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ABSTRACT

A two-dimensional, non-steady model of the flow over an infinitely wide, warm, rough city is presented.
The model consists of two layers, a lower analytical constant-flux layer, and an upper finite-difference
transition layer, in which the vorticity and heat conduction equations are solved. The atmosphere is assumed
to be Boussinesq, hydrostatic and slab symmetric, while all motions are assumed to be adiabatic. Finite-
difference solutions are obtained over a variable, interlaced grid, with the use of a time-splitting technique,
in conjunction with the donor cell method of differencing the advection terms.

Simulations were carried out reproducing the daytime flow of a neutral atmosphere over a rough city,
and the nighttime flow of stable atmosphere over a rough, warm city. Comparisons are presented to show
that the model is capable of reproducing many of the observed characteristics of the urban boundary layer.

1. Introduction

Development of numerical models simulating the
transport and diffusion of pollutants in urban atmo-
spheres has increased the need for a better under-
standing of the dynamics of the urban planetary
boundary layer. This paper presents a two-dimen-
sional, non-steady model of the flow over an infinitely
wide, warm, rough city.

Numerical simulation of the dynamics of thermally
induced circulations in the planetary boundary layer
started with the sea breeze models of Estoque (1961)
and Fisher (1961). Such models were first applied to
urban areas by Delage and Taylor (1970), who studied
the development, in otherwise calm conditions, of the
‘“urban breeze”” which flows into a city during hours
when there is a well-developed urban heat island.

The urban circulation model of Vukovich (1971,
1973) assumed no Coriolis effect, and specified a con-
stant linear friction, while the model of Olfe and Lee
(1971) obtained steady-state solutions for both the
urban wind and temperature fields. The two-dimen-
sional finite-difference calculation by McElroy (1973)
of the urban heat island over Columbus, Ohio, com-
pared favorably with observations, but the dynamical
computations did not include a vertical motion term.

The present urban boundary layer model, called
URBMET for “urban meteorology,” simulates the
horizontal and vertical flow over an idealized city.
The urban values of the aerodynamic surface rough-
ness parameter and the nighttime surface tempera-

1 This is from work which was accepted by the Department of
Meteorology and Oceanography at New York University in par-
tial fulfillment of Ph.D. degree requirements.

ture are specified to be greater than those for the
non-urban grid points, which are located in regions
upwind and downwind of the city.

Results are presented from simulations of the day-
time flows of neutral atmospheres over rough cities,
and from the nighttime flows of stable atmospheres
over rough, warm cities. Comparisons are presented
to show that the URBMET boundary layer model is
capable of reproducing many of the observed charac-
teristics of the urban boundary layer.

2. The present model

Finite-difference solutions to the hydrodynamic and
thermodynamic equations are obtained in a vertical
plane oriented in the direction of a constant geo-
strophic wind. The vertical fluxes of heat and momen-
tum are assumed to be constant with height in a lower
analytical surface boundary layer, while they generally
decrease with height in an upper finite-difference
transition layer. This approach has been recommended
by Clarke (1970a) and Taylor and Delage (1971),
because the use of finite differences near the surface
in conjunction with eddy mixing coefficients that are
proportional to height can be very inaccurate and
expensive.

a. Transition layer equations

This layer is assumed to be hydrostatic and Bous-
sinesq, with the latter assumption leading to incom-
pressible flow (Spiegel and Veronis, 1960). All lateral
gradients are assumed to be zero, except for that of
the undisturbed pressure po, which corresponds to a






