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bursts across the equatorial belt (over which the ascensional movement. hence

almost entirely ceases) and is continued northward over the Indian Seas. The

air movement of the southeast trades is much vaster and deeper than that of

the previous local air movement in the Indian Seas. This rapid advance of

the air movement of the southeast trades into the Indian Seas hence changes

yery considerably the air movement in the Bay of Bengal. It replaces the

local unsteady and shallow air movement by a general large and deep current,

which brings up moisture from a sea area of upwards of ten times the extent

of the Indian Seas. There is hence a very large and radical change in the

character of the winds and weather in the Bay in the month of June. It is

then that what should be called the southwest monsoon proper is really initia-

ted and from which it dates."

2.2 In a lecture on "The Southwest Monsoon" delivered before the Royal

Meteorological Society Simpson (1921) has stated that "The monsoon is not the

simple result of a single physical condition. It is produced by a combina-

tion of circumstances, involving consideration of temperature, pressure, humi-

dity, geographical relationships between land and sea, the rotation of the

earth, and lastly, but probably the most important, the distribution of moun-

tain ranges." The main causes of the monsoon in India according to him are:-

"(a) The primary cause of the monsoon is the difference of temperature over

land and sea.

(b) The relatively high temperature over the land in the northern hemisphere

during the summer tends to lower the pressure there.

(c) As the pressure falls over the land air motion results. The air motion

is acted on by the rotation of the earth, it also modifies the original tem-

perature distribution, which again modifies the original pressure. The result

of all these interactions, each of which affects the others, is a closed low

pressure system over the whole of Asia and North Africa, with the lowest pres-

sure in the northwest of India. The pressure distribution in this final

system bears no close relationship to the actual temperature in its different

parts.

(d) The air over the north of Indian Ocean (including the Arabian Sea and the

Bay of Bengal) takes part in the general motion set up by this huge pressure

system. As this ocean is situated in the southern quadrant of the system the

air motion over it is from the southwest.

(e)As the pressure fallo over the land in the sure rises over the ocean in the southern hemisphere. The resul

affected by the earth's rotation and the distribution of land in the southern

hemisphere, modifies the pressure system in the south of the Indian Ocean.

(f) The air in the south of the Indian Ocean moves, under the influence of

this pressure distribution and of the rotation of the earth, towards the north

west as far as the equator.

(g) At the equator the air from the south is caught up in the circulation

around the low pressure system in the northern hemisphere, and moves towards

the northeast.

(h) The southwest air motion over the north of the Indian Ocean is therefore

a continuation of the southeast air moticn over the south of the Ocean,

(i) In consequence the air which reaches the Indian area has travelled for

4000 miles over the ocean, and is therefore highly charged with aqueous vapour

(j) The southwest air current over the north of the Indian Ocean, which is

impelled forward by forces extending over the whole region of its motion, is

directed towards the high mountains of India, which are so arranged as to

form a barrier to the north and to the east. The air is caught in a kind of

trap, out of which there is no escape except by rising.

(k) The consequence of the forced ascensional motion is heavy rain over the 

Indian area.

(1) The actual distribution of the rain is determined by the ranges of moun-

tains in and around India. The sides of mountains which directly meet the cur 

rents have heavy rainfall, while the regions behind the mountains are relativ

dry.

(m) The dry region in the northwest of India is due to the arrangement of 1 

neighbouring mountains, which prevents a large inflow of moist air into this

region. A dry upper wind and the high temperature also help in preventing

precipitation."

2.3 In the Introduction to "Weather in the Indian Ocean" published by the 

British Meteorological Office (1942) the conditions leading to the onset and

establishment of the southwest monsoon over India have been described as

follows:

"April and May: Pressure is becoming low in the Indian region, and the nor-

thern Indian Oceanis now subject to intermittent surges of southwest monsoon



air, which are derived from incursions of the southeast trades northwards

across the equator, more especially into the southwestern Arabian Sea and the

southern Bay of Bengal, where there are also occasional periods of relative

calm. The northeast monsoon is correspondingly in retreat, but tends to re-

main in occupation of the eastern Arabian Sea and thus bars the southwest mon-

soon from the west coast of India. Even when the southwest wind does begin to

reach across the Arabian Sea its first advent brings little rain to western

India because of the lack of depth of the air stream and its trajectory over

eastern Africa. During May air from the southern hemisphere eventually pene-

trates in the lower levels as far as northern India and southern Arabia, where

the seasonal monsoonal low pressure area is now situated, and the ITF is thus

carried to those regions (and across the south China sea) but it may not be

active over the whole of its length. From the point of view of rainfall,

however, which appears to require the southerly air stream to exceed about

2 km in thickness (at least for northeastern India) the southwest monsoon will

only be commencing its advance up the Indian Peninsula, although to the east

it will usually have reached the central Bay of Bengal and Burma. On the west

coast of India the onset or burst of the rainbearing monsoon winds (usually

towards the end of May) is preceded by large clouds advancing daily over the

mountains about noon in a westerly direction against the surface wind, being

carried by the remnants of the northeast monsoon circulation persisting aloft."

"June: The southwest monsoon air is derived from the southeast trades of the

southern hemisphere where the subtropical anticyclones have increased in inten-

sity and are now more north, their centres moving eastwards at about latitude

30°S. Pressure over southern Africa and Australia has become high, while the

seasonal monsoonal low is now present to the northwest of India. The resul-

ting equatorial monsoon air stream has a depth of about 6 km over a conside-

rable part of India and the adjoining seas, the high humidity extending to the

upper levels."

2.4 Roy (1946) applied the air mass method of analysing synoptic weather

charts and described the conditions associated with the onset of the southwest

monsoon as an advance of the equatorial maritime air from the south to north.

According to him, "the field of the Equatorial Maritime (Em) air is restricted

to below Lat 5°N in April, extends to the south and east Bay of Bengal and

Tenasserim by mid-May, and advances into the southeast Arabian Sea, extreme

south or the Peninsula, the north Bay, central and north Burma and Assam by 

the end of the month The advance of the cold maritime air

over warmer land or sea surface creates instability in the lower layers and this

together with the marked latent instability which exists in the atmosphere as

a result of the lower moist air being overrun by dry continental air with large

lapse rate, leads to the development mainly of Cu and Cb clouds, showers,

thunder-storms and squalls which are more frequent over land in the afternoons.

A marked fall of day temperature, especially at high level stations with a 

little or no change in night temperature, passing low clouds during day and

showery weather with thunderstorms in. the afternoon and evening indicate the

first advance inland of this air mass."

2.5 Malurker in his "Notes on Analysis of Weather of India and neighbour-

hood" (1950) has concluded that monsoon 'pulses' or low pressure areas carry-

ing fresh monsoon or maritime air travelling south of the equator in a westerly

or westnorthwesterly direction get deflected northward across the equator, if

at that epoch a high pressure ridge interposes across its westward path and

if the pressure south of the pulse also increases. He has stated that "The

advent of southwest monsoon depends on the passage at discrete intervals of the

fresh monsoon air across the equator. In some years, the first pulse may cross

into the north Indian Ocean earlier than usual. The successive passages may

also be maintained. Then the country has an early monsoon. It is a matter

of considerable interest to detect this synoptically. The fresh monsoon air

can be made easily unstable and would show itself by large number of thunder-

storms in the Peninsula The formation and travel of depression in

the Bay of Bengal or Arabian Sea would indicate the earlier incursion of equa-

torial maritime (Em) air north of the equator if westward

moving depressions form earlier in the Bay of Bengal or the Arabian Sea, Em 

must have crossed the equator earlier than usual. If the thunderstorm acti-

vity in the Peninsula is not below normal thereafter, it shows that the incur-

sion of Em has been maintained. It is possible that no depressions form but

only there is great activity of Peninsular thunderstorms, from an earlier date

than usual and is maintained thereafter. In 'both the cases an early advent

of monsoon can be expected."

2.6 From the analysis of the 500 mb upper air charts for May and June 1946,

Yin (l949) found that the burst of the southwest monsoon was associated with



certain large scale circulation changes over the northern hemisphere. His

main findings a r e : —

(i) "(a) The burst of the monsoon occurs as a mean low-latitude upper-air

trough is displaced rapidly from one steady position near 90°E to another

relatively steady position near 80°E.

(b) One factor that sets the low-latitude trough in motion is the north-

ward displacement of a low-latitude westerly jet. As this jet begins

to circle the Himalayas to their north rather than to their south, an oro-

graphically imposed phase shift of low-latitude mean trough and ridge

positions necessarily follows.

(c) The northward displacement of the low-latitude jet correlates in

time with a general rearrangement of the northern hemisphere long-wave

pattern that results in a replacement of a mean ridge by a mean trough

over central Siberia. A Polar trough then extends all the way from

'Siberia to the Tropics".

(ii) "The combination of these two factors — collapse of the southern jet and

the rapid westward displacement of the low-latitude trough — when super-

posed on the pressure gradient resulting from the large scale differen-

tial heating, results in the observed violent advance northward of the

equatorial convergence zone. Thus a temporary northward displacement

of the westerlies would produce only a temporary advance of the monsoon

followed by a retreat if the westerlies returned to their original lati-

tude".

2.7 Riehl (1954) quoting the analysis of Yin, identified the forward edge

of the monsoon with the equatorial shear line which could be located with

greatest accuracy at 700 mb.

2.8 Yen, Dao and Li (1959) studied the change of circulation from winter

to summer utilising the data over Asia for five years and have reproduced a 

series of charts for 1956. They found that in the last five days of May 1956

the southern branch of strong upper westerlies suddenly disappeared and eas-

terlies advanced to the southern rim of the Himalayas. At the same time the

southwest monsoon rushed northward. According to them the coincidence of the

time of disappearance or retreat of the southern jet and that of the outburst

of the southwest monsoon is not peculiar to 1956 and 1946 (studied by Yin) but

is common to all the five years of their study. Hence they concluded that 

"with the onset or the summer upper air circulation the outburst of the south-

west monsoon occurs over India". Similar results have also been reported by 

Staff Members of Institute of Geophysics and Meteorology, Acadamica Sinica (1957) 

Murakami (1958) and Dao Shih Yen and Chen Hung Shun (1957).

2.9 Ramaswamy (1965) studied the upper air conditions over Asia during 

years of early and late onsets of the monsoon. He has pointed out that

westerly jet stream plays an important role in advancing or delaying the onset 

of the monsoon over India by its meandering to the north and the south of the 

Himalayas. He prepared diagrams representing the mean conditions, at

level associated with unusually early onset of the monsoon in 1956 and

late onset in 1957 and found striking differences. The major different

the patterns were summarised by him as follows:-

(i) Early onset of monsoon.

(a) There is a well-marked anticyclone extending from Northeast Africa, to 

West Pakistan and Northwest India with a closed anticyclonic cell over 

south-west Pakistan and the adjoining parts of Iran.

(b) The westerly jet lies to the north of the Himalayas near Lat 40°N

with the anticyclone referred to in (a) above, to its south.

(c) A long wave-trough runs from NNE to SSW over U.S.S.R. and from tlere to 

over the Black Sea and Adriatic Sea. Another similar long-wave though

runs with its axis roughly between Long 110° and 120°E.

(ii) Late onset of monsoon.

(a) The anticyclone over northeast Africa extends only upto Saudi Arabia.'

The closed anticyclonic cell seen over Southwest Pakistan and the adjoin-

ing areas seen in the case of early onset is completely absent.

(b) A trough is seen over northeast India with its axis near 80°E.

(c) The westerly stream is split, one branch flowing to the north of the

Himalayas and the other to the south of the mountain range as we normally

see in the pre-monsoon period. Observations at higher levels also show

that, in the southern branch, wind speeds reached jet intensity. During

the period 14-18 June, Peshawar winds were WSW/WNW 60 to 75 knots while

New Delhi winds were W/NW 35/45 knots below 12,0 kms. In contrast to

this, New Delhi winds were N/NE 5/12 knots during the same period at the

same levels in June 1956.

From this he concludes that the mean conditions in the year of late onset



represents a pre-monsoon type of flow-pattern in the middle troposphere and by

inference, also in the upper troposphere.

Flohv (1960) put forword the hypothesis that the seasonal warming of

the elevated Tibetan Plateau serves as a mid-troposphere heat surface leading to

to the reversal of the normal temperature and pressure gradient over south

Asia south of Lat 35°N in the layers between 600 and 300 mb and that this

reversal acts like a switch for the atmospheric circulation over the sou-

thern half of Asia production the 'burst of monsoon' over the west coast of

However, this view has been questioned by subsequent workers

(Rangarajan, 1963; Koteswaram and Bhaskara Rao, 1963; and Ananthakrishnan,

1965) in view of the fact that when the monsoon first sets in, the subtropical

anticyclone in the upper atmosphere — the region of highest pressure and tem-

perature — is well to the south of Tibetan Plateau.

2.11 In another paper Fl'6hn (1965) has pointed out that the rapid displa-

cement of the subtropical jet to about 40°N at the time of onset of the mon-

soon, coincides with a rearrangement of the quasipermanent troughs - just

upstream and downstream of the Tibetan block. One of the two troughs named

"The Pamir trough" is near 65°E and the other called a "west Chinese or

Szechwan trough" is at 100-105°E.

2.12 From a study of the upper wind and temperature data over the Medi-

terranean and Middle East area for the period 1949-1953, Sutcliffe and Bannon

(1954) drew attention to an interesting association between the dates of

appearance of the first easterlies at 200 mb level over Aden and the dates of

onset of the southwest monsoon over Kerala. They found that the first eas-

terlies at 200 mb level appeared over Aden five to sixteen days earlier than

the corresponding dates of onset of the monsoon over Kerala. They have

remarked that a careful study of these changes might be useful for predicting

the summer monsoon over South India. Following up this suggestion Anantha-

krishnan and Ramakrishnan (1965) examined the changes in the zonal winds at

200 mb level over the rawin stations in India and the middle-east stations

of Aden and Bahrein for the years 1958 to 1964. They found that changes simi-

lar to these noticed by Sutcliffe and Bannon over the middle-east stations

also occur at the Indian stations near about the same latitude. For each of

these stations there were two dates A and B which correspond respectively to

establishment of steady easterlies. During the interval between. A and B eas 

terlies and westerlies alternate. This interval showed fluctuations in dif-

ferent years ranging from zero to as much as a fortnight in some years. The

seven year period 1958-1964 covers years of early, normal and delayed onset of 

the southwest monsoon. In 1958, the easterlies first appeared over Aden nearly . 

eight weeks before the onset of the monsoon on the Malabar coast which was

delayed in this year by a fortnight. In 1964 easterlies were noticed over Aden 

nearly a month before the onset of the monsoon. On the other hand in 1960 when 

the monsoon set in on the Malabar coast a fortnight before the normal date,

easterlies appeared over Aden almost simultaneously. Thus, although the zonal

wind changes at 200 mb level give some prior indication of the onset of the mon

soon they have little forecasting value.

2.13 Koteswaram (1958, 1960) and also Koteswaram and Bhaskara Rao (1963),

drew attention to the setting in of an easterly jet stream at low latitudes

over south India which coincided with the "burst" of the monsoon there. Kotes-

waram considered the upper divergence associated with the "left exit" sector of

the easterly jet induced convergence in the lower levels and the subsequent burst

of the monsoon over the southwest coast of India. Discussing the "burst" of the

monsoon over west coast in 1958, he found an upper trough in easterlies at 8C°E

and the divergent southward meridional flow apparently induced a "low" in the

lower levels off the southwest coast of India during the second week of June.

Like Riehl, he also preferred to locate the monsoon trough at 700 mb level.

2.14 Ramamurthy and Keshavamurthy (1964) studied the flow patterns at the

500 and 300 mb levels associated with the onset of the monsoon over Kerala.

They found that the onset of the monsoon is associated with the sudden north-

ward shift of the Arabian Sea subtropical anticyclone and its establishment

over West Pakistan and adjoining areas of Iran particularly at the 3C0 mb

level. At the 500 mb level, in addition to similar changes, the monsoon tro-

ugh also forms over the Kerala coast simultaneously.

2.15 Ananthakrishnan and Ramakrishnan (1966) found that in the years in

which the onset of the monsoon was normal or delayed, there was a sudden weak-

ening of the upper tropospheric westerlies over north India at the time of the

onset and strengthening of the upper tropospheric easterlies over south India

one or two pentads thereafter. In the years in which the onset was early the



the onset and the easterlies over south India gained strength only subsequently.

The shift of the upper tropospheric subtropical anticyclone from its winter loca-

tion over south India to about 20°N is nearly simultaneous with the onset of the

monsoon rains over the south of the Peninsula.

2.16 Ramamurthi and Jambunathan (1965) found the weakening of westerlies,

northward shift of upper tropospheric west wind maximum over north India and the

appearance of strong upper easterlies over extreme south Peninsular India are

not pre-requisite conditions for ushering in the monsoon rains. According to

them, available evidence indicates a close connection between the establishment

of the Northern Hemisphere near equatorial trough over Kerala between 700 and

400 mb in association with a mid-tropospheric vortex and the onset of the monsoon

2.17 Nataraja Pillai (1960) found that both the onset and the further advance

of the monsoon current are to a great extent governed by cyclonic and anticyclo-

nic vortices at 700 mb level.

2.18 Thiruvenqadathan (1966) using Trivandrum data for the years 1958-65

found that westerlies slowly increase in depth and extend to about 1.5 km about

three pentads before the onset of the monsoon. During one or two pentads pre-

ceding the onset, the westerlies extend to about 6 km. The upper tropospheric

easterlies attain a speed of about 40 kt at the time of onset. The speed con-

tinues to rise for another two pentads reaching 60 knots or more.

2.19 Pant (1964) has investigated the pentad patterns at the 700 mb level in

association with the onset of the monsoon. He found that the onset of the mon-

soon over India and the adjoining seas south of Lat 15°N is associated with the

disappearance of the premonsoon 'high' over the central parts of the country

and the formation of the monsoon trough near 90°E at 700 mb level. The first

disappearance of the high from the central parts of the country (as signified

by the disappearance of 3140 gpm contour from over the region) and the south-

ward extension of 3120 gpm contour as far south as 10°N, indicating the forma-

tion of monsoon trough signify the onset of monsoon over India and adjoining

seas south of about 15CN. Monsoon sets in over central parts of country with

the disappearance of the anticyclonic curvature of 3120 gpm contour over the

region.

2.20 Pant and Vernekar (1961) examined the onset of the monsoon during the

years 1957-59 using the 850 mb level data. They found that in the south the

onset of monsoon does not result in any conspicuous change in the temperature

and humidity of the air stream. The only characteristic change is the setting

in of westerlies which are extremely steady and which can normally be separated

from the winds existing earlier. Further north, especially at the interior

stations, there is a conspicuous change in the thermal properties accompanied

by rise in humidity.

2.21 Ananthakrishnan and Thiruvenqadathan (1968) examined the manner in which

thermal gradients across India reversed both in space and time, in association

with the onset of the southwest monsoon. For this purpose 10-day mean zonal

winds at the standard reporting levels over Trivandrum, Nagpur and New Delhi

for the six year period 1961-66, were made use of and vertical shears between

adjacent levels worked out. If the winds are geostrophic, the vertical shears

of the zonal winds will be directly proportional to the meridional temperature

gradients. The study led to the following inferences:-

(i) the onset of the monsoon rains at each of the three places takes place

when the meridional thermal gradients have reversed at all tropospheric

levels between 200 and 700 mb; and

(ii) the reversal starts in the upper troposphere about six weeks before the

onset of the monsoon rains and progresses downwards; the reversal bet-

ween 700 and 500 mb takes place last almost simultaneously with the onset

of the monsoon rains.

2.22 It will be seen that in all these studies workers have generally focus-

sed attention on individual aspects of the transition in the circulation fea-

tures from winter to summer leading to the onset of the monsoon. Apart from

the well-known indications on the surface and lower tropospheric levels, of

the arrival of the monsoon (vide p. ii of Appendix I of FMU. Rep. No. IV - 18.1)

the other parameters that have been studied in more recent years are:-

(i) strength and depth of the lower tropospheric monsoon westerlies;

(ii) moisture content in the lower troposphere;

(iii) middle tropospheric circulation - such as the east-west trough at 700 mb

levels, cyclonic vortices at 700-500 mb levels, collapse of the anti-

cyclone at 700 mb level over north Peninsula; and

(iv) upper tropospheric features such as the shift or the strong westerlies



3. Surface Synoptic Features

3.1 The advance of the monsoon over the sea areas and along the coast is

usually accompanied by squally weather, rough seas, long heavy swell and heavy

rain-showers. Very often ships in the area of the advancing monsoon current

report winds of strength 20/40 kts from SW/W. The severity of the weather

varies from year to year.

3.2 The advancing monsoon current is usually associated with some form of

disturbed weather over the Arabian Sea/Bay of Bengal. There is a pronounced

tendency for the formation of low pressure systems at the leading edge of the

monsoon current, and it is not uncommon for some of them to develop into severe

cyclonic storms. At and near the time of onset of the monsoon along the west

coast, a trough of low pressure over the southeast Arabian Sea is a feature

often noticed on the surface chart. The monsoon may also advance along the

west coast in association with disturbances that form in the Bay of Bengal.

The synoptic situations near about the dates of onset of the southwest monsoon

along Kerala coast collected from the departmental weather reports for the

period 1901 to 1968 are given in Appendix I.

3.3 The data in Appendix I have been made use for compiling Table I 

given below:

Table I.

Synoptic features in the Arabian Sea/Bay of Bengal at the time of onset of the
Southwest Monsoon (1901 - 1968)

(Percentage frequencies of occurrences)

... . Low Pressure System in No significant
Nature of ' , .,, . 
system system either in

A or B.
A and B A only B only

T 17 18 19 25

D 2 3 6 

S 4 4 4 

Total. 22 24 28 25

A = Arabian Sea; B = Bay of Bengal;

T = Trough, unsettled conditions, low} D = Depression; S = Cyclonic Storm
pressure wave etc. ')

west monsoon is associated with synoptic disturbances in the Arabian Sea/Bay

of Bengal. By far the most common situation is a weak system like a trough

of low pressure. There are quite a number of occasions when the monsoon sets

in over south Arabian Sea and South Bay of Bengal simultaneously. Hence after

May 1, even feeble systems in the Arabian Sea and the Bay of Bengal, which are

likely to increase the depth of westerlies over the extreme south of the Penin-

sula and cause appreciable weather should be carefully watched. During this

period reports from ships in south Bay and south Arabian Sea showing strong

winds from any westerly or southerly direction, squalls, thunderstorms, rain

or high waves and long swells should be taken as possible precursors of the

monsoon.

of
3.4 In the beginning/May, the pressure gradient over the Arabian Sea is

weak, with isobars running parallel to the west coast, so that nearly the

same pressure value obtains at Bombay and Trivandrum. In early May, on

individual days, the gradient over the Arabian Sea may even be from north to

south, with a weak high still persisting over north and central Arabian Sea.

However the configuration changes with advance of the season and towards the

end of May the isobars take a west-east orientation, with pressure decreasing

towards north. Fig 1 illustrates the north-south variation of pressure and

pressure gradient across India from the beginning of April to the end of June.

The three stations - Trivandrum, Bombay and Jodhpur - have been chosen to

illustrate the variations representative of conditions over the extreme

south, the centre and the north of the country respectively. At Trivandrum

which is closest to the equator the pressure gradually falls from the beginning

of April to the middle of May by 2 mb and thereafter slowly increases. At

Jodhpur close to the seasonal heat low, there is a steady fall of pressure from

the beginning of April to the end of May at the rate of 1 mb per week. The dif-

ference of pressure between Trivandrum and Jodhpur which is about 1 mb at the

beginning of April becomes 8 mb about the time of onset of the monsoon.

The pressure difference between Trivandrum and Bombay also registers a steady

increase from the first week of May till the first week of June. . The figure

shows that at the time of onset of the monsoon over Kerala the pressure differ-

ence between Trivandrum and Bombay is slightly less than that between Bombay

and Jodhpur, the numerical value being about 3 mb. A pressure rise at the

southern stations like Colombo, Trivandrum or Minicoy with a fall 2t the stations



3.5 The note low northwest India and west Pakistan is a very significant feature the monsoon circulation. It is ,therefore, of interest to

examine the intensity of the heat Low at the time of the onset of the monsoon.

For this purpose the pressure value at Jacobabad bad (near the centre of the heat

low) at the time of onset of the monsoon over Kerala was examined. Since

moving disturbances may produce large fluctuations in pressure values, the

smoothed values obtained by taking seven day means centred on the date of onset

were utilised. Analysis of the data for the period 1901 to 1960 is given in

the following table.

Table 2.

Percentage frequency distribution of Jocobabad pressure at 0300 GMT

Pressure in
mbs. 997 998 999 1000 1001 1002 1003 1004

Percentage
frequency 7 9 16 23 20 11 11 3 

The pressure value in the heat low is 1001 mb or less at the time of the

onset of the monsoon on 75% of the occasions.

4. Moisture Field

4.1 The monthly mean values of precipitable water (w) and rainfall (R)

for Trivandrum (Ananthakrishnan et al 1965) are given below:

Month Jan. Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
w(gm) 3.29 3.34 3.55 4.38 4.85 4.57 4.42 4.55 4.52 4.54 4.65 3.64

R(cm) 2.0 1.9 3.9 11.6 22.3 33.5 19.7 12.0 11.5 27.3 17.7 6.3

It will be seen that there is not much variation in the total moisture content of

the atmosphere over Trivandrum during the months April to November. Notice that

the moisture content is slightly more in May than during the monsoon months June to

September. Comparison of the moisture content with the rainfall figures brings

out that despite the near constancy of the moisture content the rainfall shows

considerable variation. The increase in rainfall with the onset of the monsoon

is brought about by changes in circulation features leading to increased vertical

motions and not due to any increase in moisture content of the atmosphere.

4.2 Mukherji (1962) computed the amount of precipitable water in the atmos-

phere over Trivandrum for the period 15 May to 15 June for ten years and found

that

(i) there is no marked build up of the precipitable water in the atmosphere

(ii) The maximum moisture content in the atmosphere is not general

ched on the dates of the onset of the monsoon.

4.3 The departmental Forecasting Officers' Conference (1960) consider

the criteria to be used for declaring the onset and withdrawal of the mon-

soon. The sub-committee which went into the question was of opinion that

"one factor which is found to be fairly significant and applicable to all

parts of the country is an appreciable change in wet bulb potential tempe-

rature in the atmosphere upto about 5000 ft or so with the advent of the mon-

soon." The committee, therefore, recommended a further examination of the

problem. Pant and Vernekar (l96l) who made a detailed study on this aspect

found that at Trivandrum the wet bulb potential temperature at 850 mb level

does not show any significant change from pre-monsoon to monsoon. At Bombay

they found a gradual change but this was not very helpful for fixing the date-

of onset unambiguously. Similar analysis of wet bulb potential temperature

over Trivandrum for 700 and 600 mb levels also showed no significant changes

at the time of onset of monsoon.

5. Wind Field over South Peninsula

5.1 The onset of the southwest monsoon marks the transition from the winter

to the summer type of circulation over South Asia. During the greater part of

May winds over Trivandrum are light to moderate westerlies upto 1.5 km; above

this level upto 12 km the steadiness of the wind decreases. With the onset of

the monsoon, the westerlies of the lower troposphere increase in depth as well

as in strength and steadiness. The westerlies are over-lain by an equally

steady easterly current in the upper troposphere. The monsoon westerlies are

strongest at 1.5 to 2.0 km while the upper easterlies reach their maximum

strength at about 14 km. The transition between the easterlies and the wes-

terlies occurs generally between 6 and 7 km.

5.2 To illustrate the changes in the wind field over the extreme south

Peninsula at the time of onset of the monsoon, vertical time sections of the

zonal winds over Trivandrum from 1 May/30 June were prepared for the years

1958 to 1967 (Figs 2(i) to 2(x)). The data relate to 1200 GMT, supplemented

by the 0000 GMT observations where 1200 GMT data was lacking. The isopleths

have been drawn at 10 kt interval upto 40 kt and at 20 kt interval for higher



these figures. An examination of these diagrams brings out the following:-:

(i) Deepening of the lower tropospheric westerlies:

At the time of onset of the monsoon (including temporary advance)the

depth of the westerlies increases from 1-2 km to 6-7 km. This deepen-

ing takes place either on the day of onset of the monsoon, or a day or

two earlier. In 1960 and 1967 (temporary advance) the deepening of

westerlies occurred a day after the monsoon had set in. (The year

1961 was peculiar. The deepening of the westerlies noticed over

Trivandrum during the second week of May this year is due to the south-

ward extension of the middle latitude westerlies and is not to be asso-

ciated with the monsoon).

(ii) Strengthening of the lower tropospheric westerlies:

The westerly current also strengthens to about 20/25 kt in the lower

troposphere within a day of the onset of the monsoon and on some occa-

sions 2 or 3 days later; occasionally it may also strengthen even two

days prior to the onset. Subsequently the winds strengthen further to

30/40 kts.

(iii) Strengthening of the upper tropospheric easterlies:

On most occasions the upper easterlies at 14 or 16 km had reached

40 kts during the week preceding the date of onset of the monsoon.

Only on very few occasions they were below 40 kts. On or near about the

date of onset, the easterly wind at Trivandrum reached maximum speed of

60 kts and above in most of the years.

(iv) Organization of the wind flow:

The organization of the wind pattern to the typical monsoonal type (viz

westerlies upto about 6 km with easterlies above) is spread over a period

of two weeks or more. While the increase in depth of the lower tropos-

pheric westerlies and their strengthening occur invariably in a rather

abrupt manner during the course of two or three days, the upper tropos-

pheric easterlies which appear only at very high levels (at 14-16 km) in

the beginning descend to lower levels and strengthen more gradually.

The entire organization is spread over a period of a few weeks.

(v) Fluctuations of the westerlies:

After the onset of the monsoon the westerly depth does not normally go

below 3 km. After a temporary advance, a decrease in the depth of the

ted with strong monsoon conditions (in terms of rainfall) and a weak

and shallow westerly field with weak monsoon.

5.3 As the diagrams illustrate there is close relationship between

the wind field and the rainfall pattern over south Peninsula at the time

of the onset of the monsoon. Changes in the wind field thus give useful

indications to the forecaster for anticipating the onset of monsoon one

or two days in advance.

6. Upper Air Conditions over North India.

6.1 The passage of western disturbances over extreme north India and the

strength of upper westerlies over north India may be thought of as indices of

the activity of the westerly winter regime. Some meteorologists are, there-

fore, inclined to the view that the persistence of the winter type westerly

regime in the northern India inhibits the advance of the southwest monsoon

in the extreme south India. It is also, at times, stated that if the

activity of westerly disturbances in April and May is high and the distur-

bances take a more southerly course the onset of the monsoon will be delayed.

This view is also implicit in the work of Yin and Yeh who associated the

burst of monsoon over India-Burma area with the shift of the westerly jet

stream to the north of the Himalayas; Lockwood (2963) has also arrived

at a similar conclusion.

6.2 To examine the validity or otherwise of this idea, the summaries of

weather included in the Indian Daily Weather Reports for the years 1901 to

1968 on the dates of onset of the monsoon and one day earlier and later,

were looked into. It was found that in a little more than half the number

of years western disturbance activity over northwest India and West Pakistan

was still persisting at the time of onset of the monsoon over Kerala. This

can be so even in years of late onset of the monsoon. Hence the cessation

of western disturbance activity is not a pre-requisite for the onset of the

monsoon. Pisharoty and Desai (1962) have also stated that Yin's suggestion

that monsoon bursts over India-Burma area only when the western disturbances

cease to travel along the southern periphery of the Himalayas, is not borne

out by observations.



tion of the winds over New Delhi (lat. 28.5°N) at 9.0, 10.5, 12.0 and 14.1 km

a.s.l. has been made for the years 1955 to 1967. With reference to the dates

of onset of monsoon as given in the departmental weather reports, it is seen

that wind speeds during the week before the onset, have ranged from 30/40 knots

to 70/80 knots in the different years. During the onset there has been a wea-

kening in 9 years out of the 13 years, the weakening having been appreciable in

some years (eg. 1960 and 1963). In the other four years the speeds either

remained of the same order (eg. 1962) or strengthened (eg. 1964). In the week

following the onset, the westerlies have either weakened further or continued

to have the same speeds. The winds for three typical years (1963, 1964 and

1966) are depicted in Fig. 3.

6.4 The upper tropospheric winds over Bombay (lat. 19°N) have also been

examined for the period 1955-67 to see whether any significant changes occur

in association with the onset of the monsoon over Kerala. With reference to

the departmental dates of onset, it is seen that during the week before the

onset of the monsoon, upper tropospheric winds over Bombay are mostly wester-

lies 10/20 kt. During the onset these change over to easterlies, the actual

reversal taking place either during the onset or immediately thereafter In

some years this reversal occurs well before the onset of the monsoon. These

changes are somewhat similar to these observed by Sutcliffe and Bannon over

Aden.

6.5 On account of the north-south meandering of the west wind maximum, as

well as the split of the west wind maximum into streaks, analysis of longitu-

dinal cross-sections over the whole of north India was made to get a more com-

plete picture of the changes that take place in the westerly wind regime at

the time of onset of the monsoon. Figs 4(i) to 4(xi) depict cross-section

charts for the eleven years 1958 to 1968 prepared utilising pentad values of

winds (scalar values) at 200 mb level for stations to the north of lat. 20°N

over India between 70°E and 80°E. Karachi and Peshawar observations have

also been used when Jodhpur and Srinagar did not have sufficient number of

observations.

6.6 In the years 1961, 1962 and 1965 the westerly maximum was well to the

south of the seasonal position (about 29°N) in the pentads preceding the onset

of the monsoon. In all the years, the west wind maximum either shifted 

northward from its earlier position or weakened at the time of onset of the

monsoon. This occurred either a pentad earlier than the onset or during the

same pentad in which the onset occurred. Anintegrated picture of the pattern

of changes in the westerlies at the time of onset of the monsoon can be obtained

only by considering the entire wind field over the north India averaged over a 

period of a few days for more than on level instead of confining attention to

a single station, day or level.

7. Satellite Data

7.1 Krishna Rao (1966) made a study of the onset of monsoon over India during

1962 using data from channel 2 (18-13 microms ) of TIROS IV meteorological sate-

llite, and concluded that "the centres of low outgoing long wave radiation

values associated with the cloudiness of ITC moved northward with time. With

the advancement of the cloudiness northward the monsoon set in over the Indian

sub-continent". Since the launching of the operational satellites carring

the APT system in the beginning of 1966, cloud-cover information over India and

the adjoining sea areas is being regularly received through the APT ground sta-

tion at Bombay. Ramamurthi and Jambunathan (1967) studied the clouding in the

Indian Sea areas shown by satellite pictures at the time of onset of monsoon in

the year 1966 and found that the onset of the monsoon in Arabian Sea and Bay of

Bengal is mainly associated with developments taking place to the north of the

equator and their extension northward into the Indian area. There is no move-

ment of cloud systems from the southern hemisphere into the northern hemisphere

at the time of monsoon onset. With the data now available for more number of

years, the sequence of cloud cover over the Indian Sea area was examined for

the period of the onset of the monsoon over the extreme south India during

1966, 1967 and 1968.

7.2 Daily averages of cloud amounts over every two and a half degrees

square were estimated from the satellite pictures. Time-latitude sections

of the mean cloudiness over the sea area (60°E to 80°E) for the period 1 May

to 30 June for the two years 1967 and 1968 are shown in Fig. 5. The signi-

ficant results of the analysis (Ananthakrishnan, Srinivasan, and Jambunathan

1968) are:



(i) there is a progressive northword movement of organized cloud

maximum from equator to 20°N during the period of the onset of

the monsoon over extreme south Peninsula and its progress north-

ward;

(ii) the organization of the cloud maximum in the near equatorial

region of the northern hemisphere and its northward shift com-

mences some days before the date of onset of the monsoon over

Kerala;

(iii) the mean clouding over the Arabian Sea area in the latitude of

Kerala (7 l/2°N to 10°N) reaches 2 to 3 oktas about a week prior

to the onset of the monsoon over Kerala and progressively reaches

near overcast conditions at the time of onset over Kerala;

(iv) As the monsoon advances northward along west coast, there is a 

relative decrease in the cloud amount near the equator.

The study indicates that in the month of May, any moderate to heavy clou-

ding in the near equatorial regimes which shows some tendency to persist and

shift northward may be a precursor of the onset of the monsoon over Kerala.

8. Synoptic Situation on Days of Onset of Monsoon-in Selected years

8.1 The conditions in the surface and upper air at the time of the onset of

the monsoon are described in detail in this section for the following six years:

Year Date of onset

1957 1 June
Normal

1966 1 June

1960 14 May
\ Early

1962 17 May

1964 6 June
J Late

1968 6 June

8.2 The dates given above have been taken from the published weather

reports of the Department. These dates are practically the same as the

to
revised dates as per FMU Rep. No. IV-18.1. The years chosen relate to the

IGY and post IGY period because of the denser network of upper air stations

in recent years. The following charts and diagrams are presented for the

above dates:-

(i) Surface isobaric chart for 0300 GMT

( i i i ) U p p e r w i n d s a t 8 5 0 , 7 0 0 , 5 0 0 a n d 2 0 0 m b l e v e l s

(iv) Vertical time-section for Trivandrum for the week centred on the date
of onset

(v) Longitudinal section from Gan to Srinagar.

8.3 1957 — Date of onsets 1 June [Figs 6(i) to(iii)]

8.3.1 Surface features: By the morning of 30 May, a trough of low pressure

developed over the Laccadives and off Kerala coast. During the preceding

24 hrs there had been widespread rainfall in Kerala and Arabian Sea Islands,

many stations reporting thunderstorms. Minicoy received 8 cm and Colombo 7 cm.

Since 1200 GMT of 29th, ship and island observations indicated heavy clouding,

rain or thundershowers in the whole Arabian Sea south of Lat. 10°N. The trough

over Laccadives persisted for the next two days with a slight northward shift

in its position. Ships observations in the Arabian Sea south of 10°N showed

windspeeds increasing to about 20 kts, with persistence of heavy cloudiness and

rain or thundershowers. Along the Somalia coast winds were southwesterly 30/

35 kts. By 1st June 1200 GMT squalls were also reported by ships. Fairly

widespread rain or thundershowers with a few heavy falls were reported from

Arabian Sea Islands, Kerala and Ceylon on 31st May and 1st June. The observa-

tions from Male for 29 May showed a pressure gradient of 3-4 mb over Comorin-

Maldives region. On 1st morning the pressure gradient between Minicoy and

Bombay was 3 to 4 mb. A western disturbance moving across the Punjab on 1st

had caused fairly widespread thunderstorm activity over Kashmir, Punjab and

West Uttar Pradesh Hills. The pressures were below normal over the whole

country and 2-3 mb in defect over northwest India and West Pakistan; the 24 hour

changes were generally positive over the area.

8.3.2 Upper air features: By 30th the winds over Minicoy and south Kerala

backed to westerly and strengthened to 20-30 kts upto 1.5 km. During the

next 48 hours these westerlies strengthened further in the lower levels and

also reached a depth of about 6.0 km. The upper winds were 30 to 40 kt over

Delhi at 300 mb level.(items iv and v are not presented due to poor data)

8.4 1966 — Date of onset: 1 June [Figs 7(i) to (v)]

8.4.1 Surface features: Towards the last week of May reports from ships

in the south Arabian Sea showed increase in cloudiness accompanied by showers

and thunderstorms. By 30th the winds were SW/W-15/20 kt in the Arabian Sea



TED on june 1 over Central Bay and the monsoon had advanced into the Bay south

of Lat. 14°N where ships reported winds from SW/W speed 15/25 kts and heavy

clouding. A ship at 11°N 61.5°E reported WSW-20 kts and rain at 1200 GMT of

1st. Minicoy reported continuous rain at 0300 GMT and westerly 10 kt while at

1200 GMT the same station reported westerly 25 kt and gusty. Further south

towards the equator ships reported generally southerly winds of 5/10 kt and

lightly clouded skies. 24 hours pressure changes on the morning of June 1 

were negative (l.O to 1.5 mb) along Kerala coast and Laccadives with pressure

rising to the south. Pressure departures were also negative (l to 1.5 mb) over

the area. Precipitation of 4 to 5 cm associated with thunderstorms had occur-

red in the Arabian Sea Islands; light showers had occurred along the Kerala

coast. The pressure gradient over East Arabian Sea which was very slack on

June 1 showed steady increase during the next two days, and on 3rd morning the

pressure difference between Minicoy and Bombay reached 3.0 mb. The seasonal

low was over Sind-Baluchistan. Pressures were rising over the whole of north

India and were 3-6 mb above normal over northwest India on June 1.

8.4.2 Upper air features: On the morning of June 1 winds were about 30 kt

upto 0.6 km over Ceylon. Winds over south Kerala, though light, had a westerly

component upto 3.6 km. The low in the Bay was the dominant feature in the

upper levels also and the associated circulation was seen upto 7.2 km. The wes-

terlies over the Arabian Sea Islands and the extreme south Peninsula strengthened

and deepened during the subsequent 24 to 36 hours, Although the upper tropos-

pheric westerlies over north India were strong, the belt of maximum westerlies

had shifted north and Srinagar was reporting the highest wind speed (85 kt) com-

pared to Delhi where it was of the order of 50 kt. A feeble trough in westerlies

was also moving across Kashmir. The upper easterlies over extreme south Peninsula

had organized and strengthened to over 40 kt at 14 km even by 25th and the maximum

speed in the easterlies were of the order of 70/80 kt by 27th. At 200 mb level

the sub-tropical anticyclone had reached 20CN. Thus the high level conditions

over India had definitely changed to the summer type.

8:5 1960 — Date of onset: 14 May [Figs 8(i) to (v)]

8.5.1 Surface features: A depression which formed over Laccadives on 10 May

moved northwestwards, intensified into a cyclonic storm and was centred on the

morning of 14 near 15°N and 64°E. On this day a veil-marked trough of low pres-

Arabian Sea; since the cyclonic storm was the dominant system, the isobars

in the east Arabian Sea were generally from SW to NE and the pressure gradient

between Minicoy and Bombay was hardly 1.0 mb. Ships in the Arabian Sea to

the south of Lat. 10°N reported mainly southwesterly winds 10/15 kts, a number

of them reporting showers and rain. Along the west coast to the south of

Mangalore and over Arabian Sea Islands widespread rainfall was reported most

of them being associated with thunderstorm. The pressure changes along west

coast and Arabian Sea Islands were negative (0.5 to 1.0 mb). In the north

the seasonal low was well marked over northeast Baluchistan under the influence

of a western disturbance and there was rather steep pressure gradient over

Baluchistan, Sind and West Rajasthan. The pressures were still falling there

and the maximum negative pressure departure over the area was about 4 mb.

8.5.2 Upper air features: On the 14 morning the upper winds were generally

moderate westerlies below 2.1 km along the west coast upto Mangalore. The

trough in the southwest Bay was more pronounced in the upper levels upto

nearly 6.0 km. The westerlies increased in depth but strengthened only sub-

sequently over Kerala. At 500 mb level an eastward moving trough in wester-

lies was extending from Afghanistan to Sind. Over north India upper wester-

lies were strong, the maximum wind being of the order of 70-80 kts. The

upper easterlies over the extreme south Feninsula did not exceed 40 kts.

The vertical section along 75°E clearly shows that at this time, the westerly

jet was still over Delhi-Jodhpur area and the easterly jet had not organized

itself over the extreme south Peninsula. At the 200 mb level the ridge line

was still near about latitude 15°N. Thus the upper tropospheric conditions

were still akin to winter type circulation.

8.6 1962 — Date of Onset: 17 May [Figs 9(i) to (v)]

8.6.1 Surface features: On 17th surface chart a depression lay over north

Kerala and adjoining areas. This was the remnant of a cyclonic storm which

crossed the coast near Cuddalore in the early hours of the 16th. Pressures

were falling over Kerala by 2 to 3 mb during the past 24 hours. The depar-

tures were 4 to 5 mb negative. Ships in southeast Arabian Sea and Comorin

area and the Arabian Sea Islands were reporting westerly 20/25 kt, heavily

clouded skies and rain. The pressure gradient between Amini Divi and Male

was about 4 mb and between Bombay and Minicoy it was 3.0 mb 



south of lat 15°N with a few heavy falls over Kerela and djoining areas, the 

amounts ranging from 7 cm to 14 cm. The character of precipitation over

Kerala was of rain or drizzle type as shown by the present and past weather

reports compared to the previous day when it was predominently thunder-

storms. The precipitation which also extended northwards along the Mysore -

Konkan coast was associated with thunderstorms. The low over northwest India

had also been intensifying (note the 24 hr. pr. fall of 4 mb over the area)

and the pressures there were below normal by 2 mb.

8.6.2 Upper air features: The cyclonic circulation associated with the

depression over Kerala extended to about 200 mb (12 km) level with the winds

over Kerala, Arabian Sea Islands and Ceylon being strong West/Northwest

(25/30 kts) upto 9.0 km. At 200 mb level the subtropical ridge line over

the Peninsula was near 18°N to 19CN, having shifted from its location near 13°N

on 12-13 May. There was a general strengthening of the upper easterlies during

the previous week. The upper tropospheric westerlies in north India continued

strong with the maximum winds of the order of 80 kt. A westerly trough was

also affecting Kashmir. As will be seen from the longitudinal cross section

westerlies in upper India were strong at the time of onset of the monsoon.

8.7 1964 — Date of Onset: 6 June [Figs 10(i) to {v)]

8.7.1 Surface features: On the morning of 5 June ships in Maldives-Comorin

area reported westerly winds of speed 20/25 kt with rain and waves of height

about 2 metres. By the evening the pressures were falling over the whole

country. The 24 hour pressure changes were of the order of 1.5 to 2.5 mb

along the north Kerala coast and Laccadives area. On the next morning a tro-

ugh of low pressure was seen on the surface chart off the Mysore coast and

overcast skies with rain were reported by stations in Laccadives and along

Kerala coast. During the past 24 hours widespread rain had fallen in the

Peninsula south of Lat. 13°N, in Laccadives and West Ceylon, with amounts 4 to

8 cm at a number of places. The pressure gradient between Minicoy and Bombay

was 4.1 mb on 6 morning. The 24 hour changes were positive over the south

Peninsula and Laccadives and negative to the north suggesting a northward

displacement of the trough. Pressure departures were positive over Indian

Peninsula and Ceylon. The central pressure in the 'heat low' was of the

order 999 mb,1-2 mb above normal. A western disturbance was causing isolated

were from northwest to north. 15/25 knots. During the course of the next 24 to

36 hours, they backed to SW/W and slightly strengthened over Ceylon and the ex-

treme south Peninsula and Laccadives. The westerlies over this area extended

upto 4.5 km. A cyclonic circulation could be seen over Laccadives between

700 and 500 mb levels on 6th evening. The upper easterlies over Trivandrum

began strengthening by 29 May and the speeds reached 90 knots on 31st evening;

thereafter the upper easterlies continued strong and the maximum strength of

the easterlies over the south Peninsula ranged between 60 and 80 kt during the

first week of June. A deep trough in, westerlies was moving across West Pakis-

tan on 2nd at 500 mb level and aloft; by 5th the trough had moved to western

-limalayas and flattened. The westerlies were strongest (95 knots) over Sri-

nagar on the 4th; on 6th upper winds over Delhi were about 50-70 kt between

400 and 150 mb levels; the core of the westerly was probably shifting to the

north of Delhi. Thus during this year at the time of onset of the monsoon,

the upper easterlies were strong and the westerly maximum was getting displa-

ced northward from Delhi.

8.8 1968 — Date of onset: 8 June [Figs 11(i) to (v)]

8.8.1 Surface features: Over southeast Arabian Sea ships and Island sta-

tions reported vest/northwest winds of speed 10/15 kt on 5th and 6th. They

backed to westerlies by 6th evening and convective activity increased over

the area on 7th. There was a sharp increase in thunderstorm activity over

Kerala on 7th. On 7th and 8th ships reported generally wind of 10-15 kt

over south Arabian Sea and about 20 kt over south Bay. A feeble trough lay

off north Kerala-Mysore coasts on 8th. The pressure difference between

Minicoy and Bombay on 8th was 2.6 mb. The heat low over West Pakistan was

intensifying; the lowest pressure on the 8th was 995 mb. The maximum pres-

sure change over Kerala was about -2 mb on 8th morning and the departures

were generally indifferent.

8.8.2 Upper air features: In the lower troposphere the winds over Ceylon

strengthened to 30/35 kts on 5th morning. The winds over Kerala and Arabian

Sea Islands backed from northwest to west between 7th and 8th. By 7th even-

ing the depth of westerlies increased to about 7.2 km over the extreme south

Peninsula and on 8th, the winds upto 700 mb were about 10/15 kts. A trough



in this through, a cyclonic circulation developed off Madras coast on 6th even—

ing which moved inland on the 7th and persisted there for the next two days.

The subtropical ridge line at 200 mb which was along 19-20°N on 1st June shif-

ted to 23°N by 7th. The upper tropospheric westerlies were generally 20-40 kt

over north India during the week preceding the date of onset and weakened fur-

ther to 10-20 kt on the eve of the onset. The wind over Srinagar were also

only 30-40 kt at 200-150 mb level on 7th and 8th. The upper tropospheric

easterly maximum over the south Peninsula and Ceylon was 50-70 kt between 1st

and 8th June. There was a slight strengthening of the upper easterlies bear

about the time of onset.

8.9 The six instances of synoptic features at the time of onset of the

monsoon discussed in this section — two cases each of normal, early and de-

layed onset — show that despite some broad similarities large differences

exist in the details from one year to another not only between years of early

and late onset but even among years of early, normal or late onset. A low

level disturbance in the Arabian Sea or the Bay of Bengal is noticed in many

years. The strengthening of the upper tropospheric easterlies over the south

Peninsula can occur a few days before the onset of the monsoon; similarly in

some years the upper tropospheric westerlies over north India can continue to

be strong for a few days after the onset of the monsoon over Kerala. The

strengthening and deepening of the lower tropospheric westerlies over the sou-

thon stations appears to be the most useful guide for anticipating the onset

of the monsoon a day or two in advance.

9. Conclusion

9.1 In the preceding sections we have seen in detail the various surface

and upper air conditions over India near about the time of the onset of the

monsoon over Kerala. In so far as land areas are concerned, the word "monsoon

has been accepted to connote the rainfall and not the primary circulation fea-

ture. It has been shown in section 5, that the features of the circu-

lation (wind field) - such as the abrupt strengthening and deepening of the

westerlies, the organization and strengthening of the upper easterlies-are also

nearly synchronous with rainfall. Thus it is possible to detect in the wind

field also some indications of the onset of the monsoon rainfall.

9.2 We have seen the moisture over Kerala is quite plentiful much before

the monsoon sets in. Hence a triggering mechanism to release the precipitation

and eventually establish the typical wind field is what is needed. This 

triggering mechanism is provided by some form of disturbance in the Bay

Bengal or the Arabian Sea.

9.3 From the forecasting point of view the following may be taken as the

synoptic indications in the months of May/June for the imminent onset of the 

monsoon over Kerala:-

i) Any disturbance in the Arabian Sea/Bay of Bengal. The most common

initial form of the disturbance is a trough of low pressure in south-

east Arabian Sea.

ii) Reports from ships and island stations in the south Arabian Sea, of

heavy convection, squally weather and rough seas or swell from south-

west with moderate to strong winds from some southerly or westerly

direction.

iii) The strengthening and deepening of lower tropospheric west winds over

extreme south Peninsula and Ceylon and strengthening of upper tropos-

pheric easterlies to 40 kts for a few days at 14 to 16 km; at the

time of onset the easterlies reach a maximum speed of about 60 kt.

iv) The tendency of the strong westerlies of the upper troposphere over

north India to break up or to shift northwards;

v) Persistent moderate to heavy clouding in the south Arabian Sea shown

by satellite pictures and its tendency to shift northwards.

9.4 Although these observations are indicative of the imminent commence-

ment of the monsoon rains, it is not necessary that they should be simulta-

neously present on all the occasions. The reorganization of circulation

from the winter to the monsoon pattern extends over an interval ranging from

a few days to one or two weeks. As such it is difficult to define a unique

date as the "date of onset of monsoon". However, there is a need to' define

such a date for operational purposes. This has to be done primarily from

considerations of rainfall which, of course, implicitly take into account

the circulation features (vide FMU Rep. No. IV - 18.1). Forecasters in

operational offices have to give advance information about the onset of the

monsoon and issue appropriate warnings. This report is intended to provide

the necessary background and guidance material for this purpose.
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APPENDIX

Extracts from departmental publications describing synoptic features associated with the onset of Southwest Monsoon (1901-1968)

Month * 
Year Date Report Extract

**
1901 Onset: 7 June/ 5 June

June MWR At the beginning of the month a strong advance of
humid monsoon winds was in progress in the extreme
southwest of the Arabian Sea. These winds con-
tinued to march eastwards during the next 3 days
and by the morning of the 5th were established over
the whole of the south of the sea as far north as
Lat 9° or 10°N. Weather was very squally in front
of the advancing current and, as frequently happens
a small cyclonic whirl was generated in the area of
the disturbed squally weather on the 6th and 7th.
The whirl intensified slowly and drifting northwards
parallel to the coast, broke up during the 11th off
the coast of Kathiawar. With its disintegration
the winds, which had been cyclonic in direction in
the east of the sea, during the period from the 7th
to 11th, returned to their normal monsoon conditions
so that on the morning of 12th, ordinary monsoon
winds of force 3 to 7 prevailed generally over the
Arabian Sea.

June IDWR A cyclonic storm is apparently forming in the south-
5 east of the Arabian Sea probably accompanying an

advance of the monsoon current Conditions are
also suspicious in the south and centre of the Bay
where the barometer has fallen slightly to briskly.

7 IDWR The cyclonic storm in the Arabian Sea has intensi-
fied and is apparently this morning opposite the
south Konkan coast but at a considerable distance
from the coast. The depression in the Bay has
apparently advanced northwards and is lying off the
Arakan coast.

1902 Onset: 6 June/ 4 June

June MWR At the opening of the month an advance of humid
monsoon winds was in progress in extreme southwest
of the Arabian Sea. These winds continued to
march northeastwards during the succeeding 5 days
and by the morning of the 7th were established over
the whole of the centre and east of Arabian Sea.
There was as is frequently the case a marked tenden-
cy to the formation of a depression in front of the
advancing current on the 8th and 9th. It developed
during the next 2 days and on the morning of the 12th
a storm of moderate intensity was shown lying to the
west of Kathiawar.

* MWR - Monthly Weather Report. IDWR - Indian Daily Weather Report.
AWS - Annual Weather Summary. IWR - India Weather Review.

IJMG - Indian Journal of Meteorology and Geophysics.

** First date is the onset of the monsoon given in departmental weather Report.
Second figure is the date of onset as per FMU. Rep. No. IV - 18.1.

Month
Year Date Report Extract

1902 June IDWR Areas of low pressure probably exist in both the
6 Arabian Sea and the Bay, and gradients are unusually

steep in the south and the east of the Peninsula and
over south of the Bay.

1903 Onsets 12 June/ 5 June

June MWR On the morning of the 11th the weather became un-
settled over Malabar and Ceylon where rain was
falling, the wind increasing and the sea raising.
On the following morning (the 12th) a slight cyclo-
nic storm was shown off the north Malabar coast and
the monsoon had broken at Colombo and in Travancore
where heavy rain had fallen. During the next 4-
days from 13th to 16th this storm in the Arabian
Sea formed the principal feature in the weather con-
ditions.

June IDWR The most important change of pressure may perhaps
5 be the brisk decrease in Malabar and west Ceylon;

for together with the southeasterly wind at Colombo
it may show that weather is disturbed inthe south
Arabian Sea.

11 The chief feature of interest continues to be the
abnormal pressure conditions on the west coast.
The barameter has again fallen and pressure now is
in considerable to large defect in Malabar. There
has, however, been no change of importance in the
winds on the west coast which continued to be light
and unsteady.

12 The monsoon has broken at Colombo and in south
Malabar. It is probably that the advance of
monsoon, as is often the case is accompanied with
an area of low pressure and disturbed and squally
weather which is travelling northwards along the
west coast.

1904 Onset: 2 June/ 7 June

June IDWR The winds have drawn into cyclonic directions on
2 the Malabar coast .....There are hence some

indications of the development of a depression
over the southeast of the Arabian Sea.

7 Small and very shallow depressions apparently
exist one over the north of the Bay. a second in the
neighbourhood of Allahabad and a 3rd over the south of the

central Provinces
8 The southeasterly winds on the Bombay coast pro-

bably accompanying slightly disturbed pressure con-
ditions in the east of the Arabian Sea make it pro-
babls that the rainfall of next 24 hours will be
confined chiefly to the west coast districts.
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Year Date Report Extract

1911 May IDWR There are slight indications that conditions are 
25 disturbed over the Arabian Sea at a considerable

distance from the west coast.

June No further information is available regarding the
5 adverse conditions at sea, already reported, which

have been associated with the recent preliminary
advance of monsoon winds over the centre and west
of the Arabian Sea.

1912 Onset: 8 June/ 5 June

June MWR The Bay was entirely free from disturbance. In
the Arabian Sea, the advance of the monsoon was as
usual associated with an area of deficient pressure;
this first showed itself off Goa on the 11th and
during the next 7 days travelled very slowly up the
coast to the neighbourhood of Veraval. There is no
evidenco of its having developed into a regular
cyclonic storm.

June IDWR Cloud is thickening and an advance of monsoon is now
5 affecting the southern half of the west coast. In

the circumstances the usual area of low pressure at
sea has come into evidence today
In the 3ay, yesterday's unsettled conditions have
not developed.

1913 Onset: 2 June/ 25 May

May MWR An area of deficient pressure such as accompanies
the advance of the monsoon in the Arabian Sea appeared
in the extreme south on the 24th, but although a 
marked increase in rainfall took place on the 29th in
the Malabar coast districts, heavy rainfall charac-
teristic of the first burst of the monsoon did not
occur until the 2nd June.

June MWR The advance of the monsoon over the Arabian Sea
was as usual associated with an area of deficient
pressure which travelled up the west coast of the
Peninsula without concentrating into a storm, and
passed on the 9th into Gujarat where some remarkably
heavy downpours of rain occurred round Palitana on
the 11th. Over the Bay also the advance of the mon-
soon gave rise to a depression. This first showed
itself on the 12th over the Sand Heads.

May IDWR The conditions indicate that the monsoon is entering
24 the southeast of Arabian Sea.

June The only change of importance in the conditions on
2 the west coast has been an extension northwards of

the area affected by the disturbance. The tendency
to the formation of a storm over the Bay is main-
tained.

1914 Onset: 4 June/ 29 May

Year date Report Extract 

1914 May IDWR Weather is somewhat disturbed over the north of the
29 Bay.

June The storm in the Bay has crossed the Arakan coast.
4

1915 Onset: 15 June/ 15 June

June MWR As usually happens a belt of deficient pressure tra-
velled up the Indian Seas in front of the advancing
monsoon current. In the Arabian Sea, the low pres-
sure conditions never attained any great intensity
and their chief effect was to delay the extension
inland of the monsoon

June IDWR On the Malabar coast the sea is rough, the sky is
15 overcast and the pressure is locally low, indicating

that the monsoon is setting in on the coast.

1916 Onset: 2 June/ 22 May

May MWR In the 3ay a temporary advance of monsoon winds
occurred at the beginning of the month and gave rise
to a cyclonic storm. In the Arabian Sea also weather
was disturbed during the fourth week owing to the for-
mation of a storm in front of the permanent advance of
the monsoon.

May IDWR The indications of disturbed weather in the south of
22 the Arabian Sea are more marked and a storm may be

forming there.

June An advance probably temporary is also occurring over
2 the Bay where a storm may be forming.

1917 Onset: 31 May/ 29 May

May MWR Cyclonic storm of the last week of May in the Arabian
Sea: This storm was encountered by the SS Port Sea
on 25th/26th May in the neighbourhood of Kuria Muria
islands, but no information is available regarding
its origin, character or movement.

June MWR The advance of the monsoon in the east of the Arabian
Sea was as usual associated with a wave of low pres-
sure, but the low pressure conditions failed to con-
centrate into a definite depression.

May IDWR The depression off Cuttack exists but is feeble.
29

*

1918 Onset: 11 May/ 11 May

May IDWR Conditions remained unsettled in the south of the Ara-
10 bian Sea and Bay of Bengal.

11 Weather is probably rough in the southern half of the



Year Date Report Extract

1919 Onset: 3 June/ 29 May

May MWR On the morning of the 29th, a depression appeared off
the Laccadives in front of the advancing monsoon and
developed into a cyclone probably on the 30th with
centre near Lat 13°N Long 67°E.

June IDWR A storm is forming in the centre of the Bay.
3

1920 Onset: 3 June/ 4 June

IWR The monsoon appeared on the Malabar coast on the 2nd
June which is about the usual time and advanced at
the normal rate upto the Konkan coast, but it was
prevented from extending into the interior of the
Peninsula by the formation on the 6th of the severe
storm off the Kanara coast in the Arabian Sea.

June MWR The monsoon arrived on the Malabar coast on the 2nd.
In the area of squally weather over the Arabian Sea.
that usually precedes it a severe storm developed
during the next few days (6th onwards).

1921 Onset: 2 June/ 1 June
Nil

1922 Onset: 31 May/ 1 June

June IDWR The monsoon is establishing itself in the Peninsula
1 without the usual burst; and in the Bay a distur-

bance is forming which may extend the monsoon towards
the United Provinces.

AWS Deprsesion of 1st - 5th June: — dapression formed in the
north of the Bay on the 1st and 2nd June

1923 Onset: 11 June/ 5 June

June IDWR Conditions are suspicious in the north of Bay.
6

10 The pressure distribution on the west coast is tending
to assume the monsoon type.

1924 Onset: 2 June/ 1 June

June IDWR Squally weather persists in the southeast of the Arabian
1 Sea.

3 This advance is however, not associated with the rough
seas and pressure changes characteristic of the appear-
ance of the main monsoon current.

Month
Year Date Report Extract

1925 Onset: 27 May/ 17 May

May MWR ., and conditions became slightly unset-
tled in the east Arabian Sea and thunderstorm in-
creased in the Deccan. On the 27th an advance of
moonsoon marked by an increase of rainfall in
Malabar.

June MWR A wave of low pressure, such as usually precedes an
advance of the monsoon in the Arabian Sea, had
reached the sea off the Konkan on the 1st, and had
by the morning of the next day developed into a 
depression off the south Kathiawar coast.

May IDWR The storm in the Bay is severe but of small diameter
16 Its centre lies this morning off the coast near

Masulipatam. Weather is suspicious in the southeasl
of the Arabian Sea where a depression may be forming.

May IDWR The Bay storm crossed the coast yesterday near Masu-
17 lipatam. The storm has now weakened into a depres-

sion which lies this morning over the ghats to the
west of Vishakapatnam.

1926 Onset: 6 June/ 6 June

IWR A temporary advance of the monsoon occurred in the
southeast Arabian Sea in the sec week of May.....
Strong winds and somewhat rough wether was experi-
enced thereafter but the wind directions in the
southeast Arabian Sea as given by Ships' observations
and at Minicoy together with the pressure changes do
not suggest the existence of any well marked depres-
sion.

June MWR A shallow depression such as usually precedes the
setting in of the monsoon in the southeast Arabian
Sea lay off Malabar on the morning of the 9th and
was off the North Konkan on the morning of the 11th.

1927 Onset: 27 May/ 19 May

IWR In the first week of April, there was a temporary
advance of monsoon winds accompanied by unsettled
weather in the south of the Bay.

In the beginning of May, weather became unsettled in
the neighbourhood of Ceylon owing to a temporary
advance of monsoon winds into the south of Bay. A 
second temporary advance of the monsoon occurred in
the 2nd week of month (May) but on this occasion the
current was directed to the southeast of the Bay.
Rainfall commenced in the Nicobars and in south
Tenasserim on the 11th and extended northwards to
the Pegu coast next day; at the same time conditions
became unsettled in the Andaman Sea. An advance
of the monsoon took place in the southeast Arabian.
Sea on the 30th May and caused widespread rain along
the west coast and rough sea in the neighbourhood



Month
Year Date Report Extract

1927 of Minicoy during the 30th and 31st (Kay). A 
depression formed wost of the Laccodives on the
morning of 31st

May IDWR The Bay depression passed inland last night across
18 the Arakan coast and disappeared.

1928 Onset: 3 June/ 1 June

IWR Advance of monsoon 4th and 13th to 17th June:-
In front of an advance of the monsoon in the east
of the Day weather became disturbed on the 4th in
the neighbourhood of Lat 17°N Long 90°E. The
pormancnt advance of the Southwest monsoon occurred
in the southeast Arabian Sea on the 3rd June with
strong winds and rough seas; heavy rain fell along
the Malabar coast on that day. The rough weather
extended northwards into the east and central Ara-
bian Sea by the 6th and into the whole Arabian Sea
by the 8th
The monsoon strengthened markedly again between
the 14th and 17th when rough weather prevailed
practically over the whole Arabian Sea

May MWR A depression which formed at the head of the 3ay
on the 12th caused a temporary advance of the mon-
soon in the south Bay.

June IDWR The unsettled conditions in the neighbourhood of
1 the Andamans have disappeared.

3 A change is noticeable today in the pressure dis-
tribution over the west coast conditions are
now generally favourable for the appearance of the
monsoon.

1929 Onset: 29 May/ 30 May

IWR In connection with a temporary advance of the mon-
soon in the south of the Bay weather became unset-
tled to the northeast of Ceylon on the 10th May....
developed into a depression in the centre of the 
Bay near Lat 14°N Long 87°E on the morning of 12th
May.

A region of disturbed weather appeared in the south
of the Bay on the 29th May in front of an advance
of monsoon On the morning of lit June
a wide shallow depression was indicated in the
north of the 3ay. In the next 24 hrs a well marked
depression formed in the region with centre near
Lat 17 l/2°N Long 91 1/2°E
The storm commenced to move in the northnertheasterly
direction and the centre passed close to cox's Bazar
and Chittagong in the early hours of the 4th.

MWR Associated with an advance of the monsoon in the 
Andaman Sea on the 10th a storm formed in the North
3ay of Bengal and crossed the coast near Akyab on
the afternoon of 14th. 

Month
Year Date Report Extract

1929 May IDWR Conditions unsettled in the central Bay of Bengal
29 where a depression is probably forming.

30 Yesterday's unsettled conditions in tho central Bay
of Bengal are less marked today.

1930 Onset: 8 June/ 3 June 

June IDWR Weather is suspicious in the central Arabian Sea.
9

1931 Onset: 4 June/ 29 May 

IWR Storm of May 14th to 16th:- The first signs of a 
temporary advance of the monsoon in the south of the
Bay became apparent on the afternoon of 10th May....
first signs of unsettled conditions in central Bay
appeared on the morning of 13th.

May MWR In connection with a temporary advance of the mon-
soon in the Andaman Sea, a storm formed in the Bay
in the beginning of the 3rd week (14 May to 16 May).

June IDWR An advance of the southwest monsoon is occurring in
4 the Andaman Sea and probably also in the southeast

Arabian Sea.

1932 Onset: 2 June/ 15 May 

May MWR A temporary advance of the monsoon occurred in the
southeast Arabian Sea on the 18th and conditions
became unsettled off Malabar. On the 20th the
unsettled conditions developed into a depression
centred about 150 miles north of Amini Divi.

May IDWR Conditions are unsettled in the southwest and cen-
16 tral Bay of Bengal.

1933 Onset: 22 May/ 18 May 

May MWR Widespread and locally heavy rain on the Malabar
coast and the adjacent districts of the Peninsula
between the 9th and 12th indicated a temporary in-
cursion of monsoon winds in the southeast Arabian
Sea.. . 
The region of disturbed weather which is usually
found at the head of the monsoon current, was indi-
cated on the weather map of the 15th off the Kathi-
awar and the Konkan coasts. By the morning of the
nth a depression had formed with its centre about
100 miles to the west of Bombay.

Weather became unsettled in centre of the Bay on 
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1933 a depression with center near Lat 12°N Long 89°E on
the morning of the 22nd.

May IDWR. Yesterday's depression off Bombay developed rapidly
18 into a storm and moved slightly northwestwards till

midnight; it weakened thereafter into a depression
which crossed coast between Veraval and Bhavnagar
and lies over Kathiawar this morning.

22 Yesterday's unsettled conditions in the Bay of Ben-
gal have developed into a depression which is centred
this morning near Lat 12°N Long 89°E.

1934 Onset: 8 June/ 7 June

IWR Shallow depression of 11th to 14th June:- An advance
of the monsoon occurred in the southeast Arabian Sea
in the beginning of June, and the monsoon current
appeared in the Malabar on the 8th
After the 8th conditions became favourable for a de-
pression to form in front of the advancing southwest
monsoon current.

1935 Onset: 12 June/ 6 June
Nil

1936 Onset 19 May/ 22 May

May MWR The chief feature of the weather during May 1936 was
the setting in of the southwest monsoon which appeared
simultaneously in the south Bay of Bengal and in the
southeast Arabian Sea on the 19th to 20th May. The
current advanced rapidly up the Bay where the depres-
sion formed near Lat 15°N Long 86°E on the 22nd May.

May IDWR Conditions have become unsettled in the southwest
22 Bay of Bengal.

1937 Onset: 4 June 27 May
Nil

1938 Onset: 26 May/ 27 May

May MWR The southwest monsoon made a preliminary advance into
the southeast Arabian Sea west of Ceylon and into the
south Bay of Bengal about the 12th. Shortly after
conditions became unsettled off the Circars/Orissa
coast
The monsoon advanced on the Malabar coast about the
26th and soon after conditions became unsettled in
the east centrel Arabian Sea where a depression formed

Month
Year Date Report Extract

1938 May IDMR A depression formed over the North Bay and rapid.
26 intensified into a cyclonic storm which is centred

this morning near Barisal.

27 The cyclonic storm crossed coast yesterday and is
centred this morning near Jessore.

28 A low pressure area has appeared in the east centreal
Arabian Sea.

1939 Onset: 5 June/ 6 June
Nil

1940 Onset: 14 June/ 6 June

May MWR In the beginning of 3rd week the monsoon advanced in
the southeast Arabian Sea and the south Bay of Bengal
and a depression formed off the Coromandal/Circars coast on the 18th morning.

IWR Unsettled conditions of 4 to 6 June in the Arabian
Sea:- With the strengthening of the monsoon in the
southeast Arabian Sea and its advance towards Malabar
conditions became unsettled in the east central Ara-
bian Sea off Konkan/Kanara coasts and a feeble cyclo-
nic circulation was noticed there on the morning of
4th June.

June IDWR The western disturbances has induced an advance of
5 the monsoon in the Kanara and the Konkan and condi-

tions are unsettled in the east Arabian Sea off that
coast. A trough of low pressure lies this morning
in the northeast Bay of Bengal.

1941 Onset: 23 May/23 May

IWR ...An advance of the southwest monsoon occurred in
the south Bay of Bengal on the 2Cth May. Heather
became unsettled in the north Andaman Sea by the
morning of 21st and a depression formed there within
the next 24 hours.

A temporary advance of the southwest monsoon appeared
in Ceylon and in Malabar on the 22nd May
Pressure began to fall on the Malabar coast from the
evening of the 23rd and conditions were unsettled off
Malabar/ Kanara coasts from the 23rd
Observations indicated the formation of a depression
with its central region near Lat 11°N Long 72°E at
8 hrs of 25th.

May MWR The monsoon advanced into the south Bay of Bengal on
the 20th and into the Southeast Arabian Sea on the
22nd. By the morning of the 23rd it had burst along
the Malabar coast. This advance of the monsoon was
followed by the development of two destructive cyclones
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1963 the south Peninsula from the southwest Bay of Ben-
gal, the southwest monsoon advanced into extreme
south Kerala on 31st

1964 Onset: 6 June/ 7 June

June IJMG A low pressure area forming over the east central
Arabian Sea off the Kanara coast on 6th (June)
moved northward and intensified into a severe
cyclonic storm Under its influence the
monsoon rapidly advanced northwards and set in
over the entire west coast by 12th.

1965 Onset: 26 May/ 6 June

May IDWR Ships observations from Central Bay are absent. It
26 is believed that the well marked low pressure area

over the central Bay concentrated into a depression
which lay at 0300 hrs GMT today. with centre within
a degree of Lat 15°N Long 89°E.

June The trough of low pressure lies over south Mahara-
6 shtra and Mysore coasts.

May IJMG Under the influence of a well marked low pressure
area over the Central parts of the Bay of Bengal' a 
depression formed on the 26th morning with centre
near Lat 15°N Long 89°E. It intensified into a 
severe cyclonic storm by the evening of 31st
Under its influence the southwest monsoon advanced
into the extreme southeast Bay of Bengal and south
Andaman Sea and extended northwards into the east
Central Bay. The Arabian Sea branch of the mon-
soon also advanced into south Kerala on 26th.

1966 Onset: 1 June/ 3 June
area

June IDWR Yesterday's well marked low pressure/lies over the
1 east central and adjoining north Bay of Bengal.

3 It is believed that yesterday's well marked low
pressure area over the central Bay concentrated
into a depression, probably deep, by last evening
and was centred at 0300 hrs GMT today about
200 Kms southeast of Vishakapatnam.

June IJMG A depression lying over the west central Bay of
Bengal on 2nd moved into the north Peninsula and
weakening as a trough of low pressure moved across
east central Arabian Sea to northeast Arabian Sea
by 13th, Under its influence, the southwest mon-
soon advanced into south Kerala by the normal date
of 1st June The Bay branch of the monsoon
also advanced into Assam by 6th

Month
Year Date Report Extract

1967 Onset; 9 June/ 8 June

June MWR A trough of low pressure developed over the central
parts of the Arabian Sea by the 10th. It shifted
slowly northwards to north Arabian Sea where it
became unimportant by the 16th. Under its influ-
ence the monsoon advanced as a feeble current
along the west coast upto Surat by the 17th

June IDWR The seasonal low pressure over the northeastern
8 parts of west Pakistan and neighbourhood is well

marked.

The seasonal low over the northeastern parts of
west Pakistan and neighbourhood continues to be
well marked.

1968 Onset: 8 June/ 8 June

June MWR The southwest monsoon which advanced into the
Comorin and Maldive areas by the end of May did
not extend northwards for the next one week. It
set in over Kerala on 8th
A feeble trough of low pressure developed over
the extreme feast central Arabian Sea off the
Mysore coast on 8th. It persisted there for the
next 3 days Under its influence
the monsoon advanced steadily northwards and
covered the Peninsula by the middle of the month.



FIG. 1: NORTH-SOUTH VARIATION OF PRESSURE AND PRESSURE GRADIENT
ACROSS INDIA DURING APRIL -MAY-JUNE
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UPPER WINDS : NEW DELHI



ONSET OF MONSOON : 14 JUNE ( i i ) l 9 5 9 ONSET OF MONSOON : 31 MAY





FIG. 4 



FIG.-5(i) MEAN CLODINESS OVER THE ARABIAN SEA AND WEST-COAST RAINFALL MAY-JUNE 1967 



FIG.-5(ii) MEAN CLOUDINESS OVER THE ARABIAN SEA AND WEST-COAST RAINFALL, MAY-JUNE 1968



SURFACE CHART



FIG.-6( i i )



UPPER WINDS DATE: -1st JUNE 1957 TIME -00 GMT



SURFACE CHART





1 st JUNE 1966 00 GMT



1.8 MINICOY TIME SECTION PRESENTED AS TRIVANDRUM DATA VERY POOR)





SURFACE CHART



DATE:-14 MAY I960 TIME 03 GMT



14th MAY I960 00 GMT



FIG.8(IV) VERTICAL TIME SECTION TRIVENDRUM (10 MAY TO 18 MAY 1960) 



FIG.8(v) VERTICAL CROSS-SECTION ACROSS INDIA
13 MAY I960. 12 GMT



SURFACE C.



FIG.-9(i i)

DATE : l 7 t h MAY 1962 TIME.03GMT





FIG.9 (iv) VERTICAL TIME SECTION -TRIVANDRUM (13 MAY TO 21 MAY 1962)



FIG.9(v) VERTICAL CROSS-SECTION ACROSS INDIA
16 MAY 1962. 12 GMT





FIG-10(II)

DATE :- 6 t h JUNE 1964 TIME 03 GMT



6th JUNE 1964 , 00 GMT



FIG.IO(v) VERTICAL CROSS-SECTION ACROSS INDIA
5 JUNE 1964. 12 GMT



FIG.10(IV) VERTICAL TIME SECTION TRIVENDRUM (2 JUNE TO 10 JUNE 1964) 



SURFACE CHART



FIG-11(ii)

DATE : - 8 t h JUNE 1968 T IME: -03 GMT





FIG.11(iv) VERTICAL TIME SECTION - TRIVANDRUM (4 JUNE TO 12 JUNE 1968)



FIG.11(v) VERTICAL CROSS-SECTION ACROSS INDIA

7 JUNE !968. 12 GMT


