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SOME CHARACTERISTICS OF THE AVERAGE MONSOON RAINFALL
ALONG THE COASTS OF INDIA AND BURMA®

by
. M. Gangopadhyaya P.S. Sreenivasan and R. Venkataraman
Agricultural Meteorology Division,
Meteorological Department,
India.

Abstract: The rainfall during the southwest monsoon season

of India and its neighbourhood is not uniformly distributed over
the various stations along the coasts nor uniform throughout
the season. With a view to study whether the pulsatory char-
acter is reflected on the average, a detailed study of the five-
day normal rainfall is made for the stations located on the
east and west coasts of India and the Burma coast.

From a preliminary study of the rainfall intensity and dis-
tribution, it is found that the stations can be classified broadly
into six groups with sub-groups in some of them. The groups
and sub-groups are:-

1(i) Tenasserim Coast, (ii) Arakan Coast; 2(i) Deltaic
Burma Coast, (ii) Bengal and East Pakistan Coast;
3. Orissa Coast; 4(i) East Coast (North), (ii) East Coast
(South); 5(i) West Coast (South), (ii) West Coast (North);
6. Kathiwar and West Pakistan Coast.

The characteristics of the rainfall at the representative
stations of these groups, as brought out by fitting orthogonal
polynomials of the fifth degree, are discussed in the light of
average synoptic climatology and topography.

1 INTRODUCTION

Among the countries in South-East Asia the annual rainfall pattern of India, East .
Pakistan and Burma is almost solely dependent on the activity of the southwest monsoon. It
is well known that the onset of the southwest monsoon does not take place simultaneously all
over these three countries. It has a marked south to north time sequence. The withdrawal of
the monsoon from these areas also occurs gradually, starting from the extreme northern parts
first. Figure 1 shows the normal (based on the average of about 40 years' data) dates of onset
(India Meteorological Dept., 1943) and the duration of the southwest monsoon in the various
parts of the region under study.

It is well known that the northward march of the monsoon is often accompanied by
cyclonic storms or depressions which form in the central parts of the Bay of Bengal or Arabian
Sea and move in any direction between northwest to northeast. It is also a common experience
that ''the average monsoon of climatology in any particular month is a complex composite of
many different kinds of weather situations. The average monsoon is continuously subject to
perturbations and many of these perturbations are induced by causes originating outside the
closed system' (Ramanathan 1958). This makes the activity of the southwest monsoon pulsat-
ory in character. The periods of greater activity are generally associated with disturbances
that form in the northern parts of the Bay of Bengal and move between west and north-west.
The pulsatory nature has also been attributed to the passage of easterly jet streams
(Koteswaram 1958) across the central parts of the Bay of Bengal, Peninsular India and the

* Presented at the Symposium on Monsoon Meteorology, TENTH PACIFIC SCIENCE
CONGRESS, Honolulu, September 1961 (see page 22 ).
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Arabian Sea. From the middle of June to August these:disturbances usually form in the north
Bay of Bengal off the Orissa-Bengal coast. They are less violent but more frequent and
effective in.producing rain. In September, however, the region where these depressions gener-
ally originate is more widely spread out than in June, July or August. During the retreating
phase of the southwest monsoon in October, one or two severe cyclonic storms form in the

central parts of the Bay of Bengal or the Arabian Sea which behave more or less like those of
the premonsoon period mentioned earlier.

A reference to the topography shown in Fig. 1 will show that besides the effect of the
synoptic disturbances mentioned above monsoon rain along the west coast of India and the
Burma coast is greatly influenced by orography, whereas the Deltaic Burma, the East Pakistan,
Bengal and Orissa coasts do not have any such marked orographic influence. The mechanism
of the monsoon rainfall is, therefore, different in various coasts of India and its neighbourhood.
The pattern of the average rainfall along these coasts is also likely to be different. In this
paper an attempt has been made to study a few of the climatological characteristics of the
normal rainfall of the southwest monsoon season along the coasts of India and its neighbour-
hood.

2. DATA

The stations considered in this study are listed in Table 2. Their locations are
shown in Fig. 1. Marmagoa and Pamban have been excluded from this study as the data of the
former do not fit (Sreenivasan and Nayar) in with any of the neighbouring stations and the
latter is shielded from the open sea. Five-day accumulated normal rainfall figures (based on
about 40 years' data) have been published by the Indian Meteorological Department (1931).
From these published data the normal values for each of the five-day periods for the entire
monsoon season for these stations have been calculated by subtracting the accumulated five-
day normal value of the successive five-day periods. The last period of a 31-day month, con-
sists of 6 days. The normal rainfall for such six-day periods have been weighted down to a
five-day period. The five-day normal values so obtained are shown diagramatically in figures
2 to 6. Except the stations in the deltaic regions of West Bengal, East Pakistan and Burma the
five-day normal rainfall figures have been plotted in figures 2, 5 and 6 with the timeé (shown in
units of 5-day periods) along the X-axis and the rainfall superimposed on latitude of the stations
along the Y - axis. As the latitudinal variation of the stations in the two deltaic regions referred
to above is negligible, the rainfall superimposed on longitude is shown in figures 3 and 4 along
the Y-axis.

The total number of depressions and storms that crossed coast during the respective
five-day periods during 1926-55 have been compiled and tabulated from the Annual Summary
of Indian Weather Review - Part C (1926-1955). These are shown in Table 1. In the prepara-
tion of this frequency table also, the values for the periods of six-days duration in 31-day
months have 'been weighted down to five-day ones and rounded off to the nearest integer.

3. ANALYSIS

In order to see if, based on some very broad features of the southwest monsoon rain-
fall, it is possible to classify the stations under study into some distinct groups, the following
were calculated for each station:~

(i) After dividing the entire southwest monsoon season into three equal parts, the daily
average rainfall for each of the thirds taken separately and also of the monsoon season taken
as a whole.

(i) The accumulated rainfall of each third, expressed as percentage of the total rainfall
of the entire southwest monsoon season.

The values so obtained along with the duration of the southwest monsoon season in
units of f1ve -day periods are shown in Table 2.
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Table 1. Storms and depressions during the period 1926 to 1955 (30 years)

Month 5-day No. of storms No. of storms/depressions' Striking the
Periods or depressions striking the East Coast Burma Coast
striking Head '
Bay Coast : Between Between
15° & 20° 10° & 15°
lat, lat,

1 2 1 0 0
2 5 0 0 0
June 3 3 0 0 0
4 3 3 0 0
5 2 0 0 0
6 9 1 0 0
1 8 1 0 0
2 -6 T 3 0 0
July 3 7 1 0 o
4 8 0 0 0
5 12 3 0 0
6 9 0 0 0
1 10 2 0 0
2 8 0 0 0
August 3 7 1 0 0
4 9 0 0 0
5 7 1 0 0
6 4 3 0 0
1 6 4 0 0
2 7 3 0 0
September 3 6 1 0 0
4 1 4 0 0
5 7 4 0 0
6 5 6 0 1
1 6 3 0 1
2 0 4 1 1
October 3 4 2 0 0
4 1 5 2 2
5 4 3 2 0
6 3 2 0 0

With a view to study the effect of synoptic disturbances in causing fluctuations.in the
normal rainfall curves, the frequency of such disturbances crossing the different coasts during
each of the same five-day periods for which normal rainfall has been calculated, is worked
out (Table 1).

The rainfall of each station was further analysed by fitting orthogonal polynomials of
the fifth degree for studying in greater detail the important features of the individual stations
in each group and also among the groups. The constants of the polynomials are given in
Table 3. These constants bring out the general characteristics of the rainfall distribution,
while the diag.rams showing five-day normals bring out the fluctuations from the general trend.
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The mean square due to various components of the polynomial and the residual mean square
after fitting the polynomial, were calculated for each station. For purposes of comparison,

the residual mean square has also been expressed as percentage of total mean square. These
values are shown in Table 4. The mean squares due to the various components of the poly-
nomial have been tested against the respective residual mean squares and indicated by asterisks.

Table 2. The duration of monsoon and the rainfall during
the various phases

Name of station No. of Rainfall during the phase Average rain
5-day First 1/3 Middle 1/3 Last 1/3 per day during
periods | Inches [Per- | Inches| Per- Inches| Per- the entire

per cent per cent per | cent monsoon.
day day day
1(i) Tenasserim Coast
Victoria Point 37 0.743 (32) 0.896 (38) 0.719 (30) 0. 786
Mergui 36 0.760 (32) 0.978 (41) . 0.631 (27) 0. 786
Tavoy 35 1.098 (33) 1.557 (46) 0.717 (21) 1. 124
Moulmein 33 1.066 (33) 1.472 (46) 0.646 (20) 1. 061
(ii) Arakan Coast
Kyaukpyu . 29 1.317 (39) 1.404 (41) 0.677 (20) 1.133
Akyab 28 1.478 (38) 1.693 (44) 0.715 (18) 1.295
Cox's Bazar 28 0.977 (38) 1.049 (40) 0.576 (22) 0. 867

2(i) Deltaic Burma Coast’ ‘

Rangoon 31 0.630 (37) 0.672 (39) 0.419 (24) 0. 574
Bassein 31 0.689 (36) 0.784 (41) 0.423 (22) 0. 632
Diamond Island 31 0.728 (36) 0. 790 (40) 0.479 (24) 0. 666

(ii) Bengal & East Pakistan Coast

Chittagong . 28 0. 667 (39) 0.677 (39) 0.384 (22) 0.576
Barisal © 25 0.537 (38) 0.475 (34) 0.384 (28) 0. 465
Calcutta 23 0.419 (37) 0.407 (35) 0.321 (28) 0. 382
Saugor Island 23 0.423 (34) 0.487 (39) 0.346 (28) 0. 419
3. Qrissa Coast

Balasore 22 0.374 (33)  0.398 (35) 0.376 (33) 0. 383
Cuttack 21 0.395 (33) 0.429 (36) 0.368 (31) 0. 397
Puri 22 0.312 (31) 0.372 (37) 0.325 (32) 0.336
4. (i) East Coast (North)

Gopalpur 26 0.225 (31) 0.236 (32) 0.270 (37) 0. 244
_ Calingapattnam 26 0.171 (24) 0.260 (37) 0.277 (39) 0.236
Vishakhapatnam 30 0.156 (27) 0.188 (33) 0.224 (39) 0. 189
Masulipatnam 33 0.179 (27) 0.217 (33) 0.255 (39) 0.217
(ii) East Coast (South)

Nellore 36 0.066 (13) 0.131 (25) 0.321 (62) 0.173
Madras 38 0.096 (14) 0.158 (23) 0.426 (63) 0.227
Cuddalore 38 0.076 (11) 0.181 (26) 0.424 (62) 0.228
Nagapattanam 38 0.052 (8) 0.121 (19) 0.462 (73) 0.212
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Name of station No. of Rainfall during the phase Average rx
5-day First 1/3 Middle 1/3 Last 1/3 per day during
periodd Inches| Per- Inches| Per-| Inchkes| Per- the entire

per cent per cent per cent monsoon.
day day day

5(i) West Coast (South)

Trivandrum 35 0.369 (47) 0.141 (18) 0.283 (36) 0. 264
Cochin 33 0.864 (53) 0.397 (24) 0.373 (23) 0. 545
Kozhikode 33 1.068 (59) 0.465 (25) 0.291 (16) 0. 608
(ii) West Coast (North).

Mangalore 27 1.266 (52) 0. 840 (35) 0.314 (13) 0. 807
Karwar 25 1.281 (48) 0.953 (36) ' 0.443 (17) 0. 892
Ratnagiri 24 1.018 (44) 0.853 (37) 0.438 (19) 0. 736
Bombay 22 0.687 (42) 0.604 (37) 0.356 (22) 0. 549
Surat 20 0.499 (46) 0.401 (37) 0.191 (18) 0. 364

6. Kathiwar & West Pakistan (Coast)

Veraval 20 0.177 (36) 0.210 (42) 0.108 (22) 0. 165
Dwaraka 16 0.211 (49) 0.125 (29) 0.094 (22) 0. 143
Karachi 9 0.107 (39) 0.097 (35) 0.073 (26) 0. 092

Table 3. Coefficients of the orthogonal polynomials for rainfall in cents

Name of station lst degree 2nd degree 3rd degree 4th degree 5th degree
1(i) Tenasserim Coast
Victoria Point -0.971 -0. 787 +0. 1119 -0. 0000 -0. 0019
Mergui -2.793 -2.337 +0. 0001 -0..0035 +0. 0003
Tavoy -9.513 -2.356 +0. 0447 +0. 0011 -0. 0002
Moulmein_ -9.921 -0.760 +0. 0955 +0. 0070 +0. 0010
(ii) Arakan Coast
Kyaukpyu -6.588 -2.434 +0. 2445 +0. 0181 +0. 0023
Akyab -13.572 -1.220 +0. 9576 +0. 0070 +0. 0030
Cox's Bazar -11. 435 -1.479 +0. 0927 +0. 0055 +0. 0018
2(i) Deltaic Burma Coast
Rangoon -3. 659 -0. 809 +0. 0041 +0. 0070 +0. 0010
Bassein -4.902 -1.122 -0. 0464 -0. 0106 -0.0208
Diamond Island -5.189 -1. 084 +0. 0372 -0. 0382 +0. 0049
(ii) Bengal & East Fakistan Coast
Chittagong -4. 042 -0.953 +0. 0626 -0. 0049 +0. 0013
Barisal -4, 681 -0.445 +0. 0516 -0. 0265 +0. 0087
Calcutta -3.927 -0.262 -0. 1697 -0. 0102 +0. 0827
Saugor Island -2.979 -0.498 +0. 0139 -0. 0002 +0. 0123
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Table 3 (Contd)

Name of station - l1st degree 2nd degree 3rd degree 4th degree | 5th degree

3. Origsa Coast . )
Balasore -1.931 -0, 092 -0. 037:7 : -0. 0001 +0. 0022

Cuttack - ~3.835 -0. 487 -0. 0184 +0. 0092 +0. 0200

Puri -1.023 -0. 540 +=0..0039 +0. 0037 +0. 0026

4(i) East Coast (North) ‘ _ . . ‘
Gopalpur +0.816 +0. 047 +0. 0207 +0. 0029 - +0.0136

Calingapattnam +1.492 - -0.128 +0. 0086 - +0.0005 - -0. 0056
Vishakhapatnam +0.908 +0. 062 -0. 0051 +0. 0004 +0. 0003
Masulipatnam +1. 896 -0. 001 +0. 0465 - -0.0017 - --0.0022

(ii) East Coast (South) .
Nellore +2. 657 +0. 054 . -0.0009  -0.0060 °  -0.0001

Madras +3.018 +0. 234 -0. 0313 -0. 0300 . -0. 0020
Cuddalore +3. 343 +0. 190 ~ -0.0348 -0.0309 -0. 0023

Nagapattanam +3.996 +0. 671 : -0. 0031 -0. 0280 -0. 0027

5(i) West Coast (South) _ N
Trivandrum -2.233 +0. 536 -0. 0237 -0.0011 -~ -0. 0006

Cochin -11. 020 +0. 211 © +0. 0729 - -0.0115 +0. 0007

Kozhikode -17.409 +0. 194 +0. 2599 -0. 0123 -0. 0010

(ii) West Codst (North) _ . :
Mangalore -25.011 -0.115 +0. 7680 -0. 0055 +0. 0020

Karwar -25.634 -0. 692 +0. 1714 -0. 0177 -0. 0045
Ratnagiri -8. 859 -0.392 +0. 0476 -0.1395 . -0. 0001
Bombay -5.772 -1. 541 +0. 7511 -0. 0479 -0. 0104

Surat -3.707 -0. 722 +0. 0902 -0. 0020 - -0. 0058

6. Kathiwar & West Pakistan Coast _ _ ,
Veraval~ -1.986 -0. 107 -0. 0103 40,0173  ° -0.0053

Dwaraka -2. 059 -0.337 ° +0.0762 -0. 0909 -0. 0807
4. DISCUSSION

‘ (a) Classification

From an examination of the information contained in Table 2, the stations on the
various coasts may be divided into the following categories:--

Group 1

Stations on the Burma and Arakan coast'get the highest rainfall in the middle third
and least rainfall in the last third. These stations can again be divided into sub-groups, viz.,
(i) Those on-the Tenasserim coast where the monsoon season lasts for a period of 33 to 37
five-day periods and the average daily rainfall lies between 0. 80 to 1. 10 inches and (ii) those
on the Arakan coast where the duration of the monsoon is only. about 28 five-day periods but
the average daily rainfall varies from about 0. 90 to 1. 30 mchee
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