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(S. S. Bose had prepared the draft of this papee some considerable time ago in 1937; but did
not have amy opportumily of revising it for publication. Desides minor additions and alierations
\he anticle is published practically in its original form.—Editor),

InTROVUCTION

Rainfall in Calcutta used to be recorded in Alipore Central Jail till August, 1592.
The Meteurological Office took over charge from September, 1892 and since then observa-
tions are being recorded in a Symon's rain gauge in the present site of the Observatory
in Aliporc.  Readings taken ot § A.M, cveryday represent the total rainfall of the
twentyfour honrs preceding 8 a.M. of the date in question,

The distance hetween Alipore Central Jail and the present Observatory is roughly
half a mile ; but the accuracy of the Jail readings is not comparable to the present readings
in precision, Rainfall observations in Calcutta are available for more than a century if
the readings of the two sites are pooled together, but it has been considered desirable
to study them separately.

In the present note, we have discussed the observations at Alipore Observatory for
o period of forty-three ycars from 1803 to 1935 ; and we propose to study the rainfall at
the Alipore Central Jail between 1829-1892 in a subsequent note.

Monthly rainfall data werc obtained from the Records of Indian Metcorological
Department,  Dividing cach figure by the number of days in the month, the data were
converted to mean rainfall per day which form the material for the present analysis,

When the mean raiofalls per day were tabulated for 12 months over the period 1893.
1935, it was found that the September rainfall® in 1900 was more than 4 times the mean
rainfall for the month, Naturally this was due to some local influence ; but lest this should
disturb the estimate of normal mean and variance, it was omitted and Yates' formula®
for estimating missing values was utilised for restoring orthogonality.

The chicf objects of the present note are to investigate :—

(1) The secular trend of rainfall, if any, during the period ;
(2) the distribution of rainfall within years; and
(3) the change, if any, in the period of maximum rainfall in the year.

*This was 4388 inches for the whole month, whereas the normal rainfsal]l for the month is
9°87 inches.

' Yams, P.: The Analysis of Replicated Experiments when the Pield Resalls are Incomplete.
Emp. J. Expt. Agri., Vol. (1), 1933,
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GCRNERAL ANALYSIS OF VARIANCE

The apalysis of variance of the rainfall data is shown in Table r.

Taste I ANWYSIS OF VARIANCE OF RAINFALL 1IN CALCUTTA @ {IB93-1918)
Due to D. F. |Sum of Squares
Secular Tread 1 0'000242 0000242
Deviation o a 0383148 ool
Yes . Ta|  omwsm|  ocoes
Ilarmosic Curve 2 127213088 67130306
Deviation - [ 1410343 0135030
Months Th| Twesws|  rnes
Residual 461 5°300600 0011932
Totsl Tas| wremes

\When the variations between years and between months are eliminated, the residual
variance is found to be 0'011932, so that the standard deviation of daily rainfall is 0’109
inches ; the mecan during 1he period is 0'172 inches and hence the variabilily is 63°3 per cent
of mean. The variance between years is 0013898 and is of the same order as the residual
variance, while the variance between months is about 104 times that of the residual. We
thus found that the variation of rainfall from year to year was not appreciable, while the
variation between months was highly significant which of course was expected.

SeCULAR TREND OF RAINPALL

The mean onoual rainfall (g, x ro=* inches) for each individual year is given in
Table 4. The sum of squares between years that can be accounted for by a linear’
regression is shown in Table 1. The cocficient of regression is a°0co,r24 inches per
day or 0'o45 inches per year; while the normal annual rainfall in Caleutta is 62'54
inches, so that the change per year is less than 1 per cent. In fact, the regression
coeflicient is only half its standard error, and is thus quite insignificant. The regression
coeflicients for individual months shown in Table 2 are also all insignificant.

TADLE 2. SECULAR TRIND OF RAINFALL IN DIFFERANT MaNTHS @ REGRESSION CORFFICIANTS

Month {b1S. E)xa0? Month (b1S. E)x108
January 0°08040'222 | July 1142 £ 2.057
February. =0'13540°Gh$ | August 222631790
March =0'071£0'626 | Scplember 1°063 £ 1°578
April 0°001 £0°636 | October 0781 21887
May =1'7834 1297 | November 1141 £0°638
June —-2010+2'585 | December 0021 20009

Annual (0'124£0"429) x 10°
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RAINFALL IN CALCUTTA, 1893—1935

We conclude that during the last 43 years, there has not been sny steady change in
rainfall in aoy of the twelve months of the year in Calcutta ; and naturally the annual
rainfall also did not show any secular trend.

DISTRIBUTION OF MONTIILY RAINPALL

In Table 1 the monthly variation of rainfall was very marked ; this is however just
what is to be expecled in 2 monsoon country like Bengal where sixty per cent of the
annual rainfall is concentrated within three months of the year (June, July and August).
The monthly rainfalls liowever show a remarkable cyclic pattern ; thus, in Table 1,
about go per cent of the sum of squares between months is accountable in terms of a
simple sine curve. This is also clear froin the nccompanying chart in which the mean
monthly values have been graduated by a sine curve:

R=0172-0218 sin (8+82%21')
Caart. SnerLx Sixg Cuave £ITTED Y0 MuaN DalLy RAINFALL FOR VARIOUS MONTHS

o~

| |
Jul; hug.  Sep.

The existence of other harmonics may also be calculated. Thus the 12 mountbly
means may be completely graduated by means of the equation :

R=0172-0'218 sin (6 + 32%21) +0°071 sin (26+67°13') +o0'ot5 sin (30 -7°30")
—o'o1s sin {46+ 31°14'} + 0’012 sin (58 +71934") — 0010 cos 68,

Taslg 3. ANALYSIS OF VARIANCE FOR FIARMONIC GRADUATION 0F MONTILY RAINFALL

Duc to D. F.|Sum of Squares Variance
First Harmonic Term 2 1221083 612155t
Sccond Ilnrmonic Term 2 12354780 0G0
Third Harmonic Term 2 0075202 0036601
Fourth Ilarmonic Term ... 2 0036910 0028453
Fitth Harmonic Term 2 0°033320 0017660
Sixth Hormonic Term 1 0'02017) 0020111
| Tiseska|
Residua) s | 461 $5°500600 0011932
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The adequacy of the different hormonics was tested by the analysis of variance shown
in Table 3.

The first three harmonics ore significant, although the contributions of the second
ond third harmonics are together cqual to about a tenth of the first.

YEARLY VARITIONS IX HiRMONIC GRADUATION

Sine curves were fitted to the monthly rainfall figures for each year, the equation
used being of the form:
R=q,+a sin (8+¢)

The values of the constaats 4, a and ¢ for each of the 43 years are shown in Table 4.

TAmMz 4. COXSTANTS OF TIARMONIC GRADUAYION OF AVEMAGE DALY RAINFALL {IN THOUSASITIE 1NCR)

o
Yeor | a v Max e Yesr | @ o e
1803 Pri] +2m -75°1%" | August ) 1013 119 August 27
108 | 134 [ -8 | 483016 | August 22 1916 | 226 Sept. 18
1808 108 =202 ( +R6°SY | August 19 1m7 1 Avgust 81
1894 | M4 [ 20| +88°48° [ Augwst 18| 1018 | 167 uly 81
1897 | 180 | -200 | +77°3F [Avgust 29| 1010 | 17y Augusl 18
1898 | 162 | -o37| +12'8¢ [Sept. 3| 1o: | 118 Sept. B
1899 [ 196 | +280 | -851¥ | August 1} 1921 162 Augost 21
100 | 246 | 856 | +56°30° |Sept, 19| lex2 | 8 Angust 80
1601 191 -234 | +68°38° |Sept. 7[ 1923 | 133 Sept.
1or | 161 | 4109 | -84" 8 |August 10| 1028 | 130 Sept. 10
1908 [ 118 | —191 | 46370 | Sept. 12| 1925 | 168 August 27
1908 | 918 | 4233 -p1721' | Avgust 7| 1926 | w03 August 24
108 | 189 [ —210| +79°19° | August 27| 2027 | des August 8
006 | %6 | —110| 4+28°19° | Aupust 28| 1028 | =4 August 17
1007 [ 170 | - o7 | 487°W | August 19| 3920 | 163 | -186| +39'39° | Sept. 18
1008 20 [ +AS | -28%4Y | August 4 1930 192 | ~u88 | L462'¢T | August ¥4
109 | 196 | 4263 | -88°20° | August 4| 1t 179 ept.
110 [ 10 [ —)8s | 476°37 | August 30| bow2 | 1n Sept. 8
190 He | -143 | 4839 [Avgust 22| 1wx | 22y August 28
012 | 185 | -138 | 486°4F [August20| oM | e Sept. 10
s | zas | 48| -a1ws [July 28 1033 97 | —129( +6449 | Sept. 11
1918 | 208 [ 4209 | -88'¢7 | August 4| Allyears| 132 | -1a | +82°21

Here 2, measures the mican level of rainfall in any particular year and a is the
amplitude of monthly fluctuation. We can also calculate the period of maximum oad
minimum rainfall in the year the values of which are shown in col. (§) of
Table 4. There is no sign of a short-period cycle in a,. There is, however, a high
correlation (r=0'83) between a, and a showing that in a year of high rainfall level, the
smplitude of fluctuation is also large.

The period of maximum rainfall fluctuates very widely but it probably undergoes
a steady cyclic variation. The incidence of maximum rain scemed to be on or about August
26 in 1895 ; this became carlier and earlier till about 191y the rain was maximum in the
end of July. Since then it is again being more ond more delayed and in 1930, it is again
as late as August. We have here only one part of the cycle and during the succeeding
period, we expect the other part of the cyclic curve.

562



	001
	002
	003
	004

