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ABSTRACT 

Using a zonally symmetric multi-level moist linear model, we have examined the possibility of 
symmetric instability in the monsoon region. Stability analyses with a zonally symmetric m_9del 
using monthly ECMWF (Jan-Dec) zonal basic flows revealed both unstable as well as neutral 
modes. In the absence of cumulus heating, the linear stability of the monsoon flow changes 
dramatically with the emergence of many unstable modes in the month of May and lasting 
through August; whereas with the inclusion of cumulus heating unstable modes appear early 
in April with substantially enhanced growth rates. This onset of instability of the May basic 
state may signal the abrupt transition of the south Asian meridional monsoon circulation. The 
abrupt nature of the monsoon transitions was also clearly seen in the ECMWF 5-day mean 
meridional circulation in the South Asian monsoon region. The most unstable modes have 
doubling time of about 1 to 2 days. The amplitude structure of these unstable modes were 
mainly confined to the equatorial regions. The growth rates and the amplitude structure of the 
most unstable modes agree reasonably with the corresponding growth rate and structure of the 
meridional monsoon cell during the monsoon transition. 

1. Introduction 

Symmetric instability (SI), of zonal flow with 
both vertical and horizontal shear in the equatorial 
region has been well documented in the literature. 
SI in rotating fluids arises from an imbalance of 
pressure gradient and centrifugal (Coriolis) forces 
when the absolute value of angular momentum 
decreases with radius. Theoretical concepts of SI 
have been advanced by Kuo (1954), Eliassen 
( 1952), Ooyama ( 1966), Stone ( 1966), Hoskins 
(1974), Emanuel (1979), Bennetts and Hoskins 
( 1979) and Xu ( 1986). A detailed review with a 
historical perspective of inertial instability has 
been provided by Emanuel (1979). Charney (1973) 
showed that a basic state of the type u = u(y, z) 
on a /3-plane is unstable to zonally symmetric 
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disturbances if f P < 0 somewhere, where f is the 
Coriolis parameter and P is the Ertel potential 
vorticity of the basic state. 

The importance of SI and its relevance in 
explaining different atmospheric phenomena have 
been recognized 2 or 3 decades ago. Some note­
worthy studies of SI and its various applications 
are by Hoskins (1974), Bennetts and Hoskins 
( 1979), Emanuel ( 1979), Dunkerton ( 1981, 1993 ), 
Boyd and Christidis ( 1982), Schubert and Hack 
(1982), Stevens (1983), Sun (1984), Stevens and 
Ciesielski ( 1986) and Zhang and Cho ( 1995). 
Emanuel ( 1979) studied the possible connection 
between inertial instability of the zonal flow and 
the middle latitude mesoscale circulation. The 
importance of conditional symmetric instability in 
the formation of frontal rainbands was first pro­
posed by Bennetts and Hoskins ( 1979). Dunkerton 
( 1981) investigated zonally symmetric linear per­
turbations on a zonally balanced flow with con­
stant horizontal shear and static stability and 
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