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ABSTRACT

A nonhydrostatic numerical model suitable for simulating mesoscale meteorological phenomena is developed
and described here. The model is the first to exploit the nonhydrostatic equation system in o (normalized
pressure) coordinates. In addition to the commonly recognized advantages of ¢-coordinate models, this model
is potentially advantageous in nesting with large-scale o-coordinate models. The equation system does not
support sound waves but it presents the internal gravity waves accurately. External gravity waves are the fastest
wave modes in the system that limit the integration time step. However, since short nonhydrostatic externat
waves are much slower than the speed of shallow-water waves and because fast hydrostatic long waves imposes
less severe restriction on the time step when they are resolved by many grid points, a large time step (compared
to that determined by the speed of hydrostatic shallow-water waves) can be used when horizontal grid spacing
is on the order of 1 km.

The system is solved in a way analogous to the anelastic system in terrain-following height coordinates. The
geopotential height perturbation is diagnosed from an elliptic equation, Conventional finite-differencing techniques
are used based on Arakawa C grid. The flux-corrected transport (FCT) scheme is included as an option for
scalar advection.

The model has been used to study a variety of problems and here the simulations of dry mountain waves are
presented. The results of simulations of the 11 January 1972 Boulder severe downslope windstorm are reported
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and the wave development mechanism discussed.

1. Introduction

Pressure has been widely used as a vertical coordinate
in modeling and theoretical studies of large-scale hy-
drostatic flows ever since the pioneering work of Elias-
sen (1949), the difficulties with the lower boundary is
circumvented by using the normalized pressure o as
the vertical coordinate (Phillips 1957). Pressure-based
coordinate systems are employed in essentially all cur-
rent limited-area and global-scale numerical models
for meteorological applications. The advantages of this
are generally recognized. Using pressure as an inde-
pendent variable eliminates the not routinely observed
air density from the governing equations and simplifies
thermodynamic calculations. Furthermore, numerical
models in such a coordinate system can easily incor-
porate observational data that are generally available
at pressure levels. The g-coordinate system is also used
in certain mesoscale numerical models (e.g., Anthes
and Warner 1978), but they are all hydrostatic.
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On the other hand, almost all nonhydrostatic me-
teorological models use height as the vertical coordi-
nate. Most of such models (e.g., Wilhelmson and Ogura
1972; Clark, 1977) are based on the anelastic equation
system as derived by Ogura and Phillips (1962). The
fully compressible equation set in height coordinates
is also used in small-to-mesoscale models (e.g., Klemp
and Wilhelmson 1978; Tapp and White 1976). In the
former, a mode-splitting technique is used to deal with
sound waves. But still the overall performance is limited
by the small time steps required by fast sound waves.

In the mid-seventies, Miller (1974) derived a set of
equations that is nonhydrostatic but uses pressure as
the vertical coordinate. A three-dimensional cloud
model was developed based on this equation system
(Miller and Pearce 1974), which was successfully used
in many modeling studies on convective systems (e.g.,
Moncrieff and Miller 1976; Thorpe et al. 1982). Re-
cently, Miller and White (1984, MW84 hereafter) pre-
sented a more rigorous derivation of that equation set
based on a systematic scale analysis and power series
expansion. An equation set in ¢ coordinates was ob-
tained by direct transformation from the pressure co-
ordinate system. The work of MW84 lays the foun-
dation for the numerical model to be described in this
paper.

A nonhydrostatic model in pressure-based o coor-
dinates bears all the advantages of its hydrostatic coun-






