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ABSTRACT. The cumulative froquency distribution of rainfall of different intensities during southwest
monsoon is studied for twenty stations in [ndia, The distribution is found to be exponential in all the cases,

The equation Y

we-4X (where Y is the cumulative frequency of daily rainfall exceeding an amount X and a, b

are constants) is very satisfactorily found to fit the data. The curve has been fitted to the observed data by the
method of least squares, Tt has also been shown that the constants a and b can be found from the number of

rainy daysand the total seasonal rainfall.

The variations of the parameters @ and b with rainfall and number of rainy days aro discussed.

1. Introduction

An idea of how rainfall at any place is distributed
agcording to intensity is important and some inves-
tigations have been made on this line, To mention
a few, Ashmore (1944) studied the contribution to
the total rainfall by the wettest n days (7, 12, 15,
20, 30. 40, 50, 60) at a station in Wrexham District,
UK and suggested the relation P = 4/ 90 - 300
where P is the percentage of annual rainfall and
n the number of wettest days. Olascoaga (1950)
studied on similar lines the rainfall distribution
in & number of regions in Argentina and
suggested the equation Y=ac?X where Y is the
cumulative percentage rainfall and X is the cumu-
lative pereentage rainy days and «, b are con-
tants.

In India a few studies have heen made in this
direction. Doraiswamy lyer and Zafar (1937)
have prepared the maps of frequency of oeenrrence
of falls of 3" and 5 and above. Rao (1959)
presented similar maps of falls of 10” and above.
Jagannathan and Raghavendra (1966) studied
the frequency distribution of rainfall of different
intensities during the southwest monsoon in

ar

Rajasthan by the frequency funetion f, = « =

where « and =z are parameters representing the
intrinsic character of the frequency distribution
and r is the rainfall interval. Another important
paper in this respect is hy Subbaramayya and Rao
(1964), in which a theoretical approach has been
made to find the frequeney distribution of rainfall
in different parts of India. They found that the
distribution is hyperbolic in all the cases and the

equation Y _—_m—ﬂ—;—-;‘ h where » is the rainfall

per dav, ydx is the frequency of rainfall in the
interval @ to z--dx and a. b and ¢ are constants, is
very satisfactorily found to fit into the data, The
constants @, b and ¢ have been found theoretically
from the rainfall amount and the number of
rainy days, Also the equation has been applied to
daily rainfall data of individual stations and the
fit is found to be correct by more than 90 per eent
aceuraoy.

We present here a similar study on the eumula-
tive frequeney distribution of rainfall of different
intensities for some stations in India. The distri-
bution is found to be exponential and the eurve ¥
= ae?X is found to fit into the data satisfactorily
where Y is the eumulative frequency of rainfall
exceeding an amount X. The variation of the
parameters a and b with rainfall, number of rainy
days have also been diseussed. '

2. Method of analysis

The ecountry receives most of its annual rainfall
during the summer monsoon (southwest monsoon)
geason. As snch the daily rainfall in this season
(June to September) only is examined in the present
investigation.

We have restricted our study to a few stations.
Their positions are shown in Fig. 1. We lave
stations on windward side as well as on lee side,
We have taken coastal stations and also inland
stations.

The data for the B0-year period 1901-50 is
studied. The daily (24-hr) intensity of rainfall in
cents 18 divided into elass intervals namely, > 10
cents but less than 40 cents; =40 cents but less
than 80 cents; >80 gents but less than 120 cents
and 80 on. The frequencies for each elass are found
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TABLE 1

Observed (0) and computed (C) cumulative frequenecy distribution

Rainfall Trivan- Cochin Bhasa- Rarwatr Yencurla Kodaikanal Mereara Poona Buldhana Hoshinn-
amounts  drum mandala wabnd
? e A e A e A~ P, A A A
(eents) (O) () o (© (O [ {0 C) (0 © ™ (© 0 W O © o (© 0 (0
10 530 43-6 83-0 71-7 105-0 63-8 80-0 736 360 730 430 358 OG-0 808 250 202 49.0 410
a0  39-6 37-6 71-0 64-7  98-0 80 77°0 G8-4 73-0 67-0 31-0 20-2 83-0 743 280 247 31-0 371
30 a1-0 32-4 62-0 58-3 92-0 S4-9 TO0 6@ B840 G253 235 238 TH-0 68-2 170 210 245 5 33-6
40 256 27-9 544 5245 87-1 80-7 62:4 591 56-0 57-9 18- 19-4 68-¢ 62-7 12-0 179 20-5 29-3 30-4
80 13-2 15-1 33-1 -7 68 06-3 4241 44-2 36-5 42-5 B'1 88 4553 4-¢ 68 93 10T 12°¢ 18-3 20-4
120 7.0 8.3 91-8 233 54-3 30-1 330 28-0 31-32 35 3-8 31-0 31-7 ‘T 48 G0 72 12:0 136
160 41 47 14-1 15-1 42-7 4#4-3 22-90 24-6 20-0 230 1-4 1-7 20-3 22.6 25 35 41 B8  9-1
200 2:3 2:6 96 1000 35-7 3J6-3 17-1 18-4 150 129 0T 07 146 161 1'3 20 23 G5 @-1
240 1-5 1-4 61 66 205 299 12-0 13-7 11-4¢ 124 04 03 104 1I°4 06 07 17 13 45 4-1
28() 10 08 41 43 243 246 9-7 10-3 8§ 01 77 81 05 03 10 07 38 9.7
320 2.0 2.9 193 201 74 T7 65 67 53 58 02 02 24 1.8
260 20 190 151 163 59 57 40 49 30 4-1 - 1.2
400 ‘3 1.3 125 135 4-2 3 324 26 27 29 13 0.0
440 10+ 11'1 32 32 2.5 2:7 32 21
480 87 9-1 2-4 24 1-5 16 16 5
520 73 75 10 18 15 1-4 1:27 1-1
560 63 61 13 1-3 10 1.1
300 33 30 11 10
640 £33 41
isn 4 A4
T00 2-9 28
700 24 23
Computed from the ofquation ) = m,,'b‘\-

out from the daily data for each month June to
S(\'L\{ﬂnﬂwr' and then totalled. The ['l'{‘quum;ir\.\-
in each class interval are found for each vear
from 1901 to 1950. From the actual frequencies
were found for cach vear the cumulative frequen-
cies exceeding amount 10 cente, 80 ¢ents ete. The
mean of the enmulative frequencies for the vears
1901-50 which form the basic data of our analysis
are given in Table 1 for each station.

2.1, Cumnlative frequency  distribution — A
typieal graph of cunmlative freauency distribu-
tion against intensity for Bhagamandala is shown
in Fig. 2. Tt is elear from the graph that the cumu-
lative [requency distribution is exponential in
nature. It has been aseertained that the distribu-
fion iz similar for all the stations eonsidered.
Accordingly we have tried to {it an exponential
curve of the form

Y = aghX (1)
where Y is the frequenoy of rainfall exceeding an
amount X and ¢ and b are constants in the range
<X <<00.

We have found the constants @ and b by fitting
to the observed Y and X values the straight line

logy ¥ = logy, @ Xb logy, e (2)

by the method of least squares,  The expected dis-

tribution for Bhagamandala is shown by the conti-

nuous curve in Fig. 2. Also the expected values for
the ten stations for which we have fitted the
equation (1) are shown side by side the observed
values in Table 1.

It would be seen from Table 1 that the curve
does not fit well for rainfall below 20 cents for
stations having less rainfall and for rainfall helow
H0 cents for stations having more rainfall. In
general, the curve does not fit well below 40 cents
of rainfall. The computed cumulative frequeney
1# an underestimate of the actual cumulative fre-
quency below this range. Apparently, the cumu-
lative frequency distribution below about 40 cont
i5 not strictly governed by the exponential curve
we have presented.  This requires further exami-
nation.

The actual observed frequencies in the different
ranges of rainfall and the caleulated frequencies
are ;{i\'un in Table 2, The correlation coefficients
hetween the actual and caleulated  {requencies
and the percentages of variations accounted for by
the curve are also shown in this table. The
correlation coeflicients are in general highly
significant, The percentages of variations for
6 stations vary from 80 to 96 per cent.  For the
remaining 1 stations. namely, Trivandrum, Poona,
Buldhana and Hoshangabad the percentages of
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Fig. 1. Observatory stations under study

variations accounted for by the curve are res-
pectively 69, 53, 63 and 65. However if we omit
the frequency in the range vpte 20 cents for which
§it is not good, the percentages of variations for
these stations become 95, 97, 91 and 98 respeeti-
velv. One is thus reasonably justified to infer that
the exponential curve (1) is a good fit for cumula-
tive frequency for rainfall exceeding 20 cents or
80,

Also in order to see how good the fit is when
applied to independent data, we have examined
the actual frequencies in the different ranges
during the period 1951-60 for the two stations,
viz., Karwar and Hoshangabad. It is seen that
the values of the parameters ¢ and b computed
from the mean frequencies for the petiod 1951-60
for both the stations compare fairly well with those
obtained for the period 1901-50. For example,
values of @ and b for Karwar for the period 1951-
60 are 84+45 and 0-0073 respectively compared to
the values 79:16 and 0.0073 for the period 1901-50.
For Hoshangabad these values for 1951-60
are 41-b4 and 0-0100 compared to the values
45-36 and 0-0100 for the period 1901-50. Alter-
natively, comparison of the actqa.l mean frequen-
cies during the period 1951-60 with the computed
frequencies in the different ranges for the period
1951-60 by the curve (1) shows t-hut‘ ?-hure is
good agreement. The correlation coeflicients of

the actual frequencies during 1951-60 with the
frequencies observed from the curve (1) are 0-9550
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Fig. 2. Rainfall intensity »s cumulative frequency—
Bhagamandala
The dotted curve is an actual plot of the observed cumula.
tive frequencies. The continuous curve represents

the curve ¥ = ae % with the constants computed
from the dotted curve

for Karwar and 0-9522 for Hoshangabad, which
are bighly significant. It thus eppears that the
curve (1) fits quite well when applied to indepen-
dent data also.

2.2, Relation between observed rainy day and
camputed rainy day— We have seen before that
cumulative frequency curve (1) is an underestimate
of the actual cumulative frequency for rainfall
below 40 cents or 0. In the India Meteorologice]
Department a rainy day is defined as a day with
rainfall = 10 cents. According to the curve (1) the
number of rainy days is given by N, =we— 19,
We comparc this computed number of rainy days
with observed rainy days N. These values along
with the ratio N/N, are given in Table 3 for the
ten stations for which we have fitted the curve (1),

It would be clear from the table that the ratio
N/N, can be approximately taken to be constant
and equal to 1.2. The exponential curve (1) thus
underestimates the number of observed rainy days
by about 16 per eent.

9.3, Delermination of a and b from seasonal
rainfall R and the number of rainy days N—We now
utilise the above relation to find @ and b from
geasonal rainfall R and rainy days N in the follow-
ing way. On the cumulative {requency curve let
(X, Y) and (X 482, ¥ -+ 8y) be two points., Then
the actual frequency of rainfall between X and
X-+-8x is —3y and the amount of rainfall for
intensities between X and X - 8x is—X 8y. Thus
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TABLE 2
Observed (0) and computed (C) actual frequency distribution
Rainfall Trivan- C'gchin Bhaga- Karwar Vingnrla Kodai-  Mercara Poona Buldhisnn  Heshanga-
[eonts) drim mandala kanal bad
—Pe— e e A A A —_——t— e A e Ay,
™ (© (0) () (0) (C) () (Ch 0 (C) (D) (C) (D) ) [0) (b ()] (] o ©
1020 135 &0 12-0 70 70 45 120 52 130 54 1220 48 11-9% 65 120 453 11:0 44 8- a0
20—31) 85 52 00 64 60 44 T0 48 00 51 75 54 00 61 B0 BT 63 39 95 35
20—ad) 52 45 T8 58 49 42 76 43 S0 4B 50 44 T4 55 Pl 1 40 34 922 3.2
4080 126 12-8 21-3 17-8 18-S 144 20:3 149 195 154 104 10-8 231 1s-1 71 86 98 906 110 11-0
80—120 -0 66 11-3 11-8 14-8 12:0 12-0 112 16-5 112 46 48 145 12:9 3-1 45 47 54 63 6-8
120160 31 3-8 7-7 T8 108 08 T2 84 G0 K3 21 21 108 91 1-5 28 2.5 21 48 45
160—200 18 21 4-¢ 51 7-0 80 58 62 50 61 07 10 56 635 10 12 15 15 923 30
200—240 08 12 34 34 €2 66 44 47 36 45 03 04 42 47 06 03 03 10 920 2.0
20—280 05 (IR} 240 2.3 82 J-3 - -4 2.7 a3 27 33 0-1 0-3 0-7 06 0-7 1-4
250—320 1:2 14 &0 4-5 8 2.5 23 84 2.4 2:3 08 0-2 1-4  0-9
120360 00 10 42 26 1-5 20 16 . 1-8 1-4  1-7 05 06
J60—400 07 06 26 30 17 14 03 1-3 13 1-2 0-¢ 03
400—440 2.0 24 10 1:1 00 00 05 0-8
A40—480 18 20 08§ &5 07 08 06 06
480520 14 1:¢ 05 O 03 05 04 0-4
520—560 10 1-4 06 05 03 03
560—600 10 11 02 03
H00—e40 10 0-08
610~ €89 09 07
680720 0:5 06
720760 05 05
760—S800
G0 ‘
between
actual & *%0). 93 =200 *£().03 =£().0% ##(): 50 #9090 5007 #(). 72 *N.70 *£().8]
computed
frequency
Percentago
of varintion
of actual
frequency
aceonnted 49-29 0285 9620 8660 T8-85 80+ 44 04-81 5261 6287 65-51
for by the
exponen-
tial curve (1)
** Zignificant at 1 per cent level * Significant at 5 per cent lovel 0.C.=Corrslation Coeff,
the total precipitation with intensities hetween rainfall distribution eurve, The area bounded by the
X, and X, is — carve and the X-axis is the total rainfall and the
. area hetween the eurve, X-axis and any two ordi-
X, x ol P B
E dy nates, X, and X, is the precipitation eontributed
- f X by =— '[ A —— 0z by the falls of intensities between X, and X,. A
. X, ' typical computed rainfall distribution eurve is
shown in Fig. 3 for Bhagamandala. It isseen that
and the total seasonal rainfall the rainfall distribution curve invariably shows
Y maximumat a point where X=R/a. Tmposing this
S condition on the rainfall distribution eurve, viz., "
R = - IX T dz (3) dZ/dz = 0 when = Rfa,
0 we get, b = a/R (4)

where X, is a sufficiently large intensity exceeding
which the cumulative frequenay distribution curve
will have negligible frequeney. Thus it we define

dy

o= —U =

dx

, then the eurve Z versus X will he the

Thus utilising the relations N/N, = 1.2and b = /R,

(5)
Knowing N and R, a can be found from Eq. (5) by
graphical method. Then & can be found from Eq,

(1), viz., b==a/R.

we get, N=1-2 qe-100/R
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The values of a and b so computed for the ten
stations are given side by side with the values eoni-
puted by the statistieal method in Table 4. It
would be seen that the values from the two
methods compare very well. The correlation
coefficient between the two sets of values of @ is
0-9965 and that for b is 09825,

For our subsequent study with ¢ and b, we have
computed ¢ and b for ten more stations from rain-
fall and number of rainy days utilising the above
method,

3. Behaviour of the frequency curves with « and /

In order to see how the cumulative [requency
changes when @ and b vary, we have examined 2
set of hypothetical curves for b varying when « is
held constant at 80 and another set of curves for
a varying when & is held constant at 0-01
(figures not presented).

1t is seen that as b inereases the cuntlative fre-
queney for any intensity decreases. Also the limit
of maxinmum intensity decreases as b increases. For
example for b= 0-030 the maximum intensity can
just exceed 160 cents whereas for & = 0005, the
intensity can exceed 880 cents.

We also see that as @ inereases the cumulative
frequengy of rainfall exceeding lower intensity
rainfall inereases in a greater proportion than the
frequencies of higher intensity rainfalls,

4, Relations of « and & with .V and 1

We have seen before that the parameters « and b
can be computed from the number of rainy days N
and the seasonal rainfall B. We examine below
how @ and b vary with N and R separately.

(i) Variation of a with N —Fig. 1 represents the
variation of @ with NV for windward and leeward
stations combined. 1t is seen that @ increases with
N. The straight line between « and N has the
equation —

@ == 4-6282 + 0-8606 N
with eorrelation goefficient 09965,

It is also noted that for stations having rainfall
less than 50", @ is very nearly equal to N and for
more rainfall, @ is slightly less than N.

(i) Variationof awith R—An examination of the
relation of a with R (figure not illustrated) shows
that ¢ inereases with R, The relation 8, however,
wore prominent for coastal and windward stations
than that for leeward and inland stations. The
st raight line and parabolie fittings for the two cases

TABLE 3
Observed and computed number of rainydays |

N Ne N|N:
Trivandrum 530 4360 1-21
Cochin 8340 71071 1:16
Bhagamandala 1050 9380 1-12
Karwar S0-0 T73-08 1:21
Vengurla 860 72-97 118
Koduikanal 430 3554 1-20
Mercara 96-9 S0-53 1-20
Poona 350 29-16 1:20
Buldhana 42-0 HHE N 1-24
Hoshangabad 490 4104 1-19

(Rainy days is one with rainfall = 10 cents)

TABLE 4
Computation from  Computation from
statistical rainfall £ and rainy
method days N
s 3 e I A
[ [ b
(days)  (cent—2)  (days) (cent—1Y)
Trivandrum - 00-59  0-0137 al-at 0-0152
Cochin 70-56  0-0104 T6-50  0-009)
Bhagamandala 98-58 00050 91-50  0-0045
Karwar 79-16 00073 70-70 00073
Vengurla 7879 0-0077 770 0-0081
Kodaikanal 4397 0-0205 43-40 0-0190
Mercara s8:00  0-0083 8§7-50 00081
Poona 3435 0-0164 d4-800 0-0177
Buldhana 49:10  0-0141 4050 0-0141
Hoshangabad 45-36  0-0100 4500 0-0097

. between values at Col. 2 and Col. 4 is 0-9965 and
that between Col. 3 and Col. 5 is 09825

are as follows —

Windward and

a=D1-6186 +0-2503R
goastal

= 373719405367 R—
— (001211 R*

a == 2064698043331
— 0-0173R2

Leeward and

inland

The multiple correlation eoefficients of straight
line and parabolic curve fitting are 0-91 and 0-96
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-6,

(iii) Variation of b with N—1t is seeu that for
coastal and windward stations b deercases as ¥
inereases (figure not presented) ad the straizht-
line fit between b and N is

h—0-0231 072 N

with eorrelation coeflicient 0-97. As we Lknow thiat
b-=a R which can he approximately taken to be
N/R. this result appears to indieate that the
average rate of daily rainfall inereuses with the

AND

M. B. PAX]

nwmher of rainy davs. No sueh regular pattein
appears to exist for leeward and nland stations.

(1) Variation of b owith R—It 1= observed that
for windward stations b deegreases as B inereases,
TFollowing the argument in the previons paragraph
it appears that average daily rainfall inereases with
total seasonal rainfall. The leeward siations also
show in geperal a similar pattern. The linear re-
lations between b and B for the two cases are as
follnws

Windward b= 0-013444 -000018 B

Leeward Bo= 0024985 — O-000340 R

with the correlation coeflicients 085 and €-71

respectively,
5, Conclusions

We can deaw the followine eonelusions from the
vresent study

(/) The eonnulative frequeney distribution during
soutlnwest monsoon 15 exponentin! in nature, Tt s
Y hx applies equally
well for coastal as well as inland stations. The

ceen that there curve = e
constants a and b ean he found from the seasonal
rainfall B and the number of rainy davs N, The
exponential curve. however. tloes not fit well for
ramtall below 1 cents or so,

(77} The parameter ¢ increases with nunther of
rainy dave and the amount of seasonal rainflail lor
hoth coastal and inland stations.

(/i) The parameter b decreases hoth with number
of rainy davs and amemnt of seasonal rainfal! for
conatal stations, From this one can draw an in-
conclusion  that average daily  inereases
with nun ber of rainy days as well as with seasonal
rainfall, The variation of b for inland stations is

direct

irregnlar,
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