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Ozone production during an urban air stagnation

episode over Nashville, Tennessee

R. 1. Valente,! R, E. Imhoff,! R. L. Tanner,' J. F. Meagher,! P. H, Daum,*
. M. Hardesty.? R. M. Banta,® R, 1. Alvarez,? R. T. McNider,! and M. W, Gillani*

Abstract.  The highest Oy levels observed during the 1995 Southern Oxidants Study in
middle Tennessee occurred during a period of air stagnation from July 11 through Tuly 15.
Exiensive airborne (wo fixed wing and one helicopter) and ground-based measurements
of the chemistry and metcorology of this episode near Nashville, Tennessee, are
presented. In situ airhorne measurements include Oy, NO,, NO, MO, S0,, CO, nitrate,
hydrocarbons, and aidehydes. Airborne LIDAR O, measurements are also utilized to map
the vertical and horizental extent of the urban plumc. The use of multiple instrumented
research aireraft permitted highly detailed mapping of the plume chemistry in the vertical
and horizontal dimensions. Interactions between the urban MNashville plume (primarily a
N, and hydrocarbon source) and the Gallatin coal-fired power plant plume {primarily a
N, and 50 source) are also decumented, and comparisons of ozone formation in the
isolated and mixed urban and power plant plume are presented. The data sugpest that
during this episode the background sur and the edges of the urban plume are NO,
wensitive and the core of the urban plume is hydrocarbon sensitive. Under these worst
case meteoralogical conditions, ambient Q5 levels well aver the level of the new National
Ambient Air Quality Standard (NAADS) for ozone (80 ppl) were abserved over and just
dowrwind af Nashville, For example, on July 12, the boundary laver air upwind of
Maghville showed 6 to 70 ppb O, while just downwind of the city the urban plumc
maximum was over 140 ppb O, With & revised ozone standard sel at 80 pph (8 hour
average) and upwind levels alrewdy within 10 or 20 ppb of the standard, only a slight
merease in ozone from the urban arga will cause difficulty in attaining the standard at
‘monitors near the core of the urban plume during this type of episade. The helicopter
mapping and LIDAR aircraft data clearly illusirate that high O, levels can occur during
stagnation episodes within a fow kilometers of and even within the urban area. The
extremely light boundary layer winds (1-3 m s~ ') contributed to the creation of an ozone
dome or blob which staved very near 1o the city rather than an elongated plume. The

emall spatial scale of the rone of high O, ¢oncentrations is mapp

ed in detil

demenstrating that the regulatory monitoring network failed to document the maximum
0 concentrations. Modelers using such regulaiory data to test photochemcal algorithms
need to bear in mind that magnitude and frequency of urban orone may be
underestimated by monitoring networks, especially in medium-sized urban arcas under
slow transport conditions. Finally, this effort shows the value of collaboratve ficld
measurements from multiple platforms in developing a more complete pictiure of the

chemistry and transport of photochemical O

1.  Introsdsction

[respite comprehensive local, state, and national regualatory
imittatives over the past 30 voars, and a long history of rescarch
in the arca [Crgzen, 1970k Semon ard Raglond, 1977 Cha
merdes et il VORE: Kol pr af, 1086; Feiserfeld of o, 1988
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Alrehgier, 1988 Budr et al 1900, Carroll o e, 15HE O el
af,, 1999 Lefafl e al, 1995), ambicnl afone ocentratioms
conlinue to be a major environmentnl and health concem.
Early in the decade of the 19905 the MNational Academy of
Sciences culled for a rethinking of the ozone problem [Marisral
Acadery of Sciences, 1991], and efforts were redoubled o
elucidate the processes of ozome fomeation and transporl in
urhan amel regiomal seitings, On & national kevel, for example,
the ™orth American Research Strategy for Troposphoric
Ozone (MARSTO) has been formulated. a focused and coor-
dinated program for the scientific study of oprephenc ozons
concentralions, sources, Formation mechunisms, pnd transpor
peross the Moerth American confinent. A mager emphasis of
MARSTO has been the extent to which interreginnal transpon
of ozone-rich aif masses hove afecled effors o amsin he
MAADS for ozene. The Southern Oxidant Study (SC05) has
provided. in several field studies and ohservation-based mod-
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