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In the latter situation, PV should be modified as al, X 6., i.e., the
so-called convective vorticity vector (CVV) [16]. This vector is highly correlated
with hydrometers in the deep convective cloud. Gao et al. [43, 44] diagnosed
the development of tropical convective systems based on 2D or 3D cloud
resolving model simulation data. The results seemed very promising.
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Another way is to derive a diagnostic surface rainfall equation by
combining moisture and cloud water budgets to quantitatively identify the
role of moisture and hydrometeor as well as surface evaporation in surface
rainfall processes ([Gao et al., 2005a] and [Cui and Li, 2006]). Following Gao et
al. (2005a) and Cui and Li (2006), surface rain rate (Ps) in the 2D framework
can be written by:

P=Quvi+QuwvrtQuwvetQev, (1)
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Three atmospheric phenomena including the quasi-biennial oscillation
(QBO) in the tropical stratosphere, stratospheric sudden warming (SSW) in
the polar region, and the significant strengthening and speeding up of the
upper-level jet stream have been successfully explained by wave propagation
mechanisms. Lindzen and Holton (1968) studied the QBO in the tropical
stratosphere using the theory of upward-propagating gravity waves and wave
breaking. Matsuno (1971) explained the SSW as the interaction between an
upward-propagating planetary wave and the mean flow at the wave’s critical
layer. Gao et al. (1990) explained the significant strengthening and speeding
up of the upper-level jet stream using the generalized Eliassen—Palm (E—P) flux
theory.
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Ran and Gao [2007] employed the Momentum-Casimir method to derive
a three-dimensional pseudomomentum wave-activity law from the
ageostrophic and nonhydrostatic primitive equations including Coriolis force
in Cartesian coordinates.

2. bR The theory of interaction between wave and basic flow

YF4&: Ran LK, Boyd JP U5 Hifl4): CHINESE PHYSICS B 45: 17 : 3 Ti:
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Ran and Gao (2007) derived a three-dimensional, non-hydrostatic and
ageostrophic local wave—activity relation for pseudomomentum from the
non-hydrostatic primitive equations in Cartesian coordinates by using the
Momentum-Casimir method.

The purpose of this paper is to construct an equation representing the
interaction between non-hydrostatic, ageostrophic and meso-scale wave and
basic flow with the Momentum—Casimir method on the bases of Haynes
(1988) Scinocca and Shepherd (1992) and Ran et al (2007).
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The importance of ice processes on surface rainfall was identified (Fovell
and Ogura 1988; Tao et al. 1989; Gao et al. 2006a and many others)
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