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ABSTRACT. Average \-’ulilcs‘nl' the number of raindm[.m'[mr. m? of air, grpup«-(l according to diameters, are
given in the form of a table for various average values of precipitation rates ranging from 0-20 mm_,’hr to 34 mm,h_r.
The distribution of raindrops amongst <l}ﬁcrt:|‘|t .'lubm'etd?r groups has been ahqwg in the form of lus?ograms f(..n:' six
different values of the rate of precipitation. T !u--\'ﬂrmtlmm of the numl')(e:' of 1'mn(]t’0p.~§ per |}13 of air, of pm‘tmlﬂn:r
diameter groups as well as the totu_] num ber of drops of nl! (lm.metcm w1t_h rate of precipitation are shown g_::'aphl-
cally. A relation useful for correlation with radar observation is alzo obtained, Tf z is the diameter of drop in mm,

the relation Z

Y = 189 7135 mm®/m?* has been obtained by the method of least squares. Radar reflectivities

frain of various intensities have been calenlated for 3 - 3:2 em and 2 - 10 em and given in the form of a
tli\blt: The median drop diameters have been obtained from the drop frequency curves and correlated with inten-
sity of precipitation. The relation d median —0.6 19*** mm is obtained.

1. Introduetion

Tn Part I of this series (Kelkar 1959) the
author had reported the results of measure-
ments of the number of raindrops of (hffc?em
diameters per m® per second for various
intensities of precipitation, 7.e.,the r]mi_)slzv
digtribution on the ground. On account of the
variation of the terminal vel‘ocify .of a wa-tcr
drop with size t_he (lropmze (]lStt‘lbllh-O]l
on the gmund differs from _the'(hupsmc
distribution in air. The latter is of lmp.urt-
ance in correlation with radar ohserv‘atlons
and is also of interest as a matter of pure
meteorology.

2. Results

The results are based on data reported
earlier in Part I (Kelkar 1959) and is confined
to gcnera1 rains, The number of drops per
m® of air (n,) is obtained from the number of
drops received at_ t‘he ground level per m?
per second (Ny) of diameter d,, by dividing

the latter by the terminal velocity V, in
m/sec, Thus

n,=N,/V, .

The values of the terminal velocities were
obtained from a curve based upon the values
quoted by Best (1950),

Table 1 gives the average number of drops
of different diameter ranges per m® of air for
21 different average rates of precipitation
ranging from 0:20 mm/hr to 34 mm/hr.
The averages are based on five individual
records of rain except the last one which is
a mean of four records. The total number
of drops of all sizes per m® of air is also
shown in a separate column. The distri-
bution of raindrops per m® of air amongst
different diameter groups is shown in Fig. 1
in the form of histograms for six different
intensities of precipitation, viz., 0-20, 0.57
1-5,5-4,13, and 34 mm/hr. It is seen that with
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TABLE 1
Average number of raindrops per m? of air grouped aceording to diameters

Diameter ranges (in mm,

— e

precipitation

Av. Intensity of
(mm/hr)

0-00—0-25

© o

]
1
-6
4
-2
-6
9

128
156

70

592 117

drops of all sizes

Av. No. of rain-
per m? of air

0-06
004
0-04

008
0-1 .02

0-1

1 0-3

1o .. 01

4:4 1-7 0-1 0-9

100 10 1-4 0-4

increasing intensity, the spectrum extends
towards larger diameter groups and that there
is a progressive increase in the number of
raindrops larger than 1 mm i diameter.
At rates of precipitation above 13 mm/hr
the distribution curve has two maxima, one
in the diameter group less than 1 mmand the
other between 1-25—1-50 mm. There is an
abnormal increase in the number of small
drops at the intensity of 34 mm / hr, but this
has actually occurred only in one ont of
four records used in calculating the average

values.

The variation of the total number of rain-
drops per m® of air n = Zn, = I} IV,
with intensity of precipitation / in mm/hr is
shown semilogarithmically in Fig. 2. Average
values based on five records are shown by
circles and the values from the individual
records are shown by dots. The average
graph is linear but the individual points
show a considerable scatter. Small values
of n indicate the predominance of large drops
whereas large values of » correspond to the
predominance of small drops for a parti-
cular intensity of precipitation,
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The variation of the number of drops of a
. particular diameter group with intensity of
precipitation is also of interest and is shown
in Fig. 3. The individual curves show the
contribution made by drops of different sizes
at various intensities of precipitation. Aver-
age values based on mean of ten records are
shown by circles and the individual observa-
tons are indicated by dots to bring out the
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Fig. 1. Diameter specirum of raindrops per m? of air
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variations from the average. The very small
drops within the diameter range 0-00—0-25
mm seldom occur and there is no systematic
and continuous variation with rate of pre-
cipitation. These are, therefore, omitted.
Drops of diameter 0-25—0-50 mm on the
whole diminish towards larger intensities
as is seen from Fig 3 (a). The number of
drops of diameter 0-50—0-75 mm rises to a
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Fig. 2, Total number of raindrops per m? of airfasa function
of the intensity of precipitation
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maximum at about 3 mm/hr intensity of
precipitation as shown in Fig. 3 (b). Fig. 3(c)
shows that the number of drops of dia-
meter 0-75—1-00 mm vary systematically
with intensity, developing a distinct
maximum between 3—4 mm/hr inten-
sity of precipitation. Fig. 3(d) shows that
the number of drops of diameter 1-00—1-25
mm rise to a flat maximum slightly dimini-
shing towards higher intensities. Figs. 3(e),
3 (f), 3 (g) and 3(h) show the variation of the
number of drops of diameters 1-25-1-50mm
1-50-1-75 mm, 1-75-2:00 mm, and 2-00-
2-25 mm respectively. All these curves
are similar in general character having a well
developed ankle which extends towards larger
intensities for larger diameters, showing that
larger drops become significant only at higher
intensities of precipitation. Droi)s of dia-
meter greater than 2+25 mm are always few
in number but the frequency of occurrence is

Fig. 3(g)
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Fig. 8(h)

Figs. 3(a)—3(h). Variation of the number of raindrops
of particular diameter group per m? of air with
intensity of precipitation
greater at larger intensities of precipitation.
On the whole the variation from the average
are larger for smallerdrops and comparative-
ly smaller for larger drops.

The radar response is very sensitive to
drop diameter and varies as the sixth power
of the diameter. The quantity Z = X af
(summation being extended over all the drops
in a cubic metre of air) where = is the drop
diameter in mm has been calculated for
various intensities of precipitation. Fig. 4
is a logarithmic plot of Z against 7, which is
linear. Average values based on mean of ten
records are shown by circles whereas the values
from individual records are shown by dots.
The scatter of points forms a narrow band
rising linearly towards higher intensities.
By the method of least squares the relation
between Z and I is found to be

7 = 189 I*% mm®/m?,
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Fig. 4. Radar refleetivity factor Z— ¥'z* as a function of the intensity of precipitation
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TABLE 2

Radar reflectivities = — (n*'4 2%) [(e~1)/(e+2)]*x
X 2* of rain, of various intensities

I oz

M (em-2)
P

r k|
(mm/hr) (mm%m?®) A=3-2cm A=10cm

1 189 4-08x 10=12 428 10-18
2 482 1-04x 1010 1-00x 10-12
3 832 1+80x 101 1-86:x 10-1%
4 1228 2-66x 10=1° 2-70.x 1012
5 1660 3-59x 10-10 370 10-12
6 2125 150 1010 4:81x 1012
I 2615 565 x 10=10 a-92x 10-12
8 3130 676 1010 T-08x 10-12
1] 3668 7:93x 1020 830> 10-12
10 4193 09-15x 10=10 O-57x 10-12
11 4814 1:04 % 10-° 1-08 10-11
12 5401 1-17x 10-* 1-23 < 10-11
13 6017 1-30x 10-2 1-36< 10-1
14 6661 1-44x 10-*# 1:51x 10-11
15 7320 158 10-# 1-66 10-11

It may be useful to compare corresponding
results obtained by other workers. Mar-
shall and Palmer (1948) have obtained the
relation

Z = 220 I*-%° mm®/m?,
Wexler (1948) from Anderson’s data (1948)
obtains

Z = 209 I*+% mm®/m3,
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Laws and Parsons (1943) give
Z = 228 I+ mm®/m?®,
Twomey (1953) obtains
Z = 127 I*-*® mm®/m3,

Of course no agreement is to be expected
as the results should depend upon meteo-
rological conditions.

For ready reference the radar reflectivities

p = (1Y [(e—1)/(e+2)] T a8

of rain at wvarious intensities have been
calculated and are given in Table 2 for two
different wavelengths, A = 3-2 cmand \ =
10 em. The value of [(e—1) [ (e+2)]* is
taken to he 0-93 both for X\ = 3-2cem and
A=10 cm as given by Mason (1957).

The median drop diameters have been
obtained from the drop frequency curves and
Fig. 5 is a logarithmic plot of the median
diameter in mm against the intensity of
precipitation and is seen to be linear. The
figure is based on averages of ten records
shown by circles and individual points shown
by dots. The seatter diagram is a band fairly
following the average graph. This median
drop diameter is that diameter above and
below which the number of drops per m?® of
air is equally divided. By the method of
least squares the relation obtained is

d median =06 I°-%8 mm,
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