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Abstract — The importance of meteorological variability and uncertainty is described and discussed in the
context of dispersion and chemistry of air pollution. Synoptic, mesoscale, and turbulent scales are defined in
relation to pollution dilution. Spatial variability effects due, for example, to synoptic baroclinicity,
propagating synoptic and mesoscale features, and surface-forced atmospheric circulations are described.
Temporal variability resulting from diurnal and seasonal effects are discussed and examples presented.
Among the questions addressed is the importance of differential advection relative to horizontal diffusion at
different space and time scales. The concept of delayed diffusion is presented. Among the conclusions is that
regulating agencies such as the EPA and NPS have generally not taken sufficient advantage of regional and
mesoscale meteorological model-generated wind and turbulence fields, nor used the limits on the accuracy
of these models to provide an upper limit to the skill of air quality models. Part of this failure is due to the
poor communication by scientific researchers, of model capabilities and limits to the agencies and other
users of meteorological model output as part of air quality assessments. T 1998 Elsevier Science Ltd.
All rights reserved.
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1. INTRODUCTION

The need to accurately describe the wind and turbu-
lence fields for input into air quality assessment mod-
els should be obvious (e.g., Physick et al., 1992; Pielke
et al., 1983, 1991; Tucker, 1993; Svensson, 1996a;
Kallos, 1996; Berkowitz and Fast, 1996; Physick, 1995;
Yamada, 1996; Mueller et al., 1996; Millan et al., 1996;
Liu and Carroll, 1996; Schayes et al., 1996; Bornstein
et al., 1996; Sharan et al., 1996, Nowacki et al., 1996;
Banta, 1990). Otherwise, how could the transport,
deposition, and dispersion of a chemical effluent and
resultant concentration fields and chemical reactions
be accurately represented. Sistla et al. (1996), for
example, show the influence of meteorological uncer-
tainties with respect to ozone control strategies.
Al-Wali and Samson (1996) illustrate the sensitivity of
the Urban Airshed Model to the placement of bound-
ary layer measurements with respect to the location of
emissions. Svensson (1996b) demonstrated that rela-
tive errors in meteorological variables simulated in
a model may be larger than the uncertainties in
chemical rate constants. That paper emphasized the
importance of understanding how errors in the meteo-
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rological fields affect the results (and conclusions)
from the air quality model. Hanna (1992) discusses the
effects of data limitations on the ability to improve
short-range dispersion models. Kahl (1996) presents
a paper on the prediction of trajectory error.

In this paper we discuss this need with particular
emphasis on the mesoscale and regional scale. The
limitations and strengths of using meteorological
models to obtain wind and turbulence information is
presented, as well as uncertainties in the atmospheric
flow field analyses. These uncertainties will place
limits on what accuracy is achieved in estimating
chemical concentration fields from air quality models.

2. REVIEW OF MODELING APPROACHES

Meteorological models have been used in a diag-
nostic form or in prognostic version (Pielke, 1985;
Kumar and Russell, 1996; Zannetti, 1990; Ratto et al.,
1994). Prognostic models permit nonlinear terms
(e.g., advection) to create a flow field that contains
information not present in the observational analysis
used to initialize the model. Diagnostic models are
constrained by available observations, topographic
terrain and linear conservation formula (e.g., the
conservation of mass) such that they are unable to
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