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Application of Pielke model to air q uality studies
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r AnSTR ~\Cr. In this paper an a~lempt has been made to evaluate the capability of University or Virginia 's
~scale « I J Ie1 ke~ model for a ir qua!llr studies. The development or the physical equat ions and numerical tech­
mqucs employed II"! the model a re described and deficiencies indicated . II is demons trated that, although the Piclkc
~odcl has cc~a," hmlta~'o!,s fo r air quality purpoiL.... it can still pro vide valuable quali tative understanding of a rn­
blcnt air quality fOT a limited range ot conditions.
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I. lntreductlon

The last decade hal; seen widespread concern
regarding man's impact on the environment.
Numerous indicators bear witn ess to severe in­
advertent environmental effects. T his concern
is now embodied in legislat ion in several coun­
t ries requir ing assessment of envionmental im­
p acts of proposed industrial projects and res­
tricting emi ssions of air pollutants. Sound ly
based assessments can on ly be achieved , how.
ever, through understanding of physcial proccs·
ses affecting air quality . Increasing sophistica­
tion of air-quality model s has led to their general
acceptance as valid techniques in air quality
assessment.

Perhaps the best known model for mesoscale
simulations is that of Mahrer and Pielkc (1976) .
I n thi s report, development of the governing
equations and numeri cal techniques employed
in the mod el arc treated . Extensive test sim ula­
l ions of the mod el on a variety of simple cases,
whi ch give va luable insight int o the sensirivtty
of th e results, particularly to initializati on and
boundary con dit ions a re discussed . Further,
results from the model airflow prediction s as
applied to th e ca lculation of air pollution tra­
jcctories for a sea breeze situa tion are reported .
~e importance to inland air quality of pollu­
lion sources along the shore for this idealized
case is discussed .

2. The model equation

!he mod e.1 equa tions ~ppear in vari ous papers
w.ntten during t~e period of development by
Pielke. 11,e earliest references describe the
three-dimensional sea breeze model with the
variables expressed as deviations from the sy.
noptic <c.ale sta te (Pielke 1973, 1974a).
The eq uations for both two an d thrcc-dirncn­
sional versions are p resen ted in Pielke (1974 b).

Subsequently, significant changes were made
in form ulati ng the model eq ua tions. The de­
penden t variables became the total quant ities
(perturba tions plus large-scale va lues) rather
than simply the perturbation. I n ad di tion,
progn ostic equation for the bo unda ry layer
height (a ttributed to Deardorff 1974) was adde d.
These changes, along with the new two-dimen­
sional model equations, were given in Pielke
and M eh rer (1975). Later stages in model
development included the incorporation of topo ­
graphy (with transformation to a terrain fol­
lowing coordinate system ) in the two-dimensional
model (Mahrer and Pickle 1975) a nd in the
three-dimensiona l version (Mahrcr and Piclke
1976).

A considerab le amount of searc hing through
th e above-mentioned papers was done to obtain
the latest version of the governing equations in
their most general form. I n Table I , the model
l'CJuations are presented in tahular form begin­
rung with the most fundamental version. Sub­
seq uent tables con centrate on the governing
equations of model after the incorporation
of simplifying assumptions and approximations.

Tensor notation is used to express the equations
using a minimum of .effort. Unrepeated "sub­
scripts indicate free variables ; the subscript is
understood to be either I , 2 or 3 and the corres­
ponding variable is any of the three vector corn­
poncnts or nine second-order tensor compo­
nents, etc. Fo r exampl e :

Xi ~ (XI' X•• X, ) ~ (X. y. z)
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