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Simulation of the thermodynamic structure of atmospheric boundary layer
over Calcutta with a one-dimensional TKE closure PBL model
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ABSTRA CT. The thermodynamic structure of boundary la)l:r over Calcutta on the eastern secto r of the mon­
soon trough has been exam ined byint~ratina I on e-dimensional TKE closure planetary bound ary laye r model for
tropics which inJcudes interaction oCclo udiness and radiation with turbulence and counter , radient transports of
heal moistu re and momentum. Data sets cf pilct-esperiment phase ofMONTBLEX in 1988 have been used for m is
purpo se. two specific situations, o ne 'When liquid water is present and the other ~tlcn very strona: winds are prevail­
ina in the boundary layer 8~ considered. Diurn al varialion oCturbulent kinetic ener'ly.lhe TKE budget and the vee­
lical profiles otTKE and eddy exchange coefficient ha ve revealed the importance DC counter gradient transports not
only aCheat and moisture but also oC momentum. Combined role DC presence of liquid water and counter gradients
in buoyant product ion and role of counter a:radienu of momentum in shear product ion have been
establi shed.

Ke)' worm - Planetary boundary layer , Turbulent kineti c energy, Cou nter gradi ent, Sensible and latent heal
flux. Ooud liquid water.

I. Introduction

The southwest summer monsoon over India n sub­
cont inent is characterised by a large scale synoptic fea­
lure. known as the mon.oon trough which is an
elongated zone of low press ure extending from the
desert heat low on the west through the Gan getic
plains and dipping into the Bay of Bengal on the east.
The rainfall activity of the sub-co ntinent is la rgely
associa ted with the sou thward to northward migrat ion
of the monsoon trough. lead ing to active and break
condition s of the monsoon. Studies on the boundary
layer processes over land regions of tropics are very
limited and those along the monsoon trough have
been report ed only in recent years.

Holt and Raman (1986) reported observed marine
boundary layer cha racteristics different from land
type. using the MONEX-79 ships' data over the Bay of
Bengal. lIolt and Raman (1987) have also analysed the
boundary layer structure over the Indian seas du ring
active and break phases of monsoon and have repor­
ted (Ho lt and Raman 1988) simulation studies on the
marine boundary layer over the Bay of Bengal.
However. sim ilar such studies have not been reported

over land stations along the monsoon trough region
until the emergence ofMONTBLEX programmes.The
pilot experimenl ph ase of MONTBLEX in 1988. as a
preliminary step. has provided radiosonde/ slow rising
balloon observations taken four times a day (0530.
1130, 1730 and 2330 ISn at standard pressure levels
and at other sign ificant heights in the vert ical from 20
July to I August at Calcu tta, Bhubaneswar, Ranchi
and Patna in the vicin ity of Ihe eastern sector of the
monsoon trough.

In the present study. the thermodynami c stru ctu re
of the boundary layer over Calcutta has bcen
examined using a one-dimensional TKE-elosure
Planetary Boundary Layer (PBL) model. An attem pt is
made here to establish the role of coun ter gradient
transports of heat, moisture and momentum alongwith
]he interaction of cloudiness and radiation with
turb ulence in the PBL. The mathematical formulation
of the model is given in section 2. The numerical
solution procedure of the mod el is given ·in section 3.
Section 4 deals with the data used for the purpose.
Results are discussed in section 5 followed by
conclusions in section 6.
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