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ABSTRACT

A two-dimensional mesoscale atmospheric model is presented and used to study unsteady dynamic
processes occurring in the planetary boundary layer (PBL) driven by diurnal heating at the ground. The
model reproduces turbulent fluxes of heat and momentum both by explicitly modeling resolvable eddies and
by employing a single parameterization at all levels of the model to represent vertical fluxes caused by
subgrid-scale eddies. The unsteady behavior of horizontally-averaged profiles of temperature and velocity
respond quite realistically to the diurnally-varying heat flux at the ground, particularly with regard to the
time variation of lapse rates and the occurrence times of maximum and minimum temperatures at various
levels in the lower boundary layer. The spatial variation of predicted atmospheric quantities shows a great
deal of resolved eddy activity during the day with a significant remnant persisting through the night at
higher levels of the PBL. These eddies account for the predominant means of vertical heat and momentum
transfer away from the surfaces with the model realistically reproducing the unsteady behavior of heat
fluxes in the PBL. Temporal variation of vertical heat and momentum profiles shows boundary layer
activity to be confined to a few hundred meters at night while extending up to a kilometer during the day.
A weak heat flux source at the ground with an amplitude of 109, of the maximum daytime heating produced
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a nocturnal heat island some 60 m high with a maximum city-country temperature contrast of ~1C.

1. Introduction

Meteorologists have historically tended to study
atmospheric dynamics from two points of view which
are characterized by greatly differing space and time
scales. In trying to explain the detailed behavior of the
immediate surface environment in which Man lives,
they have developed the science of micrometeorology
which deals with atmospheric dynamics having space
scales of several meters and time scales on the order of
a minute. Similarly, in order to predict the evolution of
weather patterns in the atmosphere, meteorologists have
devoted much attention to the behavior of large-scale
dynamics having space scales greater than 1000 km and
time scales of the order of a week.

Yet although macro- and microscale meteorology
encompasses many atmospheric processes, there is still
a large number of important phenomena occurring in
the atmosphere whose spatial and temporal scales are
intermediate between these two categories. The slow-
ness with which our understanding of these intermediate
scales has developed has been caused, not by their lack
of importance, but rather by the difficulty involved in
obtaining useful observational data concerning them.
However, the recent surge of interest in the urban
environment and in severe storm weather conditions
has reversed this trend and seems to be leading to a
more rapid advancement of our understanding of these
important meteorological processes.

The wide range of atmospheric phenomena with

scales between the macro- and microscales necessitates
the further division of processes according to time and
space scales. A logical grouping which is commonly
accepted and which will be used here is to define
“intermediate-scale” and “mesoscale” categories.
Intermediate-scale dynamics, with scales of the order
of 1000 km and several days, are characterized as being
direct by-products of the large-scale motion. On the
other hand, mesoscale phenomena are characterized by
time scales between several hours and one day and space
scales between ten and several hundred kilometers, and
although they are affected by the prevailing large-scale
weather systems, their dynamics are largely controlled
by local energy sources.

Many examples of mesoscale phenomena exist in the
atmosphere; for example, there are local severe storms
such as thunderstorms and storms producing tornadoes,
cloud clusters, orographic phenomena such as mountain
lee waves, land-sea breezes, the low-level nocturnal jet,
and man-made atmospheric effects such as the urban
heat island. It is clear from this list that mesoscale
processes will be influenced by large-scale dynamics in
creating and changing the local prevailing weather
conditions as well as by microscale phenomena such as
turbulent mixing which account for eddy transfer
processes and dissipation at the high-wavenumber end
of the energy spectrum. Conversely, the collective effect
of mesoscale processes often may be strong enough to
alter large-scale weather systems, not only by means of






