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Eaa s

The vertical motion fie‘]_d in the Indian monsoon region
has been studied fo_fr:- mean July,. ; strong monsoon day and a weak
monsoon‘day-. We have used quasi-geostrophic W  <equation for
this i;uxpds'e; Sieies e Boteings s 40 themmal and differen-
“tial vorticity adv.ection, the verbicel motion dus to oTOgTaphT
and fricticm have &lso been included, The verticel motion due
to the various forcings have been partitioned. Thp - field;‘:‘
‘due to all forcings, due to individusl fobeinga e
profiles are delineated. | .

Conversion from potential to kinetic energy associated -

with the vertical circulations have also been computed and presented,
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Introduction ¢

Estimates of conversion from potentiel into kinetic energy
involve the vertical P’ velocitys, Verticel motion fields and
associated circulations in the monsoon have been discussed by Das
(1962), Seha (1968), Koteswaram (1960), Rao (1962), Asnani# and
Keshavamurty (1971), Vertical motion fields in association with
monsocn depressimé have been studied by Rao and Rajamani (1968),

In this paper we have computed vertical moticn fields in the Indian
monsoon region during mean July and two contresting monéoosn situations,

using quasi-geostrophic @ equation with friction and orography,

2, Data and computations 3

Quas:v-gaost-mphic ® and energy conversions have been camputed
for mean July, n a strong monsocon day ijes 7 July 1963 and on a weak
monsoon day iges 19 July 1963, These situations were earlier studied by
Ramen et al (1965), PFigs 1 (&, b) show the 1000 mb charts for these
two datess It is seen that the monsoon trough has shifted to the foot
of the Himalayas on the weak monsoon day,

We have used height data at 1000, 850, 700, 500, 300, 200 and
100 mb and have computed &) at 850, 700, 500, 300, and 200 mb,

The area for which computations are mede is from 5° N to 22.5' N

and 55° & to 5° &,
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3, Quasi-geostrophic @ —equation

The vorticity equation is given by
a5 dw

a0 (%*’f):fo'a_ﬁ A
The themodjmamic energy equation for edisbatic motion iz
given by

92 (29 o -

at aP)-l-\V-V (—5%)+G(a-o - - (2)

£ = ot —’-Vz'\( o (%)
-]

$ o O D o

6 = (4)

V= |k 3 §
X T vV Z (5)

The static stability parameter is teken as constent in any .iscbarie

surface i.e. & = €(p)

Using equation (1) and (2) &x we obtain the quasi-geostro-
phic @ eguation

2 & .
cviurfs Son e Q%J(z,n)-%’vzj (2, 22) @

=+ wg 4§ - (7)

The equation (§) is the quasi-geostrophic omega equation,
The first term on the right hend side of :in equation (6) is the
foreing due to vortieily advection and the second tem is the forcing
due to thermal advection, These forving can be calculated from a
given height field.

We have solved this equation by relawation. At the side
walls and at the top the boundary condition used is @ 0. At

the bottom, we have used W due to friction and orography.
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We have used Charney and Eliassen's {ormila {1949) for
frictional W , Using Ekman theory of airflow in the frictional

layer, frictional W at the top of frictional layer is given Dy

&JF: - SPV?‘}—D Sin 2L (531000)

K

I

coefficient of eddy viscosity

1Om2 s

i

= 22% , engle or inflow

€ = air density in Ekmen layer assumed constant

= 1,062 x10° gn W™

'5}|°°°= Geostrophic vorticity at 1000 mb

3,770 x 1?35 sec-l, coriolis parameter at latitude 15° N,

o~
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The orographic & was obtained by

W, =- qe (wg e _vh) where h is the height of
terrain above sea level teken from Berkofsky and Bertoni (1960 )
Since the above W equation is linear, we can partition

the @ due to different forcing and also due to different boundarcy

conditions,

4, BResults and Discusgion

850, 700, 500, 300 and 200 mb, At 850 mb there are two centres of
upward motion, one over east Medhya Pradesh and Orissa and another

of Saurashtra, Konkan coasts, These regions of upward motion extend |

to 300 mb over east MP and to 500 mb and over NE Arabisan sed respec-
tively, There is a region of descent over Central Arabian sea at

850 mb, There is a region of descent over east Arabisn sea from

vee D
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700 to 200 mb, At 500, 300 mb and 200 mb an east-west circulation
with ascent over Andemen sea and descent over East Arabisn sea is
scen,

Fig. 3 (a,b,c,d,e) show similar @ wcharts for 7 July
1963, whicﬁ was an active ménsoon day (for the same levels), Ab
850 mb we have a region of strong ascent over West Madhya ?radesh
and neighbourhood, This was in associsgtion with a depression,

There is ascent cvarl North Arasbian sea elso in connection with the
midtropospheric system, These regions of ascent are seen at 700 mh
also, There is & region of strong descent south peninsula from
850 to 300 mb,

Fig. 4 (a,b,c,d,e) show similar charts for 19 July 1963,

a weak monsoon day, when thé monsoon trough had shifted to the foot
of the Himalayas. Except for a region of ascent over Gujarat at
850 mb generally descending motion is noticed throughout,

Teb us now look at the partitioned W's due to the various
forcings on 7 July 1963, Fig, 5 (&,b,c,d,e) and 6 (a,b,c,d,e) show
the partitioned W due to therm:‘a.l advecti;)n and vorticity a&vection
respectively for 7th July 1963, It is seen that the descent over
south peninsula is mainly due to themal advection (epart from orogra-
phy ). Over south peninsula at 850 mb () due to themal end vorti-
c.it;} advection oppose each other, 1t is generally seen that the W
(due to dynamical forcing) fall off with increasing height. @ due
to friction and orography‘hEVe, of necessity, to fall off with height,

Fig, 7 (a,b) show the vertical profiles of W) due to

various forecings on 7th near centres of ascent and descent. Tt is seen

ase 6



that the effect of dynamical forcings is larger, and they generally
fall off with height,

We.have also computed conversion from potential to kinetic
energy associated with the Hadley and Welker circulations
(Keshavamurty and Awade)., Fig, 8 show the vertical profile of
energy conversion from Aﬂ to KZ during mean July, on 7 July 1963
and 19 July 1963, It shows that the total energy conversion is
much larger on 7 July than in the mean and much smaller than the
mean on 19 July 63 the weak monsoon day.

Fig; 9 (a,b,c) show y-p Sections of energy conversion
from Ag to LE durnng mesn July, 7 July and 19 July respectlvely.
During mean July, there are reglons of posmtlva and negative
conversions S0 that the net over the whole latitudinal belt becomes
small, On 7 July, the stroné Wi Sed % dey, there is a very large
negatife‘céﬁvérsioh (di.e4 Lo g to Ap ) mainly in the middle
trop'osph.ere:' Thlis gives a net negative tonversion over the whole
latitﬁdiﬁal belt on 19 July, however, we have large positive conver-
sion, mainly in the lower troﬁdsPﬁere; This gives a net positive
convefsidn;

Concluding remarks :

Computations using the quasi-geostrophic @ equation gives
& smooth, consgistent picture of the vertical circulations of the
monsoon, The W ~field and the associated energy conversions show

large fluctuations (from the mean) during contrasting monsoon epochs,
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Fig.6(e), W due to vorticity advection, ( 1O 'mb Sec ), 200mb,
7'"uly, 1963.
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Fig.9 (a). Mean height data, JULY
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