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ABSTRACT

Aerological data obtained during the meridional cruises undertaken by the USSR
ships along 55° E and 65° E from May 23 to May 28 during MONEX-1973 are analysed.
The Inter Tropical Convergence Zone is located near 10° N with an equatorward
inclination with height. A broad zone of westerlies—equatorial westerhies—which
exists to the south of the Inter Tropical Convergence Zone is found to extend even to
the south of the equator. Computations of water vapour flux indicate that there is a
significant convergence of moisture flux just south of the Inter Tropical Convergence
Zone, whereas to the immediate north of it, there is a weak divergence of moisture

flux.

Introduction

An expedition, MONEX-1973, over the
Arabian Sea and the north Indian Ocean was
undertaken jointly by India and USSR during
May to July 1973 to study the Indian summer
monsoon. Four ships of the USSR Hydro-
meteorological Service participated in the
expedition. These were Ocean (the Flagship),
Priliv, Shokalskiy and Voeikov. As part of the
expedition, Shokalskiy and Voeikov cruised
along 55°E from 15°N to 3°8. Ocean and
Priliv cruised along 65° E from 20°N to the
equator. These two sections were covered be-
tween May 23 and May 28, 1973. The present
study deals with the identification and structure
of the Inter Tropical Convergence Zone (ITCZ)
and the equatorial westerlies, as based on the
data obtained during the cruises along these
sections.

Each of the four ships took RS/RW observa-
tions at 00, 06, 12 and 18 GMT daily (radio wind
observations over the above oceanic regions are
available for the first time). Vertical cross sec-
tions of winds along 55°E and 65°E are
presented in Figs. 1 and 2 respectively. Similar
cross sections of zonal and meridional compo-
nents of winds, and of temperature and specific
humidity are presented respectively in Figs. 3a,
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3b, 4a, 4b, 5 and 6. Dew point depressions have
also been analysed along with zonal wind
component (Figs. 3a and 4a).

For the above analyses, the observations
obtained during the ships’ cruises are obviously
not for the same synophic time. Therefore,
while constructing the vertical time sections,
it has been tacitly assumed that the atmosphere
remains quasi-stationary in the meridional
direction during the period of observations.
The assumption may be justified because the
purpose of the present study is to examine the
gross features of the weather phenomens such
as the ITCZ and the equatorial westerlies which
are of a global scale in nature. In the last section
of the paper, we have presented the satellite
photographs in support of this assumption.

Disussion

The vertical cross sections of winds along
55°E (Fig. 1) shows a zone of convergence
between westerlies and easterlies from the sur-
face up to 300 mb. This is the Inter Tropical
Convergence Zone (ITCZ) because it has, to its
north, the northern hemispheric trades (easter-
lies) and, to its south, the westerlies extending
to the southern hemisphere (Burlutsky et al.,



124

R. V. GODBOLE

55°E MERIDIAN

100| T ey ~ ™ ™ m

200+

300

400

500

€600

PRESSURE (mb}

700}

800

900

1000

VOEIKOV 4—*——' SHOKALSKIY

LATITUDE (deg)

T

Fig. 1. Vertical cross section of winds along 55° E longitude.

1973; Sanderson, 1973). The ITCZ has an equa-
torward inclination with height. It is located
near 12°30' N at the surface and 8°30’N at
300 mb with the mean position near 10° N,
The width of the zone is about 2° latitude near
the surface and decreases gradually with height.
Above 700 mb it narrows down to less than half
a degree of latitude (Fig. 1).

There is an indication of another trough in
the southern hemisphere which extends from
surface to 500 mb and has a poleward inclina-
tion with height with the mean position of
about 2° 8. The existence of such a through has
been reported earlier by Fletcher (1945) and
subsequently by others (Flohn, 1960; Kotes-
waram, 1960; Raman, 1965; Ghosh & Godbole,
1973a). It is seen from the figure that westerlies

are confined in between the southern hemispheric

trough and the ITCZ. It is, therefore, appropri-
ate to call these as equatorial westerlies as is
found in the current literature. The depth of
these westerlies is a little above 500 mb but
increases up to 300 mb near the ITCZ.

Within the equatorial westerlies, there is a

region north of about 4° N of strong winds at
all levels with the maximum strength confined
in the layer between 850 and 700 mb.

The cross section along 65° E (Fig. 2) shows
similar features as in Fig. 1, except that the
ITCZ has more equatorward inclination with
height and the westerlies have greater depth
than those of Fig. 1.

The cross section of zonal and meridional
components of wind (Figs. 3 and 4) give quanti-
tatively the strength of the winds. Along 55° E,
westerlies to the south of the ITCZ have a
maximum speed of more than 15 m sec~! (Fig.
3a) whereas along 65° E, the maximum speed
of the westerlies is between 10 and 15 m sec-!
(Fig. 4a). Easterlies to the north of the ITCZ,
however, are stronger along 65° E than along
55° E. Again, southerlies to the south of the
ITCZ are stronger and have greater vertical
depth along 55° E than along 65° E. Thus, in
general, winds are stronger along 55° E than
along 65° E.

Analyses of dew point depression (Figs. 3a
and 4a) indicate that the westerlies to the

Tellus XXVII (1975), 2



THE STRUCTURE OF THE INTER-TROPICAL CONVERGENCE ZONE

65°

E ERIDIAN

100

-

200+

300

400

500

600

PRESSURE (mb)

700

800

900

1000

Y ™MW Ty Ty w Ty

3
LIRS

YY)

T N

OCEAN <~—}—PRILIV

LATITUDE {deg}

Fig. 2. Vertical cross section of winds along 65° E longitude.

south of the ITCZ are moist (relative humidity
greater than 80 9% in the core) and easterlies to
the north of it are dry (relative humidity about
509, in the core). A similar feature is observed
across the southern hemispheric trough (Fig.
3a). Here, westerlies to the north of the trough
are dry and easterlies to its south are moist.
It follows, therefore, that within the belt of
equatorial westerlies, the air is moist to the
north and dry to the south. This seems to
suggest that the moisture in the north of the
equatorial westerlies does not come from the
southern hemisphere, at least not directly from
across the southern hemispheric trough. Rather
its source lies in the equatorial westerlies in the
northern hemisphere being due to either eva-
poration from the ocean or advection from west
of 55° E or both.

Above 300 mb, the easterlies are relatively
moist (Figs. 3a and 4a) because these are
tropical maritime easterlies (Ghosh & Godbole,
1973a).

Figs. 5 and 6 show the vertical distribution of
both temperature and specific humidity from
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surface up to 500 mb along 55° E and 65° E
respectively. From both the figures it is appar-
ent that the mean latitude of 10° N (9° N in Fig.
5 and 11° N in Fig. 6) divides the moisture field
into two regimes—moist to the south of this
latitude and dry to its north. It is also seen
that the maximum specific humidity occurs
near 10° N (i.e. mean position of the ITCZ).
Again, the temperature distribution indicates
that the air to the north of 10° N (i.e. region of
easterlies) is warmer than that to its south (i.e.
region of westerlies). The patterns thus corro-
borate the existence of the ITCZ near 10° N.

An additional feature revealed by the cross
section along 55° E (Fig. 5) is that there is a
secondary maximum in the specific humidity
field at a mean location of the southern hemi-
spheric trough. In between the two moist regimes
(i.e. between the ITCZ and the southern hemi-
spheric trough), relatively dry air prevails giving
rise to a dip in the moisture field at about 2° N.
Also, north of 15° N, the air is dry along both
55° E (Fig. 5) and 65° E (Fig. 6).

From the foregoing it becomes evident that
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Fig. 3a. Vertical distribution of zonal component of wind (m sec-1) (——), and dew point depression (°C)

(+---) along 55° E longitudo.
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Table 1. Flux of water vapour across the lateral
boundaries of the region considered

The flux into the region is considered positive.
Units: 101° metric tons per day

Northern boundary at

15° N 10° N 5°N

Western boundary

(65° E) 4.7 4.8 1.9
Southern boundary

(equator) 1.5 1.5 1.5
Eastern boundary

(65° E) ~2.0 -3.1 -1.3
Northern boundary

(156° N/10° N/5°N) ~1.3 -0.2 -1.9
Net flux

(convergence) 2.9 3.0 0.2

no large scale trans-equatorial flux of moisture
can take place at least up to as far west as
55° E. In the first place, the flow pattern (Figs.
3 and 4) does not favour a large transport
across the equator. Secondly, even the existing
weak southerly component of the wind would
be ineffective in transporting moisture across
the equator since the air over the equatorial
belt is dry (Fig. 5). The results support the
earlier finding based on the I.I.O.E. data by
Pisharoty (1965).

Budget of water vapour

In order to examine the probable source of
the high moisture content in the equatorial
westerlies, transport of water vapour from sur-
face up to 500 mb across the boundaries of the
region between the two meridians 55° E and
65° E and equator and 15° N has been computed
by using the well-known expression,

1
Transport of water vapour = — ff qV,dpds
9JJps

where s represents a segment of latitude/longi-
tude and the other symbols have their usual
meaning.

The values of the mean transport of water
vapour across the four vertical walls of the
region under consideration are shown in Table
1. The values are expressed in units of 101
metric tons per day and are of the same order
of magnitude as those obtained by Pisharoty
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(1965) and Saha (1970). It is seen that for the
whole box from equator to 15° N, there is a
convergence of moisture flux into the region,
the import being predominantly from the
western wall. For the region from equator to
10° N, the amount of convergence of the water
vapour flux is slightly higher (or practically the
same) than that for the region from equator to
15° N. This means that the convergence of the
moisture flux associated with the ITCZ is
limited only to its south. Again, for the region
from equator to 5° N, the amount of conver-
gence of the water vapour flux is negligibly
small as compared with that for the region
from equator to 15° N or from equator to 10° N
which further suggests that the area of conver-
gence of the moisture flux due to the ITCZ
is confined to a narrow band immediately to
the south of the ITCZ.

The above results are schematically shown in
Fig. 7 for every 5° latitude interval. The slight
amount of divergence of the moisture flux
obtained north of the ITCZ should be reflected
in less clouding over the region. In other words,
while delineating the ITCZ on a satellite cloud
photograph, the ITCZ should represent the
northern boundary of the cloud cluster.

Conclusions

The study brings out the following:
(i) The existence of the ITCZ from surface up
to 300 mb. It has equatorward inclination with

55°F 313 65°€
I5N T IS'N
/ o1 DIVERGENCE "
Lo oD -+
10°N 402 10°N
4.7 2.9 CONVERGENCE -8 2:0
—={ — F28) -+ o
s°N ?"9 5°N
1-9 CONVE_RGENCE 13
—_ (+ 02) <>
Wl!5
EQUATOR 3 EQUATOR
55°E 65°E

Fig. 7. Fluxes of moisture across the vertical walls
of the region from equator to 15° N and from 55° E
to 65° K. The values are expressed in units of 1010
metric tons per day.
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May 27,1973 May 28,1973

Fig. 8. Satellite-visible pictures for the period from May 23 to May 28, 1973.
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height with its mean position near 10° N. It is
diffused near the surface and sharp aloft.

(i1) The existence of a trough in the southern
hemisphere from surface up to 500 mb having
poleward inclination with height at a mean
position near 2° 8.

(iii) A broad band of westerlies, called the
equatorial westerlies is found between the ITCZ
and the trough in the southern hemisphere.

(iv) Easterlies to the north of the ITCZ are
dry and warm whereas westerlies to its south
are moist and cold.

(v) The air over the equatorial belt is dry.
As such, large transport of moisture from
southern hemisphere across the equator into the
Arabian Sea is ruled out, at least up to as far
west as 55° E.

(vi) Computations indicate significant conver-
gence of water vapour flux to the south of the
ITCZ.

The above findings are subject to the assump-
tion that the ships’ observations represent the
characteristics of the atmosphere as stationary
phenomena during the period of observations.
The following rationale was adopted in justify-
ing the use of vertical cross sections of ships’
observations to illustrate the above comments.

We have examined soundings for a period of
one week. These have been used to construct
meridional sections such as those illustrated in
Figs. 3, 4, 5, and 6. An inherent assumption of
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a quasi-steady state in the meridional direction
is thus implicit in this work. We justify the
use of this assumption from an examination of
satellite photographs for this period. The visible
pictures (one per day) taken from the Environ-
mental Satellite Imagery (NOAA, 1973) are
shown in Fig. 8. It may be noted from these
drawings that an active portion of the ITCZ
(bright clouds) is present near 10° N. Although
there is an indication of zonal propagation
of disturbance activity around 10° N, since
there is no large meridional shift of the ITCZ
clouds, the above-stated assumption may be
valid for this period.
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CTPYKTYPA BHYTPUTPOIIMYECKON 30HLI KOHBEPI'EHUUU U
IKBATOPUAJIbHBIE 3AIIAJJHBIE BETPBI BO BPEMf MOH3KC-73

AHaIM3NPYIOTCA aspoJOrnyeckue AaHHHE, HO-
Jly4eHHEIE BO BPEMA MePHAMOHAJBHEIX paape-
308, npeqnpuHATHX cygamu CCCP Bpoas 55°
B. A. n 65° B. 4. ¢ 23 no 28 man 1973 r. BayTpu-
TPONUYECKAA 30HA KOHBEPTeHIMM PACIOJIOMEHA
BOsusn 10° ¢. 1. M ¢ BHICOTOM HAKIOHEHA K
akBatopy. Haitmeno, uTo mupokas 30Ha 9KBa-
TOPMAJBHBIX 3aMaJHEX BETPOB, KOTOpaA cyuie-

CTByeT K IOTy OT BHYTDHUTPONUYECKON BOHBI
KOHBEPTeHIIMH, NMPOCTUPAETCA K IOTY OT DKBa-
Topa. BrluMcieHHA NOTOKA BOJAHOrO napa
YHasHBAOT HA BSHAYUTENbHYIO KOHBEPTeHIUIO
HOTOKA BJIArK HENMOCPENCTBEHHO K WOIry OT
BHYTPHUTPONMNYECKOH BOHK KOHBEPTEHI[UH, TOTAA
KaK HeNOCpeJCTBEHHO K CeBepy OT Hee MMeeT
MecTo caabas MUBEPreHINA MOTOKA BIIArd.
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