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The operator on the left-hand side of the quasigeostrophic  and height-tendency equations is like a three-dimensional Laplacian.   However, the vertical coordinate is scaled by N2 / fo2, which represents the square of the ratio of the Brunt-Vaisala frequency to the frequency of oscillations associated with the Earth's vorticity.  Another way of saying this is that the vertical coordinate is scaled by the square of the ratio of the time scale of geostrophic motions to the time scale of gravity-wave motions. When the horizontal scale is on the order of the Rossby radius of deformation, the vertical-derivative term is the same order of magnitude as the horizontal-derivative term.


When we compute the horizontal components of vorticity associated with the ageostrophic vertical circulation, we also scale the vertical coordinate by N2 / fo2.  Consider an ageostrophic vertical circulation  va = ua i + va j + w k. The x-component of vorticity associated with the ageostrophic vertical circulation is ∂/∂y - ∂va/∂z.  The x component of the C vector,


C1 = 1/2 (fo2/  ∂va/∂p - ∂/∂y).                                            (1)

Since 1/   =  2 g2 /N2, and   =  -   g w for synoptic-scale motions, (1) can be written as 


C1 = 1/2  g (∂/∂y - fo2/N2 ∂va/∂z),                                      (2)

which is proportional to the x-component of vorticity associated with the ageostrophic vertical circulation, with a scaled vertical coordinate such that 


fo2/N2 ∂va/∂z = ∂va/∂z'.                                             (3)

Since

       ∂va/∂z' = ∂va/∂z ∂z/∂z'.                                              (4)

it follows that ∂z/∂z' = fo2/N2, and hence


z' = (N2/fo2) z.                                                                  (5)

Thus, when the effects of static stability are small (large) compared to the effects of Earth's vorticity, the effects of the vertical shear of the ageostrophic wind are enhanced (diminished).

