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ABSTRACT. A study is made of the sea surface pressure (SSP) and sea su.face temperature (SST) patterns
and distribution of cloudiness for different months over Indian Ocean (north of 15°S and between 40° E and
100° E) with the help of Marine annual summary data for the years 1961, 19€4, 1965 and 1966. In April and May
the area of major cloudiness lies to the south of the thermal ridge exis and east of 65° E longitude over warm sea.
1In the months of June, July and August of good monsoon years, only one bzlt of major cloudiness lying over Bay
of Bengal and Arabian Scaeast of 65°E is prominent, whereas in bad monsoon years two distinct belts, one lying
in the nothern latitudes and the other running along equatorial ocean with interlying region of lesser cloudiness are
observed. The reverse happens in the month of September when only one belt is observed in bad monsoon years.

1. Introduction

Ranijit Singh (1980) studied the sea surface tem-
perature and pressure patterns for different months
over Indian Ocean (north of 15° S and between
40°E and 100°E) with the help of Marine annual
summary data for 17 areas (as given in the Fig. 1 of
that paper) published by India Meteorological
Department for the years 1961, 1964, 1965 and
1966 (that paper hereafter referred to as Part I).
It was shown that (1) The zone of warmest sea
surface waters during the months of April and
May was observed to be located northward in the
years 1961 and 1964 (the years of good monsoon
over India) as compared to 1965 and 1966 (the
years of bad monsoon over India). The values of
SST were also higher for most of the oceanic areas
in the years 1961 and 1964 as compared to 1965
and 1966 during these months. (2) Well defined
pressure patterns with isobars 1008 and 1009 mb
encircling and pressure gradient directed towards
the Indian Peninsula were observed during the

month of April in 1961 and 1964 but in 1965 these
features in pressure patterns were absent. The
pressure values were also generally found to be
lower in most of oceanic areas during the monsoon
months in 1961 and 1964 as compared to those
of 1965 and 1966. They were in particular lower
over Arabian Sea during the month of April. (3)
A general fall of SST values ranging from 1° to
3°C was observed after May during the monsoon
months in most of the oceanic areas and this was
ascribed due to evaporative cooling.

In the present paper the study is continued with
the cloudiness distribution patterns for the months
April to September for the groups of years of con-
trasting monsoon rainfall over India with a view
to identify the difference in the oraganisation of
their mean patterns and whether such difference
in pattern could be helpful for a better under-
standing of the southwest monsoon and for an
advance prediction of good and bad monsoon
rainfall over India. Cloudiness patterns for October
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Fig. 1 (a). Distribution of cloudiness for the contrasting years of 1961, 1964 and 1965, 1966 in April

?gcﬁll November are also presented for the year

2. Monthwise distribution of cloudiness

Cloudiness may not be the simple result of one
single physical condition but product of the var-
ious conditions working together. Out of these the
sea surface temperature (SST) (for that reason
thermal ridge axis), low pressure belt (low pressure
trough axis) and the intertropical convergence zone
(ITCZ) may be the factors of major importance.
As the information on mean monthly wind value
is not included in the wind frequency tables the
mean position of ITCZ at 0.5 km were extracted
from *Climatological charts of the Indian Monsoon
Area 1945’—an IMD publication.

2.1. April and May —1In the study No. | of SSP
and SST patterns over Indian Ocean regions for the
years 1961, 1964, and 1965 and 1966 it was found
that the axes of thermal ridge were located over
Arabian Sea and Bay of Bengal in the months of
April and May and they were located northward
in the years 1961 and 1964, the years of good mon-
soon rainfall over India as compared to 1965 and
1966, the years of bad monsoon rainfall. Tt was

again shown that in the month of April 1965 (un-
like the years 1961 and 1964) the pressure trough
axis still lay over the Indian Ocean though north
of the equator. It was located north of the mean
climatological position of ITCZ at 0.5 km but
to the south of the thermal axis for the year 1965.
This suggests that some machanism superposed
over the simple northward passage of the sun with
season, does play a part in determining the good
and bad monsoon years and that its effect may
be witnessed in the month of April sufficiently in
advance before the onset of monsoon. It is noticed
in the form of delay in the northward displacement
of subtropical anticyclone over the Indian Ocean
and consequent lagging in the northward move-
ment of pressure trough. Similar observations were
made by Banerjee et al. (1978) in their study of
the latitudinal position of subtropical ridge on
the mean circulation chart of April at 500 mb
level. They noticed that years when the subtro-
pical ridge at 500 mb in April is poleward of the
normal position are followed by good rainfall dis-
tribution while years when the ridge axis is eq-
uatorward of the normal position are followed by
poor southwest monsoon rainfall.
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Fig. 1 (b). Distribution of cloudiness for the contrasting years of 1961, 1964 and 1965, 1966 in May

The southward intrusion of subtropical west-
erlies of upper troposphere into the Arabian Sea
and adjoining Peninsular India (southward dis-
placement of subtropical anticyclones) during the
years when monsoon fails (Joseph 1976, 1978)
or the shifting eastward and equatorwards of the
Tibetan high (Kanamitau and Krishnamurti 1978)
may be the different forms in which this mechani-
sm is manifested.

In April the axis of maximum cloudiness more
or less coincides with the mean position of ITCZ
both lying to the south of the equator (Fig. 1).
The area of major cloudiness (>4 octas) lies south
of the thermal ridge in 1961, 1964 and 1965 which
is located in northern hemisphere. In 1966, however,
the axis of maximum cloudiness shifts to the north
of equator and area lies 5° on either side of the
thermal ridge, eastof 70°E. This was due to the
formation of severe cyclonic storm in the Bay of
Bengal close to the Area 17, which had also allect-
ed the mean pressure pattern. A second area of
major cloudiness is located around Area 15 near
east Africa coast.

In the month of May the pressure trough
axis moves over the continental landmass of north
India with pressure gradient directed from south
to north over seas. The thermal axis is still located
over sea displaced northwards from its April posi-
tion over Arabian Sea and Bay of Bengal. Tem-
perature rises 1-2 degrees everywhere and vary
from 28° to 30°C. The major cloudiness (>4 octas)
area zTnd its axis begin to move northward from
April lonward, In May it siretches 10 degrees to
the narth and south of the equator, east of 70°E.
The north Arabian Sea, the east Arabia, Somali
coast and the head Bay of Bengal are the areas of
low cloudiness during this month. The common
features of cloudiness in different years were that
the area of maximum cloudiness always lay to
the south of thermal axis. It generally coincides
with the mean position of ITCZ. ITCZ is the zone,
where the trade winds of the southern and of the
northern hemisphere meet. It is located in northern
hemisphere from May till November and slopes
southward (2-4 degrees) with height at 3 km to-
wards ¢older waters. ITCZ in May lics close to the
thermal axis though slightly to its south. Whereas

|
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Fig. 2 (a). Distribution of cloudiness for the contrasting years of 1961, 1964 and 1935, 1966 in Juna

the cloudiness distribution in Bay of Bengal does
not distinguish much between the years of good
and bad monsoon years it seems to do so over
the Arabian Sea. There is more cloudiness over
most of the areas in Arabian Sex in 1961 and 1964
than in 1965 and 1966. The area of major cloudi-
ness extends more to the north in 1961 & 1964
than in 1965 & 1966. In 1961 it appears as a dis-
tinct area of maximum cloudiness off west coast
of India extending upto 15°N.

2.3, June, Julv, August and Seprember — From
June to September pressure trough, 1TCZ  and
thermal ridge axcs all the three lic over the con-
tinental landmass of northern India and extend
on cither side to the cast and west. The ITCZ and
pressure trough slope southward with height to-
wards colder region over sea upto 500 mb. A gen-
eral fall of SST values ranging from [°to 3°Cis ob-
served in Arabian Sea and Bay of Bengal during
the monsoon months. The fall is maximum in the
month of August. The thermal ridge axis is not
discernible over Bay and Arabian Sea during the
months of June, July and August. However, a
secondary thermal ridge with temperature gradient

directed north and south is observed running paral-
lel to the equator over Indian Ocean. The belt of
maximum cloudiness over Bay of Bengal and
Arabian Sea shows a northward displacement from
June to August. In 1961 and 1964, the years of good
rainfall distribution over India, this belt appears
very prominently with cloudiness gradually dec-
reasing southward whereas in June and August
of 1965 and 1966 the years of bad monsoon two
major cloudiness belts appear, one in the northern
latitudes over Bay of Bengal and Arabian Sea but
less prominent and the other running along equator
which is also the location ol secondary thermal
ridge (Fig. 2). The double cloudiness maxima,
however, may not be found in the month of July.

In the good monsoon years the second belt ap-
pears as an extension of the primary, the more
prominent belt with cloudiness 6 to 8§ octas, lying
to the north (15-20°N) where as in years of bad
monsoon the second belt appears as a distinctly
separate  secondary belt ol cloudiness maxima
in addition to the northern primary belt with lesser
cloudiness in the inter-lying region. The primary
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Fig. 2 (b). Distribution of cloudiness for the contrasting years of 1961, 1964 and 1965, 1966 in July

belt of major cloudiness lies to the south of pri-
mary thermal ridge axis and the ITCZ overland,
whereas the secondary belt more or less coincides
with the secondary thermal ridge axis. It 3 here
that a secondary ITCZ is observed to be beated
over ocean as a trough system with emiedded
cyclonic vortices in the lower and middle ropos-
phere. This ITCZ over ocean slopes but litle with
height and more or less coincides with the hermal
ridge. Studies of Saha (1971), Rao andRagha-
vendra (1967) and -Raman (1965) als held
similar views.

In September the monsoon activity /cakens.
The axis of warmest water is again discerible over
Arabian Sea and Bay of Bengal. Therorthern
belt of major cloudiness shows a s_outl/ard dis-
placement merging with the equatorial lt. How-
ever in 1961, the year of good rainfaand also
the year of maximum number of depres’ns track-
ing through the northern India (3 in mber) we

et two cloudiness maxima belts, one ing in the
northern latitudes, over Bay of Bengal d Arabian
Sea (18°N) and the other lying over tlequatorial

ocean.

| A general evaporative cooling is observed in
Arabian Sea and Bay of Bengal during monsoon
months. The excessive cooling off north Somali
and east Arabia coast may be attributed to the
additional factor of upwelling ocean current un-
der the influence of strong cross equatorial south-
erly and southwesterlies (Part I). The low cloudi-
ness is observed parallel to the Somali and east
Arabia coast over the cold sea water area which
gradually stretches eastward at places upto 70° E

'from June to August and September (Part I). The

position of 27°C isotherm for different months of

'the year 1961 and for the months of April to Sep-
| tember for the year 1964, 1965 and 1966 are shown
| in their corresponding charts. No significant difl-

erence is observed regarding the mean picture on

| eastward stretching of the cold water for the two

different groups of year.

2.3. October and November — The axis of war-
mest waters moves southward in October and
remains more or less at the same position in the
month of November. The belt of major cloudiness
(=5 octas) shows a southward displacement and
lies between equator and 10° to 15°N mostly south
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Fig. 2 (c). Distribution of cloudiness for the contrasting years of 1961, 1964 and 1965, 1966 in August

of the primary thermal ridge axis (Fig. 3). A second
belt of major cloudiness makes appearance south
of 8°S in November. The low cloudiness areas
mainly exists over north Arabian Sea, east Arabia
and Somali coasts. The area 8 gets more cloudi-
ness during the month of November with the rise
of temperature.

3. Discussion

(1) The latitudinal and longitudinal dispiacemer?t
of the major subtropical anticyclonic cells dq ex-
hibit some kind of oscillation on an yearly .\L.’.llt.‘:
(may be under the influence of” westerlies or vic ¢
versa). The subsiding atmospheric motions and ’thk
clear skies associated with it affect the sea sur_f ace
temperature and pressure fields. Thus the relatively
southward location of thermal ridges in the months
of April and May in 1965 and 1966 or the lag .ol?:
served in the northward displacement of pressure
trough in the year 1965 (both poor monsoon
years) may be explained due to a lag in the nn‘rth-
ward displacement of subtropical anticyclone m
observed by the relatively high pressure hpld (3\_:.1‘
Arabian Sea and Bay of Bengal during these years.

(2) The present study made with the distribu-
tion of mean monthly cloudiness throws light on
the sasonal migration of the major cloudiness
belt wross the equator to summer hemisphere.
It doe not give any idea about the formation and
migraion of cloudiness belt over Arabian Sea
during an active monsoon spell. However, the
mean ‘icture brought out in this study resembles
mostlythe one depicted in the ‘Global Atlas of
Relativ  Cloud Cover 1967-70 based on data
from mteorological satellites’, a U.S.A. publica-
tion orn the studies made with the satellite ob-
served wudiness by various Indian authors (Sikka
1971 ef).

(3) Irhe above discussion, the pressure trough,
the theral ridge and the ITCZ are found to differ
significaly in their positions particularly in the
months * April and May. The pressure trough is
located uch to the north of thermal ridge and
ITCZ (s May charts). Also the thermal ridge
is locatecw the north of ITCZ, (see April charts).
The formr is obviously due to the differential
heating oca and land masses. The Indian Pen-
insula in't month of April and the north Indian
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Fig. 2 (d). Distribution of cloudiness for the contrasting years of 1961, 1964 and 1965, 1966 in September
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Fig. 3. Distribution of cloudiness for the months of October and November in 1961
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and the adjacent landmass in the month of May
are much warmer than the seca waters. The fall of
pressure there further modifies the pressure field
over the sea such that pressure gradient is directed
in their directions. The latter is due to the lag in the
response of wind field to changes in temperature
field. A lagin the response of pressure field over
te the change of temperature by one to two months
is also observed by consulting the Fig. 4 of Part-1
of this study: though it may not be easy to get an
exact correlation between the two because of the
evaporative cooling of seca waters duoring mon-
S0O0N.

(4) The pressure trough is located much to the
north of ITCZ on the surface and both slope south-
ward with height to the colder region and come
closer at 3 km and above. During monsoon months
the secondary ITCZ and pressure trough do not
exhibit any significant slope with height and are
found to coincide with the secondary thermal ridge
near the equator. The cloudiness maxima are ob-
served to be located closer to and to the south of
ITCZ position at surface. This is obviously duc
to the favourable conditions of wind convergence
and conditional instability and moisture supply
along and to the south of ITCZ.

(5) Prolonged or frequent breaks in monsoon
may be one of the reasons for a poor monsoon year
over India. In the break period weather shilts to the
northern latitudes near foot hills of Himaiayas
thus making the northern belt of cloudiness over
sea less prominent. On the other hand low pres-
sure area associated with weather have been ob-
served to migrate from east to west near equatorial
regions both in Bay of Bengal and Arabian Sea
(Koteswaram 1950, Mukherjee 1968, Pant 1980)
thus making the equatorial belt of cloudiness re-
latively more prominent. This may explain why
two distinct cloudiness maxima are observed in
the months of June and August of the bad mon-
soon years as compared to only one bui more pro-
minently displayed in the good monsoon year.
July gets lesser breaks comparatively.

5. Conclusion

The major findings of this study are :

(1) We may get an advance indication about
the ensuing good or bad monsoon rainfall over
India from the distribution of mean sea surface pres-
sure (SSP),sea surface temperature (SST) ;l_nd
cloudiness field for the month of April over Indian
Qcean, Bay of Bengal and Arabian Sca.

(2) In April and May the arca of major cloudi-
ness (=5 octas) mostly lies to the south of thermal
ridge over sea. There is more cloudiness oyer most
of the areas in Arabian Sea extending to morc
northern latitudes in the months of April and May
in good monsoon years than in bad monsoon
vears.

(3) In the months of Jung, July and August of
monsoon season the secondary thermal ridge and

ITCZ are located along the equator over Indian
Ocean. In the good monsoon years only one belt
of maximum cloudiness lying over the Bay of
Bengal and Arabian Sea east of 65°E appears very
prominently. Whereas, in bad monsoon years two
distinct belts of major cloudiness one lying over
Bay of Bengal and Arabian Sea and the other
located along the equator appear prominent parti-
cularly in the months of June and August.

(4) In September. in the year 1961 of good rain-
fall. there appear two major cloudiness belts one
lying over the Bay of Bengal and Arabian Sea
cast of 65°E and the other lying over the equatorial
ocean. In bad monsoon years only one belt of
mean monthly cloudiness merged with the equa-
torial cloudiness appears permanently over the
south Bay and Arabian Sea.
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