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This note attempts to infer from ra
sonde ascents the wverrieal motion i the
northern sector of two f{ully devd]
cyclones, one in the Arabian Sea and
other in the Bay of Bengal.

2. The relevant portions of therracks of
the storms are givenin Fie. 1. Tnrthe easeof
t}lt' Arn]-i;m Sea |'\'|'i‘-j,|'_ Tll.‘ errre  at

0800 IST of 20 November 1945 was alwont
340 miles southwest of Veraval at Lar.
18°N, Long. 66°E. The evelone intensified
further and became severe in the course  of

the next few hours. At the same time
it started curving to the east and was
centred at 0800 IST of the 21st at Lat.

194N, Long. 69°E about 130 miles soutl
\\‘l:\‘f of Veraval. The radiosonde ascents
at Veraval taken at 0200 GMT on the 2m.
218t and 22nd are shown in Fies, 20 (a). ()
and (e)

3. It will be seen that on the 20ih, the
lapse rate vight upto 28,000 ft was nowhere
far from the saturated adiabatic and there
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motion in the northern sector of two cyclones
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L {i Bty
Fidi 103
i< 1o 1 =101 r isathermal laver ar
1 | exrsnt eloss to oromed © but
21= i = rmil laver .l'F']ll'.l.l"”]
roomr 16 mb onwards upto the TiH-mb
Lievorrd which level data are not
i | l'.,,\ ~14 mb however., drv
RIS m.'..liljn;_- i-ﬂ,‘.--_‘.;;‘l in a k.l\‘ r
extereling  downwards upra 95 mb.
b Very siilar chanzes taok place over

Visakhapatnam hetween the evenings of 20
aned 21 May 1952 when a severe cyelonic
storm in the Bay of Benzal moved from
about 330 miles south of that station “.n:l.t-.
13N, Long. 831°E) to about 260 miles sonth-
sonthwest (Lat, 143N, Long. 813°E). The
ratliosonde  ascents at Visakhapatnam at
a0 GMT on the 20th, 21st and 22nd are
veprodueed in Figs. 3 (a), (b) and (e).  The
ol 20th showed that right upto
A0 mby the lapse rate did not differ greatly
from the saturated adiabatic, except between
T10 and G20 mb,  where it was superadia-
By the next day, a very nearly
isothermal layver developed  between 700
and SO0 mb (temperature decrease  being
4.|||_\' | -7°0Y, data above 700 mb lu'ill}.! not
available.  The change beecame still more
pronounced on the next day when the layer
from 770 mb right upto 570 mb was nearly
isothermal (except for a thin laver of nearly
div adiabatic lapse rate between 618 and
600 mb).  There was also a layer with dry
wliahatie lapse rate between 770 and 900
mb.

sotnding

hatie.

5. In both the cases deseribed above,
lavers of marked stability developed over
the stations located in the northern sector
of the eyelones after or during recurvature.
The resemblance between the sounding of
21 November 1948 at Veraval and that on
22 May 1952 at Visakhapatnam is striking in
Jetween 316 and 905 mb

one more [‘«-.-[u'cr.
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at Veraval and between 770and 90 mh
at Visakhapatnam there is an
laver with a very stable
fall in temperature at
adiabatic laver compared to the sonndines
of the previous dav at Veraval anl two
days earlier at Visakhapan {
and 5°C' respectivelv. At Tomh  level
the tise in temperature at Veraval from 20
to 21 November 1948 was 470 and ar Vis

khapatnam from 20 to 21 May 1452 it was
6°C.  In the curve of Visakhapatnam of 22
Mav 1952 which
of Veraval of 21
i temperature
the maximum rige being at abo
of the order of 6°C
It appears that the Tvpe of change which
oceurred over Veraval bhetween 20 and 21
November 1948 was spread over two davs,
i.e., between 20 and 22 Mav
Visakhapatnam.

achiaharie
laver aloft : the

the top of this Jdr

resembles hettor the en
November 1942 the p

occeurred  abhove 700 1

(compareit to Z0rh)

From an examination of the upper
charts it appears that the rises in
temperature are prabably  not due to
advection. In the May 1952 cvelone, tl
temperature at .‘”“ mln level at Visakhapat-
nam rose from 11-4°C on the 200h to 17-8

on the 2lst. On ]mlll these davs no c.lh--‘
station including Port Blaie and Trivandrm
recorded a temperature of more than 13-57C.
In the November 1943 evelons, the tempera-
ture at 700 mb at Veraval rose {rom 7 C
on the 20th to 11°C on the 21st. Considering
the prevailing wind direction and  speed
at that level, the air over Veraval on the
21st should have heen not more than 500
milez to the south or wl)i'!t\\'l--f of that
station on the previons dav. Tntnis revion
the temperaiure on the 20th does not appear
to have been more than 8°C!,  The
have thus to be attribute Lto vertieal motion
and not to adveetion.

level

chanees

Accordinge to Rielld (1950), in the rain
area nf evelones, the ascent curve follows
the saturated adiabat from the lifting
condensation level and 1& warmer than the
undisturbed tropical atmosphere,  Purther,
Jthe air ascending just around the eve has a
higher potential temperature and mixing

INDIAN JOURNAL OF METEOROLOGY AND GEOPHYSICS

[ Vol. 3 No. 2
ratio than the air farther U‘H‘tl‘ even in the
rain area. Henee ascent curves in the
innermost partz of the rain area will be

wr than in the oater portions, which
<olf 13 warmer than the undisturbed
t. The question arise: whether the
rise in temperaturz at upper levals at chese

an bhe dus to such ascent of air,

I tlarlv as the rise In temperature is
ps=ociated with an inerease in mixing ratio.
[I" such were the case, the temperatures in
- sithisaoe sormdinegs eannot be greater
than the temmneratnre shown by the saturat-
[ aldinhar throush the mean wet bulb tem
oratura at the surface.  Considering all  the
soinidings i question, there i< definice evi-
denee of temperatures havine exceeded this,
Besides, drev adiabatie lapse rates as found

570 and 50) mb and 600 and 618
mb i the sounding at Visakhapatnam on
22 May 1952 cannot oceur by such saturated
vlibatie The lapsze rate distribu-
500 and 770 mh on 22
1952 at Visakhapatnam

etwes

ascent,
tion seen batween

Mav

corresponds

to the characteristics of subsided air mass
(Petterssen and others 1M7).  In the upper
portion  of the subsiding  column  there
s horizontal  convergence and  vertical
stretehing leading to a dry adiabatic lapse
rate hetween H00 and 5700 mhb., In  the

lower portion of the column there is hori-

zontal divergence and  vertical shrinking
leading to increased stability  between 570

ad 770 mb.  The sounding at Veraval on 21
November 1948 and that at Visakhapatnam
May 1952 also show the stable
lavers of the lower portion of the subsiding
column,  These soundings have not reached
sitlficient heights to show up the characteris-
ties of the upper portion of the subsiding
ITowever, the increase in mixing
ratio on these days suggests that subsidence
had not taken place in the air originally over
these stations but in air which had earlier
the rain

(113 '”

colwin.

ascended  in ired.

S0 In the dey adiabatic layers between
15 and 995 mb on 21 November 1943 at
Veraval and 770 and 900 mb at
Visukhapatnam on 22 May 1952 the airis
reaching saturation at the top of the layers.
This tozether with the dry adiabatic lapse

botwosn
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Fig. 4

rate would suggest ascent of wunsaturated
air in these layers, No such characteristic
is noticed in the curve of 21 May 1952 at
Visakhapatnam.

9. From these considerations it appears
that the soundings of 20 November 1948
at Veraval and 20 May 1952 at Visakhapat-
nam represented tropical atmosphere which
was probably not being subject to conspicu-
ous vertical displacement. The sounding
of 21 November 1948 at Veraval suggests
that there was an ascent of unsaturated
air upto 816-mb level, above which there
was a descent of air from the rain area.
At Visakhapatnam, the sounding of 21
May 1952 shows no conspicuous vertical
displacement upto 800 mb, above which
level there has been a descent of air. The
next day’s sounding at Visakhapatnam
indicates ascent of unsaturated air upto
770 mb with a descent of air from the rain
area above this level.

10. The relative distances of the two
stations from the storm centres on the dates
in question are shown in Fig. 4. In Fig. 1 of

his paper, Riehl (1950) has given a schematic
outline of the vertical circulation in the area
away from the eye of a mature hurricane
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Fig. 5. Schematic diagram of vertical motion
in north seetor of the two cyelones

upto a distance of 200 km. The soundings
discussed in this note correspond to dis-
tances of more than 200 km from the centre
of storm. Attempt has been made in Fig.5
to combine Riehl’s cross-section of vertical
circulation upto 200 km with that deduced
here for further distances. It will be seen
that outside the rain area at distances
between 200 and 400 km unsaturated air ig
ascending only upto about 2 km, while aloft,
air is subsiding from the inner rain area.
At about a distance of 400 km the ascent of
the unsaturated air is ceasing, though the
descent of air above 2 km still continues,
probably upto a distance of about 500 km.
From the diagram it will be clear that the
magnitude of descent will be greater at
larger distances from centre. This is sup-
ported by the fact that the temperature at
700 mb on 21 May 1952 at Visakhapatnam
(representing conditions at about 430 km
from the centre) is higher than the tempera-
ture at the same level onthe next day (re-
presenting conditions at about 330 km
from the centre).

11. At the times of the radiosonde data
studied here the cyclone had either jusg
commenced recurving or was slowing down
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as a preliminary to recurving. However,
it is not possible to conclude that the descent
of air in the northern sector was in ar v way
associated with the recurvature until more
evidence is gathered. The
Madras between 20 and 22 Mav 1932 1,
not show any evidence of subsidence s«
revealed by Visakhapatnam soundings. Mad-
ras was then located in the W to 2 sector
of the cyclone at distances between about
130 and 220 miles from the centre. In the
case of the Novembher 1942 evelone. Poona
which was about 500 miles to the east of
the eyclone on the 20th and 150 miles t
the southeast on the 22nud il
show any changes similar
occurred at Veraval. Arakawa (1930)
recorded that there is marked descent
of air 100 to 200 km in the rear of a tvphoon
centre, which he explains as an ~uILuI..:u
d]VEI'U'Pllt motion due to the isollobaric
high in the rear of the typhoon.  On 21 and
22 May 1952 Madras was in the rear of the
cyclone but the soundings did not show
descent, of air. It may Im mentioned  here
that Hughes (1952) has found from the
mean low level wind structure of tropical
storms that horizontal divergence of air
commences at a distance of 150 to 200 miles
in the forward portion of tropical eyelones
while to the rear upto much greater distances
no divergence is noticed. In a general way

:i|-"
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this fits in with the changes observed at
Veraval, Visakhapatnam and Madras.

12. At Veraval there was a thunderstorm
between the soundings of 20 and 2?1 Novem-
ber 1943 with rainfall of about two inches.
At Visakhapatnam there were thunderstorms
between the soundings of 20 and 21 May
1952 with  rainfall of one and half
inches,  In hoth the cases the thunderstorms
have oceurred between the times of the
sounding in * undisturbed air® and the
sounding in subsiding air in the outer storm
area. It is tentatively suggested that the
occeurrence of thunderstorms is a characteris-
tic of this transition zone. thouch the exact
mechanism is not clear,

The descent of air in the outskirts of
the cvelone leading to temperatures higher
than in the rain area should ereate unfavour-
able solenoid field for the maintenance of the
cvelone.  No conclusion ean, however, be
drawn as to the effect of this process on the
life-cycle of the storm since the magnitude of
the energy-producing processes in the rain
arca of these eyclones is not known.

4. T would like to thank Dr. B. N. Desai.

Director, Regional Meteorological Centre,
Jombay, for his guidance and encourage-
ment. My thanks are also due to Mr. Y. P.

Rao, Meteorologist, for helpful discussion.
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