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A Possible Mechanism of the Genesis and Development of Meso-f§ Rainstorm System
Part 1. Phase Velocity of Vortex Rossby Waves
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Abstract In the context of the Boussinesq approximation equations for transversal wave-type (TWT) disturbances
in zonal basic flow, it is analysed that the various features in vertical distribution of a large-scale atmospheric back-
ground flow field when a meso-scale disturbance propagating along basic flow becomes unstable. Evidence suggests
that 1) under more stable stratification, the basic flow, if moving faster at low and high levels (particularly in the
presence of jets there), allows a resulting meso-8 unsteady wave to propagate eastward with respect to basic flow
and even at greater velocity compared with it; 2) vertical windspeed shear of basic flow causes instabilities of the
TWT perturbation; 3) considering the second derivative of basic-flow wind with respect to = (denoted by U. 7 0
which is simply given as . hereafter) the expression for the phase velocity of vortex Rossby wave (VRoW) is ob-

tained, which is unidirectional in propagation with respect to basic {low; 4) VRoW has its physical origin from 8. »
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i. e. » from z-varying heterogeneities of y-direction averaged vorticity of the basic flow field; 5) VRoW phase veloci-

ty is associated with zonal wave number £k, its energy is dispersive and the group velocity exists in the x direction;

6) when windspeed meets the condition of 8. » TWT disturbance instability may be that of mixed VRoW and gravity

wave; 7) if basic flow is subject to linear shear but does not meet the condition of 8. , the TWT instability is that of

inertia-gravity wave,

Key words meso-f3, rainstorm system, transversal-wave-type instability, vortex Rossby wave, the second deriva-

tive of basic flow with respect to z
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Fig. 1 Vertical distribution of basic flow as meso-8 disturbance propagating along it develops in the situation of neutral stratification and

non-rotation; (a) high-level jet; (b) low-level jet

ZA

0 U

Pl 2 TCHERe e 2 A5 16 00T A TR0 ) AR ARk 4 3h (. >T)
ANFRRE S R I B AR SR AL T T 5 1) 14 43 AT R AIE

Fig. 2 Vertical distribution of basic flow when the eastward
propagating disturbance (¢, >>U) experiences unstable develop-

ment at f=0 and N2> 0
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Fig. 3 Same as Fig. 2, but for the westward propagating pertur-

bation
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