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Vertical structure of the planetary boundary layer in the
west Indian Ocean during the Indian summer monsoon
as revealed by ISMEX data
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ABSTRACT. Du ring the Indo-Soviet Monsoon Experiment (lSMEX) 1973. closely spaced aerc logical
measurements wert o btained in the WeM Indian Ocean and the Arabian Sea. Based on these observations a study
of the thermodynamical and kinematic structure of the atmospheric planetary boundary layer in this region is
made. Under undisturbed weather cond itions the planetary boundary layer is mainly divided into two sub
layers-the neutral stratified mixed layer and the cloud layer. In the region north or lOON latitude over the
Arabian Sea. a strong temperature inversion tops the boundary layer and shows a downw ard slope (rom the
coast of India towards the west, thus reducing the planetary boundary 13)'('r in the western region to a mixed
13)'('r and a temperature inve rsion layer, In the extreme eastern region, strong convective mixing weakens the layered
structure and leads to the destruction o f the invention.

A gradual increase o f wind speed with height is observed in the sub-cloud layer in this region. A sharp maximum
frequently occurs below 1200 m in the wind profiles in the reg ion north of , ON latitude Over the Arabian Sea. The
wind speed maximwn occurs usually within (he inversion layer in the western Arabian Sea and within the clou d layer
in the central Arabian Sea, and is often assoc iated with large values of wind shear at low levels.

1. Introduction

The vertical structure of the planeta ry boundary
layer in the tropical Atlantic and Pacific Oceans
has been extensively studied (Riehl et 01. 1951 ;
Malkus 1956, 1962; Roll 1965; Augstein et 01.
1974; Brummer et al. 1974). Depending upon the
vertical grad ients of air temperature and specific
humidity, the planetary boundary layer in these
regions is sub-divided mainly into three layers.
These are : (i ) the surface layer. which extends
from the sea surface to a height of about 100 m,
has a superadiabatic temperature lapse rate and a
decrease of specific humidity. (i i) the overlying
neutral stratified mixed layer of about 600 m depth
is characterised by an adiabatic temperature
gradient and nearly vertical constancy of specific
humidity and (iii) the cloud layer, which ex
tends from the lifting condensation level to the
base of the trade inversion above, has a tempe
rature lapse slightly steeper than the moist
adiabatic rate . and an upward weak decrease of
specific humidity. The planetary boundary layer

is topped by the trade inversion which has a
distinct increase of temperature with height and
a steep decrease of specific humidity.

Very little is known about the vertical structure
of the planetary boundary layer over the west
Indian Ocean during the Indian southwest mon
soon period. Radiosondes from ships and drop
sondes from aircraft taken during the Internat
ional lndian Ocean Expedition (HOE) in the years
1963-65 provided, for the first time, some insight
into the temperature and moisture stratifica
tion present in the lower troposphere over
this region, particularly north of abo ut lOON in
the Arabian Sea. The da ta revealed that at the
equator and over a large portion of the Arabian
Sea the moist layer was quite shallow. It also
revealed the presence of a sharp temperature inver
sion in the layer 900-750 mb over the western
and central regions of the Arabian Sea, with a dry
and warm airmass prevailing above (Colon 1964;
Bunker 1965; Sikka, et 01. 1965; Desai 1968,
1969, 1970). A summary of all these studies is
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