A study of the Northeast M

551.577.35 (548)

onsoon Rainfall of Tamilnad

P. R. KRISHNA RAO ard P. JAGANNATHAN

Regional Meteoroloaical (-'q'u.fn", Madras
¥ g

(Reeceived 2 Jawuary 1952

ABSTRACT,
nad has been made ut ilising the rainfall data for the 80 e

of average rainfall has been indicated,
rainfalls has been tested,

depressions and cyelonic storms strike or come VETY nea
such depressions and storms da not strike the coast altho

An examination has also been made as to how far the influence of *\World Factors ™
rainfall of Tamilnad shown hy 1 raiswamy Iyer conld account for the abnormalities.

the seasonal rainfall in the Tamilnad districts has heen
years could be found. The inter-district correlation co
caleulated and it is found that all the correlation co-eflicie
indicating that the wholo of Tamilnad is fairly homoge
cerned,

1. Introduetion

Over most of India, June to Septemher,
the sonthwest monsoon period, is  {he
principel rainy season. Over Tamilna®,
however, the principal rainy  season s
October to December, the northeast mon-
soon period, and the rainfall in this SOASO1L
determines the agricultural production in
the area. During the vears 1917 to 1949
and also in 1950 the northeast monsoon rains
were below normal and is rcported to have
caused considerable decrease in agricultural
production. It was, therefore, considered
worthwhile tc examine the northeast won-
soon rainfall over Tamilned over a long
period of years by suitable statisticol
methods, to see to what extent the vears
1947 to 1950 were exceptional, what the
abnormalities in the past were and whether
they were related to any general or spe-ific
CAUSeS,

Tamilnad, consisting of the eleven
districts Chingleput, North Arcot, South
Arcot, Tanjore, Tirm-hirupalli. Medursi,
Ramnad, Tirunelveli, Salem, Coimbatore

A mainly statistical st wiy of the northeast monsoon (October to December) rainfall of Tamil-

irs, ISTOto 1049, A grouping of the districts on the basis

The distribution of the rainfall has been studied and the probability of
occurrence of rainfall within certain specified limits has been given,

The normality of distribution of the district

The oceurrence of abnormalities has heen diseussed with reference to the incidence of
depressions and cyelonic storms in the south Bay of Bengal,

1t is fuund that large excesses of rainfall oceur when
¢ to the Coromandel const and large defeets oceur when
ugh they may oceur in the south Bay of Bengal.
on the northeast monsoon
The secular variation in
examined bhut no signiticant changes during the past 80
-eflicients for the northesst monsoon rainfall have been
ntsarc positive and except fora fow all are significant
neous region as far as northeast monsoon rainfall is con-

el the Nilgiris comprises mainly of the
Carratic plains and stretches ss an exten
sive frect running southwest to northeast
hetween latitudes 8° and 14°N, flanked on
the west and rorthwest by the Western
and Kestern Ghats respectively ard bound-
ed on the cast and soutbeast by the Bay
of Bengel and the Gulf of Mennar respee-
tively. The lard drops rather abruptly
near the hills and thereafter slopes gradually
townrds the sen. The Eastern ard the
Western Ghats meet in the Nilgiris where
Duodabetta (8640 ft) is the highest peak. In
the long range of the Western Ghats which
are 3000 to 5000 ft high there is a marked
break of 2hout 20 miles in width to the
south of the Nilgiris known as the Palghat
Gap. The Anpamslais and the Palni hills
are formed by the broadening of the Western
Ghats to the south cf the Palghat Gap.
The Anaimud: peak (8337 ft) in the Anna-
maleis is the highest peak in South India.
Besides these, there are several isolated hills,
the chicf among them being the Shevroys
n Selem district, the Pachzimalais and the
Kollumaleis in Salem and Tiruchirapalli

* Tamilnad is a new metearologieal subdivision and is the same as the old division, Southeast Madras, used

in India Meteorologieal Department publications with ti
included in the new subdivision Rﬂym'rr,uvr M

10 district of Chittoor omitted. Chittoor district is now
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districts and the Javadi hills in the North
Arcot district. The principal rivers which
traverse the region are the Palar, Ponnaiyar,
Cauvery, Vaigai and  Thamraparni, =ll

flowing from west to east into the Bay of

Bengal. There are neither large lakes nor
forests big enough tc pmduve climatic re-
actions.

The entire region is hidden by the Western
Ghats from the full blast of the rain bearing
winds of the southwest monsoon. There
is, therefore, not much rain over the region
in that season. With the retreat of the
southwest monsoon and the reversal of the
pressure distribution, which occurs in the
beginning of October, 2 trough of low pressure
gets established in the south Bay of Bengal.
This trough, which is occasionally intensified
by the passege westwards of low pressure
waves, directs over the eastern parts of the
South Indian Peninsula equatorial maritime
air (Em) in sufficient depth which, inter-
acting with the mixed Tropical Maritime
(Tm) “and diverted Tropical Continental (7'¢)
air already there, causes the northeast
monsoon rains over Tamilnad. Depressions
and ecyclonic storms form occasionally
in the trough of low pressure over the south
Bay of Bengal and some of them moving
west or northwest strike the Tamilnad coast
causing widespread and locally heavy rain,
especially over the coastal districts. These
depressions and cyclonie storms oceur mainly
in October and November, which are the
principal cyclone months in the Bay of
Bengal. Some of them move north or
northeast causing very little or no rain in
Tamilnad.

The Autumn rainfall, 7.e., the northeast
monsoon rainfall of the Carnatic was studied
by Blanford (1886) on the basis of 20 years
(1864—1883) rainfall data. More recently,
Ramamurthi has studied the variation
of rainfall in Tamilnad by calculating the
“median ”’ rainfall at half monthly intervals
and their 5 per cent confidence Jimits from
rainfall recorded at 54 provincial raingauge
stations in Tamilnad during the 35 years
1903 to 1937. In this paper, a mainly
statistical study of the northeast monsoon

NORTHEAST MONSOON RAINFALL OF TAMILNAD

rainfall of Tamilnad during the 80 years
1870 tc 1949 has been made. The spatial
and time distribution of the northeast
monsoon rainfali and the mechanism of
its occurrence is being discussed in a separate
peper.

2. Normal rainfall of the Nortkeast Monsoon

The data utilised in this investigation have
been extracted from the provincial rainfall
records, The positions of the raingauge
stations whose data have been utilised are
shown in Fig. 1. The number of raingauge
stations in each district, the areas they re-
present, the normal rainfall in each district,
during each of the months October, Nov-
ember and December as well 2s the annual
normal rainfall are given in Table 1. It
is seen thet the northeast monszoon rainfall
is about 60 per cent of the annmal rainfall
in the coastal districts and about 40 per
cent in the interior districts. Most of the
rainfallin the period occurs during October
and November. There is more rain in
October in the interior districts and more in
November in the coastal districts.

The average rainfall in each of the 11 dist-
ricts dnring the period October—December
in the 81 years 1870 to 1950 is given in
Table 2. These are also represented graphi-
cally in Fig. 2. The average rainfall for
Tamilnad given in the penultimate column
of Table 2 is the weighted average of the
average rainfall of the districts.

Tn Table 3 are given for each of the distriets
the arithmetic mean (M) ef the rainfalls,
their mean deviation (Mg) being the average
numerical departure of the actual rainfall

Afrom the pormal, the standard deviation (S),

the co-efficient of variability (C. V.=
100 S/M) and the median rainfall as
well 25 the upper and lower limits for the
5%, random chance for the median.
The highest and lowest rainfall recorded and
the year in which it occurred has also been
given,

Even a cursory examination of the mean
rainfall amounts indicates that the rainfall
of the season is not uniform throughout the
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region. The significance of the differences
between the different means was tested by
the t—test. This enabled the following
grouping of the districts in terms of the
mean rainfall—

() The north coastal districts—
Chingleput, South Arcot and Tan-
jore—with a mean rainfall of
about 25 inches

NORTHEAST MONSOON RAINFALL OF TAMILNAD

<t

s

(i7i) The interior districts—
Madurai, Tiruchirapalli and North
Arcot—with a mean rainfall of
about 15 inches

The sub-montane districts—
Salem and Coimbatore—with
mean rainfall of about 11 inches
The hilly Nilgiris district—with
a mean rainfall of 20 inches.

HY

Ramamurthi has given an interesting

(i) The South coastal districts— grouping of the region linking the rainfall
o ' in the northeast and southwest monsoon
Ramnad and Tiruvelveli—with a  periods. The above grouping agrees with
mean rainfall of about 18 inches the grouping indicated by him.
TABLE 1
Rainfall of Tamilnad
] l Normal rainfallf
L — —
i Area | Number® 1 \
District ! in | ) of i i October to December
sq. | ramnguage | Apnual | October | Novem- Decem-
miles | stations ber | ber ' _ o
| i | ! | Actual 9 ofannual
[l f__l ‘_‘_
| | |
1. Chingleput 3079 14 (7) 46-70 | 10-39 12-17 4-66 27-22 | 58-3
2, South Arcot 5217 17 (6) 46-86 | 9-05 ‘ 11-02 | 552 ‘ 25-59 { 54-6
3. Tanjore 3710 26 (10) 44-39 8-09 11-31 ‘ G690 | 26-09 588
|
4, Ramnad 2104 19 (6) 31-71 | 7-06 716 34T | 17-69 558
5. Tirunelveli | 5389 21(7) | 29-83 6-56 7-89 4-30 18-75 63-2
6. Madurai 6597 19 (5) 31092 | 7-21 6-04 2-29 1554 48+7
|
7. Tirchirapalli | 3632 | 20 (3) 3470 | 715 | 600 2-82 15-97 46-0
| |
8, North Arcot 7386 14 (6) 38-01 6-51 ‘ 6-30 | 2.32 15-13 20.8
9. Salem 7530 25 (8) 32-33 |  6-02 4-02 1-19 11-23 34-7
[ :
10. Coimbatore \ 7800 23(7) | 8861 | 693 4-52 1-41 12-86 38-3
11. Nilziris | 958 11 (2) 7445 | 9-93 6-92 | 2-64 ‘L 19-49 26-2
. | ! \ | ! !
—— ‘ | ‘
Tamilnad 38-88 | 754 7-52 345 | 18-51 47-7
- 1

#The number of raingauge stations has not been constant for all the years, The lowest number is indicated

within brackets

1+The figures
XXVIL Pt. V.
the district

refer to the 1940 Normals published in India Meteorological Department Memoir Vol.
Figures for Nilgiris district have been obtained by averaging the values for the 11 stations in
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CHINGLE. SOUTH
PL'T ARCOT
Normal a7-2 25-6

Yoar

1870
1871
1872
1873
1874

1875
1876
1877
1878
1879

1580
1881
1882
1883
1884

1885
I 886
1887
1888
1889

1R8O0
1841
18492
1893
1804

1895
18916
1807
1808
1399

1900
1901
1902
1903
1904

1905
1906
1907
1908
1909

1910
1911
1912
1913
1914

Actual
in

I_):_-||

19-7 — 25
25-0 7
410 )
17-5 |— 33
279 7

a5+H )
16-9 — 36
302 13
32-8 25
SYRE 119
30-1 15
170 5]
42-2 | 1]
2.7 25
20-9 '— 20
-4 - (4
21-3 — 19
72 |— 72
20.7 11
20-3 23
28-2 S
41-0 a7
9-6 - 63

16:9 |— 35
345 |+ 32
385 |- 47
$1-1 |+ 57
88 |— 66
250 l— 5
26-3 | 0
285 9
25 | — 6
a0 — 70
24-1 |— 8
23.2 11
35 28
2.9 64
280 10

Actual I)F‘ll
i QL
254 | 1
24-3 0
32-3 33
19-2 — 2]
182 — 25
1005 |

78 |— 68
274 13
-5 -—— 53
12:6 Is
20 23
-2 — 54
175 |— 28
24-8 <
G- 6 150
193 — 20
14:5 |— 40
431 |+ 78
241 16
12:3 — 49
12-7 — 47
M) 4 21
G4 |— T4
30-7 21
16-7 31
|
349 | 44
300 24
9-5 il
-0 H]
223 |— 8
23
— 0
61
-I
13
247 2

24 K]
61 ™
19-2 21
23-9 |
24G-3 L]
146 84
36-1 1

[Vol. 4 No. 1

TABLE

Northeast Monsoon Rainfal]

FANJURE

201

17-0 — 36
156 11
ERE | 43
124} )
22+] 17

$ 39

‘3 — D

-1 |

3 3
31 1100
-0 XS
19-% 25
b -9 Y]
jL-2 17
15-8 41
203 — 24
370 11
9-9 L
33-0 4
18-8 |— 29
339 27
260 3=
10-4 7l
7 o
17+1 =

2.0 2]
303 45
238 [— 3
191 2]
7-1 4
[6-8 - 37
315 14
2G-2 1
$4:0 il
a0-1 13

RAMNAD

Actual Dep
11-3 | —36
158 11
16-0 10
L4 | —36
13-2 -2
13:-9 22
7-9 Di)
341 G2
Ned 53
9-7 15
25-2 42
14-7 | —17
16§ { — 5
20-1 13
2041 (34
18-8
15-4
2147
39,7
)

S
& th

|8
! Y

&

15-1 2
22.8 | 429
20.2 1 LGa
68| — 5
<% 34

15-2 —14
17-1 - 4
15-4 13
109 30
121 31

14-0 21
187 5
22.6 27
1G-4 | — 8
25-1 12

TIRUXNEL
VELI
18-7

Actual

i

Dep
0,

14:5 — 20
14-4 21
80 56
15:9 |— 13
13:7 - 25
10-1 | — 44
377 | +-108
85 03
13-7 a4
20-7 |4+ 14
16-5 — 0
129 |— 29
17-3 o
27-3 o4

i | D
-7 30
[§] ‘ o2
-3 ol

T |— 47

T it

0| 73

1] - 13

2 39
24:-6 |- 36
29-4 62
9.3 | ]
20406 | 13
13:3 |— 27
24-2 14 33
12:0 |-- 34
32-4 8
12-7 30
11:5 37
17-3 51
217 R
20-4 12
SR - ol
12.2 a3

11

3
20-1 11
23-8 31
21-1 16
41-8 130

MADURAI

Actual

14

l)u]l

B s |

14-5 — 6
12:7 |— 19
l6-4 4+ 6

17-2 1+ 11
6.0 — 41
32-7 111
§:4 |— 46
G0 — a6
18:7 [+ 20
11'8 [— 24
12-7 — 18
21-1 |+ 36
234 |4+ 51
17:0 4 9
5l — 67
18:2 |4 17
166 [ 7
-5 — 39
151 — 2
20-1 4+ 30
94 — 40
16-3 + ¢
12:7 — 18
18-85 4 21
226 |+ 46
BhH |— 45
190 |+ 22
91 — 41

12:2 — 21
15-2 — 2
20-6 33
15-7 |- 1
9:4 — 39
11-3 — 27
14:-8 — 4
13:0 — 16
12.3 [— 20
16-4 |+ 6
20-0 |4+ 29
14-7 — 5
15-5 4+ 19
117 |— 25
17:7 14
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of Tamilnad (1870-1950)

TIRUCHI- NORTH SALEM COIMBA- NILGIRIS TAMILNAD
RAPALLI ARCOT TORE
16-0 151 11-2 12-9 195 18-5 Normal
| . | | I

Actual | Dep | Actual | Dep | Actual | Dep [ Actual = Dep | Actual ‘ Dep | Actual | Dep Year

in 9% in | 9% in % in % in i % in i
|
| |

151 | — 1 14-4 |— 4 9.7 | —15 7.7 | —37 0| 35 14-3  —21 1870
149 | — 2 19-8 |+ 32 9.1 | —20 14-8 | 21 -3 | 437 181 | — 1 1871
16-5 | + 8 245 |+ 63 12:2| + 8 7.2 | —41 8| +1a 177 | — 3 1872
16:6 | - 9 12-1 |— 19 11:0 | — 4 8.5 ‘ —31 6| —16 14-2 | -—22 1873
14-7 4 140 |— 7 12:0 | + 4 10-2 | —16 -4 ‘ w2 16-1 | —I12 1874
11-2 | —27 6-4 — 57 8-2 | —29 10-9 1 —11 23-2 | 417 12-9 | —29 1875
4.7 | —69 3-3 | — 178 1-9 | —83 3-1 | —175 119 | —40 71 | —61 1876
21:5 | +41 14-8 I— 1 16-3 | 141 17-1 | 440 30-7 | 155 26-7 | 447 1877
95 | —37 109 — 27 9.1 | —21 7-8 | —37 14-3 | —28 97 | —47 1878
9-0 | —41 8.5 — 43 6-4 | —a4d 63 —19| 189! —5| 122 —33| 579
22.9 | 450 22.1 |+ 47 18:0 | 457 19-2 | —57 20-9 | 451 24-7 | +36 1880
11-1 | —27 9-0 | — 40 64 | —44 9-2 | 425 17:5 | —12 137 | ——25 1881
157 | 4+ 3 19-3 |4+ 29 13-5 | 4+17 12.81 + 5 190 | — 5 17:7 | — 3 1882
18-1 | +18 19-9 |+ 32 18-3 | +59 18:3 | +a0 21-7 | + 9 215 | -+18 1483
25-0 | +64 36-4 |+143 138 | +20 17-2 | +41 30-7 | 54 33-4 | +83 1884
176 | 415 16-7 |+ 11 16-5 | 444 16-9 | +38 27.9 | 40 21:3 | +17 1885
63 | —a9 85 (— 43 G-1 | —47 5.5 | —a5 11-5 | —42 11-3 | —38 1886
196 | +29 27-0 |4 80 166 | --45 151 | +24 2.5 | +23 26-9 | +48 1887
12-6 | —18 17:1 |4 14 10:4 | —10 §-4 | —32 148 | —25 20-0 | +10 1888
2.1 | —21 14:6 |[— 3 9.0 | —21 8.8 | —28 189 | — & 12:3 | —33 1889
15-2 0 110 |— 27 10:2 | —11 1183 | — 17 15-0 | —25 13-0 | —20 1890
15-2 0 147 |— 2 7-8 | —32 12-4 1 201 | +46 | 22.0 1 421 1891
8.6 | —44 6:2 |— 59 5-2 | —55 58 5: 14-0 ! —29 7-2 | —61 1802
21-1 | +39 18-1 [+ 21 16:3 | +42 161 24-5 | +23 21-7 | 19 1803
9-3 | —39 11— 26 9.1 | —21 9-2 12:4 | —37 13:5 | —26 1894
16-5 | + 8 16:5 |+ 3 12:4 | + 8 125 | + 2 2005 | + 3 21-6 | +19 1895
196 | +29 13-8 — 8 110 | — 4 127 | + 3 20-4 | 4+ 3 24-0 | 431 1806
7-8 | —49 6-8 |— 55 6-3 | —46 7-6 | —38 9.6 | —57 86 | —n3 1897
23-3 | 452 26-7 |+ 78 19-2 | 67 15-6 | 27 22-2 | 411 27-7 | 4-52 1808
8-2 | —47 7-7 |— 49 4-8 | —58 6-3 | —49 82 | —59 13-4 | —26 1899
10-9 | —28 90 |— 34 7-1 | —38 §-5i1.~231 152 | —24 15-6 | —14 1000
140 | — 8 19-4 |4 29 12:0 | + 5 11-4 | — 7 20:8 | 4+ 5 18:0 | — 1 1901
19-1 | +25 159 [+ 6 14-0 | +22 20-6 | 468 35-6 ! +79 26-9 | 448 1902
17-2 | +13 319 |+112 19-8 | +73 13-6 | 11 203 | + 2 21-5 | +18 1903
80 | —47 74 |— ol 4-8 | —08 5-8 | —b3 8-0 | —b5 08 | —46 1904
11-0 | —38 15-9 |4 6 87 | —24 9-7 | —19 28-4 | 443 164 | —10 1905
17-2 | +13 11:4 |— 21 0:8 | —15 13:9 | +13 22.1 | +11 91-7 | +13 1906
16:0 | + & 114 |— 24 81 |-—30 12:7 | + 4 2001 | + 1 17:8 | — 2 1007
10-4 | —32 80 (— 40 65 | —26 9.8 | —20 13-7 | —31 133 | —26 1908
8.9 | —42 3.9 |— T4 10:1 | —12 103 | —16 175 | —12 9.8 | —45 1609
15:1 | — 1 18:6 + 24 17:2 | +48 14-5 | +18 24.0 | 125 17:2 | — 3 1910
13:6 | —11 16-9 |+ 13 10:4 | —10 0.5 29 29.5 | +13 18-6 | + 1911
15:2 | — 1 23-3 |+ 55 15-4 | 34 14:4 | +18 08| + 45 215 | +19 1012
17-9 | +17 14:1|— 6 10-0 | —13 8-4 | —32 187 | — 6 22.8 | +23 1013
16-1 | + 5 145 |— 3 11-8 | -+ 3 11:7| — 5 29.9 | 415 23-3 | 4-27 1014
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TABLE

CHINGLE-
PUT

TANJORE

RAMNAD

TIRUNEL-
VELI

MADURAI

Normul 27-2 256 26-1 17-7 187 155
| ____‘ T - - —__ - S I - |
Year Actual | Dep | Actual  Dep | Actual  Dep | Actual | Dep | Actual @ Dep | Actual | Dep
it | % in %o in To i Yo i Yo i Yo
1915 o] == 1T 16-3  —33 17-5 —34 176G | — 1 176 | — 3 9-1 | —41
1916 «1 |=k 26°5 | 4+ 9 16-3 —39 101 | —43 9.5 | —47 9.4 —39
1917 S5 |— 6 14-8 39 211 —20 13-5 | —22 11-4 | —37 14-9 — 4
1918 1 23 2853 17 31-3 18 2006 L1 191 + 5 187 | +20
1919 ] 10 S0-0 24 43-9 i3 245 3% 186 | + 2 15:9 | -+ 3
1920 39-1 |4 50 338 -39 449-0 54 233 ;31 23-0 | 27 1741 | 410
1921 233 — 11 17-6 | —27 18-7 | —30 13-7 | —11 18-4 | + 1 16-7 I 8
1922 40-5 (4 55 29+9 23 20-9 | —21 22:5 | +27 276 52 28-2 | 482
1923 19-2 — 27 22:6 | — T 28-9 | + 9 19:7 | 410 25-5 | +41 13 0 | —16
1924 19-1 — 27 15:1 ! 38 15:2 | —43 22-3 | +26 169 | — 7 53 i —46
39.-3 4+ H0 d6-0 19 36-3 37 13-8 | —22 336 485 20-8 | +34
16-9 — 35 70 —I28 20-5  —23 11-1 | —38 98 —46 12-1 | —22
158-4 — 29 16:2 | —33 127 | —52 13-6 23 14-9  —18 13-6 | —12
235 — 10 342 41 g6 2 36 17-2 | — 3 19-4 b 7 176 | +14
26 |+ 2 25-6 b B 302 14 20-8 17 24-0 {32 13-4 | —14
1930 44-7 |4+ 71 31-5 | 30 3G-0 -39 | 159  —15 26-6G | +71
1931 36G-4 |-|- 39 30-9 | 465 410 | 54 25.1 @ 438 20-7 | 40
1932 270 | 3 29-% 23 397 0 449 18-6 | 4 2 187 + +20
1933 254 '+ 1 235 — 3 20-4  —23 155, —15 16-4 | - 5
1934 22:7 — 13 244 1 20-3  —4 14-5 | —20 14-1 l — 9
1935 22.09 — 12 25-0 | + 7 31-2 F17 1540 ‘ —16 15-3 l —15 157 ‘ + 1
1036 19-3 '— 26 2003 | —16 21-5 | —19 19-5 | 410 18:0 | 4 4 169 - 9
1937 38-3 46 At -4al 289 1 + 9 16:1 | — 9 170 | — 6 14-3 | — 7
1938 69 — T4 N8 —G4 16-7 | —37 5-2 | —i4 12-0 0 —34 7.9 | —49
1439 22.5 — 14 251 b 4 31-3 F18 15-4 4 13-3 | —27 156 | 4+ 1
1940 31-6 2] 367 | +a2 369 444 204 | 466 32:2 | 77 24-1 | 465
1941 35-1 34 26-7 | 410 3b-2 =17 I8:6 | 4- 5 179 | — 1 16-4 | + G
1942 17-4 |— 34 13-1 | —46 14-5  —33 98-8 | 434 17-7 | — 3 16-6 | 4+ 7
1943 38-1 -+ 45 23:3 — 4 21-7  —I8 17-8 0 17:6 | — 3 16-1 | -+ 4
1944 38:7 |+ 48 31.7 | +31 T 39 22.7 | 428 24.3 | 434 25-3 | +63
1945 18- |— 240 10-0 186 -+ 5 22-0 | 167 - 8
1946 59-9 (1249 43-2 26-0 1 447 277 : 19-5 | +25
1947 9-3 |— 64 109 | —55 07 —46 78 | —bH7 13-8 | -—11
1048 18:5 |— 29 20-4 | —16 173 3 2000 | -L10 16:0 | -+ 3
1949 82 — 64 89 | —63 15 —35 11-0 | —39 1000 | —36
1950 153 — 1 144 | —-42 19-6  —26 - —44 13:5 | —26 12:8 | —17
Normal 26-2 2442 2 1%+ 18-2 155
{1870-
1949) ) )
EXTREME
Highest 4-129 150 10 4492 4130 4111
(Year) (1946) (1884) (1884) (1877) (1914) (1877)

Lowest
(Year)

—R2

(1870)

—5 D

(1904)

=74
(19019)

— 74
(1892)

-y
— i

(1892)

Nori—{i) Normals given at the top of this table are the 1940 Normals vide

[udin Mcteorological

(i) Ln the calculation of the various statistics
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2 (contd)

TIRUCHI- NORTH SALEM COIMBA- NILGIRIS | TAMILNAD
RAPALLI [ ArRcCOT | | _more | B
| 160 151 11-2 120 195 185 Normal
Actual | Dep | Actual i Dep | Actudl [ Dep | Actual | Dep | Actual | Dep | Actval | Dep Year
in % in % in % in % in % in | %
136 | —11| 135 —10| 127+ 10| 135+ 10| 197 |—1] 156 —15| 1015
108 | —20| 193 +20]| 185|+61] 1107 — 5| 159! —20] 158|—12| 1018
12:2 | —20 76 |— 49 9:2|[—2 | 1-1|—10| 174! —13| 14.2| —22| 1017
18-2 | +19| 10-7 |— 29 771—33| 181 |+ 48| 286 +44| 208 +15]| 1918
209 ' 137 78 |+ 19 13-7 [+ 10 12:6 |+ 3 23-1 | +16 | 231 l 23 1919
28-2 | +62| 157 |+ 5| 14a|+o5] 128+ 5| 167! —16] 230 33| 192
12:5 | —I8 7.5 —50 | 10:4]— 9] 132+ 7| 158 —21 154 | —I6 | 1921
19-7 | +20 | 221 [+ 48| 209 [+ 82| 203 + 65| 283 42| 247 430 | 1922
12-9 ‘ —15 p5 |— 37 5.6 |— 51 6-8 —45| 148 —25| 165 —12]| 1923
9-5 | —37 9.9 |— 34 6-6 |— 43 99— 19| 154 | —23| 131 —27| 1924
| ‘ |
! 14-9 ‘ —3| 178 |+ 17 91 |—21| 135 |+ 10| 246 +24| 23.3| 48| 1925
9-9 | —35 | 10-1 |— 33 72l—37] 105|—15] N5 | —i2| 125 —82| 102
8-6 | —d4 9-3 '— 38 51 |— 56 99 — 19| 132 —34| 120 —33| 1927
17:6 | +14 14-5 — 4 13:8 |4 20 14:3 [+ 17 23-5 | +18 21-3 | +15 1028
16-5 ‘ + 8 42— 5| 11-1|— 4 91 (—26 | 1456 —27| 180 | + 2| 1029
26:9 | +76 | 277 14* 85| 190|+6| 258 w1 | si0l +66 | 275 +53] 193
22-9‘ +50 | 20-7 |+ 38| 14-1(+ 23| 146+ 19| 26-8| +35| 26:3| +a4| 1031
245 | 60 | 17-2 |4+ 15[ 181 |+ 57| 17-0 |4+ 39| 267 434 24.0 | 429| 1932
> 16:3 | + 7| 135 —10| 129|+ 12| 152 + 24| 16-3|—18| 17-3| — 5| 1933
17-5 1 +15| 173 + 15| 151 |+82| 124+ 1| 182|—9| 172|—5]| 193¢
|
16-4 | + 8 18-0 |4+ 20 96 |— 17 10-0 — 18 12-9 | —35 177 | — &5 1935
145 l — 5] 140/— 7| 1w0a5]— 9] w9 —11]| 155 —22| 165 —10]| 1936
17-3 | +13| 234 = 56| 115 0] 15— 6] 200 41| 208 | +16] 1937
6-7 | —54 2.0 [— 8] 2-5 |— 78 3-3|— 73| 10-5| 47 8:0 | —57 | 1938
279 | +83| 17-8 [+ 19| 183|459 167 [+ 36| 287 445 21-3| +16] 1939
20-8 | 36| 182 |+ 22| 1300+ 13| 203+ 66| 214 CH 8| o261 | 44| 1040
155 + 2| 16-4 |+ 9| 12:7|+ 16| 131 + 7| 208 | +5]| 202 411] 100
12:5 | —18 | 10:3 |— 31 9-5|—17| 101 |—18] 157! —oi 14:5 | —20 | 1942
175 | +15| 19-6 |+ 81| 156 |+ 35| 127+ 4| 17-3 —13| 1983 | + 7| 1043
218 | +43 | 182 [+ 21| 152 |+ 32| 224 |+ 83| 211 +6| 252 +38| 1944
\ | ‘
11:0 | —28 8:3 |— 44 92|—20| 170|438 197 — 1| 164 | —10| 1945
24:2 | 450 | 817 [+111 | 240 |+100 7 205+ 67| 31-0| 4+56]| 31-2| +73| 1946
10-3 | —33 8-1 — 46 9:5 }— 17 98 |—20| 124 —38| 104 | —43| 1947
136 —11| 142 — 5| -9+ 3| 130!+ 6| 235 +18| 169| —7] 1048
! 11-4 | —25 8-4 |— 44 9-1 |— 21 92 |—25| 157 |—21] 10-5|—43] 1049
132 | —16 7-3 |— 52 93 |— 20 8-0 j— 34| 167 —16] 126 | —31| 1950
| | ' i
15-3 15-0 11:5 12:3 19:9 18:2
ABNORMALITIES (PERCENTACE)
483 +143 4109 111 +79 +83
(1939) (1884) (1946) (1930) (1902) (1884)
—69 —81 —83 —75 —50 —01
(1876) (1938) (1876) (1876) (1899) (1876)

Department Memoir Vol. XXVIT Part V
only data upto 1949 have been utilised
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Fig. 2(b). Northeast Monsoon in Tamiluad (1870-1949)
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TAEBLE 3
Rainfall Statisties for the Tamilnad Districts

(October to December : 1870—1949)

NORTHEAST MONSOON RAINFALL OF TAMILNAD

Savur’s 59 Highest Lowest
, - | limits for rainfall rainfall
= = = random
b = o chance
S | £ - w2
5 = Ll m;m =
2 s 2l T b e, e | N —
T | & | gl 5| 2= . E =
Districts = = o 2 = .5 & e e g
o sl s |55l 2| S5 5| &5 g |8|2)s
o
< |2 |82 |Sg| || S| 2|28 |8
m ale|lew|lomlel ol e o] al ay [a | as
1. Chingleput 26-16 | 904 [11-49 | 0-79 | 43-9 |24-75 |28:50 [20-22 |59-85 | 1946 | 4-75 | 1876
2, South Arcot 24-23 | 7-95 |10-45 | 0-73 | 43+1 [24-33 [26-32 |20-44 |60-61 | 1884 | 6:12 | 1909
3. Tanjore 26:58 | 8:58 |11-01 | 0-78 | 41-4 [24-84 [29-16 [21-19 [53-11 | 1884 | 7-00 | 1909
4. Ramnad 1775 | 4-78 | 5-98 | 0-80 | 33-7 [17-23 [18:62 [15-73 |34.10 | 1877 | 4-64 | 1892
&, Tirunelveli I8-16 | 5-80 | 6-41 | 0-90 | 35-3 |17-26 [18-85 [15-34 [41-93 | 1914 | 4-94 | 1892
6. Madurai 15:52 | 3-82 | 5-08 | 0-75 | 32-7 |15-G9 [16-44 (13-63 [32-75 | 1877 | 5-15 | 1886
7. Tiruchirapalli 15-26 | 4-07 | 5-12 | 0-79 | 336 [15-18 [16-44 (13-63 [27-95 | 1039 | 4-65 | 1876
8. North Arcot 15-00 [ 4-95 [ 6:61 | 0-75 | 44-1 [14-41 |16-39 |13-52 |36-41 | 1884 | 2-91 | 1938
9. Salem 11-50 | 3-63 | 4-51 | 0-80 | 39-2 [11-01 [12-43 | 9-79 |24-04 | 1046 | 1-95 | 1876
10. Coimbatore 12:27 | 3-43 | 4-42 | 0-78 | 36-1 |12-40 [12-82 [10-47 [25-80 | 1930 | 3-07 | 1876
11. Nilgiris 19-88 | 4-95 | 6-08 | 0-81 | 30-6 |19-70 [20-84 [17-46 [35-58 | 1902 | 8-20 | 1809
Tamilnad 18-23 | 4-74 | 5:79 | 0-82 | 31-7 33-40 | 1884 | 7-11 | 1876

3. Distribution of rainfall

There is considerable variation in the
northeast monsoon rainfall from year to
vear in all the districts as seen from Table 2
and Fig. 2 and from the high co-efficients of
variebility shown in Table 3. The co-
efficients of variability are highest in the
north coastal districts where the rainfall
15 also the highest. The varinbility de-
creases as we go from the coastal districts
with higher rainfall to the interior districts
with lower rainfall. Tt is known that, in
general, rainfall is more variable in regions
of lower mean rainfall than in regions of
higher mean rainfall. It is seen that the

northeast monsoon rainfall of Tamilnad
is an exception to this general principle,
the rainfall of the coastal districts with higher
rainfall being more variable than the rainfall
of the interior districts with lower rainfall.
The reason for this apparently lies in the
fact that the rainfall in the coastal districts
is largely dependent on the occurrence of
depressions and cyelonic storms in the south
Bay of Bengal moving towards the Coro-
mendel coast, which is a very variable
factor. This point will be discussed further

in the later paper on the distribution and
mechanism of the northeast monsoon rain-

fall.
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As the actual rainfalls in individual years
vary much from the means even though the
means have been derived from data for a
large number of years, it is necessary to
examine the nature of the distribution
of the rainfall so that the probability of
occurrence of a particular rainfall may he
determined. The frequency distribution of
the percentage departures from normal in
the different districts in the 80 years is given
in Table 4 (a). In Table 4 (b) are given the
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percentage of rainfalls falling within certain
specified limits. These tables give an in-
dication of what is ordinarily to be expected
in a season. For example, the frequency
data for Chingleput district shows that the
departures from normal exceeded 20 per
cent in 53 out of 80 years, i.e., on about 2/3
the number of vears and the departures
exceeded the standard deviation on 27 out
of 80 years, 1.e., on about 1/3 the number of
years. The limits which are exceeded on

TABLE 4 (a)
Frequency table for Northeast Monsoon Rainfall of Tamilnad (1870-1949)

Class limits

Number of oceasions within specified limits

percentage
departure
from
normal  ——— e e e e g e et
Chingle- South  Tanjore Ramnad Tirunel- Madurai Tiruchi- North Salem  Coim- Nil-
put Arcot veli rapalli  Arcot hatore ciris
[ 100-90 . Ve e . . .
90 - 80 1 e . o . 1 1 .
80-170 4 2 2 1 1 2 1 1 .
70-60 6 + 1 1 1 . -
S
2 60-50 .. 4 1 3 4 1 1 5 5 3 3
=
= j 50 - 40 1 6 3 5 ] 7 7 8 5 4 4
40~ 30 6 5 7 8 11 & 7 7 4 4 6
30 - 20 10 10 15 7 7 i q 6 12 6 12
20-10 10 2 6 G 7 8 8 2 8 11 8
L 10 - 0 4 7 4 12 9 8 10 13 6 10 8
( 0=10 91 11 7 9 8 17 e 5 8 123 11
10 =20 51 5 8 3 6 7 10 8 8 9 9
20- 30 5 7 3 ) b 8 4 & 3 3 3
30~ 40 3 3 8 ! 8 4 3 4 4 5 3
- W0-50 5 5 4 4 1 1 3} 2 5 2 @
A
S 4 50-60 6 2 4 3 G 2 43 2 4 3 5
S
S oe0-70 1 2 2 3 1 1 2 1 3 2
70 - 80 2 2 2 1 1 2 1 2
80-90 e 2 1 1 1 1 1 1 1
90-100 .. s 1 1 .
L Overlod 2 1 - 2 1 3 1 1 .
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TABLE 4 (b)
Frequency of occurrence of Northeast Monsoon Rainfall (1870-1949) within specified limits

jids G e g o N e et r————-A)——"""\
Limits No.of Percen- No. of Percen- No.of Percen- No.of Percen- No, of Tercen
years  tago years  tage  years tage years  tage  years tage

Chingleput South Arcot Tanjore Ramnad Tirunelveli

>410% ;‘?..‘)L 36-9 20 36-3 31 38-7 i 324 27 377

<—10% 30 488 33 413 38 . : I 460

>420% 24F  30-6 24 30-0 23 . 2 . 21  26-4

<—20% 20  36-3 31 387 32 . : 29
>+ o 16  20-0 12 150 12 B . 12
<—o 11 137 17! 10 2:5. { . 11
>+20 2:5 . 2 . ; 5
<=2 - ; a L . : 1
=109 <r<<10% 2- 3 = 17
—209, < r< 209,

—r< >

—2 L2

Limits  for
809, chance 4609 +559%, 4509,
of success

Madurai Tiruchira-  North Arcot Salem Nilgiris
polli

>+10% 26 325 20 363 31 387 & 5 28} 35 35+0
<—10% 29 36 31 387 31 387 5 20 36 413
>+20% 19 23- 19 23-7 23 287 p . 19 . 23-7
<—20% 26- 23 287 20 36-1 . 18 : 31.3
>to 12-¢ 15 18.7 11 13- ; . 14 o 20-0
<—o 17-2 14 17-6 11 . 5 5 9 . 15-0
>4200 3. 2 3 3. . 2 i 2.5
L2 o 1-3 1
—10%<r<10% 25 31-3 20
—20%<r<209%, 38
—o<r< o L 5l

—2o<r<2ao 77

Limits for
809%, chance +40% +459%,
of success
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20 per cent of the occasions are 4 60 pcr
cent. Thus, with a knowledge of past ramn-
fall alone, one would be able to forecast with
an 80 per ceut chance of success that the
northeast monsoon rainfall of Chingleput
will be within - 60 per cent of the normal.
But such * Standard 809, expectation
can scarcely be considered to be of much
practical value as the range between the
two limits is considerable.

Tt is well known that the distribution of
rainfall at a single station is not always
“ pormal ” and is in general skew with the
mode lower than the mean, ie., serious
deficiencies of rainfall are commoner than
they would be if the distribution were normal.
The departure from normality may rot be
sufficiently high in respect of the south-
west monsoon rainfall over the greater part
of the plains of India as shown hy Sanka-
ranarayanan (1933). However, even il the
distribution of rainfall at a single station is
not exactly normal, the distribution of the
mean rainfall over a region tends to nor-
mality as the number of stations in  the
sample is increased. Savur (1937)  has
stressed the utility of the median for
analysing distributions which are not neces-
sarily normal. The median rainfalls in
the different districts and the upper and
Jower limits for the 5%, random chance for
the median given in Table 3 are also shown
in Fig. 3. The significance of the median
rainfalls of the different districts have also
been tested in the manner suggested by Savur
and it confirms the grouping of the districts
already indicated in Section 2.

4. Normality of the distributions

The ratios of the mean deviation to the
standard deviation in respect of the different
districts are given in column 5 of Table 3.
Tt is known (Kendall 1943) that for a norma
distribution this ratio is 4/2/7 == 0-80
(a.pprnthlto]y). As the ratio in respect
of the different districts is of this order it
suggests that the distributions of the north-
east monsoon tainfalls in  the different
Tamilnad districts are not gencrally far
different from the normal frequency distri-
bution. A rigorous test for normality can

.. Tanjore
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Fiz. 3. Dispersion diazram for Northeast Monsoon
Rainfall of Tamilnad

No‘e : Median rainfall indicated by dotted line
and 5% limits by the length of the hatched rectangles

be made following Fisher (1938) by calcula-
ting the two statistics g;, go. The quantity
g, which is caleulated from the third powers
is a measure of asymmetry and g, calculated
from the fourth powers is a measure of
departure from normality. The sampling
variances of these quantities are funetions
depending only on the size of the sample
(n) and are given by the relations—
Variance of g, = 6n(n—1)/(n—2)

(n+1) (n+3), and

24n (n—1)%/(n—3)
(n—2) (n+3) (n+5)

The two measures of departure from nor-
mality and their standard errors have been
caleulated in respect of the different districts
and are given in Table 5. Tt is seen that the
values of ¢, for Madurai and Tirunelveli
are just significant. These indicate that
in these districts moderately dry northeast
monsoons are more frequent than moderately
wet northeast monsoons but very dry
northeast monsoons are less frequent than
very wet ones. All the other g, and g,
are less than twice their standard errors
indicating that the departure from norma-
lity of the distributions are not significant
in the remaining districts,

T . "
Variance of g,
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Fig. 4. Northeast Monsoon

5. Abnorrralities of ranfall

The percentage departures from normal
of the northeast monsoon rainfall in the 81
years 1870 to 1950 are given in Table 2 and
Fig. 4 shows the prominent abnormalities.
In Fig. 4 the years in which the actual rainfall
was in moderate excess (i.e., departure from
normal 425 to 449 per cent) and in large
excess (i.e., departure from normal -+50
per cent and above) and also those in which
it was in moderate defect and large defect
have been indicated distinctively.

It is seen from this figure that in the years
1876, 1892, 1897 and 1938 the rainfall was
in large defect in a number of districts as
well as in the region as a whole. In the years
1878, 1886, 1904, 1909, 1927, 1947 and 1949
rainfall was in large defect in two or more
districts while in the region as a whole it was
in moderate defect. The rainfall was in
large excess in most districts and in the
region as a whole in the years 1884, 1930 and
1946 while in the years 1877, 1880, 1896,
1902, 1903, 1913, 1920, 1922, 1931 and 1940
it was in moderate excess in the region as a
whole with large excess in two or more
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districts. It is seen that the years of
abnormal rainfall do not follow any parti-
cular sequence but are distributed at random.

TABLE 5

Measures of departure from normality and their
standard errors in respect of different districts

District n+S.Efg))  g.48.E.(g,)
Chingleput 419427  —724-58
South Arcot ++29-L.27 —-384--53
Tanjore +-294--27 —-48+-53
Ramnad +-394-27 —-18L-53
Tirunelveli 487427 40553
Madurai +-614--27 -+ 08453
Tiruchirapalli 4027 —+35-L-53
North Arcot + 514 -27 412453
Salem 4344 -27 —26---53
Coimbatore + 47427 +-+424--53
Nilgiris ++35+£-27 —-514.53
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The year with the least rainfall in the region
as a whole was 1876, the worst famine
year known in South India, when the rain-
fall in Tamilnad was in defect by 61 per cent.
The highest percentage defects in any of the
districts in that year was 82 per cent in
Chingleput and 83 in Salem. The yeir with
the highest rainfall was 1834 when the rain-
fall over Tamilnad was 83 per cent in excess
of the normal, the highest percentage excess
in any of the districts being 150 per cent
in South Arcot district. In recent years,
j.e. in the last 25 years, the year with the
Jeast rainfall was 1938 and the year with
the most rainfall was 1946, In the years
1947, 1949 and 1950, the northeast monsoon
rainfall was in moderate defect in the region
as a whole while in 1948 it was only in slight
defect. Wkile there have been years in the
past when the northeast monsoon rainfall
has been more deficient than in any of the
years 1947 to 1950, the period 1947 to 1950
has been noteworthy in that in the 81 years
1870 to 1950, it is a period when the total
deficiency of rainfall (viz., 31 percent) has
been largest that has occurred in any con-
secutive four year period. The only other
consecutive four year period when the
total deficiency of rainfall was equally large
was 1873 to 1876. Tt is thus seen that
1947 to 1950 has been, together with 1873-76,
the worst consecutive four year period in the
last 81 years.

1t is interesting to examine the extreme
abnormalities recorded in the 11 districts
in the 81 year period, in order to get an idea
of the limits within which abnormalities
may be expected to lie. The extreme
abnormalities are given at the bottom of
Table 2. 1t is seen that while the extreme
positive abnormalities range from -+83 to
4.150 per cent, the extreme mnegative
abnormalities range from —59 to —83 per
cent. The maximum possible limit of nega-
tive abnormality is 100 per cent hut it has
actually not gone beyond —83 per cent in
any district in the 81 years. It 1s seen that
the positive abnormality also has in practice
a limit and that it has not exceeded 150
per cent in the 81 vear period. One can,
therefore, draw the conclusion on the basis of
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81 vears records that even in the worst
famine year the rainfall in any district of
Tamilnad does not go below about 1/7th of
the normal and even in the worst flood year,
the rainfall does not exceed 2} times the
normal in any district. In Tamilnad as a
whole the extreme abnormalities have been
—61 per cent and +83 per cent. The rain-
fall of Tamilnad has not, therefore, been
below 1/3rd of the normal or above twice
the normal in the last 81 years.
6. Depressions and eyclonic storms and the Northeast

Monsoon Rainfall

In order to study how far the abnormalities
of the northeast monsoon rainfall in Tamilnad
are related to the occurrence or otherwise
of depressions and cyclonic storms in the
south Bay of Bengal and their movement,
the depression and cyclone tracks published
in the “ Annual Summary ” of the India
Meteorological Department were examined.
Table 6 gives the number of occasions during
the 45 year period 1906—1950 when depres-
sions and cyclonic storms occurred in
October—December in the Bay of Bengal
south of latitude 16°N and within specified
ranges of longitude from the Coromandel
coast which runs nearly along the 80°E
meridian. The number which struck the
Coromandel coast and the number which
passed westwards across Tamilnad into the
Arabian Sea are also shown. The percentage
departures from normal of the northeast
monsoon rainfall in Tamilnad in the different
vears are also shown in the last column of
the table.

It is interesting to note from Table 6 that
large excesses of rainfall occurred during the
years when depressions and cyclonic storms
oceurring in the south Bay of Bengal struck
the Coromandel coast or moved to within
2° longitude of the coast, while large defects
of rainfall occurred during the years when
such depressions and storms were absent
or even when present did not move to within
2° of the Coromandel coast but moved north
or northeast. There were, however, some
rare years when rainfall was in moderate
defect even though some depressions and
storms crossed the Coromandel coast but
it is found that in such years, the depressions
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TABLE 6
Depressions and cyelonie storms in the Bay of Bengal south of latitule 16°N during
October to December 1906-1949

37

Number of depressions or storms in the Bay of Bengal
south of Lat, 16°N and

Tamilnad

rainfall
— -~ —— % de.
Year West of West of West of West of Crossed Passed  parture
Long. Long. Long. Long. coast across to  from
92°E 88°E 84°K 82°K (80°E) Arabian  normal
Sea (Oct-Dec)
(1) (2) (3) (4) (5) (6) (7) (8)
1906 5 b + 2 2 — i3
1907 4 3 3 3 1 — -2
1908 3 3 3 2 2 2 —26
1909 4 1 —_— - — — —45
1910 2 2 | 1 — — — 3
1911 . 2 1 1 1 — — 1
1912 h 2 2 1 1 1 1 19
1913 i 4 3 3 3 1 1 2:
1914 . 3 2 1 1 1 1 27
19156 . 6 5 5 3 3 1 —15
1916 5 4 3 2 1 1 —12
1017 1 1 — - - - —22
1918 + 4 4 2 1 -— 15
1919 4 4 3 2 1 — 23
1920 2 2 2 — - — 33
1921 . 4 4 2 2 2 - —16
1922 . 5 4 4 3 1 1 39
1923 s 3 3 2 - - — —12
1024 . 5 3 1 1 1 — —27
1925 . 2 2 1 1 1 — 2
1926 . 2 2 _ — — — —32
1927 . 2 1 1 1 1 - —33
1928 . 3 3 2 1 1 15
1929 . 3 3 3 2 1 —_ 2
1930 5 4 3 3 2 53
1931 2 1 1 2 2 - 44
1932 4 3 3 1 1 - 23
1933 3 3 2 2 9 — 5
1034 2 2 1 1 1 -- — 5
1935 3 2 2 2 2 -
1936 . 4 3 3 2 1 - —10
1037 s 3 3 2 2 2 1 16
1938 . 2 1 1 1 —— - —57
1939 . 3 3 2 2 2 - 16
1940 2 2 2 2 1 1 41
1941 4 - 4 3 2 2 11
1942 2 1 1 —_ - . —20
1943 4 4 3 3 3 1 7
1944 4 3 3 2 1 1 38
1945 5 5 + 2 - — —10
1946 6 6 6 4 4 3 7

1947 5 3 2 1 - i —43
1948 3 3 2 1 —- — -7
1949 1 1 1 1 — - —43
1950 3 5 b4 - — e —31
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or storms crossed the coast north of the
latitude of Madras (13°N) and caused rain
in the region to the worth and northwest
of Tamilnad. There was one year when
rainfall over Tamilnad was in moderate
excess without a depression or cyclonic
storm striking the Coromandel coast or
coming within 2 degrees of it. It should be
remarked here that while depressions and
cyclonie storms give widespread and locally
heavy rain which may sometimes be con-
centrated over the coastal distriets, low
pressure waves with feeble depressional
circulations which occasionally move from
east to west in the northeast monsoon season
across the south Bay of Bengal and Tamilnad
into the Arabian Sea can cause widespread
moderate to heavy rainfall. If a number of
such active low pressure waves affect Tamil-
nad during the season there can be good
northeast monsoon rains without a depression
or cyclonic storm occurring.

Blanford (1886) has quoted and supported
the view of Eliot that *“ a strong northeast
monsoon on the Madras coast with heavy,
or more or less continuous, rain over the
land, is associated with an absence of eyclones
in Bay *’ and states that ** any partial failure
of the Carnatic Autumnal rains coineides,
in some cases certainly, probably as a rule,
with an increased rainfall on the Bay °
This view would be correct so far as the
northeast monsoon rainfall of Tamiluad
is concerned if every depression or eyclonic
storm which occurred in the south Bay of
Bengal in the period October to December
moved in a direction between northwest
and northeast concentrating rainfall over
the sea area and caused no rain over Tamil-
nad which would then be completely in-
vaded by Tropical Continental air from
North India drawn in the circulation to the
western side of the atmospheric field sur-
rounding the depression or cyclone in the
B&y of Bengal. However, as s=een {rom
Table 6, a vumber of depressions and cyclonic
storms in this season do move west or west-
northwest and strike the Coromandel coast
causing widespread and locally heavy rain,
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There have been quite a few vears, and
Blanford quotes 1876, the worst famine year,
as one of such vears, when well-marked
depressions and cyclonic storms oceurred in
the south Bay of Bengal in Oectober—
December but the northeast monsoon rain-
fall over Tamilnad was deficient. Recent
examples of this are the vears 1923, 1926,
1927, 1938, 1942, 1945, 1947, 1948, 1949
and 1950,  In these years the depressions or
eyclonie storms did not cross the Coromandel
coast and in the years 1923, 1926 and 1942
they did not come closer to the coast than
longitude 84°KE. In October 1949 a severe
cyclone occurred in the Bay of Bengal and
moving northwest struck the Circars coast
at Masulipatam. This did not cause any
rain over Tamilnad. In October 1950 also
a eyclone which oceurred n the southwest
Bay of Bengal moved rapidly northwards
and did not cause any rain over Tamilnad
although it caused very heavy rain over
Nellore and the neighbourhood,

[t appears, therefore, necessary to modify
Eliot and Blanford’s conclusion and to state
that while deficient northeast monsoon rains
oceur over Tamilnad when depressions and
cyclonic storms occurring in the south Bay
of Bengal move in gome northerly direction
and do not strike the Coromandel coast,
copious northeast monsoon rains oecur over
Tamilnad when the depressions or cyelonic
storms move westwards and strike the Coro-
mandel coast. In most of the years when
the northeast monsoon rainfall was above
normal such depressions and cyclonic storms
have struck the coast or come very near the
coast. The uncertainty or variability in the
northeast monsoon rainfall of Tamilnad is the
reflection of the uncertainty or variability in
the occurrence of depressions and cyclonice
storms and what i more important, in
their direction of movement.

The incidence of depressions and cyelonic
storms in the different sections of the south
Bay of Bengal and the percentage departures
from normal of the Tamilnad northeast
monsoon rainfall have been correlated and
the correlation co-eflicients are given below—
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Correlation of the Northeast Monsoon Rainfall of
Tamilnai with number of depressions in the
south Bay of Bengal

Correlation
Co-efficient

(i) West of Longitude 92°E 0-23
(it) West of Longitude 88°E 0-39
(#it) West of Longilude 84°E 0-42
(iv) West of Longitude 8271 054
(r) Which crossed Coromandel coast 0-49
(ri) Which crosazd coast and passed

inte the Arabian Sea 0-33

The values of the correlation co-efficients for
different levels of significance as given by
Fisher (1938) for n = 43 are 0-25 for P =0-1,
0-29 for P = 0-05, 0-34 for P = 0-02 and
0-38 for P = 0:01. All the correlation co-
efficients above are positive and further it is
seen that all except the first are significant
at the 59, level. This indicates clearly the
dependence of the Tamilnad northeast
monsoon rainfall with the oceurrence of de-
pressions and cyclonic storms in the south
Bay of Bengal. The greater influence of
storms which are nearer the coast is a point
worth noting, The drop in the value of the
correlation co-efficient in (v) and (v?) is due
to the localisation as well as reduction in the
rainfall after the depression or storm has
crossed the coast.

7. Regression formula for foreshadowinz Northeast

Monsoon Rainfall

After examining correlation co-efficicuis
between the northesst monscon rainfzll of
southeast Madras and several likely factors,
Dorziswamy Tyer (1941) evolved a regression
formula for forecasting the rainfall from three
factors, wiz.,

(7) South American Pressure during
June to August
(i¢) Bangalore westerly upper winds

between 3 end 5 km in September and

(112) Agra westerly upper winds between
5 and 8 km in September,
with a multiple correlation co-efficient of

0+59.
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This formula was later revised using data
up to 1949 for the same three factors. The
revised multiple correlation co-efficient was
0-61. To examine if the excesses and de-
fects of actual rainfall are accounted for by
this revised formula, the anomalies (viz.,
actual miinus calculated) of rainfall for this
forecast formula have been calculated and
plotted in Fig. 6 for the years 1915 to 1949.
1t is seen that the actual rainfall was much
in excess of the caleulated amount during
the years 1920, 1922 and 1946, the years
in which the rainfall of Tamilnad was in
moderate or large excess and that the cal-
culated values were over-estimations during
the years 1926, 1927 and 1938, when the
actual rainfall was much in defect of the
normal. Thus, it appears that the contri-
butions by the different factors used in the
forecast formula do not satisfactorily account
for the rainfall particularly during the years
of extreme variation. This, as also the
small value of the multiple correlation co-
efficient, stresses the need for search for other
causal factors,

8. Secular variation in rainfall

With a view to examine if the variability i
the rainfall, which is particularly high, is
only due to random variations from year to
vear or is due to any systematic changes,
fifth degree polynomials of time heve been
fitted to the rainfall series.

r=dAfo (1) + 4, f1(8) + A3 f5 (1) +
Ay fs O+A5fy (1) + Agf5 (1)

where fy, f1, fo ete are orthogonal polyno-
niials of time as evolved by Fisher and 4,,
Ay, Ay etec are regression co-efficients of
the 0, 1, 2nd ete polynomial terms. The
significance of the different regression co-
efficients and of the polynomial as a whole
were then tesied to find out how far the
changes indicated by the different degrees
of the curve are really significant. For this
purpose, the varviance contributed by the
different degrees of the curve as well as the
variance accounted for the polynomial as a
whole were compared with the “residual
variance ”’ and their significance tested by
Fisher’s z—test. Fisher and Yates (1943) Table
XXIII has been utilised for this purpose.
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formula for forecasting N. E, Monsoon Rainfall
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As the series considered is 2 long one, to
facilitate easier calculation, it has been
divided into two consisting of the first and
second series of 40 years and the polyvnomial
co-efficients and the variances have been
caleulated in the usual manner for esch of
the two series and the significance tested
as stated above, in the first insteance.  The
statistics for the complete series of 80 years
have heen calculated by combining the above
results by meens of saitable combination
formulae, which are given in Appendix T
for use by interested readers

The square roots of the variances contri-

buted by the Ist, 2nd ete degrees of the
curve, the fifth duvroe‘ |m|\'nnnn'l‘ o# a whole
and the residual variance in the different
series are given in Table 7. It is seen from
Table 7 that there is practically no * Secular
trend ” that could be accounted for by fitting
polynomials for time up to the fifth degree.
However, a few of the co-efficients are signi-
ficant or approaching significence even
though collectively the palynomial is not so.
For example, X for North Arcot for the
period 1870 to 1909 and X for Coimbatore
for the whole period are significont cod a
few of the co-efficients for Chingleput. North
Arcot, Tanjore and Nilgiris though not signi-
ficant are just approaching to be so. It mey,
therefore, be worthwhile to lock into the
cases of these distriets a bit more closely,

Ten-year moving averages of the rain Il~
have been caleulated and shown in l‘w
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These show the actual trend of variation
of the 10-vear averrges and indicate a series
of drier years hetween 1873 and 1879 in some
of the districts and a series of wetter years
between 1882 and 1887 and sgain between
1028 and 1935. It may be mentioned that
the aversge rainfall durirg the years 1947
to 1950 lias also been partie u].AI\ poor in the
constal distriects being about 131 inches as
against a normal of about 25 inches, How-
ever, only o few of the differences between
the general mean and the 10-year moving
averages were found to be significent at the
5%, level ssreverled by the f-test, viz., those
between 1884 and 1887 for Tanjore and
between 1930 and 1934 for Tiruchirapalli.
The aversge roinfalls and the stardard de-
viations in the different districts as well as
in the whole of Tamilnad during the three
periods 1873 to 1879, 1882 to 1887 and 1928
to 1935 ore given in Table 8. Tt is seen from
this table that the rainfall of Chingleput,
South Arcot and Nilgiris have been signi-
ficemtly lower during the period 18 73 to
1879 and the rr.u.f.; of Chingleput and
North Arcot have been sigrificantly higher
during the period 1882 to 1887 and that of
Tiruchirapalli during 1928 to 1935. The
vears 1876—1878 was the period when the
region ond in faet the country as a whole was
in the grip of.a severe femine and the year
1884 was the yeer of high floods.

9. Inter-distriet Correlations

With a view to examine if the rainfells in
the districts are inter-relsted with each other
and in order to group the distriets, into
colerent zones, if possible, correlation co-
efficients between the series of rainfalls have
heen caleulated and given in Table 9. It iz
interesting to note that all the correlation
(:u(fhlwnh are positive, indicating that
the roinfall in the different districts !rou(-raﬂv
vary in the same The 5 per cent
values of the correlation co-efficients for 78
{lmrrx s of freedem from Fisher's Table V-A
12022 ard hence or 1\ correlation co-cefficients
hl;_!]ltt then this cen be taken to be signi-
ficart according to that standard. Tt will
be seen that, on this basis, all correlation
co-eflicients except that between Ramnad
and Coimbatore are significant. According

SENSE,
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TABLE 7

Secular chanzes in the Northeast Monsoon Rainfall in the districts of Tamilnad

Polyno-  Residual

District Period X, Xs X, N; X, wial error
I 3:387 —10-595 —10-539 — 2-473 —22.923 12-385 12,104
Chingleput .. II —8:820 — 3-769 — 5649 —16-507 —I11-144 10-204 10-904
111 7-852 —10-805 — 3:795 — 5-019 11-144 10-432 11-564
1 7-003 — 6:353 —I11:707 1-:078  —19-465 11-026 11-728
South Arcot .. 1I —0-186 — 8-435 — 7-902 — 7408 1-120 7404 0347
LT 7967 —I13-758 — 6-900 — 3-857 — 7:798 8-087 10560
1 — 693 —I17-671 — 3 2501 — 4-012 —I17-170 11-315 0885
Tanjore t I —8-172 —I11:587 — 5:202 — 7-886 <610 7-624 8-823
111 084 —10-286 — 2:733 —I17-459 17-521 12-050 9-861
I 2:870 —10-545 — 1'922 — 1801 — 5-100 5527 6-875
Ramnad RS i | — 621 — 3-432 — 2:956 — 6-862 — 3-254 3-964 H-257
I1I 6-837 — 4-858 1-802 — 8-440 — 8-034 G-478 5047
1 3-578 —10-376 — 956 — 5-455 — 1-766 4009 8-042
Tirunelveli ¥ 11 —5-660 — 1-475 1-320 — 8-142 — 5-212 5065 7-210
111 8-058 — §-347 “T06  — 6-103 8-832 7-077 7413
1 —1-144 — 3-600 1:800 — 625 3-159 2362 5-726
Madurai oo II — 025 — 2-961 — 4090 ‘064 — 2-999 2626 4-877
11I 6-022 — -380 — 2-790 — 6-154 3-589 4-358 5-128
I —3:420 — 3864 — 2-102 354 — 5-627 3-513 5-230
Tiruchirapalli .. 1II 2-208 — 5-809 — 5647 — 2-324 060 3-922 5-238
11t 7018 2:013 — 4-987 — 7-953 — 1-418 5356 5-108
1 —5-013 — 7-561 — 5:916 — -037 —17-427 9-175 7-060
North Arcot .. 1T — 453 526 —10-261 1-443 — 1-827 4-716 5-994
111 +515 1-881 — 350 — 6-332 5-0565 3730 G-765
I —1-827 — 4:677 623 — M9 — 4-307 2-008 4-582
Salem . 11 +576 3:254 — 4300 — 1-007 — 1-780 2-622 4-725
I 5766 1-394 926 — 3-018 3-184 3-326 4-574
I 1756 — 3-761 2-805 — -683 — 5-508 3-359 4-357
Coimbatore .e 11 3709 — 1034 — 1-111 — 2:785 — 6-001 3-459 4-537
11T 5-853 491 660 — 5-712 —13-692 7140 4-172
I —3-068 — 1-051 4-504 — 4:427 — 7-216 4-665 6-916
Nilgiris . IT 1-173 3-235 -053 ‘934 — 5-153 2-802 5-798
11T — -3 3906 1283 — 1-202 10-699 5-157 6-135

1—1870-1909,

to Walker’s criteria, as extended by Savur
and Gopala Rao (1932}, for a set of 55 correla-
tion co-efficients, the 5 per cent random value
for the highest correlation co-efficient is
038 and on this basis, it is found that all
except three correlation co-efficients are
significant. Before placing any reliance on
the correlation co-efficients, it is necessary to
see whether traces of slow changes ohserved
in the previous section have any part to

11--1910-1949, HI—1870-1949

play on these correlation co-efficients. The
correlation co-efficients after removing the
effect of the slow changes are given in Table
10, For n -=73, the 5 per cent value of the
correlation co-efficient from Table V-A of
Fisher is 0-23 and on the basis ¢f Walker’s
criteria, the 5 percent random vazlue for the
highest correlation co-efficient is 0-37. It
can be seen that the order of the correlation
co-efficients in the Tables 9 and 10 are not
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TABLE 8

Average rainfa'l and the standard deviations for three periods

1573 to 1879

1882 to 1887

1928 to 1938

District By ey ey
Mean Standard  Mean Standard  Mean Standard
deviation deviation deviation
'—Chi],g](.p;.t 1634 824 34-95 13- 62 2878 7-27
Sonth Arcot 15773 6-74 20-79 I8-14 20-34 530
Tanjore ap.22 §-42 33-56 18-01 3200 7-57
Ramnad 14-07 914 2031 4-85 19-80 4-42
Tirnnelveli 1539 1026 1060 G-82 18-53 3-82
Madurai 1434 0-26 16-24 6-55 18-01 £-10
Tiruchirapalli 12:45 557 17-07 G-14 1984 3-00
North Arcot 10-01 417 2129 050 17-88 H-060
Salem 9-27 4-42 14:13 1-33 14-21 9-44
Coimbatore 912 4-38 1433 4-63 14-§1 474
Nilgiris 916 G-24 22514 684 21-24 G-22
T Tamiined 14-16 6-27 22401 780 21.27 417
Note—Means which are significant from the general means for 5%, level are underlined
TABLE 9
Inter-correlation between Octobar to December rainfall in tFe eleven distriets of Tami'nad
— g ) P
] ) £ S
District : = E Z . 3
= E £ e £ B o
- ] = = B S - i
= = = = B z 7 &)
South Arcot 085
Tanjore 0-71 0-86
Ramnad 0-6i4 0-61 0-72
Tirunelveli 53 0-6b 0:53 039
Madurai 0:78 057 0-57 L 0-66
Tiruchirapalli ¢:78 071 030 070 049 07
North Arcot 085 057 b6z b33 U3 bed 0-74
Salem 067 0 o4 048 53 0-31 0-63 0-70 0-51
Coimbatore 0-62 ok 093 0-05 0-47 030 0-78 0-61 0:76
Nilgiris 0-59 [LRLL] 0-59 0160 051 - 60 072 0-G1 0-63 0-77

Note—C.C s. which are insignificant are underlined
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TABLE 10

Inter-correlation between October to December rainfall in the e’even districts of Tamilnad
after removal of secular changes

y B . R i
District B, & o 3 E - E - g
o @ = & & = (= Z % 5
South Arcot 0-86
Tanjore ©0-72 0:91
Ramnad 0-67 061 0-77
Tirunelveli 0-51 0-67 0-83 0-83
Madurai 0-79 0-59 0-56 0:76 0-65
Tirunhirapalli 0-76 0-73 0-83 0-71 0-50 0-72
North Arcot 0-86 0-80 0-62 0-57 ('_i_3€‘3 0-53 0-75
Salem 063 0-56 0-48 0-565 0_13? 0-62 0-80 0-81
Coimbatore 0-72 0-58 0-65 —0-05 0-55 0-89 0-82 0-69 0-81
Nilgiris 0-61 0-65 0-60 0-68 0:55 0-71 077 0-61 0-64 0-93

Nofe—C. Cs. which are insignificant are underlined

differert, indicating that the slow changes
indicated by some of the districts have no
significent effect on their inter-relation ard
that the relationships indicated by the
correlation co-efficients arise out of varie-
tiens in rainfall in the different years. It
may be seen that the interior districts of
North Arcot, Balem and Coimbatore form
a group, whose rainfall is not related with
that of the south coastal districts. Except
for this deviation, the region forms a fairly
homogeneous unit where the rhythm and
incidence of the northeast monsoon rainfall
in the different parts are generally maintain-
ed. Thus, the whole of Tamilnad can be con-
sidered to be a fairly coherent region.
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APPENDIX 1

If a complete series of 2n terms s divided into twi component series of n terms each,
then the distribution constants and the variances contributed by the Ist, 2nd ete
degrees of the curves for the complete series are expressible in an elegant form in terms
of the distribution constants and variances of the component series. In the following,
a, @’ and A are the distribution constants in the first, second » terms and in the complete
series of 2n terms (corresponding to a’ ete in Fisher's notation) and 2%, z'? and X?* are
variances contributed by the different degrees of the curve in the first, second and complete
series, then

A,=2" (@ 4a")

A"Igzg_l(g”—i—!)'l{(rz +1) (ay—a'y) - na, ra’l)}

27 ALY {{”4‘ (gt-a’y) -Bildy ""'2)}

o, | i . |
5 1]“', +3) (- 2) (a4 3) (g4 a'y) — In (04 2) (43— a’y) - 3n®
(o1 ' 5) = n(n—1)(a, rl'l)}
(n+3) (n+4) (a5 + a'5)—Tn(n + 3)(a;—a'y) + 100*(az-+}-a’y)

+2n(n—2)(a,—a ,)}

2 (20 4 )77 @ 4 37 @0+ 5) "{{»-i 3)(n-+ 4) (n--5) (a0’ )-9n(n+3) (n-+4)

tag—'s) F 200 (0§ 3) (a; + ') - Do (2 + D) (g —a'y) — 6n*(n —2) m.ﬁalz)
—2n(n—1) (n—2) (a,— &’

1 l)f
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