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On the changes in the Thermal Structure of
the Atmosphere over Agra associated with
the passage of a Western Disturbance in winter
R. ANAN1 HAKRISH NAN

(Rmi..tI A ugulI, 1946.)
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D URING the mon ths Novem ber to May, Nortbern India is visited by a series of
depressions wbicb enter tbe Indian region via Iraq. Afghanistan and Baluchistan
and pursue an easterly co urse across the co untry. It hrs been reco g nised that

these depressions-known as JJ.', mrr d:sl14rba"llS-are analogous to the extra-tropical
depressions of tbe midd le latitudes. The typ ical cloud and weatber sequence ..sociated
wi th the latte r are also characte ristic of we ste rn disturbances, althoug h their vert ical
structure is far more complicated than that o f the idealis ed extra. tropical cyclone model.
Detailed synoptic stud ies of western dis turbances have been made by Mal aod Dosai,a
and a ge neral account of the weather phenomena associated with them has been g iven
by Malmkar. s T he object of the present note is to draw attent ion to some remarkable
cbaoges in the tbermal structure of the atmosphere over Agu revealed by the results of
sounding balloon ascents over tbat station in the firSl week of January 1938 in associa
tion with the passage o f a western disturbance.

2. W ,alh" lilltalic•.
On tbe motning of 28.12·1937 a western disturbanc : approaching Nortbwest

India was causing cloudy skies over Baluchistan, tbe N orthwest Front ier Province.
Pnnjab, Kashmir and the West Unitcd Provinces, Du dng the next 24 ho u rs there was
rapid deteriora tion of weathe r al ong the Mekran-Sind Coast. T be skies over Karachi
wb ich were practically clear till the evening of tbe 28tb, wcre ove rcast witb nimbostratus
on the morning of the next day, an d 3/4 inch of rain bad already fallen avec the station
during tbe night . ' T be upper wind . which were westerly a t all level. on the previous
day bad become easltrly in tbe lower levels, and the synoptic chart of the 29tb
morning showed that a sballow depression bad forme d o ver tbe Mekran Coast.

Tbe dep ression moved eastward. causing widespread rain in Sind and Balucbista n,
Karachi having recorded 2' and Ormara 3" of rain d uring the 24 hours ending at
08 hrs. of 30.12. 1937. T he upper wind cha rts of the 30tb morning showed that in
association with tbe eastward moveme nt of the disturbance, a vigorous inflow o f equate
rial ma ritime air had set in from lower latitu des towards the Punjab and tbe cas t U. P.

. Tbe morning observarion of 31.12.1937 sbowed that the area of largest negative
pres.ure departure. bad moved from over Sind to East Rajpu tam and tbe West Central
Ind ia ; at the same time, the barom eter registered the larg est pressu re falls o f abo ut 8,5
mill ibars since the previous morning at stations over tbe extreme nor th o f the country.
Widespread thunderstorms and showers had occurred to the nor tb and northwest of a
line running roughly from Bomb ay to Bahraieb, while a solid curren t of maritime air
from tbe Arabian sea and the Bay of Bengal was fcediog into tbe Punjab and Kashmir
across the Peninsula.

During tbe next 2t hrs. tbe d isturbance followed a north.urrtheasterly course
and by tbe morning of 1-1-1938 tbe atea of maximum negative pressure departure, lay
over the extreme north of the country more or Jess coincident with the region oyer
wb icb the largest fall of pressure bad been registered since 08 hrs, of the previo us day.
Widespread and locally beavy thunder-rain bad fallen over the area extending from West
U. P. to Kas bmir, and the sou tberly feed from the Bay o f Bengal and the Arabian Sea
into the low pressure area ove r the Punjab and Kashmir was being sustained.

By tbe morning of 2-1. 1938, tbe weste rn d istutbance was passing away eastwards

• January 6- 7, 1945, provides a similar Iuataace of sudden deterioration of weather ove: Karachi.
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Relationship between Vertical
Currents and Intensity of Precipitation
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~ c n 12 1 kilometers (J f the upper troposphere and lower stratosphere. In such cues
it st ould be possible to detect marked variations in the ozo ne con tent of the atmosphere,
as the centre o f grav ity of armcspb er ic ozone is near ab out 25 gkms., and there is a
latitudina l variation in the ozone con tent of the atmosphere . In this coneecuon it is
interest ing to recall that from a personal conversarion \\' it~ Dewan Babadu r Dr. K. R .
Ramanathao, the author came to und erstar d that the syste ma tic ozone measuremen ts
carried out by Mr . Kaeandi kar at New Delhi show appreciable fluctuat ions of ozone
content in association with certa in western d isturbances wh ile showing Ht tle variat ion s
in other cases.

5. SNf111f10"".

The large fluctuat ion s in the Il:<lm al struct ure of trc upper tr oposphere and lower
su at os phere over Agra in associa tfo n with the passage of a western dis turbance in
j auuary 1 ~38 arc desc ribed. It is suggested that these fluctuations can be explained as
resul ting from Jarge-ecale If ho rizontal oscilla tions U of the atmosphere o f the type plctur
ed by P jerkces and collaborators in their Iheory of tropopause .. aves.

•

RA l E of condensalion in a riring co lum~ of saturated air can be ca5i1y fou nd out
wh en it is assumed ' h ' the col umn IS rhermallj- and physically isolated. For
pu rpose o f evalua ting the rate of precipi tation further assumption is made "ir.
all the p roducts of conde nsa tion a~e irr.a:;rd ia ceJy detached from the sy s te~ and

fan ou t as precipitation. On these a~ sumptlons formulas for the amo unrs of precipi,
ta tion have, been given by S(. V~Jal. WI lle rs. Fulks! recently derived a workable formula
from whic h the rate of prc:cl.pn3u on can be . evaluated when the ph ysical State of the
upper Jayen and the velocity of tbe ase~ndtng layer are known. The subject bas bee'
br iefly discussed here Follo wing Holmboe .

Take a samp le satu ra,ted air o f ( 1+ \\',) tnns hav!ng ,:,ne ton of dry air and
w. ton of water vapour. WhJle I[ ascends UDder pseudo. adl abatlc process, precipitation

dw.
from this mass will be at the rate of- <ft.

d ws d " r dz -dw,
We write - 'dl = - -dz . d t = '""dZ ' vz

For simpli fying calcu lation we take Vz = I mlsec to hegin with. \Ve may then
lbat when the mass of (l+ w, ) ton, of the saturated air is lifted one me tre the

dw,
be- - JZ ton. Per ton of saturated air, the pre cipi.

say

amount of precipita tion will


