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1. Introduction

This study of the rainfall of Madras
(Lat. 13° 04'N Long, 80° 15'E) was {aken
up as a part of a study of the climate of
Madras—one of the major cities and head-
quarters of a State in the country. Even
the one element, rainfall, can be studied
from several aspects. For imstance, one
can concentrate attention on the monthly,
seasonal and annual totals and follow their
variations over a long period like 100 years
ormore, Orone can, as has been attempted
in the present paper, rivet his attention to
a medium unit like the daily total. Or
again, one can see how the rain of even a
single day is distributed over shorter periods,
when one has autographic records of rain-
fall, as has been done by Krishnaswamy
(1952).

2. Daily normal rainfall

2.1. Once the choice of the daily totals
of rainfall for the city observatory at Nun-
gnu.lmrmm, Madras was made for the sub-
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ject of the study, the next question was the
period of data to he chosen. Fifty years
scemed a reasonable pericd and conclusions
of Carruthers (1945) and Satakopan (1951)
lent support to this idea. The author would
have preferred the period 1901-50, as heing
more recent ; but the observations at this
purticular site was temporarily interrup-
ted for about two years in the decade
1941-60, and so had to be satisfied with
using data for the pericd 1891-1940.

The “Normal” rainfall of each
calendar day wes worked out by finding
the simple arithmetic mean of the 50 Jan-
uary firsts, the 50 January seconds ete and
are given in Table 1. They are also repre-
sented diagrammatically in Fig. 1.

2.3. One or two obvious limitations of
the normals for each calendar date have to
be specifically mentioned here---

(f) For 29 TFebruary,
obviously, uniy. 12
years.

929

there will be
instead of 50
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Fiz. 1. Daily normal rainfall of Madras (Nungzambakam) — (1801-—1940)
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(77) Stray exceptionally heavy  falls
have exerted undue influence over
the normals of a few particular
dates. For instance, on 15 January
1915, there was a fall of 8-4".  Even

2 when distributed over 50 years, this
single day’s rain adds 17 cents to
the normal for the date. The re-
sult is 15 January stands ouf with
19 cents in between 1 cent on 14th
and 6 cents on 16th. Anomalies
of this type will ordinarily be con-
fined to the seasons of scanty rain-
fall and ecan be distinguished and
treated as such.

2.4. Such minor limitations apart, Table
|l and Fig. 1 show the following features of
interest—

(#) From middle of January to middle
of April, rainfall is negligibly small

(#) From middle of April to10 October
and again from about 10 December to
middle of January, mean rainfall per
day fluctuates near about 15 to 20 cents

(#7i) The remaining period, viz., the two
months from about 10 October to 10
December is the real rainy season in
Madras with daily averages of the
order of half inch, rising to a peak
value of about 1”7 at the beginning
of November

(7w) The scatter of the daily means is
considerable, particularly in the more
rainy periods, so that for having a
significant daily normal value, it
appears necessary to use a period
much longer than 50 years, The
daily normal values may not admit
of a smooth curve to connect them
until one uses about 80 or even 100
vears' data. Whether they will fit
into a smooth curve even then re-
mains to be seen, but the attempt
seems worth while and the author
proposes to undertake it some time
later.

8. Three-day normals
3.1. The time unit higher than 1 day and

lower than the month fm‘ which normals of
L]
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rainfall are in general use is the 5-day period.
Since the “day ™ appears to be too small
a unit to get reasonably smooth normals, it
was thought worth while working out nor-
mals for a time unit between it and the
5-day period, the next higher unit in com-
mon use. Normals were, therefore, work-
ed out for each successive 3-day period.
These values are given in Table 2 and are
represented diagrammatically in Fig, 2.

3.2. Tt is clear that the values for suc-
cessive 3-day periods show very much less
sporadic variations than the daily values and
admit of a fairly smooth curve to be fitted
connecting them.  One can, therefore,
reasonably assume, that for normals for
3-day and higher units, 50 years is a long
enough period.

3.3. Other interesting features are—

(7) Three consecutive zeros, for the
3-day periods (Nos. 21-23 in Table 2)
corresponding to 2 to 10 March,
show the driest part of the year.

(i) From the 97th to 110th 3-day
periods (16 October—26 November),
with one exception, the values ex-
ceed 17, And values exceeding 1” are
confined to this spell—which is,
therefore, the real core of the rainy
Seasoll.

(¢i7) There is a well-marked single
maximum with 2-517 in the 10]st
3-day period (28 to 30 October).

4, Three-day “ moving * normals

Normal totals for 3-day periods, shifting in
daily stages, e.g., 1-3 January, 2-4 January
and so on, hmoaisnheen worked out. These
values are givenin Table 3 and are represent-
e(lthwr.unm.ltl(,allv in Fig.3. Such so called

‘moving means’” have come increasingly into
mt,tc(nmlugm.z] and climatological use of
late. Once again, the maximum of 2-51"
for the period 28-30 October and 3-day
totals exceeding 17 from 16 October to
end of November stand out prominently,
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Fig. 2. Three.day norma! rainfall of Madras (1891—1940)

TABLE 2
Three day normal rainfall in inches
Madras (Nungumbakam) (1891—1940)

04 104 204+ 304 d04 S0+ 604 704 80+ 904 1004 1104 1204

1 0-37 0-03 0-00 0:-03 0:00 006 0-24 0-38 050 0-57 2:51 0-95 0:17
2 0-19 019 0:00 0-00 0:20 0-17 0:35 0-41 0-46 0-52 1:8G 0:92 0-G3
3 0-18 0-01 0-00 0-04 0-16 0:10 0-22 0-54 0:27 0-52 1:68 0-70
4 0-21 0-01 0:06 0-01 0:03 0:08 0-28 0-4I 050 0:65 1:84 0:76
b 0-31 0-04 0-10 0-20 0:08 0:21 0-32 0-37 051 0-76 1-60 0-64
6 0:18 0-05 0-01 0-13 0:21 0-22 0-32 047 0-40 0-70 1-37 0-38
7 0-02 0-06 0-03 010 024 013 0-30 0-46 0-63 1-03 1:20 0-63
] 0-03 0:-08 00 0-04 0-06 0-22 0-39 0-51 0:55 1-23 0-79 0-37
9 0:05 0-02 0-00 0-07 0-03 0-19 0-29 0-44 0-47 1:65 1-15 0-15
10 0-00 O-U'_‘v 005 0-01 0-03 0-22 0-43 0-40 0-20 1-66 1-12 0-37

Note—The year has been divided into 122 three-day periods and the normal of each 3-day successive

pcriod is given ]'.lLﬂlﬁ table, e.;., the normal of 101st 3-day pvriml (28 to 30 October) is 251"
.
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TABLE 3 <
Three-day moving totals of daily rainfall in inches—Madras (1891-1940)

Jan

Feb

Mar

Apr

May

Jun

Jul Aug

Sep

1—3
24
3—5
4—06
5—1

6—8
7—9
8—10
9—I11
10—12

11—13
12—14
13—15
14—16

15—17

16—I18
17—19
18—20
19—21

20—22

21—23
22—24
23—25H
24—26
25—27
26—28
27—29
28—30
20—31
30—

31

-37
-2
19
-19
.21

16

04
07
-19
-18
15

<01
01
01
<01
-02

03
04
04
<00
<056

05
02
-06
08
09

08
06
06
02
02

.01
02
02

-01

=00
00
=00
00

<00
- 00
00
03
06

<06
+12
<10
<10
-01

-00
01
<00
05
05

<01
01
<00
00
<00

<00

03
-02
-02
00
<01

-02
-04
03
-03
01

<10
16
-20
12
<15

-13
-20
11
10
05

<04
04
03

00
07
-18
£20
-15

+12
-16
<16
<08
03

02
-06
-08
-16
« 29

g

-21

-23
-24
18

06

<03

13
17
<17
11
-10

10
=10
-05
-08
<10

<16
-21
+24
-23

22

16
14
-13
2]

-25

.22
18
+19
19

+23

19

« 29

19
-23
24

-24 .37
-29
-35
-33

.27

22
-22
-26
-28
30

-28
-32
44
-41

32

28
+32
-40
33
‘34
39
43
42
-20
30

37
43
-38

42

-69

46

63
35
-37
-43

-48
<50
.43
-49

+51
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57

-59
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5. Mean and extreme monthly totals

Although, as mentioned in the introduc-
tion, greater attention is being paid in this
study to the daily values, a brief refercnes
to the monthly totals will help to make the

INDIAN JOURNAL OF METEOROLOGY AND GEOPHYSI(S [ Vol. 4 No. 2

TABLE 4%

Mean and extreme monthly totals of rainfall in inches

Mad-as (Nunzumbakam) (1861 1940)

h : Month Normal Highest Year Lowest Years
paper self-contained. The ean, highest amount amount
and lowest monthly total rainfall of Mad-
ras during the 50 years under study are T
accordingly given in Table 4. For the Jan 157 961 1915 0-00 8 years
highest and lowest values, the years of oc-  ¥en 0-49 G-41 1920 0-00 28 years
currence have also been given. Because  Mar 0:-30 342 1933 0-00 32 years
zero was the lowest total for certain months  Ape 0-65 752 1000 0-00 22 years
in many years, the number of years alone May 1-03  9-49 1009  0:00 13 years
is given without. ecataloguing them. The Jun L-65 534 1017 0-13 1013
information is also shown pictorially in gl 3-47  B-87 1915 0-65 1918
Fig. 4. November 1918 with nearly’ 43  Aug =64 13-24 1804 0-72 1913
inches on the one hand and March having  sep 79 11-01 1897 047 1920
had no rain in 32 out of 50 years on the other Ot 11:71 28-84 1030 0-44 1918
are the two conspicuous features in the Nov 1361 4285 1018 0-20 1904
figure. We shall revert to . the rainfall of  Dec 5-06 18-53 1003 0-01 1920
November 1918 later on in the paper.
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6. Freque.ucy of raininess of each calendar date

1. For each calendar date, the number
of years out of the 50 in which there was some
orain (however small) is shown in Table 5
(See also Tig. 5). Obviously, doubling the
figure will give the percentage and hence no
separate table for percentage is given. The
dates which had rain 20 or more ocensions
have been marked out by a vertical line by
their side and those with 30 or more oc-
cesions are printed in thick types. Once

again, the figures do show some amount of

.xpm, wlic changes, as for example from 8 to ¢
January, or again from 22 to 23 September,
thus suggesting the lli‘\ll'zlllllﬂl\' of using data
for a longer period for such minute analysis.
Yet the broader facts must be :[vpvlu{:!hlt',

6.2. March is easily the dricgt month and
October—November the wettest. 31 Octo-

ber is the rainiest day with 68 per cent of

days raining.

6.3. (tmsulm‘ periods with 10 or more
days, 1.¢
rain :

From 10 June to 20 December, there is
only one date which has had less than 10
rainy days in 50 years, wviz., 3 October.
This may be ruled off as a freak ; so also
the two or three days in ,l)(u-nﬂu-r‘. and we
may treat the period 10 June to 30 Decem-
ber as a peried when any day has random
chance of at least 20 per cent to get some
rain.

6.4. When we go to the next stage of
20 days or 40 per cent random chance
(marked out by vertical lines on the left
side of the figures in the table), the period
no longer shows itself as equally conti-
nuous but is mostly interspersed with days
with less chance of rain. Ignoring a few
stray instances, one can yet distinguish two
long spells when almost any day has a 40
per cent or higher chance of rain. These
are : (¢) from 30 June to 29 August
about 60 days and (i#) from 9 October to
1 December—about 40 days. It is inter-
esting that spells of 2 to 3 ds vys stay dis-
tributed in September,

, having 20 per cent chance of

RAINFALL OF MADRAS CITY 129

6.5. Dates with 30 or more rainy days
(t.e., 60 per cent random chance) number
only 10 in the year and 8 of them lie bet-

ween 22 Oclober and 1 November. This
period is thus the one having the greatest
chance of rain in Madras. Conversely a
year in which there was no rain in this
period, wiz., 21 October to 1 November,
must, in all probability, be a very bad
northeast monsoon year.
7. Mean infensity per ra’ny day

By dividing the total reinfall in the 50
years for :‘l‘ll 1"'.!“!‘(:."I‘ (1“1'" 51‘\' !]ll‘ num-
ber of years in which any rain fell on that
particular date, the mean intensity per rainy
‘1_--.\' was worked out for (_w]v_ |,][,.‘|_|,
date. The wvalues are given in Table 6
and shown pictorially in Fig. 6. These
fisures are a truer messure than the daily
NnOrma }w ll[ Il'r' ulnl r of 1[]: Illlf[\’ U[ |||(‘ s ‘lll
which falls on any partic ular ¢ alendar
date when rain does at all occur. There
are a few sporadic and non-significant values
like 2-40” for 15 January- —-which is due to
the exceptionally lJ}l-i- fall of 8-4" on
15 January 1915 —and 2-26" for 20 May.
These apart, two features are fairly “-;-”
lwl‘ui';_{il,i out lr.\' the table— ’

(1) Inthe southwest monsoon period, say
from 10 June to middle of October. the
llii'i'?Lill"'l"iil_\'H.\I'T.”Ifi'ﬁ between 20
and 60 cents. The quantity of rain
to forecast on a l[!\ when rain is ox-

pected in this season is, therefore,
very 1.*;=w|11]1|\ from } to } inch.

(#2) In the peak of the northeast mon-
soon season, from middle of October to
about 25 November, 1 to 11 inchos is
the quantity to be ('X]ni'l'f(‘:l when it
does rain.

8. Frequencies of different 24-hour intensifies
8.1. The numbers of occasions when rain-

fall with different ranges of intensity per

day occurred in each of the 12 months are
given in Table 7 and represented diagram-
In Table 7, the values
are also grouped in three seasons of 4
months each. It iserealised that there can
be some difference of opinion in the matter

matically in Fig, 7.
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TABLE 5
Number of days In 50 years (1891—1940) when each calendar date was rainy
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TABLE 6

Mean intensity per rainy day in cents (1891—1940)

Apr

May

Aug Sep

Coras G

ot o o ot
S e 2 00 =

010
088
1756
056
027
098
153
043

009
025
013
034
035

116
104
024
060
226

044
003
004
013
019

008
029
013

27
002

026

033
057
032
047
025

035
060
029
041
050

049
038
026
035
060

048
036
057
052
052

030
051
041
040
037

035
021

043
035
058

108
135
120
104

122

197
007
084
100
103

136
159
089
140
093

138
091
061
062
064

126
073
102
100
100

050
008
059
062
097

Ty

Jupe

Avgust

-

T

Septe mz".-:

October

[0

Ao I‘P_ﬁ:ﬁe_’- 7;9;;/»&'!

Fig. 6. Mean intensity of rain per rainy day in inches—Madras (Nungumbakam) (1£91-1940)
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TABLE 7
Distribution of ra'n accordnz ‘o in‘ensity in 24 hours- -Madras (1891 —1910)
Number of oeeasions with rainfall of day
Month — — I - 2 — — e —
Loss 0107 051" 1-017 2-01” 3017 4-01" Greater
000 than to to to to to to than
0107 0-50° 100" 24007 3-00” 400" 5007 5007
Jan 13530 76 50 115 21 L 2 1
Felb 1340 24 23 1) | 1 1
Mur 1513 17 11 } ¢ 2
Apr 1425 Wl 24 s 1 3 1
May 1445 it} bt 10 i 3 3 1 1
Jun 1115 290 ) Al 17 2
Jul 877 343 1 31 5 1
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Sep 023 2:4) T2 a2l 12 5
QOct s46 150 108 0% 46 1S 7 15
Nov 521 133 126 00 3 ] 11 17
D 1133 151 511 40 17 o 4 7
Iy L‘J May 5731 126 91 a0 2 s 5 2 1
Jun-Sep 3766 1072 GRS 217 145 37 9 1 —
Oct-Jan 4180 540 627 3040 258 120 54 23 40
. .
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of grouping of the months. The group-
ing adopted here is considered suitable be-
cause the data presented in this paper
mostly have certain homogeneous character-
wties within cach season.  The most difficult
month to classify is September, which
in some vears gets mainly southwest mon-
soon rainfall and in others mainly north-
east monsoon rainfall. This difficulty can
he solved only if we sort out individual
days according to the weather situation,
So long as we confine ourselves to calendar
dates for the analysis, more homogeneous
results are not likely to be obtained by any
alternative grouping of months.

8.2, A wvery interesting feature that is
brought out by Table 7 and Fig. 7 is that
whereas in most of the months, the frequency
drops off continuously as we go up along
the seale of intensities, in October and Nov-
ember it actually increases as we go from
the range less than 0-1” to the range 0-1
to 0-5" and then only decreases. A high
proportion also occurs in the ranges 0-5 to
1" and 1 to 2" in these 2 months.  In August,
September and December, the frequency
of rainfalls inthe 0+1 to 0-5" range is quite
comparable to that in the less than 0-1”
range.

8-3. The frequencies in each rainfall range
expressed as a percentage of the total
number of days on which any rain fell are
given in Table 8.

9. Proportion of rain falling in different

ranges of
24-hour intensities

In the last section, we examined on what
proportion of the rainy days rain of different
24-hour intensities occurred. We shall
now examine what proportion of the total
rain actually occurred in each intensity
range. To a first approximation, this in-
formation is derivable from Table 7, by
taking all the days in any intensity range
to have had the mean value of that range,
For instance, taking January, one could
say: 76 x +05 or 3-8" fell with 24-hour
intensities of less than 10 cents, 50 x +30
or 15" fell with those between 10 and 50 cents

RAINFALL OF MADRAS CTTY
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and so on. These values are only appro-
ximate and when dealing with particular
questions, it may be found useful to have
the correct values readily worked out. As
a matter of fact, the author did get a re-
quest for information on this point while
engaged in writing this paper. Tables 9
and 10 accordingly show the distribution
of the rain over different 24-hour intensity
ranges, In Table 9, the quantity of rain
in each intensity range is given as such.
In Table 10, the quantity in each intensity
range is expressed as a percentage of the
total rain.

10. Frequencies of rainy spells of different lengths

10.1. Onee rain occurs on a day, on how
many successive days does it generally
oceur 2 This, of course, depends very
much on the weather situation at the time.
Yet, when the information is collected over
a long period and presented together as in
Table 11, certain broad features come out,
which are both significant and helpful.
A rainy spell starting in a month may some-
times extend into the next, In such cases,
the spell has been entered in the month in
which it started. The longest rainy spell
that occurred in Madras city in the 50
years here studied was one of 21 days,
starting from 17 October and lasting till
6 November 1930.

10.2. It will be seen that the season
June—September gets longer spells than
February—May and the season October—
January gets still longer spells. Two and
three-day spells together, for instance, are
less than half one-day spells in February—
May, are just over half one-day spells in
June-September and actually more than
one-day spells in October-January.

10.3.  Turther, while a much larger
number of spells (of all lengths) of rainy
days occur in June-September than in
October-January, longer spells are relatively
more common in the latter season.
In short, one could broadly generalise that
in Madras city (and such regions that it
may be taken to represent) the southwest
monsoon season is oneavhen a comparatively
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smaller quantity of rain falls over a larger
number of .‘ipv“ﬁ of fewer IL’I-“.'\ at a time and
in smaller units per day: whereas in the
northeast monsoon season., a larger quantity
falls in fewer spells of more dayvs at a stretel
Thouuh north-

does

and in larger units per dav,
east monsoon rain can and
Madras many of the four months October,
November, December or Januery, in any
particular vear, it is confined to a shorter
I different vears, it mayv take up
different parts the J-month Iu'l'inul_
but the mterval from its
to ifs termination. in any particular vear,
is considerably than  the
ponding interval for the southwest mon-

aceur at

period.
lPll
COMMIeTee eIt

shorter CaOrres-

SO0 Seasol,
10A. Tt may be noted that no rainy spell

exceeding 5 days oceurred i the wmonths
February to Mav,

[Vol. 4 No. 2

11. The intervals between rainy spells

11.%. I“l‘l‘qlh'l!é‘ii'ﬂ of tll'}’ (r':l.il';]n.\‘h] m-
tervals of different durations in each month
m Table 12,

are given for $-iay ranges upto 20 davs and

iul season are given Thev
.

for 10-day ranges from 20 to 100 davs.

Al cases of longer than 100 davs are

given
moa single group, At first sight, it may
appear strange that there shonld he fewer
imtervals in some months and seasons than
i others ; but this will easily get itself ex-
plained when one realises that each long
mterval ean cover a period equivalent to
several short intervals.  Tn this table again,
as e Table 11, each spell is given against
the month in which it starts. Tt may of
course extend info the next month or even

several snecoeding months,

TABLE 8

Frequency of occurrence of rain of different ranges in 24 hours expressed as percentage
of total number of days with any rain

[
tor
100"

s 10"
than ta
e ln (IR

1-01*
to
200

2017
to
300"

301"
10
4-00”

4-01”
to
H-10"

Total
number
of rainy

days

Cireater
than
500

January
Fehruary
March
April

May

June

July
Anmst
September
( jl'tll‘“"]'
November

Deeember

170
68
37

-
i

a
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TABLE 9 .
. Statement showing the break up of the {oial rainfall into the amounts (ix)
contributed by falls within specified ranges
= -
-
0- 50" 0-51" 1-01” 1:51* 2017 2-517 More Total
Month and to to o to fo than rain
less 1-00” 1-507 200" 250" 300" 300" (#n)
Janl!lll'y 14-1 14:8 13-0 12:0 G5 2.6 156 758
Fr'brll{u‘y 5-0 6-6 3-4 1'9 4-0 24-7
Mareh 35 1-9 G-9 .. 2:5 i 14-8
April 7-1 59 4:0 53 4-3 246 3-3 32-5
May 77 5.0 2.1 G+7 4-4 2.7 198 a5
June 3641 18-8 5D G+7 4:5 ; 8L-5
July 667 45-2 20-1 252 114 57 o 174-3
Angust 70-9 57+9 40-9 186 23-9 166 301 2318
September 586 52-0 463 24:2 11-5 19-4 296 2396
October G6-8 78-3 72-3 100+ 1 GY-5 35-0 1711 534
November 58-0 87 76:7 615 70-0 6745 283 650-7
December 38-3 41-0 360 176 24-2 16+1 792 2530
TABLE 10
Distribution of total rainfall over different ranges of 24-hour falls (percentages)
050" 051" 1-017 1-517 2017 2-51" Muro
Month and to 1o to to to than
less 1-00” 1-50" 2.00" 2507 3-00” 3-007
January 18 19 16 15 {0 3 20
February 32 27 14 5 .e o 20 {
March 24 12 v 46 - 17 v
April 22 18 12 16 13 5 10
May 15 16 4 13 9 D 33
June 44 23 19 8 b s
July 38 26 11 14 7 3
August 30 25 18 8 10 | 1
September 24 22 19 10 5 5 11
October 11 13 12 17 12 ] 29
November ] 15 11 ) 10 10 Hi
December 15 16 15 7 10 6 31
February-May 23 18 8 21 5 8 17
Ju ne-September 3 24 17 10 7 b 3
October-January 13 16 13 12 10 G 29
L ]
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Fig. 8. Frequencies of rainy day spells of different lengths
Madras (Nungambakam) (1891-—-1940)

TABLE 11

Frequency of rainy spells of differen! durations
Madras (1891 —1940)

Duration of spell (days)
More  Total
than Na. of
10 spells

Month

January
February
March
April

May

Junie

July
August
September
Oetoler
Novembier
1 december

June - 1.!x-mlu-|'

October-January

(1) Longest spell @ 21 days, from 17 October 1030 to 6 November 10930
(1) Spells extending beyond the month in whic I they hegan are classificd only under the month of beginning
(##¢) The figures in bifekets are pereentages .
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TABLE 12
Dry (rainless) spells of different durations
Madras (1891—1940)

Duration of spells (days)

17-
20

13-
16

alonth

21-

30

91- More
100 than
100

5l-

60

Gl
70

81-
o

31-
40

41—
a0

71~
80

January
February
March
April

May

June

July
August
September
October
November
December

BD)

13
G
11
15
170

]
3
5
12
33
41
42

Oy Nl
e | e

-

278
283
210
138
115

67

38
27

32

TS O M
SRS D B - —

=1 |

memee | | maciee

5 6

February-May
June-September
October-January

45
041
342

23
165

103

- [
oS W

11.2. The most striking point brought
out by Table 12 is that there are fewer long
dry intervals in the southwest monsoon
seasort than in the northeast monsoon
season. Dry intervals exceeding 30 days
never oceurred in the months June to Sep-
tember, and intervals of 17-20 days and
21-30 days were much less frequent than
in the other seasons. Thus, although the
northeast monsoon season is the one in
which more rain falls, failures, as typified
by long rainless spells, are also more com-
mon in that season than in the southwest
monsoon season. A 20-day stretch with-
out rain is a rarity in the southwest mon-
soon season, but not at all uncommon in
the northeast monsoon season.

11.3. In these 50 years, there have been
10 spells of 1000 or more rainless days at a
stretech.  Six of these commenced in Jan-
uary, one in February, one in March and
two in December. Three of them were of
102 days, the rest being of 107, 110, 131,
144 (two spells), 149 and 155, The last
of these, which was the longest, was from
16 January to 19 June 1912. It is worth
while studying the ciroumstances, consi-
dering synoptic weather situations and

other matters, under which these droughts
L]

oceurred and the author proposes to under-
take such a study when state of work per-
mits.

12. Spells of heayy rain

12.1. We shall now examine instances
when heavy rain occurred on one or more
days. There is no unique way of saying
what constitutes heavy rain, and a certain
amount of arbitrariness in choosing the
limits cannot be escaped. One thing is
clear ; when rain falls on several days at a
stretch, even a smaller fall on a preceding
or suceeding day heightens the importance
of the heavy rain on any one day. Keep-
ing this principle in mind, as a basis of
selection of heavy falls, the limits 4" in
1day, 6” in 2 days, 8” in 3 days and 107
in 4 days were chosen, Details of the dates
and falls of all cases when the above limits
were reached or exceeded are given in Table
13. The material in Table 13 is arranged
month by month.

12.2, The first fact brought out by Table
13 is that by far the bulk of heavy rain
occurs in the three months October, Nov-

ember and December. The very fact that

the nine months from January to Septem-

ber have taken only one fourth of the space
L]
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TABLE 13
Spells of heavy rain in Madras (1891--1940)

4” or more 6" or more 87 or more 107 or more
in a day in2dayvs in 3 dayvs in 4 davs *Weather
—— ———— e —_——— e — Remarks
Year Date Rain- Year Date Rain Year Duate Rain Year Date Rain-
full fall I.:!i fall
(in) (em) (in) (in)

J

JANUARY
1915 15 8-38F 1913 13-16 839 1915 1517 S-G9

FEBRUARY
19290 5 4-83

MARCH
Nil

APRIL
Nil

MAY
1909 5+ 2: 1Hoy 45 795 1909 4-6 HENITH
1909 0-6i 6-23
1930 8- 677
1940

JUNE
Nil

JULY
1910

A GUST
SEPTEMBER

ocToBeER
1898 30-31 6-37

1599 24 'h ISH0 23.2¢
192 27.28 9-3) 102 26 1902 25.58
1902 28.29 10-17 1902 27.2¢ : 1902 26-29
1902 24.: . 1902 27.30
1902 28.31
1905 3 5+0i 1905 =16 b 1905 13-16

1907 : 1907 3. . 1907
1907 %
1908 23 5:2¢ 1908 22.23 7:67 1908 24 . 1405
1908 p ¥ 1908 . 1908 2: . 1008
1908 24.25 7-6¢ 1908 24.26
1912
1913 2 08 1913 26-27 6-15 1913 25.27  S-8 1913
1013 : . 1913 30- 5 1913 29.31
1917 2 - 1017 20.2 - 1917 20.22 : 1917 20.23 11-43
1920 26 5 1920 25-26 6 1920 : 1920 2497 11-20
1920 " 1920 [ -R9 1920 25.28 14-36
1920 ¢ N ]-¢ 1920 27-29 1. 1020 - '.__ 17-21
1920 28.20 713 1920 27 12:C9
1922 28.20 (;-88 1922 28.30 806 19922 ’h 1042 5
#*(A) Associated “l”l well-murked depressions or eyelouie storms which were near enough to Madras  to
mfluence raintall there
(B) Associated with low pressure waves or depressions so far away that their imfluence on Madras rainfall
is dubious
(8] \m associated with depressions or i)'r!mn s
. i ninfall ancunts exeeeding by 2% thon the limits shown at the top of 1he respeetive coluing have
been indicutod in%hick typus .
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TABLE 13 (conid)

4" or more 6" or more 8” or more 10" or more
in a day in 2 days in 3 days in 4 days *Weather
f ——A ~ r A \ ’ - y e Remarks
Year Date Rain-  Year Date Rain-  Year Date Rain-  Year Date Rain-
fall fall fall fall
(in) (in) (in) (in)
OCTOBER—econtd
1923 28 4-08 1923 27-28 67 A
1928 21 5-73 1928 20.21 8-90 1928 19-21 9-62
1930 24 6-68 1930 23.24 8-50 1930 22.24 11-00 1930 21-24 12-19 A
1930 24.25 8-32 1930 23.25 10-18 1930 22.25 12-66
1930 24.26 8:81 1930 23-26 11:65

1930 24.27 10-93
12

1932 11 597 1932 10-11 6:02 1932 1012 8:27 1932 912 10-06 o
1932 11-12 8.22 1032 11.13 8-24
1932 30 7-3% 1032 20.30 9-40 C
1933 20 5-40 C
1934 29-30 6:20 B
1935 18 7-8% 1935 17-18 7-49 1935 16-18  8-04 A
1935 18.19 7-70 1935 18.20 90-24
1937 28 .08 ¢
NOVEMBER
1803 5 6-30 1893 4.5 8-56 1803 3.5 879 1803 8.6 12-56 A
1893 5.6 10-07 1893 4.6 12:33 1893 4.7 13-05
1803 5.7 10:79 1803 5.8 11-49
1895 25 466 1805 25.26 7-72 1895 24.26 §8-23 c
1806 22 526 C
1901 6.7 6-56 ¢
1003 6 4-95 1903  5-6 8-51 1003 4.6 804 1903 5.8 11:57 A
1903 5.7 877
1903 6.8 8-01
1908 2 506 1908 2.3 7-22 A
1910 5.6 7-80 1910 5.7 8-20 A
1910 6.7 7-33
1910 21 4-31 C
19011 21 4-81 1911 20.21 7-38 1911 20.22 8.62 B
1911 21.22 605
1912 13 5.78 B
1912 20-21  6-05 B
1913 10 578 1013 9.10 7-88 1913 8-10 8-88 1013 8-11 12-80 A
1013 1011 9-70 1913 9-11 11-80 1913 9-12 11-81 '
1913 10.12  9-71
1914 2 5-8 1914 1.2 7-56 1914 31-2 9-18 A
1018 1 4-10 1918 1.2 7-49 1918 1-3 13-43 1018 31-3 13-78 ¢
1918 3 504
1018 7 6:08 1918 2.3 9-33 1918 24 092 1918 1.4 14.02
1918 3.4 6-54 1918 5.7 10-20 1918 2.5 11-05
1918 6.7 9:07 1918 6.8 962 1018 3.6 10-64
1918 7.8 6:64 1918 4.7 1079
1915 11 6-28 1918 5.8 10-75

*(A) Associated with well-marked depressions or eyclonic storms which were near enough to Madras to
influ-nece rainfall there . =

(B) Associated with low pressure waves or depressions so far away that their influence on Madras rainfall
is dubious .

(C) Not assoiated with depressions or cyclones
+ Rainfall amounts exceeding by 27

thaa the limits shown at the top of the respective col av
been inlieited in thick types ! RS (RN




140

TABLE 13 (¢ ntd
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.

4" or more G” or mor
in a day in 2
W —

Date

Rain- Year Date Rain-
fall full
(in) (in)

e
Year

1919
1920
1920
1920
1920

1922

1920 12.13

1020

1022
1922
1022 1922
1926
1926
1930 1930
1930
1931
1031
1932

1931

1937

1937

1896

14" or more
in 4 day

*Weather

Remarks

NOVEMBER—contd

1920

1920
14920
1922

1922
1926

1430
14034}

14-16G 19+
15-17 N8-4
1. 18 8-3

DECEMBER

1920 12.15
140220
149240
1922

1922

2395

2326

1926
1926
1930
1930

[R5

12-
11-
11-2¢

1806

1806
I SUHG
13006

10-
S
]

5
q

1898
1901 9-10 11-65
10-11 10-95
34 6-38
20.30 G-03
30-31 11-90
31.1 7-42

1901
1901
1902
1003
1903
1903

1902
1003
1003

1906
1933
1033

15-16 8-47
16-17 11-95

1933
1933

1937 1937 10-11 6-16

8-10 13-4
0-11 12:3

1901
1901

20-31 122

30-1 13- 14

1003
1903

14-16 8-68
15-17 14-00
16-18 11-97

1896

1001

1903
1903
1903

1933
1933

#(A) Associated with well-marked depressions or eyelonie storms which were near

influence rainfall there

enough to Madras to

(B) Associated with low pressure waves or depressions so far away that their influence on Madras rainfril

is dubious

(C') Not associated with depressions or cyclones

 Rainfall nmounts execeding by 27 than the limits shown at the top of the respective columns hay

been indicated®n thick types
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taken by .the remaining three months TABLE 14

brings this out prominently. In March, Number of spells of heavy rain in

Alm]: June, Augusi:J and Septem.ber, no October, November and December
instance of heavy rain (on the basis above — .
adopted) occurred. Stray instances— one #or 6or 8or 10°or
each—did occur in January, February and Month more more more more
July; but these should be considered as in 1 in2  in3 ind

i 1 day: d
not very significant. Thus the only month o e e Gem

from January to September in which heavy

rain has some chance is May, Oct 21 26 26 a1
Nov 27 31 29 22
12.3. The number of spells of each cate-  Deo 11 10 10 7
gory in the remaining three months, viz., .
October, November and December are
given mn Table 14, TABLE 16
It may be mentioned that some of these Frequency of spells of heavy rain according to
spells will have one or more days in com- intensities irrespective of month of oceurrence
mon. For instance the rainfall amounts
on 27, 28 and 29 October 1902 were One. Two- Three- Four-
0-14", 9-16” and 1-01". The six inch day  day  day  day
limit is reached by both combinations wpells  apelle; wpells: apolls
27-28th and 28-29th. Thus the date 28 Octo-
ber enters in two spells of 6” or more in
2 days. Rainfall range Frequency
(inches)
_ 12.4. The highest total in each category . . ., . § . .
is given below in Table 15 along with dates  5.91— 6-00 21 & : v
of occurrence. 6-01— 7-00 10 21 gl s
7-01— 8-00 2 22 - _—
12.5. The distribution of the spells of 33?;{:13138 3 12 %g .:
heavy rain according to intensities, ir- 19-01—11.00 1 5 8 11
respective of month of occurrence, is shown 11-01—12-00 > - 5 13
in Table 16 12-01—13-00 e . 3 9
n : 13-01—14-00 ve . 5 7
) . 14-01—15-00 it 2 1 3
12.6. All rainfall amounts exceeding by 15-01—16-00 s o T 1
2" or more than the limits shown at the 16:01—17-00 - . . .-
top of the respective columns of Table 13
TABLE 15
1-day spell 2-day spell 3.day spell 4-duylspell
Date Month Year Total Date Month Year Total Date Month Year Tnt_al Date Month Year Total
rain- rain. rain- rain.
fall fall fall fall
(in) (in) (in) (in)

10 Dec 1901 10-3 23-24 Oct 1908 11-9 22.24 Oct 1008 14-3 26.20 Oct 1920 17-3
30-31 Dec 1903 11-9
16-17 Dec 1933 11-9
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for the different periods have been indi-
cated by thick type. For instance,
for two-day spells, 6” is taken as the mini-
mum to be considered heavy. Falls of 8"
or more in 2 days are printed in thick type.
These may be considered as exception-
ally heavy.
13. Association of heavy falls with depressions and
storms

In order to see how far the heavy falls
were directly connected with depressions
or cyclonic storms, the accounts of such
depressions ete in the India Weather Re-
views and in some years the Monthly Weath-
er Reviews of the periods when there was
heavy rain were looked into. The weather
situations were divided into three groups,
viz.,

A. Well-marked depression or cyclo-
nic storm near enough to Madras
to influence rainfall there

. Low pressure wave, or depression
so far away that theirinfluence on
Madras rainfall must be doubtful

(. No depression, storm, or even low
pressure wave effecting weather cver
Madras.

The general weather in each spell is
indicated in Table 13 by the letters A, B or

C in the last column. Summarising the
examination, the 60 spells of heavy

falls were distributed over the three cate-
gories A, B and C as follows—

A B c

26

In distinguishing A and B, no hard and
fast rule was adhered to. An element of
subjectivity would thus have crept into
this division, but on actual examination of
a few cases, it will be seen that most meteo-
rologists will agreg with the classification
in most cases,
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Exceptionally heavy rainfall at Madras in

Fig. 9.
November 1918

Quite a large number of spells of heavy
rain thus occurred unconnected with de-
pressions or storms—that is, as far as can
be judged from available data. Nor could
it be said that the heavier falls are so as-
sociated—for instance, see spells in Octo-
ber 1920, November 1918 or December
1896,

14, The exceptionally high rainfall of November 1918

14.1. One feature which will impress any
one who looks through the rainfall data of
Madras in these 50 vears as very remark-
able is the exceptionally high total rainfall
that cccurred in  November 1918, As
against the monthly normal of 13-6", this
particular November had 42-85" which is
about 315 per cent. The next lower Nov-
ember, which was in 1922, bad 32-83" or
just 240 per cent of the normal. The
progressive total rain from 1 November
1918 till the end of the month, with the
normal for comparison, has been shown in
Fig. 9.

14.2, The deviation from normal was
in fact more pronounced in the first 18
days. The total upto 18th was 3774,
against a normal of 9-4 "—the actual was
thus 400 per cent of the normal for this
18-day period.

14.3. There were, in this November,

one storm which crossed coast very near
Madras in the early hours of the PIth and
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Fig. 10. Monthly total rainfall of Madras (Nungam-
bakam) year by year (1891-1940)

a depression which moved over the Bay
from the 17th to the 2lst almost parallel
to the coast and at a distance of 150 to 200
miles from it. However one depression
and one storm are not exceptional for Nov-
ember and so do not explain away the
heavy rainfall of the month.

15. Variability of rainfall {rom year to year

Inorder to give anidea of the variability of
the rainfall from year to year, the monthly
totals of each of the 50 years studied are
represented diagrammatically in Figs. 10
and 11. Diagrams are shown only for
selected months, June, July and August to
represent the southwest monsoon season
and October and November to represent
the mortheast monsoon season. The dia-
grams bring out the comparatively smaller
variability in the southwest monsoon season.
The disparity between the two seasons,
however, gets narrowed down—almost dis-
appears—when the individual year’s (or
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Rainfall in inches
3

(-]

Rainfall in inches

Fig. 11. Monthly total rainfall of Madras (Nungam-
bakam) year by year (1£91-1940)

month’s) rain is expressed as a percentage
of the normal. This has been done in
Figs. 12 (June and July) and 13 (October
and November).

16. Some miscellaneous points of interest incidental to
the study
The following are some miscellaneous
points of interest brought out during the
study.

16.1. The calendar dates on which rain
never oceurred in all the 50 years investi-
gated are—

28 January, 10 February, 5, 6, 7, 8, 17,
18, 21, 24 and 25 March, 6 and 30 April
and 1 and 3 May*.

It is not suggested that this result is signi-
ficant in respect of each date. However, the
fact that there have been 9 such daysin March
cannot be brushed aside as accidental. Two
spells of about 4 days eachin March, one
towards the end of the first week and the other
spread between thethird and fourth weeks,

* The normal rainfall, expressed to the nearest cent, will be * zero * on a few more dates. On the remaining
dates, howover, the zero only means that the total rain on the date in all the 50 years was less than 0:25%. Rain
might have occurred in several years but may have been so light that the total would have failed to accumulate

to 25 ceats
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Rainfall — percentage of normal

0

85 1300 oS 10

Fig. 12. Monthly total rainfall of Madras—Nungam-
bakam year by year (1891-1940)
(Expressed as percentage of normal)
have the greatest probability of being rain-
free in Madras. Putting the same in another
way, if one is faced with the question of when
one can have a stretch of 4-5 dry days in
Madras, the anwser is : *“ Look for it in the
first week or the second half of March .

16.2. In the 50 years, there was no rain
in February in 28 years, in March in 32
years and in April in 22 years. In 21 of
these, there was no rain either in February
or in March. Eight years—1895, 1896,
1904, 1911, 1912, 1922, 1927 and 1935
had droughts in February, March and April,
while four years, wviz.,, 1895, 1911, 1937
and 1938, had their entire first quarters dry.
1895 and 1911 had the distinction of hav-
ing droughts for their first four months.

16.3. One may like to have an idea of
the pattern in which these dry — rather
comparatively drier—years occur. A good
idea can be formed by seeing the years in
which March, the driest month, was so.
The years were 1891, 92, 94, 95, 96, 98, 99,
1900, 02, 03, 04, 07, 08, 09, 10, 11, 12, 13,
14 (8 consecutive years), 16, 17, 20, 21, 22,
26, 27, 31, 32, 34, 35, 37 and 38.

16.4. In 1930, 28-84" fell on 25 days in
October and 21-45" fell on 20 days in Nov-
ember. These two months thus had 50-297,
which is just above the normal for a whole
year.

16.5. 1918, the year in which November
had the record heaey fall of 42-85", also
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Fig. 13. Monthly total rainfall of Madras (Nungam-

bakam) year by year (1891-1940)

(Expressed as percentage of normal)
happened to be the year in which October
had the lowest total rain in 50 years, viz.,
0-44”. One may be tempted to conclude
A poor October will be compensated by a good
November. The hope will get shattered by
seeing the rainfall in 1909, when October
had 0-617, and November had only 3-7".

16.6. Falls of 10" or more in 24 hours
which occurred at Madras in the period
prior to 1891 are—

9.5-1827 12-1* 24-10-1857 18-0”

21-10-1846 20-6” 18 - 5-1877 12-1”

No fall of 10” or more occurred in the

period 1941-1951.
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