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Quasi-Static Models

Vertical differencing is a very different problem from horizontal
differencing.

This may seem odd, but the explanation is very simple. There are
three primary factors.

First, gravitational effects are very powerful, and act only in the
vertical.

Second, the Earth's atmosphere is very shallow compared to its
horizontal extent.

Third, the atmosphere has a lower boundary.
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Calculating vertical motion using Richardson's equation g
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lQuasi-Static equations System in Richardson's Method
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Prediction in P Coordinate
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(a) (b)

O & where (a) is the rate of change of
—=-V_.V, (4 vertical velocity with pressure level and
op 2R’ (b) is the horizontal convergence.

This is a very important relationship.

It says that the vertical velocity and horizontal convergence fields are
intimately linked.

A convergence or divergence of mass will induce vertical airflow in the
atmosphere.

K |
vertical velocity
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Boundary Conditions
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Pressure As A Vertical Coordinate

P = Po T Tate / P
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How do we convert our equations from height coordinates (x)y,z) to
pressure coordinates (x,y,p)?



Generalized Vertical Coordinates

The use of pressure as a vertical coordinate is a specific example of
the use of generalized vertical coordinates.

Any quantity s = s(x,y,z,t) that changes monotonically with height can
be used as a vertical coordinate.

If we wish to transform equations from (x,y,z) coordinates to (x,y,s)
coordinates, derivatives must be transformed.
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We would like to transform derivatives such as
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Horizontal momentum equation scaled for
midlatitude large-scale motions.

—

Y 20,7 -Lyp

/ Pressure gradient force

Rate of change of velocity Coriolis (per unit mass)

following the fluid motion. acceleration

To transform to pressure coordinates, we need to transform the pressure
gradient term:
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