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ABSTRACT

The present research proposes a standard nomenclature for mesoscale meteorological concepts and integrates
existing concepts of atmospheric space scales, flow assumptions, governing equations, and resulting motions
into a hierarchy useful in categorization of mesoscale models. New dynamically based mesoscale time- and
space-scale boundaries are proposed, consistent with the importance of the Coriolis force. In the proposed flow-
class classification, the starting point is the complete (no approximations) set of mesoscale equations for non-
Boussinesq flows. In the subsequent scale analysis, the deep and shallow Boussinesq flow divisions of Dutton
and Fichtl are kept, as is the shallow-flow subdivisions of Mahrt. In addition, the scale analysis approach of
Mabhrt is extended to deep Boussinesq motions. Limits of applicability of each derived flow-class equation set
( with respect to atmospheric phenomena that can be simulated) are also discussed. '

The proposed hierarchy of atmospheric motions is organized into hydrostatic versus nonhydrostatic flow types
and then into non-Boussinesq, deep, and shallow Boussinesq motions. Criteria used to differentiate each resulting
flow class are discussed, while resulting governing thermodynamic and dynamic equations for each motion type
are given. Separate graphical representations during stable and unstable conditions of the spatial limits of each
Boussinesq mesoscale flow subclass are constructed from order of magnitude estimates for the various length
and flow-class separation criteria. A summary of the consensus in the literature concerning the equation sets
necessary to reproduce characteristics associated with specific atmospheric flow phenomena is given. Compar-
ative modeling studies are required to test the quantitative aspects of many of the ideas put forth in this paper.
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1. Introduetion

Hasse (1993 ) recently called for a series of ‘‘perhaps
controversial’’ papers to stimulate discussion on as-
pects toward development of a ‘‘commonly accepted
planetary boundary layer (PBL) theory.”” Lack of
agreement concerning technical definitions thwarts
such a development. Previous examples in air pollution
meteorology include diffusion versus dispersion and
model validation versus evaluation.

Different opinions currently exist conceming defi-
nitions of the time and space boundaries of the
micro-, meso-, and macrometeorological scales; Bous-
sinesq approximations; anelastic equation of continu-
ity; advection versus convection; and shallow convec-
tion. The present research begins with a review of the
current status on these topics. It then proposes a stan-
dard nomenclature and integrates the concepts of at-
mospheric space scales, flow assumptions, governing
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equations, and resulting motions into a hierarchy useful

for mesoscale model classification.

2. Atmospheric space scales

The standardization of mid-1970s atmospheric scale
classification schemes by Orlanski (1975) contained
eight horizontal space and time subdivisions (Table 1)
because of the wide range of phenomena encompassed
by the three basic scales (micro, meso, and macro).
The previous definition of the mesoscale he quoted was
intermediate states between macroscale ( ‘‘space scales
more that 1000 km and time scales of the order of a
week’’ ) and microscale ( ‘‘space scales of several me-
ters and time scales on the order of a minute’’). His
proposed new upper bound (2000 km) was of the same
order of magnitude as the old one, but his new lower
bound (2 km) significantly enlarged the range of mi-
croscale phenomena. He pointed out, however, that as
it was not generally possible to identify ‘‘a relationship
between geophysical parameters and the intrinsic spa-
tial scale, . . . all horizontal scale divisions are some-
what arbitrary and ill-defined.”

Recent mesoscale texts, however, have proposed al-
ternative definitions for mesoscale phenomena; for
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TABLE 1. Atmospheric scale definitions, where Ly, is horizontal scale length.

Stull Pielke Orlanski
Ly Lifetime (1988) (1984) (1975) Present Atmospheric phenomena
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1 month n Macro-a Macro-a General circulation, long waves
o
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M i
a c
c Macro-8 Macro-3 Synoptic cyclones
r R
o e
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i
[
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a
1
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M .
e Meso-f3 Meso-£ Low-level jets, thunderstorm groups,
s mountain winds and waves, sea
o breeze, urban circulations
20 km
M
e
1h r N Meso-y Meso-y Thunderstorm, clear-air turbulence
o
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Micro-a Meso-6 Cumulus, tornadoes, katabatic jumps
M
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c M
(r) :: Micro-g Micro-g8 Plumes, wakes, waterspouts, dust
devils
r
o
20m 1 min
Micro-y
2m 1s M Micro-y Turbulence, sound waves
i
c
r Micro-6
o
[

example, the textbook of Arya (1988) defines micro- textbook of Pielke (1984) defines mesoscale phenom-
meteorological phenomena as limited to those that ena as having a horizontal length scale large enough to
‘‘originate in and are dominated by’’ the PBL, exclud- be hydrostatic but small enough so that the Coriolis
ing phenomena whose ‘‘dynamics are largely governed force is small relative to the advective and pressure
by mesoscale and macroscale weather systems.”” The gradient forces. While Pielke mentions that this upper






