Mausam, (1988), 39, 3, 291-294

551.551.8 : 551.553.21
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ABSTRACT. The heat and momentum transport over east coast of Indian sub-continent have been compu-
ted using Monex-79 data. The mzan and eddy components duz to m:ridional circulation are separated. These
fluxes show remarkable changes with latitude in different layers.

1. Introduction

The dynamic and thermal properties of the regional
atmosphere are directly affected by the transfer of
momentum, heat and water vapour from the surround-
ing. According to the principle of conservation of
mass, the water content in the atmosphere can neither
be created nor destroyed. Any local change of water
content can be brought out only through the addition or
subtraction. The necessity for the transport of water
content in the atmosphere arises from the fact that there
are areas of excess precipitation over evaporation with
a reversal of them in certain other parts of the world.
The excess or deficit must be made through the transport
of water by atmospheric circulations. Several people
in India have made an effort in studies on the sensible
heat, water vapour and momentum transport including
Sankar Rao (1962), Sankar Rao and Ramanadham
(1963), Saha (1970), Saha and Bavadekar (1973, 1977),
Ghosh et al. (1978), Bavadekar and Mooley (1978),
Appa Rao and Ramanamurty (1977), Appa Rao (1981,
1985). Some of the studies are confined to the Arabian
Sea and west coast of India, whereas others have dealt
with the land stations of India. In the present study
an attempt has been made to study the heat, momentum
and moisture transport over the eastern coast of India
for a period May through August 1979 using Monex-79
data.

2. Evaluation of parameters

The time averaged total northward flux of heat per
unit time accomplished by the atmosphere at any staticn
is given by :

Po Po
& [=- = L — =
Q=-L \v Tdp + — | v xdp (0))]
g g
0 0

where the bar denotes the time average, and the devia-
tion from time-mean is denoted by prime :
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The first two terms on the right of Eqn. (2) measure
the effect of mean meridional circulation and the stand-
ing eddies while the last two terms measure the local
eddy flux of sensible and latent heat respectively.

The flux of relative momentum at any station is
given by :
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The first term on the right of Eqn. (3) represents the
flux of relative momentum due to mean meridional
circulation and the standing eddies while the second
term represents the local meridional eddy flux of relative
momentum at any station.

2.1. List of symbols
u= zonal component of wind,
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Fig. 1. Vertical variation of heat flux due to mean circulation

v= meridional component of wind,

T= temperature (°K),

c,= specific heat of air at constant pressure,
p= pressure,

po= pressure at the earth surface,

Q= rate of diabatic heating,

x= humidity mixing ratio and

L= latent heat of vaporization

3. Data used

Daily aerological data obtained from Monex-79 (May
through August) experiment over the eastern coastal
stations of India have been utilised to make the study
of heat, momentum and moisture fluxes distributions in
the vertical and deviation with respect to time mean at
00 GMT obsarvation hour. The computaticns were
performed up to 300 mb levelin the vertical at the inter-
val of 50 mb.

4. Discussion of results

(a) Heat flux

Fig. 1 shows the vertical distribution of sensible and
latent heat flux over Agartala, Calcutta, Bhubaneswar,
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Fig. 2. Vertical variation of heat flux due to
local eddies

Visakhapatnam, Madras and Port Blair due to mean
meridional circulation. On the basis of vertical distri-
bution of sensible and latent heat fluxes and the momen-
tum flux, it is divided into three layers for better under-
standing :

The lowest layer 1000 mb to the
height up to which the sensible and
the momentum flux are positive
and significant.

(i) Layer A

Above layer A, in which these

(ii) Layer B ]
fluxes are generally negative.

Uppermost layer in which gene-
rally the latent heat flux is insigni-
ficant and sensible heat flux is
positive, significant and momen-
tum flux being negative.

(iity Layer C :

Itis observed that in general the sensible heat flux
due to mean circulation is larger about an order of
magnitude in each layer as compared with the latent
heat flux. In layer A, there is a single maxima around
950 mb in both the fluxes which are northward and a
minima in the middle layer B in sensible heat flux where
the latent heat flux becomes insignificant except over
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TABLE 1

Magnitude of peak in different fluxes due fto mean
circulation in layer B

Sensible heat  Latent heat Momentum
Station flux flux flux
% 10% (m® sec™) < 10° (m? sec™) X107

© (m®sec™)
Port Blair —14.0 0.0 —21.6
Madras —=80.0 —7.0 —162.7
Visakhapatnam —64.2 —4.2 —77.3
Bhubaneswar —68.4 —4.2 —80.0
Calcutta —17.2 0.0 —16.2
Agartala 7.0 1.4 10.0

Madras, Visakhapatnam and Bhubaneswar and fur-
ther in layer C, the sensible heat flux is northward with
a sharp peak around 350 mb surface and the latent heat
flux becomes insignificant.

The thickness of middle layer B in which the seasonal
mean sensible heat flux is southward, increases from
Port Blair through Madras and then gradually decrea-
ses through Calcutta and is changed to northward flux
at Agartala. At Port Blair the depth of layer B is
260 mb (800-340 mb), Madras 550 mb (900-350 mb),
Visakhapatnam 450 mb (850-400 mb), Bhubaneswar
440 mb (870-430 mb), Calcutta 220 mb (820-600 mb)
and at Agartala there is absence of layer B, as the mean
sensible heat flux is northward.

The magnitude of sharp peak in the sensible heat
flux, latent heat flux and the momentum flux in layer B
due to mean circulation is presented in Table 1. It is
noted that the magnitude of sharp peak in these fluxes
varies with latitude in accordance with the variation of
thickness of middle layer with the latitude.

The mean latent heat flux is significant in the lowest
layer with a sharp peak around 950 mb at all the stations
over east coast of Indian subcontinent. However,
from higher latitude to lower latitude along the eastern
coast, the latent heat flux in layer B duc to mean circu-
lation is insignificant at Agartala and Calcutta which
becomes significant over Bhubaneswar, Visakhapatnam,
Madras and insignificant again at the Port Blair,

Fig. 2 shows the vertical distribution of mean eddy
sensible and latent heat fluxes. It is seen that the time
mean eddy latent heat flux, in general, is larger and more
significant as compared with the eddy sensible heat
flux. The eddy latent heat flux is positive northward
throughout the whole depth of layers A and B from
1000 to 350 mb surface at Agartala with a pronounced
maxima at about 650-700 mb surface. The thickness
of northward eddy latent heat flux as well as its magni-
tude increases with the increasing latitude over the
eastern coast of India. In layer C, the eddy sensible as
well as eddy latent heat flux is generally southward and
less pronounced over all the stations of eastern coast
of India.

The eddy sensible heat flux is generally south-
ward in layer A and the northward in layer B. The
distribution of eddy sensible heat flux is more significant

in lower and middle layers at Agartala, Calcutta, Bhuba-
neswar and Visakhapatnam. However, at Madras and
Port Blair, it is not well defined.

The magnitude of the sharp peak and the thickness of
the layer A in eddy sensible heat flux increases with
latitude from Port Blair with a pronounced peak at
Visakhapatnam and then decreases with the increasing
latitude up to Agartala. However, the thickness of
layer B in which northward eddy sensible heat transport
prevails, increases gradually with the increasing latitude.
Similar variation with latitude in layer C where south-
ward eddy sensible heat flux prevails is observed.

(b) Momentum flux

Generally the momentum flux due to mean circulation
is southward in layer C and northward with a pronoun-
ced peak centred around 950 mb surface in layer A over
the east coast of India (Fig. 3). In the middle layer B
thete is a remarkable variation in thickness with latitude
on the momentum transport due to mean circulation.
At Port Blair the layer B shows a southward momen-
tum transport in the lower part (820-550 mb) and
northward in the upper part (550-425 mb). In order
to highlight the characteristics of middle layer the mo-
mentum transport due to mean meridional circulation is
illustrated in Fig. 4.

The penetration of southward flux of momentum in
the middle layer B increases at first with the latitude
being maximum depth of penetration at Madras (900-
450 mb) and then decreases gradually with the increasing
latitude up to Calcutta and is changed into northward
flux at Agartala where layer A and layer B have been
merged into a single layer. In the upper layer C the
momentum transport due to local eddies shows a rever-
sal of southward momentum transpert over lower lati-
tude at Port Blair and Madras to northward transport at
Visakhapatnam through Agartala. This northward
eddy momentum transport in the upper layer C seems to
be due to passage of easterly jet stream which passes in
between Calcutta and Trivandrum and south of this jet
southward momentum transport in the layer C at
Madras and Port Blair are observed.

A significant change in eddy momentum transport in
the lower layer A has been observed at Madras which is
southward. However, at all other staticns of east coast
of India it is northward and no significant change has
been observed.

In the middle Tayer B the eddy momentum transport is
southward at Port Blair. The depth of penetration of
this eddy flux is largest starting from 950 mb with no
clear upper boundary of the layer B. This shows a
remarkable change at Madras where the thickness is
about 400 mb (750-350 mb) and the eddy flux is changed
to northward. Further, with the increasing latitude the
layer B shows that the depth of penetration of north-
ward flux decreases with increasing latitude and is
changed into southward eddy momentum transport
over Calcutta. Further onward the thickness of this
southward transport increases to Agartala.

Except at Port Blair generally the momentum trans-
port in the middle layer due to mean circulation is
opposite to that of the eddy circulation.
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Fig. 3. Vertical variation of momentum flux

5. Conclusions

(i) Thz magaitude of southward seasonal mean sensi-
ble and latent heat fluxes and momentum flux increases
with latitude in the middle layer (laver B) over the eas-
tern coast from Port Blair to Madras and then gradually
decreases with the increasing latitude.

(if) The sensible heat flux due to mean circulation is
about an order of magnitude larger in each layer as
compared with the latent heat flux. However, the
mean eddy latent heat flux is larger and more significant
as compared with the eddy sensible heat flux over east
coast of India.

(iii) The eddy momentum flux in layer C is northward
and maximum at Calcutta which decreases in its magni-
tude over east coast with decreasing latitude and becomes
southward at Madras and Port Blair.
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