The present model is based on the Matsuno-Gill model described in Gill (1980). It is a steady-state two-level primitive equations model as in Gill (1980). But, the present model contains the barotropic component, and it is linearized about a zonally symmetric Jet to include the Rossby wave refractions. For any variable A, it can be separated into the barotropic and baroclinic components:
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with subscripts 1 and 2 denoting values at the upper and lower levels. The two levels are placed at p1=250mb and p2=750mb. The vertically integrated divergence is set to zero as in other simple models (Held and Suzrez, 1978; Schopf and Suarez, 1988), thus the continuity equations become
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where w is the vertical velocity multiplied by 2, and v is the horizontal velocity vector. The prognostic equations for zonal and meridional velocity components, u and v are (unless specified otherwise, all variables are perturbations from their mean states):
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where U is the zonally averaged mean flow that varies only in y-direction, p is the pressure anomaly (divided by air density), f is the Corioles parameter and ( is the linear damping rate. As in Gill (1980), we can use the following equation for the vertical velocity (positive upward)
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where Q is proportional to the mass source (or sink) prescribed at the mid-level, but it should be interpreted as the heat source (or sink). Using (9), the continuity equation (4) becomes
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where c is the internal gravity wave speed.

Since we assume that the vertically integrated divergence is zero, it is convenient to use the vorticity equation for the barotropic flow:
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Similarly, we can also derive the vorticity equation for the baroclinic flow:
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In the case of barotropic component, we can define stream function:


[image: image13.wmf].

,

,

2

x

v

y

u

¶

¶

=

¶

¶

-

=

=

Ñ

j

j

z

j

                                                               (13)

Using (11)), (12) and (13), 
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 can be removed to arrive at the following equation:
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The solutions of (7), (8), (10), and (13) can be found by expanding the variables in terms of Fourier series, namely, 
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Dropping the prime, the transformed equations become
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After simple manipulations, 
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can be removed from (16)-(18) to get the following two equations:
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