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Dyn amics of Thunderstorms
S. !\lULL and Y. P. RAO .

PART II-ORIGIN OF DOWNDRAFTS IN A THUNDERSTORM AND
THE CIRCULATION IN A FULL·FLEDGED THUNDERSTORM CELL

pa rtly because of the frictional drag of the." ra in,
but mainly because of the increase, due to thi s
ch illing, o f its own density, immediately an d
necessari ly, becomes a concentrated and vigo­
reus return branch of the vert ical circulation .
From rough computation Humphreys finds that
ch illing the air wi th cold rain is ver y small and
hence evaporational cooling accou nts for
much of the grclter portion of the cooling.

T hat the process outli ned above by
JIumphreys 1 canno t be the pr imary cause for
initiating the downdraft in the cloud is evident
from the following reasons :-

(I ) In the life history of all Cumulonimbus
clouds at some stage or the o ther. the vertical
currents inside the cloud either completely
cease o r are not strong enough to hold the rain
or cold rain drops any more in the air. The
process suggested by Humphreys for initiating
the downdraft will therefo ;e cam e into
o peratio n and as such one should expect that all
Airmass Cumulonimbus cloud s must at a certain
stage culminate into thunderstorm. Expe rience,
however , at least in the tropics shows that this
is not always so, and that there are good many
cases, when a Cumu lonimbus cloud after having
existed for hours wit hout any further g rowth,
d issipates without culminating into a full­
fledged thu nderstorm.

(a) T he mechanism suggcs rcd by Humphreys
will be equally operative in the case of all
thi ck clouds from whic h ra in is falling and the
environment is not nearl y saturated . Yet
we know th at cloud s other than Cumclo­
nimbus do no t cause dow nd rafts.

(3) The pIe sence of rain drop s or hail and
raindrop s is essential for the ma intenance of
the downdraft. As such the cloud cannot
evapo rate in the zone of the downdraft. T hat

ABST RACT. The present explane rion for downdraft in Airmuse Thund ers torm docs n ot ac cou nt wh y n.11
Cum ulonimbus cloud>! d o not culm ina te in B full-fledged thunder storm, An alternati ve ex p lana tion 1M

off-red based all the d evelopm en e of in~t.lbi l i t~· with in the cloud aq II result of the s ud den con gela tion of
the supercooled lnyer ,

I. Introduction .
In an earl ier pape r I . the autho rs deduced

purely o n theoretical g rounds, a stage in the
development of the Cumulonimbus cloud,
when the cloud with its fully g rown anvil,
could maintain itself withou t any further
g rowth o r decay for hours togethe r. It was
show n therein that though the cloud reaches a
stage, when it does not grow further, the
ver tical Currents ' do not cease o r decrease in
magnitude. I renee a thundercloud will not
break into a th undersqua ll unless some other
mechanism comes into operatio n. In th is
pap er it is prop osed to d iscuss thi s mechanism
which brings about such a breakdown of the
Airmass Cumulonimbu s cloud into a full-fledged
thu ndersto rm and the circulation result ing:
thereby.

1.. Pru e111 Ideas R egarding the BreaJ.·d'JU11I
of A irma,>l!J cumulonimbn« cloud into a [ull­
Jl etlJetl T hunderstorm,

Meteoroloy ist s are generally agreed that
before an Airmass Cumulonimbus cloud can
culm inate into a thundersto rm, it is essentiai
that a local concent rated cool ing must develop
at a h igh level inside the cloud . According to
Hum phre ys :J such a con di tion is produced in an
Air mass Cumulon imbu s afte r a stage is reached
whe n as a result of abu ndant condensation
induced by the co nvectional coo ling, rain is
formed at a consi derable alt itude, where, o f
cou rse, the air is quite cold, in fact so cold that
o ften hail is p roduced . Now thi s cold rain o r
ra in and hail, as it falls and as long as it falls,
ch ills the air from the level of its formati on all
the wav to the earth , partly as a result of its
initial low temperature and partly because of
the evap oration that takes place during its fall.
Hence, th is con tinuously ch illed column of air,
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T he experiment of A. G raham is of g reat
impo rtance as it shows tha t when instabili ty
develops sudd enly at th e boundary between
two fluid s of different densities the cells pro­
duced arc those with descending current in
the cen tre and ascending o ne at the periphery.

The local concentrated cooling which re­
sults in a cumulonimb us cell near the freezing
level as a result of the process outlined befu re
is similar to the coo ling prod uced at the boun­
d tr y be tween f he two tluids of cJitferent densi­
lies and henc e. as in the experiments (I f G raham ,
such an instabi lity will resu lt in ~e tt i ng up
cells with descending cent res. T his des­
cending curren t is the main do wndra ft. The
resu lting ci rculati on Fro-u analogy is given
in Figure~. Th is d iagram docs nut
take into accoun t any general translato ry
mo tio n superposed o n the thundersto rm
s vstem .
. Th at such a ci rculation docs exist in a

Cumulon imbus when the same l-as culminated
into a rhunderstorm, has been sho wn by the

th unders to rm pro ject observatio ns of Byers
an d hi s collaborators".
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Remarks on Two Hindukush Earthquake Shocks
s. J\I. ~IUKHERJEE.

(Received 27lh J "ne 1949)

ABST RACT. Results or Coulson 's study of two lIindukush earthq uakes of February, 1919and November.
1939, g iven in a number of his publications during 192.9-41, arc crit ically analysed in the: light
of seismic and macroseismic data and Ieformarion obtained from his r apers and various other sources.

Addit ional materials now available enable the delineat ion of complete isoseismals of the first shock , prcSUIO­

ahl)" for the first time, fo r an)' Il induku sh earthquake. From seismological evidence and the isoselsmals d raw"
in thi5 paper, large d iscrepancies of locat ions of the cpicernres anti the isoseismals drawn b)' Coulson and
a few ot her fallacies in hils arguments, arc pointed out. The area shaken by the moderately large earthquake of
lcbruarv, 192.9. is foun d to be half that shaken h)' the JargclII historic earthquake of J une, 11197 and about II
times t~t due to the disas trous Qucua Earthquake of May, 193"

t. Tile curthquuk« shock oJ I8t Feb" ", ,!!.
}[J:![J ( 17 iI. 11 ".. (l JI T) .

From reports received from .Meteurolugia l
O bservers who felt the shock Coulson l •J

has d rawn isoseism als and placed the epicen t ral
tract of the shock of the lSI Feb ruary 1919.
between Rawalp ind i, Peshawar, 5rinagar.
G urez and Drosh. Based on seismological
da ta and sicsmograms from the Ind ian O bser­
vato ries, the epicentre has been located at
ahout 2 I miles north-west of Abbottabad
within the epicent ral tract. T his position is
some 200 miles lu the south-cast of the cpi-

centre 36Q ' 5 l":., 700.5E . given in the Intcrna­
tiuna l Seismologica l Summary (1.5.5.)1 from an
analysis of the seismological data from the
d ifferent observatories of the world. This
cp icenrre has been accepted by various in­
, ·cstiJ..,'3t'}CS."·8 either in connection with
their investigations on deep focu s earthquakes
in general or a specia! study of thi s shock.
Xevertbeless, Coulson in his concl ud ing re­
marks about this eart hquake has retained the
same old position of the epicenrre in h;s later
publications" lo as well . The author has
analysed the seismological data from the
1.S. S.J usin!; the latest travel-lime tables by


