
5.51'578 '11 : 551 '576

A theoretical study of progressive developments in rain
drop size distribution and other characteristics in rain

showers from 'warm' convective type clouds
A. K. ROY and R C. SRIVASTAVA

1I<.ill and Claud Physics lleseard: Unit, C. S . I . R. , New Delhi

(Recei'oed 14 Nooember 1957)

ABSTRAC7. A study, on a theoretical basis, of the expected ..izo distribution of raindrops and rl\infRll
inten sity at .variou", phases (!f rain ~howcrM from an ove rhead largo cumulus cloud o f 'warm' 1)'110 hll" been
Ina/It" lloil:lu mmg that· cnch raindrop IS the result of growth on a 'giant' !'IOI1-SI\1t nucleus, and that droplet
gro wt h bey ond a certuin lIi7.e ill due mainly to coalellC'I'llI'C fnllowing ccl llsions between clout! drople ts.
The-study, bseed on assumptions of 1'1aU!iiblo pbyslcnl conditions in a cloud in regard to (a ) couccntretion and
size distributio n of giant IWa..AAlt nuclei in nir, (1,) mea n cloud liquid wate r con tent nod (c) updraft rntc and its
variations with time. hringlt out features which are in gt'11l'ral oonformity with what are observed in rain
from wann convective Iype clouds, and provides MOOlt' corroboration of the present acce pted tbeoev of Male 
sceece growth of raimlrop", and of the """It-nuclell~ h,ypoth~ill of rain formation in such clouds. .

1. Introduction

It is by now well known that· moderate to
heavy rain often falls from 'warm' clouds,
i.e., cloud.• confined wholly below the freezing
level. The earlier theo ry of rain formation,
namely. ice-crystal hypothesis of'Bergeron and
Findeisen bring clearly inapplicable to such
cases. an alternative mechanism of precipi
t ation growth by collision-r um-coalescence
proces~ jU\8 been considered in recent years.
According tu this theory, a few of the rela
lively larger droplets in a cloud, with a fall
speed appreciably higher than that of aver
age cloud particlos, overtake t.he lat ter and
by collisions and coalescence with them grow
finally to a raindrop. This concept ion, deve 
loped further and t reated mathomuticnlly
by Langmuir (194fl) and Bowen (19!\0), en
ables I1!l to est imate readily fina l sizes attain
ed by raindrops bv the above process, depen
ding upon (u) initial size of giant cloud
droplet , (b) average size of cloud particles,
(e) mO'II1 cloud liqu id water content ann (d)
mean rate of updraft inside a cloud .

A~ is obvious, the essential requirement of
droplet growth by this mechanism i1't it cer
tain degree of heterogeneity of cloud par ticle
sizes, introducing a relat ive motion in the
vertical di recti on aUIOIIg»t droplet . helonging

to different. size !(fOUl'S. From Langmuir's
calculat ions of collection efficienov of t wo
colliding droplets in var ious size ranges it is
further seen that a certain minimu m width of
pnrticlc size spectrum is nccC8sflry to initiate
approoinblo oonleseonce growt h within a cloud,
for, th ere L< a certain crit ical radiu s (r. ) of
t he capt uring droplet below whicn the collec
t ion efficiency on collision with particles of a
smalle r radi us (r) becomes nearly negligible.
This condition of minimum limit of spectrum
widt h becomes more st ringent 1\... one con
siders the depth of the cloud in a given situ a
t ion to sec that t he entire t rajectory of the
growing giant cloud droplet lies well
within the cloud . This aspect was considered
in detail by Ludlam (1951), who concluded
that the initial size of the giant cloud
part icle must be large enongh to grow to a
radius of 15n I' or more on reaching a hcight
of some 300 met res below the cloud top, so
that by escaping evaporat ion at that level it
may fall bark quickly aga in in the main
body of the cloud, and then growing further
during its downward journey , attain the
size of a raindrop before emerging below
the cloud base. From considera t ion of observ
cd sizes of giant sea-salt nuclei in t he lower
layers of the at mosphere over certain areas
and t heir rate of growth by condensation,
























