A NOTE ON THE INFLUENCE OF LUNAR PHASE ON THE
RAINFALL IN THE MONTH OF JULY IN CALCUTTA, 1878-1924.
By P. C. MAHALANOBIS.

INTRODUCTION.

In Bengal it is popularly believed that. rainfall increases on certain particular tithis
(lunar days) such as the eleventh, the new moon (amavasya) or the full moon (purnima).
In 1925 when ] was in charge of the Calcutta Mcteorological office I made a preliminary
study of the variation of rainfall during the first thirty days of July and found that the
rainfall in the Krsna (dark) phase was significantly greater. I had however postponed
publication of the results as I was hoping to be able to make a more complete investiga-
tion. As the opportunity for such fuller investigation did not occur for a long time, [
sent a short note to Physics and Mathematics Section of the Indian Science Congress
in 1936. At that time the not¢ was based on the 47 years 1878-1924. In the course of
the discussion in the Science Congress it was suggested that tlie metonic cycle might be
a relevant factor. The analysis has been now conducted for two metonic cycles covered
by the period, and all the results arc published in the hope that the question would be
investigated more fully by others.

NATURE OF THE MATERIAL

With the help of old Bengali almanacs the actual periods or tithis (lunar days) for
the first thirty days of July for cach ycar were charted. The actual rainfall during each
lupar period was then obtained from the continuous record of rainfall at the Alipore
Observatory.!

As the duration in hours of the different lunar days was different, the actual rainfall
during any particular lunar period was divided by actual duration, s» that the intensity
of rainfall in inches per hour was obtained in cach case. This formed the primary
material for the present note. The mean intensities of rainfall on different lunar days
in the two phases are shown in Table 1.

TaBLE 1. INTENSITY OF RAINFALL oN DIFFERENT LUNAR Davs IN CALCUTTA,
JuLy 1878—1924.

Bright Phase (Sukla) Dark Phase (Krsna) Combined
Lunar Day
(Tithd Standard Standard Standard
andar andar tandar
Mean Deviation Mean Deviation Mean Deviation

Pratipad (1) 0°8215 08727 0°4602 0°7850 07817 0°6145
Dvitiya (2) 02277 0°4760 0 8768 0°6559 0°6045 0°5781
Tritiya (8) 0°3094 0°5111 0°8400 0°4612 0°6494 0°4868
Chaturthi 4) 0°8996 0°9355 0'4123 0'5676 0°8119 0°778?
Panchami 5) 0°1849 02759 0°4959 1°1065 0:6808 0°8064
Sasthi (6) 0°4506 0°9162 0°8404 0°4409 0°7910 0°7190
Saptami (7) 0°4798 0°7527 04870 0°7500 0°9168 0°7518
Astami (8 0°2006 0°3262 0°4588 0°8266 0°6544 0'6284
Navami (9 0°8589 0 0°6245 0°9421 0°9884 0°9182
Dasami (10) 0°2847 0°4820 05681 1-2188 0°8528 0'9110
Ekadasi 11 0°8970 0°8754 0°4668 0°9629 0°8638 0'9202
Dvadasi 12 0°4315 0°6863 0'6109 0°9665 1-0424 0'8382
Trayodasi (18 0°3482 0°4431 0°4864 0°6997 0°8296 0°5856
Chaturdasi (16) 0°8177 0°4098 0°38539 0°5707 0°6786 0°4968
Purnima or ’
Amavasya Qs) 0°8726 0°5024 078389 0°4645 07815 0°4838

! The Alipore Observatory (Calcutta) is a first class observatory and in 1925 was the headguarters
of the Instrument Section of the Indian Meteorological Department. The records at the Alipore
Observatory are believed to be quite reliable.
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Calculations were made separately for each phase as well as for both phases taken
together. It will be noticed that differences between lunar days or between years were
quite insignificant, but the difference between the two lunar phases was very definitely
significant.
The analysis of variance for each phase and for the whole period is given in Table 2.

TaBLE 2. ANALYSIS OF VARIANCE : RAINFALL IN JULY, 1878-1924.

. Degrees of Sum of Mean Ratio of Variance
Factor of Variation Freedom Squares Square Observed Expected 1%
- Both Phases.
Year 46 0°0434 0°00094 0°96 1°41
Lunar Phase Lo 1 070084 0°00840 8°57 6°62
Lunar days (Tithis) 14 0°0128 (°00088 0°90 2°07
Lunar days (Tithis) x Phases 14 0°0094 000067 0°68 2:07
Residual 1334 1°3092 0°00098 '
i
Total 1409 1'8827 ;
Bright Phase (Sukla)

Year 46 0 0428 0°00092
Lunar days (Tithis) 14 0°0095 0°00068 021 146
Residual 644 0°4911 0°00076 0°89 211

Total 704 0°5429

Dark Phase (Krsna)

Year . 46 0°0617 0°00134 1°11 1'46
Lunar days (Tithis) 14 0°0122 0°00087 0°07 2°11
Residual 644 0°7531 0°01170 i

Total 704 0°8270 !

The differences between years or lunar days again come out quite insignificant in
both cases. We conclude therefore that the rainfall on different lunar days (or in
different years) in July in Calcutta during the period 1878-1924 were on an average nearly
the same. The influence of lunar day on rainfall, if any, is too small to be detected on
the basis of the present material.

The actual mean rainfalls in the two phases in each year are shown in Table 3.

TABLE 8. ToTAL MONTHLY RAINFALL IN THE Two LUNAR PHASES IN INCHES
1IN CaLcurTa IN JULy, 1878-1924.

Bright Dark Bright Dark Bright Dark
Years Phase Phase Years Phase Phase Years Phase Phase
(Sukla)  (Krsna) (Sukle)  (Krsna) (Sukla) (Krsna)_
1878 2°07 7°51 1894 541 4°57 1910 4°'49 590
79 2°38 832 1895 2°54 1°68 11 2°18 2°96
1880 4°26 9°05 96 721 875 12 7°36 33
81 6°64 477 97 4°66 7°18 18 2°83 11'74
82 4'86 0°48 98 4°40 7°89 14 576 7°87
83 6°40 10°69 99 10'96 9°29 1915 4°18 6°18
84 5°47 5°86 1900 4°98 4°05 16 1-95 579
1885 3°56 3°86 ol 4’14 7°98 17 6 98 514
86 7°19 715 02 810 10°59 18 4°08 339
87 8°67 14°18 03 2°09 8'97 19 4°23 677
baicd 304 772 04 542 11°69 1920 10°90 810
89 7°00 4°92 1905 8°28 1922 21 827 6712
1890 4°55 5°52 06 902 879 22 11°27 332
91 1°86 6°94 07 8°88 4°64 23 546 10791
92 4°81 6°75 08 10°68 1817 24 4°74 5°35
93 7°68 8-52 1909 375 477
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In 32 years out of 47, the actual rainfall was greater in the Krsna (dark) phase. We
have already scen from the analysis of variance given in Table 2 that this difference is
statistically significant.

The average rainfall in the Krsna (dark) phase was 6.81 inches against 5.08 inches
in the Sukla (bright) phase with a difference of 1.73 inches. As I had worked
with the intensity of rainfall (and not the total rainfall) on different lunar days the
observed difference cannot be ascribed to differences in the duration of the lunar days

in the two phases.

We may next consider another possible source of error. There is an appreciable
scasonal fluctuation in the distribution of monsoon rainfall in Calcutta. If either of tha
phases occurred more frequently, during the limited experience of 47 years, in the earlier
or later part of July, the observed difference might conceivably be ascribed to the
scasonal fluctuation of the rainfall. The frequency with which each lunar day in either
phase occurred on each solar date of July was therefore tabulated and is shown below
in Table 4 ; the x? statistic was used to test whether there was any significant differentiation
between the two phases. Using the average of the frequencies in both the phases as the
expected value, the observed value of x®> was 3.572, which with 29 degrees of
freedom, gives a probability of nearly 1.00 for the deviations equal to or greater than
the observed deviation. ‘The test shows that there was no significant differentiation.

TaBLE 4. KFREQUENCY DISTRIBUTION OF EACH LUNAR Day IN THE Two PHASEs.

Bright Dark Devia Bright Dark .
Date | Phase Phase Total Expected | )" | Date | Phase Phase Total Expected Devia-

(Sukla) (Krsna) lon (Sukla) (Krsna) tion
1 21 17 38 190 2°0 16 22 25 47 23°5 15
2 23 22 45 22°5 05 17 23 23 46 230 00
8 24 27 51 25°5 15 18 26 22 48 24°0 2°0
4 24 22 46 23°0 10 19 28 24 47 235 05
5 24 27 51 25°5 15 20 26 23 49 24°5 15
6 22 23 45 22°5 0°5 21 23 24 47 23°5 05
7 24 24 48 240 00 22 23 23 46 28°0 00
8 24 23 47 28°5 05 23 23 24 47 23°5 05
9 31 27 58 29°0 2°0 24 22 27 49 24°5 2°5
10 25 22 47 28°5 1°5 25 23 24 47 235 00
11 22 25 47 285 15 26 22 22 4+ 22°0 05
12 23 24 47 23°5 05 27 25 22 47 23'5 1'5
18 24 24 48 24°0 00 28 26 25 49 245 1'5
14 26 25 51 25°5 05 29 23 25 48 240 1°0
15 23 26 48 24°5 15 80 15 15 30 150 00

x> = 3572 n' = 30; P—>r1°00.

ErrEct oF MeTONIC CYCLE.

The next point to be considered was the metonic cycle. The analysis was repeated
for two complete metonic cycles 1878-1895 and 1896-1913, and the results are
given below.
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The actual mean values and standard deviations of rainfall on each lunar day in
the two lunar phases in the two metonic cycles 1878-1895 and 1896-1913 are shown in

Tables 5 and 6.

TaBLE 5. MEAN INTENSITY OF RAINFALL IN INCHES
1878~-1895 (1) 1896—1918 (II) 18781918 (I) & (II)
Lunar day Dark Bright Dark Bright Dark Bright
(Tithi) Phase Phase g?nn;& Phase Phase f‘o m(i Phase Ph gse Com-
(Krsna) (Sukla) (Krsna) (Sukla) °'™¢¢ KKrsna) (Suklg) bined
Pratipad 1) ‘0105 ‘0220 ‘01638 “0253 ‘0137 ‘0195 ‘0179 ‘0179 ‘0179
Dvitiya (2) "0170 “0088 ‘0129 °0220 ‘0060 ‘0140 ‘0195 ‘0074 ‘0135
Trit'ya (3) 0135 ‘0107 ‘0121 ‘0155 ‘0118 0137 ‘0145 ‘112 ‘0129
Chaturthi (4) | 0183 0178 0181 | 0288 ‘0095 0164 | ‘0208 -uls7 0172
Panchami (5 ‘0296 0181 0214 | 0098  'v064 -008L | ‘0197 -wus8 ‘0147
Sasthi (6) ‘0185 ‘0073 "0129 ‘0140 ‘0278 ‘0209 ‘0163 ‘175 -0169
Saptami (7) | o157  -ozsz  -0199 | -0085 0192 -u188 | -0121 ‘0217 -Q169
Astami (8) *0186 ‘0110 ‘0148 *0261 *0060 0160 ‘0224 *0085 ‘0154
Navami (9) ‘0262 "0096 0179 "0254  "0265 0259 258 0180 0219
Dasami (10) ‘0114 ‘0090 ‘0102 ~0381 ‘0144 ‘0263 ‘0248 ‘017 ‘0182
Ekadasi ) ‘o1 o5 o128 V0273 -ol4s 0208 | 0207 0120  -oues
Duvadasi (12) “0353 ‘0178 ‘0266 *0136 ‘0214 "0175 ‘0244 ‘0196 0220
Trayodast (13) ‘0292 0091 0192 ‘0306 0151  -0228 | 0299 0121 ‘0210
Chaturdasi (14) ‘0305 °00Y8 0202 | 0151 ‘0119 ‘0135 | ‘0228 0109 ‘0168
Purnima or }
Amavasya (15) ‘0195 0114 °0154 | 0141 0177 -0159 | ‘0168 0145 ‘0156
‘0205 *0129 *0165 *0206 ‘0148 ‘0177 ‘0206 ‘0138 ‘0172
Average + + + £ + x + + +
“00187 00117 °00110] °00213 °00169 °00137] °00139 °00101 00085
TABLE 6. STANDARD DEVIATIONS.
1878—1895 (1) 1896—1913 (II) 1878-1913 (I & II)
Lunar days Dark Bright Dark Bright Dark  Bright
(Tithis) Phase Phase E;:::i Phase Phase &:‘r:é Phase Phase bineti
(Krsna) (Sukla) (Krsna) Sukla) (Krsna) (Sukla)
Pratipad (§)) 0105 "0214 *0168 ‘0308 ‘0181 ‘0253 ‘0230 *0198 ‘0214
Dvitiya (2) “0247 ‘0108 *0191 ‘0349 *0073 ‘0252 *0302 ‘0092 ‘0224
Tritiya 18) “0155 ‘0128 ‘0140 ‘0213 -0179 ‘0197 ‘0186 “0154 ‘0172
Chaturthi (4) ‘0237 ‘0183 ‘0212 *0269 ‘0092 *0201 ‘0254 ‘0145 0207
Panchami (5 “0184 ‘0211 0177 *0082 “0090 *0086 ‘0111 ‘0163 -0189
Sasthi (6) *0226 “0128 ‘0182 *0162 *0540 *0399 ‘0197 ‘0392 ‘0810
Saptami 7) ‘0169 ‘0418 ‘0316 ‘0120 *0289 *0221 ‘0146 ‘U357 ‘0273
Astami (8) ‘0802 “0153 *0239 ‘0364 ‘0122 “0272 ‘03834 ‘0138 ‘0256
Navami (9) *0296 ‘0082 ‘0217 *0466 *0565 ‘0518 *0390 ‘0404 0397
Dasami (10) ‘0145 ‘0076 *0116 ‘0666 ‘0227 "0497 ‘0482 ‘0169 ‘0861
Ekadasi i11) ‘0199 ‘0163 “0182 *0580 *0203 ‘0435 "0434 ‘0185 0333
Dvadasi (12) ‘0418 ‘297 ‘0863 0172 *0323 *0259 ‘0320 *0810 ‘0315
Trayodast (13) *0460 ‘0140 ‘0840 ‘0360 0203 “0292 ‘0413 ‘0174 "0317
Chaturdasi (14) “0626 *0135 “0453 ‘0817 ‘0141 ‘0256 ‘0496 ‘0138 ‘0364
Purnima or
Amavasya (15) 02384 ‘0140 ‘0198 *0180 *0226 *0204 ‘0209 ‘0188 ‘0199
‘0808 *0192 ‘0256 *0850 “0278 *0819 ‘0824 *0285 ‘0281
Average + + + * ko + + + +
*00188 ‘00083 °00088] °00151 °00120 00087 ‘00098 00071 ‘00060
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Table 7 shows the analysis of variance for the two metonic cycles separately and
the two cycles taken together.

TaBLE 7. ANALYSIS OF VARIANCE : Two MEetonic CycLEs.

e Degrees| Sum of , Mean Ratio of Variance
Factor of Variation of Free-| Squares Square |Observed | Expected
dom ! 1%
1878—1913
Between Lunar days (Tithis) 14 "007660 ‘000547 — —
Between Years 35 086644 ‘001047 1°33 167
Between Phases 1, 012201 012201 15'44 6°63
Between Metonic Cycles 1| ‘000248 000248 - -
Lubpar days (Tithis) x Phases 14 | 014564 | 001040 1°32 2°09
Residual 1014 | °852504 | °1.00790
Total 1079 *923821 !
1878 — 1895
Between Lunar days (Tithis) 14 | °009495 ' 000678 1°04 2°11
Between Years 17 ‘018408 . 000789 121 199
Between Phases 1| ‘007894 | -007894 12:07 664
Lunar days (Tithis) x Phases 14| °012200 : °000871 1'83 2°11
Residual 498 | 822581 | 000654
Total 589 °865578 .
1596—1913
Between Lunar days (Tithis) 14| "012789 000910 —
Between Years 17 | 022979 001352 183 | 1'99
Between Phases 1] "004588 . ‘004588 447 " 6°64
Lunar days (Tithis) x Phases 14 | 016828 ‘001202 118 [ 2°11
Residual 493 | °500917 001016 |
|
Total 539 | 557996 |
|

The diffcrence between the two lunar phases is very definitely significant, while
differences between tithis (lunar days), between years, or between the two metonic cycles,
and the interaction between lunar phase and lunar day are all statistically negligible.

In bofh the cycles we find again that differences between lunar days and years,
or the interactions between lunar days and phases are inappreciable, while the difference
in rainfall in the two lunar phases is definitely significant.

The comparison of lunar days and of years is shown in greater detail for each of
the two phases in the two metonic cycles in ‘I'able 8.
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TAELeE 8. ANALYSIS OF VARIANCE.

T l)ﬂzree:' Sumof | Mean | Ratio of Variance
Factor of Variation o(dl' ree-| Squares | Square Observcdlhxpected
om |

Bright Phase (Sukla) 1378—1895

Between Lunar days (Tllhu) 144 006637 “000873 i 1°29 | 2°15
Between Years 17 | -010278 *000603 1°6% 2°03
Residual 238 | ‘087826 | 000369 ; 1
- | i
" H | | [
Total i 269 - 108791 ! I
| 1
Dark Phase (Krsna) 1373—1893
Between Lunar days (Tithis) 14 ‘011999 ‘001071 l 113 2°13
Between Years 17 011948 ‘001703 2°03
Residual ' 238 . 22396 *0VVY 9 ‘
Total . 269 ' "232893 ‘ |
Bright Phase (Sukla) 1596=1913
Between Lunar days (l‘:lhu) 131 011697 *000303 ) 103 215
Between Years 17 . -015201 000394 115 2°03
Residual 238 | 183913 000773 !
i
i i | !
1
Total ;269 | 210811 i
Dark P’hase (Krsna) 1896— 1893
Between Lunar days (Tithis)( 14 ; 017855 ‘001273 10b 2°13
Between Years 1 17 ¢ 033287 001954 1°39 2°03

Residual

Total

238 | 291505 l ‘001225
i ! l
| 269 312687 !
{ |

Differences between lumar davs and  between  vears are  entirely
every case.

insignificant in

CONCLUSION.

A statislicul analysis of the rainfall in the month of July in Caleutta during the
47 years' 1878-1923 did not show any appreciable differences between the intensity of
ra ifall on different lunar days.  Ditfferences in rainfall between years or between two
metonic cycles were also insignificant,

The rainfall in the Krswa (dark) phase was however significantly greater than the
rainfall in the Sukla (bright) phase in both the mctonic cycles and also for the whole
period of 47 years. It is not possible to say whether this is a freak result without similar
analysis of the rainfall for other wmonths in Calcutta or other places. In view of the

statistically significant results reported  in the present note this  question  deserves
further consideration.

Statistical l.aboratory, Calculla.
March, 1937.
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