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ABSTRACT. Evolution and characteristic features of double trough systems in the tropical Indian Ocean
have been studied with the help of Climatological Atlas (Part I and Il) of the Tropical Indian Ocean (Hastenrath
and Lamb 1979). It is confirmed that there are two troughs (Northern Hemisphere Equatorial Trough and
Southern Hemisphere Equatorial Trough) in this region (including south Asian landmass) all the year round, one
in northern hemisphere and the other in southern. Both are migratory in nature and, perhaps, thermal in origin.
In the convergent zones of the two troughs, there is extensive cloudiness. The migration of these trough systems
during their respective summer seasons appear to be related to the extensive heating of the south Asian/African

land masses surrounding the Indian Ocean in north and west.
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1. Introduction

Occurrence of two trough systems, one in north and
the other in south tropical Indian Ocean throughout
the year was noticed during the International Indian
Ocean Expedition (IIOE) in 1963-64 (Raman 1965).
Satellite observations have since confirmed their occurr-
ence all the year round of which the northern one reaches
the extreme position of 25°-27°N latitude over India
during SW monsoon season. The development of these
double troughs in this area has been alluded to the
existence of a belt of westerlies along and near the equa-
tor in the Indian Ocean (Saha 1970) in between the two
trade wind belts (NE'ly.SE'ly). The meeting zones of
these two trades with equatorial westerlies gives rise to the
two troughs. An attempt has been made in this paper to
study the evolution, seasonal movement and characteri-
stics of the double trough system from climatological
stand point.

Hastenrath and Lamb (1979) have published a detailed
Climatological Atlas (in two parts) of the tropical Indian
Ocean for 60 years' (1911-1970) ships observations
including almost 4.5 million sets of data. Part T of this
atlas contains surface winds and their derivatives like
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convergence/divergence, vorticity and distribution of
cloudiness, precipitation etc and part II, the thermal
aspects. Our study draws extensively from this atlas.

2. Discussion
(i) Differing characteristic of the two troughs

In the monthly mean charts one trough (in the summer
hemisphere) appears as an elongated low pressure area
around which dominant trade wind turns cyclonically
when crossing the equator while the other (in the winter
hemisphere) is more or less a meeting zone of the two
trades, generating a series of cyclonic vortices. The
trough alongwhich the trades turn (to cross the equator)
is nearer the equator than the one where the two trades
meet. The former is well marked, while the latter is a
meandering one with a series of embedded cyclonic
vortices. In'the transition months'of April and October to
November, weak turning of trades is observed.

(ii) Sea surface temperature and froughs
Description of sea surface temperature distribution is

restricted to four cardinal months of January, April,
July and October. It is seen that the two roughs are
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Fie. 1. Trough zones (December-March)

located in a zone of relatively warnmier temperatures in
the ocean. i.e., 28°C in January. July and Qctober and
29°C in April. Only in July. it extends up to 26°C iso-
therm in the western part of the equatorial Indian Ocean
(west of 60°F). They are also located in the region
where there is net oceanic heat gain, i.e., where ocean
is getting heated. Thus the thermal origin of these troughs
seems to be a strong possibility (Raman 1963).

(ifi) Divergence. relative vorticity  and  cloudiness

Part 1 of the atlas contains the distribution of

convergence/divergence ( < 107 sec™1), relative v rticity
(> 1078 sec™) and cloudiness (in tenths) which ncludes
satellite data up to 1970. The convergence divergence dis-
fribution indicates that both troughs are associated with
predominantly convergent areas. The trough in the sou-
thern Indian Ocean in January, April and October shows
high degree of convergence (~-5 < 107% sec 1). In July it
is near the equator and hence the value of convergence is
small. The value of convergence is low in the northern
trough in April and October. The same is the case
with relative vorticity. The distribution of total clouding
is in conformity with this picture. Averuge clouding
associated with the troughs in all these months (January,
April, July and October) is between 5 and 7 tenths and
they seem to be extensive both to the south and north of
the troughs. This discrepancy may be due to the averaging
process in the shifting trough zone. thus we can say that
there are two troughs in the tropical Indian Ccean and
adjoining areas of land (ie., monsoon trough) all
the year round which are convergent and extensive
clouding prevails over and along them. Thev are located
over warm ocean (temperature 27°-29° C) which
indicates that they could be thermal in origin.

In what follows now. a discussion is presented on the
evolution of these two trough systems (NHET and
SHET) through the year over tropical Indian Ocean.
It is proposed to discuss upper air characteristics of
these troughs in a separate paper.

3. (i) Northern hemisphere winter (December-February)

Fig. 1 gives the positions of these troughs from Decem-
ber to March by December the NE'ly trades dominate
the surface wind flow both in the Arabian Sea and the
Bay of Bengal and these trades cross the equator as
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Trough zon=s (March-May)

NWly hefore finally meeting the SE’ly trades in the south
Indian QCcean. As Fig 1 indicates, the trough around
which NE'ly trades turn NW’ly in December is roughly
along 2-3'N, east of 63°E. To its west. the tro-
ugh sharply dips southwest reaching up to 5°S at
4% E. In the south Indian Qcean there is another trough
between 5° & 10°S. Between 48°FE and east African
coast, the NE'lies continue up to 5°S and then only
slowly turn northerly. Infact they never turn NW'ly
or westerly. Thus in December in the tropical Indian
Ocean two troughs are observed one at about 2°N

(east of 63°E) and the other between 5°S and 10°S
latitudes.

In January and February. both the troughs shift soyth.
In February the northern trough is south of cquator to
the west of 80°E  but still in the northern hemisphere to
the east of it. The NE'lies along the African coast too
show a tendency to turn NW'ly though much to the
south of the equator. The southern trough is now between

10" & 13°S, mostly along 10°S 1o the east of 80°F and
13'S tothe west ofit,

(it} Pre-monsoon season ( March-May)

Fig. I includes the positions of the two trough zones in
Murch also. just for comparison. It is seen that in Marck
both troughs have registered rapid northward movement.
The trough in the north is now at about 4°N at 80°E
and its shift is conspicuous in the mid Indian Ocean.

The other too is now nearly at the same latitudes as in
January,

Fig. 2 shows their position in March, April and May-

In April there is a marked change. The south Indian
Ocean trough not only shifts further north from its
position in March but is also transformed into an active
trough all along its length except to the east of 95 E,
across which the SE’ly  trades turn SW’ly. It is now
located roughly along 5°S. The northern trough too
undergoes noticeable changes. Firstly, it has shifted
much to the north of its position in March (Fig. 2).
West of 80°E across this trough N/NE’lies of Arabian
Sea/NW Indian Ocean turn NW’ly and finally westerly.
But to the ecast of 80°F it forms a trough across which
SWrlies from the south turn S/SE’ly in the western half
ol the Bay of Bengal (west of 90°E),
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Figs. 3(2&b). Trough zones : (1) Jun -Sep, nd
(b) Oct-Nov

Between these two troughs there is a zone of conver-
gence where the NW/W’ly from the north meet SW/S’ly
from the south. This is seen clearly in the west Indian
Ocean along about 2°S.

By May, the trough in the north Indian Ocean has
disappeared completely as N/NE’ly flow in the Arabian
Sea is now replaced by SW/W’lies and the Bay comes
under the complete sway of SW’ly monsoon flow.

The southern trough is well marked west of 90°E
across which the SE’ly trades turn north to become SW/
W’ly monsoon flow. Tt is located between 2° & 4°S, being
farthest south between 70° & 80°E longitudes. As
can be seen Fig. 2, it has shown no movement between
these longitudes though it shifted north to the west and
east of this zone. There is a zone of convergence now in
the Arabian Sea at about 8 N across which NW’lies of
Arabian Sea meet the monsoon westerlies from south.

(iii) SW monsoon (June-September)

By June the SW monsoon establishes over India the
Arabian Sea and the Bay of Bengal and the prevailing
winds are SW'lies and the northern trough becomes the
well known monsoon trough. Hence in the Indian Ocean
we have only the southern trough which is between
1° & 3°S. Fig. 3 (2) gives the position of this trough from
June to September. It is seen that in these months the
trough is near about equator (roughly between the equa’,
tor and 3°S) with little movement except in September
when it shows a little more oscillation and even crosses
the equator west of 60°E. Hence, during the SW monsoon
season we have only this trough in the ocean (which is
truely the equatorial trough now) located at the equator
or just to the south of it.

(iv) Post monsoon season (October and Noveniber)

By October, the SW monsoon withdraws from the
north and central India and N/NE’lies establish over
most Pans of Arabian Sea and along the east coast

north of Tamil Nadu. Hence the northern trough can be
seen over the central and adjoining Bay of Bengal and
the south Arabian Sea. The trough in the south Indian
Ocean still persists and shifts a little south of its Sep-
tember position. Tt is now seen between 3° & 5°S.

In November the NHET shifts further south over the
Bay and the Arabian Sea across which N/NE’ly trades
turn to become NW/W’lies. The southern trough zone
still continues along about 5°S but is of attenuated
strength. In between the two trough zones, there is a
zone of convergence along about 1°S but is not very wel!
marked. In December both the troughs shift further
south.

4. Equatorial westerlies and development of twin troughs

Because of the existence of two trough zones simul-
tancously on the two sides of the equator all the year
round, it is obvious that westerlies will be the dominant
flow over the equator. But as Fig. 1 indicates, from
December to March, it is mostly some northerly flow
(NE/N/NW’ly) which prevails over the equator. Similar-
ly. from May to September the equator is dominated by
S/SW’'ly flow. It is during April, October and November
that the flow over equator is westerly east of about 60°E.
West of 60°E and up to the African coast it is never
westerly, Itis either N/NE’ly or S/SW’ly.

The intense heat low over NW India/Pakistan in
pre-monsoon months extends to NW Bay by June to
form a trough (known as monsoon trough) which attracts
the SE’ly trades all the way to the northern limit of the
Tndian subcontinent. This circulation system typifies
the SW monsoon flow. The monsoon trough could be
observed to be the displaced equatorial trough (Rao
1976), displaced northwards due to the intense heating of
the south Asia in summer. By October, as the heat zone
shifts south, this trough also shifts to south Arabian
Sea and the central and adjoining south Bay [Fig. 3(b)].
This shift of the northern trough southward continues
throughout northern winter (December to February)
under the combined effect of intense cooling of Asia and
heating in the southern hemisphere, particularly south
Africa. The effect of African heating, though not so
profound as that of Asia, is nonetheless quite marked
and significant. Looking at the configuration of these
troughs in the Indian Ocean from November to February
(southern summer) and also in March and April, it is
noticed that these troughs show a sharp dip towards SW
in the western Indian Ocean being farthest south near
the African coast. In fact, the western portion of the
trough is south of equator right trom December to March
being as far south as 12°S latitude in February. This
effect extends eastwards also as southern summer season
advances. Atits peak (in February) it extends even up to
the east of 80°E longitude. It is apparent, therefore,
that the heating of south Africa though very small in
comparison to that of south Asia, causes the marked
shift of the troughs to the south of equator in the western
Indian Ocean. By contrast, the eastern side the trough
always remains north of equator as there is no large
landmass there. It may be mentioned that these troughs
concide with the warmest temperature belts in the ocean.

By March when south Asia begins heating, again the
vigour of NE’ly trades reduces (as the Asian anticyclone
weakens) and so the trough shifts north. 'This shift
continues through April and it reaches over land in May.
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In the south Indian Ocean, with the intensification of the
Mascarene High, SE’ly trades flowing out of it get attract-
ed by heated south Asia, moves north and turns SW'ly
around the southern trough which appears at about 5°
south. By June the NHET appears as a full fledged
monsoon trough and the SHET moves over to the
equator.

Thus, it is seen that the shift of the equatorial trough
north and south or appearing on both sides of equator
simultaneously in the Indian Ocean is due to the heating
and cooling effects of the surrounding continents.
It is all the more apparent when we compare the
conditions to the west of 90°E with those to the east of it.
All changes are prominent in the western part but on the
eastern side they are minor. For instance to the east of
90°E the trough zones are not well marked and crossing
of the trades not so vigorous as in the west. In fact, to
the east of 90°E where land effect is minimal, the trough
zones too appear weak.

5. Conclusions

After an analysis of the climatological records of the
tropical Indian Ocean (Climatological Atlas by Hasten-
rath and Lamb) regarding the existence of two equatorial
trough zones (NHET & SHET) in this region, the follow-
ing conclusions can be drawn :

(i) From December to March there is a trough in
the northern and another in the southern tro-
pical Indian Ocean (Fig. 1). The same is the case
in October and November.,

(ii) From June to September when SW monsoon
is active over India there is only one trough in
the Indian Ocean located over or just to the
south of equator where the SE’ly trades turn to
become SW’ly monsoon winds in the north.
The trough to the north of equator is now over
SE Asia known as monsoon trough.

(iii) These troughs are convergent and equatorward
side contains zones of extensive cloudiness.

(iv) They seem to be thermal in origin and are
located over the warmest part of the ocean
with temperatures 26°C and above (average
27°-29°C).

(v) Both the troughs are migratory, but the northern
one shows much greater poleward shift than
the southern one. At 80° E it is about 1°S in
February and 26°N in July, thus showing a
movement of about 27° latitude in a year. The
southern one, however, shows a movement of
12°-13% lat. in a year, southernmost position
in February and northernmost in July (at

80°E).
(vi) The movement of these troughs could be
attributed to the pronounced heating effect

of the south Asian and African landmasses
which surround the Indian Ocean in the north
and west. South Asian/north African landmass
being extensive and spreading across the whole
length of the ocean in north and west shifts
both the equatorial troughs to the north in
summer, taking the northern one right up to
25°-27°N. The effect of south African land-
mass seems less prominent. Its effect is felt
only in the western parts of these troughs (say,
west of 80°E) during southern summer (Nov-
Mar). In these months the northern trough
crosses equator, gradually reaching its southern-
most position in February when its effect is
felt up to 80°E. East of 80°E the two troughs
remain confined to their respective hemisp-
heres.
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