
positions given in Fig. 4, The upper air data of 00 and
12 GMT consisting mainly of wind (direction and
speed), temperature and humidity from surface to
400 mb as observed by the ships alongwith similar data
of the two coastal stations, viz., Madras (13.0 deg. N,
80.2 deg. E) and Visakhapatnam (17.7 deg. N,
83.3 deg. E) are utilised in the present study,

In the equatorial region from 75 deg. E to 90 deg. F,
air and moisture fluxes across the equator have been
calculated for the period 24 to 28 June 1979, This
was the period when the monsoon was strong along
the west coast and in most parts of the country except

States of Uttar Pradesh, Bihar and northeast India.

The fluxes could not be calculated during the weak
monsoon period as by that time the ships had already
left the equatorial region. However, in the central Bay
of Bengal region, the ships remained there both during
active (12 to 16 July) and comparatively weak (17 to
24 July) spells of monsoon, and so the flux values have
been calculated on both these occasions.

3. Computations

The fluxes of air and water vapour have been com-
puted using the following well known standard for-
mulae :

(i) Air flux — —;fan(p, 5)dp ds
FI :
(if) Moisture flux = %ffV,,(p,s)q(p.s)dpds
VY
(#i7) Precipitable i
water == ?J‘ qdp
P

where, g=accelaration due to gravity
g==specific humidity
p=ryertical presssure coordinate

s=latitudinal/longitudinal distance
Va=Wind component normal to the face

The integrations have been carried out in the vertical
from 1000 to 400 mb in steps of 100 mb. In the hori-
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TALBE 2

Flux values 2t east coast (82° EY and in the
ceniral Bay (BS°E}

Flux wvalues at

Flux component Phase A ~—
of Mean coastal Mean ships
mon- location jocation m
soon central Bay
Meridional Active 0.7{0.6) 1.7(1.7)
Weak 0.4{0.% 1.1(1.5)
Zonal Active 3.2(3.8) 3.0(4.0)
Wezak 1.0(1.6) 1.0¢L.7)

Units : 10% m2tiic ionnes/d:
(for moisturs flux) anc

10 metric tonnes;dayv/dearge Lat. or Long.
(for air flux)

zontal values along the equator have been picked up
for every degree fomgiiude hetween 75 deg, B & 90
deg. E from the aualysis of the equatorial data of
northward fuxes. All calculations have been done on
the Computer System EC-1040 installed in the Na-
tional Data Centre, Pune.

4, Discussion of resulfs

(a) Air and moisture flux across equator (24 lo
28 June 1979)

(1) Northnward transport of aiv aud molsiure across
the equator from 75 deg. E to 90 deg. E

Vertically integrated fluxes of air and moisture across
the equator from 75 deg. E to 90 deg. E as calculated
by us, are shown in Fig. 1.

As can be seen from Fig, 1, we find that at 75 deg.
E, the air flux is northward, having a value of 2.0 X
10" metric tonnes/day/degree longitude, As indicated
in Table 1, while Saha (1970} finds a value of 1.5 X
10" metric tonnes/day/degree long., Ghosh er al
(1978) have found a value of 2.0 x 10" metric tonnes/
day/degree Long, for the Arabian Sea in the arcas west
of 75 deg. E. Thus the value found at 75 deg. E in
the present study is in good agreement with the above
values. It is interesting to note that air fiux decreases
gradually eastwards, becomes zero around 85 deg. B
and negative thereafter, f.e., the net air Hux is then
into the southern hemisphere.

Moisture flux has a value of 1.5 10° metric tonnes/
day/degree Long., at 75 deg. E, remains constant upto
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79 deg. E and then gradually decrcases castwards be-
coming zeto around 85 deg, E. This value also is in
agreement with that computed by Ghosh er al, (1978)
across the equator in the Arablan Sce, where they
found the average value to be 1.2 10° metric tonnes/
day/degree longitude,

(ify Vertical distribusion of meridional air and |
moisture transport across ¢he equaior

The vertical distribution of the meridional transports «
of air and moisture across the equator from 75 deg. E
to 90 deg. E are shown in Figs, 2 and 3 respectively.
As can be seen from these figures, both aflr and mois-
turc transports are positive (northward) in ihe cnlire
layer from 1000 to 400 mb upto about 7% deg. I, The
positive meridional transports gradually decrcasce cuast
of 79 deg. B and become negalive in the enfire Jayer
castward of 85 deg. E. While northward air transport
hag two maxima, one at about 900 mb and the othere
at about 500 mb, the moisturc transport is mudmim
near the surface levels onty.
dary air flux maxima necar 500 mb, the moisture fhux,
maxima is not so well marked, .

Corresponding to @ secon-

The lowest hundred millibar layer coniributes about
50 per cent towards the northward ipolsture Hux, In
comparison to the larger values of neguiive air flux’
in the upper middle troposphere, maximum values of
negative moisture transport are confined to the jgwer
troposphere only. This is obviousty the resuil of con-
centration of high humidity in the lower layer. Tt &
the lower troposphere which contributes mainly to-
wards the net moisture’ transport across the equator,
From the above, it appears, therefore, that the mois-
ture transport across equator in the Bay of Bengal is
from south to north in the area west of 85 deg, E
only and from north to southeastwards.

(b)Y Alr & moisture flux during 12 to 24 July

Air and moisture flux values, meridional and zonal,
have been calculated for Madras and Vishakapatnam
also and compared with those obtained ifrom four
Russian ships positioned in a box like fashion in the
central Bay of Bengal (mean Long. 89 dcg. E and
mean . Lat. 16 tdeg. N), with a view to finding out’
significant changes, if any, occurring in the flux valaes
between the longitudes 82 deg. E (taken as mean Long. ’
of MDS and VSK) and 89 deg, E (the position of *
ships). For comparison purposes, 16 deg. N has been
taken as mean latitude of VSK and MDS also. Ship®
locations are shown in Fig, 4.
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FLUX OF AIR & MOISTURE IN THE BAY

The computed air and moisture flux values are given
in Table 2. Figures outside the brackets indicatc air
flux while those inside indicate moisture flux values.

(i) Meridional air and moisture flux

As is evident from Table 2 above, during the active
monsoon spell (12 to 16 July), there is approx. 2009
increase in the meridional air and moisture flux from
the coast line (82 deg. E) to the central Bay of Bengal
(89 deg. E), i.e., while moisture flux varies from the
mean value of 0.6 units at coast to 1.7 uaits in  the
central Bay of Bengal, air flux changes from 0.7 units
to 1.7 units. During the weak monsoon peried (17 to
24 July), the corresponding changes for moisture are
from 0.5 to 1.5 units and for air are from 0.4 {0 1.1
units respectively, again registering an increase of
almost the same order. However, it is interesing to
note that the northward flux of moisture as well as
air does not show any appreciable change {rom active
to weak monsoon period either at the east coast of
India or in the central Bay of Bengal. The increase
from the coast to Bay can be aitributed to the fact that
winds almost at all levels take a northward ture in the
central Bay of Bengal thus rapidly increasing the north-
wird component of air and moisture flux there schorens
they are almost westerly at the east coasi.

(iiy Zonal air and moisture flux

Here the case is just the reverse of what has been
stated above. Unlike the meridional moistusre tlux,
zonal moisture Hux shows definite variation between
weak and active spells by registering an increase of
125% in the latter case. In the case of air flux also, the
situation is similar, i.e., the change is about 200%
between weak and active monsoon both at the coast
as well as the central Bay. However, there is 1o signi-
ficant relative change in the air and moisfure flux
values when compared between the cast coast and the
central Bay of Bengal either during the weak or during
the active monsoon conditions,

This is just opposite to the situation obtasing in
the Arabian Sca where there is a farge scale cliange
in the zonal moisture transport as found by Pisharoty
(1965) and Ghosh et al. (1978), ectc, The latter had
found that in an active monsoon condition, the zonal
moisture flux changes from a mean value of 1.3 units
along 50 deg. E to about 7.0 units at 70 deg. E giving
rise to increase of about 44 times, which established
that the Arabian 8ca played a significant role in con-
tributing the efformous moisture carried by the mon-
soon winds into the country,

&

497
5. Precipitable water vapour

The total precipitable water vapour has been cal-
culated for the period between 24 & 28 June 1979
when five Russian ships were cruising in the near
equatorial region in the Bay of Bengal. Its distribution
may be seen in Fig. 5. There does not appear to be
any significant spatial variation as it changes from
5.6 cm to 6.0 cm over the region from 75 deg. E to
95 deg. E.

6. Conclusion

This study which was aimed at calculating the air
and moistare flux values across the equator and in the
central Bay of Bengal during Indian Summer Mon-
soon, utilising the data of Monex-79, reveals the follow-
ing fzatures :

(i) The zone of northward transport of air and
moisture across the equator from southern hemisphere
during the Summer Monsoon period extends eastwards
upte £5 deg. £, east of which reversal of air and mois-
ture flux appears to iske place.

(#) There is no significant spatial varisudon of
precipitable water vapour in the equatorial tegions in
Bay of Bengal.

(ifi) Trom active to weak monsoon conditicns, there
is no relative significant variation in the northward air
and maisture flux either on the east coast or in the
central Bay of Bengal. However, the flux values in the
central Bay are about three times those along the east
coast,

(iv) The eastward air and moisture flux shows signi-
ficant variation from weak to active monsoon condi-
tions, both along the east coast and the central Bay.
Values during the active monsoon period are more than
double of those in the weak condition, But there does
not appear to be any significant change in the zonal
fiux as the alr travels from east coast (82 deg. E) to
central Bay (89 deg. E) along 16 deg. N.
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