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ABSTRACT

The three-dimensional, flat-terrain, finite-difference URBMET vorticity, mode mesoscale-8 model has been
modified to include topographic effects. The resulting topographic vorticity-mode mesoscale-3 (TVM) model
is hydrostatic, Boussinesq, and incompressible. The prognostic turbulent kinetic energy equation has been im-
proved, and use of an implicit vertical diffusion scheme has increased the minimum allowable time step of
integration. Part I of this paper presents the details of the TVM formulation, boundary conditions, and numerics.
Part II presents comparisons between simulated and observed values for a test period from the Fos observational
campaign, during which data were obtained in a complex-terrain coastal area in the south of France.

1. Introduction

While the Pielke (1984) summary of active Euler-
ian-grid three-dimensional numerical mesoscale mod-
els listed only one in vorticity mode [URBMET (urban
meteorology)], the first such model had been devel-
oped by Thyer (1966) using ideas put forth by Malkus
and Witt (1959). The nonhydrostatic, incompressible
formulation of Thyer used the two horizontal vorticity
components and two streamfunctions to simulate the
nighttime flow in a simple valley. While computer ca-
pacity and numerical instabilities limited the simulation
to only 120 s, Sievers and Zdunkowski (1986) were
able to use a similar model to successfully simulate
microscale urban canyon flows.

A second approach, which retains all three vorticity
and streamfunction components, has been used in fluid
dynamics applications (Quartapelle 1993). Such a for-
mulation has been applied by Saitoh et al. (1996) to re-
solve nonhydrostatic mesoscale circulations over Tokyo,
but without consideration of the influences of topography.

The original URBMET model was a two-dimen-
sional slab-symmetric, hydrostatic, Boussinesq, incom-
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pressible, shallow convection model developed by
Bornstein (1975) to study boundary layer structure in
urban areas in flat terrain. The formulation included
only the hydrostatic version of the x-direction compo-
nent of the horizontal vorticity and one streamfunction
(used to obtain both the x and z flow components),
since the y-direction flow component was calculated
from the primitive form of the momentum equation.

URBMET was expanded to three dimensions by
Bornstein et al. (1986, 1987a) by use of both hydro-
static horizontal vorticity components and two stream-
functions from which all three flow components could
be obtained. They used the model to simulate urban
influences on sea-breeze fronts in New York City
(NYC). It was also used by Bornstein and Cordova
(1991) to study horizontal convergence areas that
formed downwind of isolated urban areas.

Output from URBMET simulations was used by
Bornstein et al. (1987b) as input to the Eulerian-grid
numerical urban dispersion model of Shir and Shieh
(1974) to simulate sulfur dioxide dispersion patterns
resulting from NYC point and area sources during sea-
breeze flow conditions. A similar linkage by Pechinger
and Seibert (1990) for Linz, Austria, investigated con-
tributions of industrial point sources to local surface
sulfur dioxide concentrations.

The flat-terrain version of URBMET was not able,
however, to reproduce observed wavelike perturbations
in the wind field on sea-breeze fronts over NYC that






