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The mid-tropospheric cyclone Numerical experimentation
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ABSTRACf. The mid-tropospheric cyclone over the west coast o f India has been recognized 35 playing a
major role in producing monsoon rainfall over that region. In this study a real data set is constructed for
1 July 1963 (12 GM T). This initial state represents an early stage in the mid-tropospheric cyclone that
was extensively documented by Miller and Keshavamurthy (1968). An x-y-p semi-Lagrangian primitive
equation mode1 developed at Florida State University is applied to this data ~I to make several short
range forecasts. The observed structure of the incipient disturbance indicates that it exists in a favourable
dynamic and thermodynamic environment for development. The forecasts arc qualitatively successful, with
good rainfall distribution. but the precipitation amounts are too small. In order to develop the kinematic
and therm al fields that are quantitatively consistent with the true latent heating rates. a heating function
was derived from the observed rainfall totals. The resulting experiments led to more realistic forecasts, as
the mid-tropospheric cyclone intensified as observed. The results of extensive vorticity and energy budget
analysis support the hypothesis that the MTC is intensified and maintained by a modified ClSK process.
in which a cooperative feedback between large-scale convergence and convective latent heat release exists
without the benefit of a cyclonic Ekman layer.

1. Introdoctlon

One of the most interesting features that has been
observed during the summer monsoon season over
southern Asia is the mid-tropospheric cyclone that
occasionally exists over the northeastern Arabian
Sea, In the most comprehensive observational
study to date , Miller and Keshavamurthy (1968)
found that during July 1973 a mid-tropospheric
cyclone (hereafter denoted by MTC) formed
in situ near the west coast of India remained quasi
stationary for nearly two weeks, had its maximum
inten sity at 600 mb with no organized circulat ion at
the surface or above 300 mb and caused heavy.
beneficial rains over much of western India
during its lifetime. In this study, a real data set is
constructed from the above case study in order to
study the dynamics and predictability of the
MTC with a numerical model. The data chosen
is I July 1963, 12 GMT. which represents an early
stage in the life cycle of the Miller and Keshava
murthy cyclone.

2. The model

A quantitatively accurate model of the MTC
should include the effect of many environmental
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influences, Among these are the effectsof the oro
graphy to the east and north, the heat lows to the
north and northwest, the steady, moist southwesterly
fl ow in the lower troposphere, the upper tropo
spheric easterly jet, the mean monsoon trough
and its modifications by monsoon depressions and
planetary waves, the varying static stability over
the region, differential radiative heating and the
presence of simultaneous stable and convective
heating. Since only a fairly comprehensive primi
tive equation model can hope to include all these
features, it was chosen as the primary tool for
this study. The model utilized is the X-Y-P, semi
Lagrangian primitive equation model that has been
developed and used by Dr, Krishnamurti and his
colleagues at Florida State University over the
past decade (Krishnamurti et 01. 1976).

The horizontal resolution used is 2' latitude and
longitude (coarse mesh) and also I' (fine mesh).
The model has five layers in the vertical, with
w=O at 100mb as the top boundary conditi on. The
lower boundary condition of w~O except near topo
graphy gives rise to a tendency equation for zo,
the 1000 mb height surface. The east-west lateral
boundary conditions are cyclic, while rigid. slippery














