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ABSTRACT 

The structure and evolution of frontal rainbands in relation to conditional symmetric instability 
(CSI) are presented with a high-resolution, three-dimensional (3-D) simulation of an Eady 
wave. This work extends an earlier 2-D study of Knight and Hobbs by use of the same mesoscale 
model and similar initial conditions. The model simulates numerous updraft bands that 
correspond to the warm-sector (WSF), the surface cold frontal (SCF), the wide cold frontal 
(WCF) and the post-frontal (PCF) bands as observed. It is shown that the WSF band develops 
in a convectively near-neutral environment, while the WCF band forms under a convectively 
stable but slantwisely unstable condition and it interacts closely with the PCF and SCF bands. 
It is found that the present 3-D results conform in many respects to CSI theory and support the 
earlier 2-D interpretations of the rainbands. However, some differences exist, which include 
the development of deep and intense rainbands without downshear tilt, the deviation of the 
rainbands from the direction of thermal winds, strong low-level jets and intense across-frontal 
thermal gradients. By introducing the third spatial dimension, the model appears to show better 
the relationships between these rainbands and their environments, thus providing more realistic 
representation of the mesoscale structure and evolution of the rainbands. The importance of 
some physical parameters in determining the formation of various rainbands is examined. It is 
found that the surface friction, ice microphysics, static stability, baroclinicity and the magnitude 
of centrifugal forces all have important contributions to the formation, structure and dynamics 
of the frontal rain bands. 

1. Introduction 

Radar observations have revealed abundant 
evidence for organized mesoscale precipitating 
bands associated with extratropical cyclones and 
mesoscale convective systems (e.g., Browning and 
Harrold, 1969; Houze et al., 1976; Hobbs, 1978; 
Reuter and Yau, 1990; Zhang and Cho, 1992; 
Snook, 1992). These rainbands exhibit different 
characteristics, depending upon their environmen­
tal conditions. Some of them are convective in 
nature whereas others tend to form in convectively 
stable environments. These bands are roughly 
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oriented along the mean wind shear with width of 
several tens of kilometers. A number of theoretical 
explanations have been proposed for the origin of 
the banded structures (e.g., potential instability, 
frontogenesis, propagating gravity waves and 
shearing instability), and conditional symmetric 
instability (CSI) has been widely accepted as a 
possible important mechanism for the formation 
of such rainbands (Bennetts and Hoskins, 1979; 
Emanuel, 1979; Sun, 1984; Xu, 1986; Thorpe and 
Rotunno, 1989 ). 

According to CSI theory, once an air parcel 
becomes saturated in a region with negative moist 
potential vorticity (MPV) but in the absence of 
convective instability, it will be subject to CSI, 
which leads to mesoscale slantwise overturning 


































