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A numerical study of time-mean northern summer monsoon
with steady and fluctuating heating

C. P. CHANG and R. J. PENTIMONTI

Naval Postgraduate School, Monterey , California, U.S.A.

ABSTRACT. In a study of the plane tary-scale vorticity budget DCthe northern summer monsoon, Holton and
Colton (1973) found thata strong vorticity sink is needed to balance the generation by horizontal divergenceat 200 mb.
In this work we use numerical experiments to examine the hypothesis that the fluctuation of the divergence forcing as
observed by several studiesserves as this sink. A 3-level numerical model is used with the thermal forcing specified
by thehorizontal divergencedistribution observed by Krishnamurti (1971 ). Two experiments arecarriedout, one with
heating steady in time and the other fJuctuating in time with a period of 10 days. The time-mean fields of the quasi
steady state solution in both experiments show a significant westward phase shift of the Tibetan hlgh, thus the fluctua
tion of heating cannot be a sufficient sink. On the other hand, the positions of the simulated tropical upper tro
pospheric troughs agree quite well with those observed. This suggests that damping due to cumulus transport is
more likely to account for the vorticity sink. Transient wave activities are also found at the upper level in both
experiments. They appear to be drawing energy from the plane tary-scale flow and could serve as a vorticity sink.
These waves are most active in the fluctuating heating case, suggesting that local barotropic instability at upper
levelsmay bemore importantthan that implied by the time-mean wind.

1. Introduction

In the study of the northern summer planetary
scale monsoon circulation, Holton and Colton
(1973) discovered tha t very strong damping is
necessary to balance the budget of time-mean
planetary-scale vorticity at the upper levels.
Specifically they found that without this strong
damping to counterbalance the generation of
vorticity by horizonta l divergence the ampl itude
of the long waves of the monsoo n circulatio n would
be too large at the 200 mb level and the phase would
be shifted westward by up to 5000 km. This same
pha se problem was also apparent in a numeri 
cal study by Abbott (1973), who used a 3-level
qu asi-geostrophic model with prescribed heating to
study the monsoon .

In looking for a source of this strong damping
mechanism, Holton and Colton suggested two
hypotheses. The first is the vertical mixing of vor
ticity and momentum by deep cumulus convecti on .
The second is related to the observed time fluctua 
tion of the monsoon system. If the large scale
divergence contains a strong fluctuation tben a

correlation term of the diverg ence and vorticity
fluctuations will appear in the time-mean vorticity
equation and may reduce the generation of the
time-mean vorticity by the time-mean divergence.

Murakami (1974) used a three-component, quasi
spectral model with prescribed heating which has
a fluctuating component. He found that it can
reasonably simulate the amplitude and the phase
of the long waves associated with the northern
summer mnnsoon circulation. But his mo del
suffers fro m the lack of the zonal basic 110w which
means that advection is absent. Also, his resultant
vertical profile of the divergence field differs con
siderably from observations. Therefore, it is not
clear which mechanism causes the seemingly
correct phase and am plitude of his model.

The purpose of this study is to examinc thc
second hypothesis of Holton and Colton using a
nonlinear, finite difference primi tive equation
model. We will carry out two controlled experi
ments . One will have the heating specified to be
independent of time and the other will have a
fluctuating heating component similar to that
observed by Murakami (1972) and Krishnamurti
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