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ABSTRACT

Theoretically computed dropsize distribution in convective showers, based on acceptance
of Bowen’s simple collision-coalescence model of raindrop growth in a cumulus cloud departs
materially from what is commonly observed in such rain showers. Discrepancies are more
marked when dropsize spectra as given by individual short period samples are considered. A
model forthe growth process, using the concept of shaking off of matter as in the bubble theory
of cumulus convection, is suggested to explain the observed distribution of dropsizes.

1. INTRODUCTION

Following Langmuir (1948), Bowen (1950) and others developed quantita-
tive expressions for coalescence growth of raindrops in a warm convective
cloud, and recently Roy and Srivastava (1958) made a theoretical study of
probable dropsize distributions at various phases of rain showers from such a
cloud. Although the theoretical treatment of the subject, as by the different
workers, gives us a fairly satisfactory picture of the shower process as a whole,
there are two important aspects in which the derivations made depart mater-
ially from the observed facts. These are ; (@) the time interval between cumulus
cloud development and precipitation release is often much less than the com-
puted time which is of the order of one hour, and (b) whereas observed dropsize
distcibution, in general, shows the number of raindrops decreasing with increas-
ing size, the distribution at any particular epoch as expected from theoretical
considerations is just the reverse. While certain tentative explanations have
been put forward in regard to (@) above (East and Marshall 1954, Telford et al.
1955, and East 1957) no pointed attention appears to have been given yet
to the other more striking discrepancies in the general trend of dropsize distri-
bution in such rain showers. An attempt is made in the paper to explain this
anomaly by picturing a modified model of precipitation growth in convective
clouds, following the ideas as in the bubble theory of cumulus convection by
Scorer and Ludlam (1953).

Since raindrop formation is the result of growth of relatively large cloud
droplets by coalescence with average small ones and since the prevailing up-
draft within the cloud would carry the growing giant cloud droplets to pro-
gressively higher levels until they reach a size at which their terminal speed
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equals the updraft rate, the larger amongst the giant cloud droplets would
reach this limiting size earlier and at a lower height while ascending through
the cloud and, during its fall subsequently through a layer of smaller depth,
would give rise to raindrop smaller than the one grown on a giant cloud droplet
of somewhat smaller size. Table 1 gives the computed final sizes reached by
raindrops, eorresponding to giant cloud droplets of three different sizes, under
conditions of cloud liquid water and updraft as stated.

TABLE 1

Updraft .. .. 200 cm/s
Liquid water content .. lg/ms
Mean cloud droplet radius 104

Time taken

Initial radiis  pox. height Final for the
dgllro letg reached radius to and fro
(mickons) ~ (metres)  (microns) journey
(seconds)
25 4,400 1,740 3,990
40 2,300 1,110 2,600
50 1,340 800 1,840

It is seen that the distribution of raindrops would follow that of giant cloud
droplets, but in a reverse order as regards their sizes. Accepting findings as
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Fre. 1. Assumed size distribution of giant cloud droplets {aa), and theoretically estimated
size distribution of raindrops (bb).
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by Twomey (1955) and Woodcock (1952) that the giant cloud droplets are the
products chiefly of condensational growth on giant hygroscopic nuclei present
in air, we should expect the number of such cloud droplets to decrease with
increasing size. Thus, assuming a size distribution of giant cloud droplets
as shown by curve aa in Fig. 1, the theoretically estimated size distribution of
raindrops formed on them under condition of steady updraft at 2m/s and mean
liquid water content of 1 g/m3 in the cloud would be given by the curve bb.
This is a very different picture from what is commonly observed in convective-
showers, since most of the dropsize measurements made in different latitudes
(curves (a), (b) and (c) of Fig. 2) show the number to decrease with increasing
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F1e. 2. Observed raindrop size distributions.

size. Even when we consider the probable effects of (a) irregularities in updraft
profile in the vertical and also (b) horizontal wind shear and (¢) drop breaking,
it is difficult to envisage how these alone would transform the rising character-
istic of the distribution curve into a falling one.

2. CERTAIN ALTERNATIVE SUGGESTIONS OF PRECIPITATION GROWTH IN
CONVECTIVE SHOWERS, AND RESULTING DROPSIZE DISTRIBUTION

Hitschfeld (1957), from consideration of coalescence growth arising from
random collisions between cloud droplets, calculated raindrop size distribution
and found a good agreement with the type of distribution usually observed in
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nature. However, in his computation, he assumed too simple a coalescence

function which may not be strictly applicable to cloud droplets and, besides,

there are other limitations as were mentioned by him. Telford ef al. (1955),

while examining the problem of early release of rain shower from a growing
cumulus cloud, showed incidentally that a certain giant cloud droplet distri-
bution resulting within the first few minutes of growth inside a cloud would give
rise subsequently to raindrop distribution of the type observed in nature. He,
however, considered all through only free fall coalescence and assumed the same
growth time for drops of different size groups, without taking into account
effects of prevailing updraft on the growing drops. In explaining the observed
dropsize distribution in rain at Delhi and Khandala it was suggested tentatively
(Ramana Murty and Gupta 1959) that the observed distribution in many of the
situations might be due to the combined effects of both warm and cold rain
processes operating at the same time. The explanation suggested obviously
does not hold good in the case of rain showers by pure coalescence mechanism.
The problem has, therefore, been examined further by postulating a modified
model of precipitation growth on the lines discussed below.

3. SUGGESTED MODEL OF PRECIPITATION GROWTH

In the simplified model of raindrop growth in a warm cumulus cloud as
considered by Bowen and others, it is grossly assumed that all giant cloud
droplets, belonging to the same size group and caught in the same ascending
air parcel, would get to the same height before they started their downward
course and lead ultimately to raindrops of the same size. The validity of this
agsumption would need consideration. To quote East (1957), ‘ The Reynolds

F16. 3. A rising bubble of warm air as pictured by Scorer and Ludlam shedding off from
its skin part of its material while rising. -
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number of flow in an active cumulus, however, is of the order of 107, so that the
updraft is unlikely to be a purely Laminar flow. Then not all parcels of air
rise without interruption, but some are exchanged with the surrounding cloud
ajr, having risen to some particular level, they then remain at that level’,
Extending this principle of exchange to cloud matter, we may consider that,
just as every rising bubble of air sheds off from its skin a part of its material
while rising from one level to another in the way. as pictured by Scorer and
Ludlam (Fig. 3), so also every rising cloud parcel with its content of growing
cloud droplets, moving upwards at a speed much faster than its surroundings,
will shake off at every stage of its ascent part of its droplet contents into the
-environment, at rates which may be determined partly or largely by the concen-
tration of droplets at each level. This would result in a larger number being
left off at lower levels, the process continuing throughout the active life cycle of
the cloud. From considerations such as these we see that not all giant cloud
droplets of radius, say, 25 x, carried by the rising bubble will reach the height at
which they grow to a size of 235y, having terminal speed equal to the mean
updraft, but that a certain proportion of these will be shed off earlier at lower
levels. The droplets so left off at various heights will then grow in the way as
pictured by East, partly by condensation and partly by coalescence until they
reach a size of about 235 & and, during their subsequent journey downwards,
grow to raindrops of different sizes, depending upon the depth of cloud layer
through which they fall. Thus, the concentration of raindrops of a particular
size group would be dependent more on the number of growing giant cloud
droplets shed off at different levels, than on their initial sizes. As the number
of growing droplets retained in the bubble decrease progressively with height,
raindrops of larger sizes will be less in number than the smaller ones.

The suggested extension of the principle of thermal bubble theory to rising
particulate matter would also help to explain certain other features observed
with reference to a cumulus cloud life. Firstly, as was shown by East, the
considerable spread in the vertical of radar echo observed at the very early
stage of precipitation development in a cumulus cloud could be explained if the
rising cloud parcel during its journey upwards was presumed to part with some
of its contents in the same way as a rising warm air bubble. Also, the rapid
fall of cloud droplet concentration with height above cloud base, as observed
by different workers may, to a large measure, be due to this systematic shaking
off of matter at different levels, although, partly, this decrease in concentration
may be the result of coalescence of droplets.

4. SUGGESTED DEGREE OF SHAKING OFF AND THE RESULTS OF
MODEL CALCULATION

No direct estimate is possible of the probable extent of shaking off of
particle matters in a growing cumulus. However, if the observed decrease of



MODEL OF PRECIPITATION GROWTH IN CUMULUS CLOUD 729

droplet concentration with height above cloud is considered to be due prin-
cipally to this factor, the data relating to cloud drop concentrations at different
levels, as found by Weickmann and Aufm Kampe (1953), would seem to suggest
that, on the average, this shaking factor is about 25 per cent for a height interval
of 0-5 km, that is, about one-fourth of the total number of cloud particles con-
tained within the cloud bubble will be lost to the environment during further
ascent through a height of 0-5 km. TUsing this value as the probable rate of
shaking off, the resulting raindrop size distribution, calculated in the manner
indicated in section 3, comes to as shown by the curve in Fig. 4. In the cal-
culations made, a uniform updraft at 2 m/s and liquid water content of 1 g/ms3
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Fic. 4. Computed raindrop size distribution, assuming a 25 per cent shaking off factor for
every 0-5 km height interval above cloud base.

have been assumed throughout the cloud, except that the bubble rises at a
much faster rate. The total number of giant cloud droplets present in the
gize range 25 u—50 u in a cubic metre of cloud air at the base of the cloud has
been taken to be 750, as in the case of the distribution shown by curve a in
Fig. 1. The number of droplets shaken off at heights 0-5, 1-0, 1-5, 2-0, 2:5 . ..
km above cloud base then come to 187, 141, 106, 79, 60 ... respectively.
These, on attaining size of 235 p (radius), at the stated heights, by processes
mentioned earlier, start their downward journey and continue to grow rapidly
by coalescence and by the time they reach the cloud base, acquire sizes 1-1,
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1-46, 1-8, 2-12, 2-4... mm (diameter) respectively. Droplets retained in the
bubble beyond heights more than 6-0 km above cloud base (total number of
such droplets is 25) have not been taken into consideration, because the pro-’
cesges determining growth of raindrops and their size distribution become more
complex in situations when the growing cumulus penetrates through sub-
freezing layers, and the alternative process of droplet growth by ice mechanism
begins to play & part. It will be seen that the general trend of the computed
dropsize distribution agrees well with what is usually observed, and is indicated
by curves as in Fig. 2. The general agreement in the trend of distribution has
to be considered as qualitative only, since the time factor that would enter
implicitly in the calculations, on account of differences in the history of growth
to 235 u radius of droplets belonging to different size groups have not been
taken into account in determining the curve as in Fig. 4. Further the process
of shaking off has been assumed to take place at certain discrete levels only,
one result of which has been that we find no drops with diameter less than 1-1
mm. Actually, the process of shaking off would be a more continuous one,
taking place at all levels in course of the ascent of the bubble.

According to the scheme of growth as postulated, the heterogeneity in
raindrop sizes with their number decreasing with size, would result even if all
giant cloud droplets originating at the cloud base were of the same size. How-

" ever, a monodiperse distribution of giant hygroscopic nuclei can hardly be
expected, and the growing cloud droplets shaken off at a particular level will
have a certain size distribution. As a result, droplets shaken off will not all
attain the required size of 235 u for falling through the cloud at the same time,
one consequence of which will probably be a more prolonged rain shower than
what would be if all giant cloud droplets were of the same size. In considering
the growth of shaken off droplets to the size of 235 1 by process of condensation
and coalescence, one point that would need consideration is whether the growth
would take place within a reasonably short time. Considering that the rising
bubble ascends at a much faster rate than the general cloud air in its wake,
it is quite probable that the resulting high peak supersaturation within it
would help a more speedy growth of cloud droplets inside the bubble.

CoNCcLUSIONS

The precipitation growth model by all water process of coalescence of
droplets, considered in the paper to help explain in a broad way the observed
trend of dropsize distribution in convective showers, entails certain assump-
tions which would need further critical examination, and has naturally to be
treated as tentative. The suggested.model, in spite of its limitations, is pre-
sented with the hope that this may stimulate some new line of thought for
further detailed investigations in this field.
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