JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 103, NO. D9, PAGES 10,757-10,767, MAY 20, 1998

Global simulation of tropospheric O3-NOx-hydrocarbon
chemistry
3. Origin of tropospheric ozone and effects of nonmethane
hydrocarbons
Yuhang Wang, 1 Daniel J. Jacob, and Jennifer A. Logan

Department of Earth and Planetary Sciences and Division of Engineering and Applied Sciences, Harvard
University, Cambridge, Massachusetts

Abstract. A global three-dimensional model of tropospheric 03-NOx-hydrocarbon
chemistry is used to investigate the factors controlling ozone concentrations in the
troposphere. Model results indicate a close balance between chemical production and
chemical loss of ozone in the tropospheric column at all latitudes (except high latitudes in
winter). Using separate tracers for ozone produced in the stratosphere and in different
regions of the troposphere, we find that the contribution of transport from the stratosphere to
ozone concentrations in the troposphere is about 30% at midlatitudes in winter, 10% in
summer, and 5% in the tropics. Production of ozone in the upper, middle, and continental
lower troposphere all make significant contributions (10,50%) to ozone concentrations
throughout the troposphere. The middle troposphere is a major global source region for ozone
even though it is not a region of net production. The springtime maximum of ozone observed
at remote sites in the northern extratropics is explained by a phase overlap between ozone
transported from the stratosphere which peaks in late winter and ozone produced in the
troposphere which peaks in late spring. Our model results do not support previous
explanations of the springtime maximum based on wintertime accumulation of ozone or its
precursors in the Arctic. The particularly strong springtime maximum at Mauna Loa
Observatory (Hawaii) is attributed to long-range transport of Asian pollution over the North
Pacific in spring. A sensitivity simulation without nonmethane hydrocarbons (NMHCs)
indicates small decreases of ozone concentrations
(<15%) in the remote troposphere and a 20% increase in the global mean OH concentration.
Without NMHCs as a source of peroxyacetylnitrate, concentrations of NOx decrease by 30%
in the remote lower troposphere but increase by 70% in the continental lower troposphere and
by 40% in the upper troposphere. Biogenic isoprene accounts for about half of the NMHC
effects in the model.

1. Introduction
This paper is the third of a series applying a global three
dimensional model to simulate tropospheric 03-NOx-hydro
carbon chemistry and to analyze the factors controlling tropo
spheric ozone. The model is described by Wang et al. [this
issue(a)] and is evaluated with observations by Wang et al.
[this issue(b)]. Here we use the model to investigate the origin
of tropospheric ozone and to assess the role of nonmethane
hydrocarbons (NMHCs) in modifying ozone, OH, and NOx
(NO+N02) concentrations in the troposphere.
We begin by examining the relative importance of different
source regions for tropospheric ozone. Transport from the
stratosphere was long thought to be the dominant source of
ozone in the troposphere [Junge, 1962; Danielsen, 1964). In
the early 1970s, Crutzen [1973] and Chameides and Walker
[1973] suggested instead that tropospheric ozone originates
1 Now at School of Earth and Atmospheric Sciences, Georgia Insti
tute of Technology, Atlanta.

Copyright 1998 by the American Geophysical Union.
Paper number 98JD00156.
O 148-0227/98/98JD-OO 15 6$09.00

mainly from production within the troposphere by photochem
ical oxidation of CO and hydrocarbons catalyzed by NOx and
HOx (OH+ H02). By the mid 1980s, global budget analyses
indicated that chemical production of ozone within the tropo
sphere was at least as large as transport from the stratosphere,
although with large uncertainties due in part to limited obser
vations of NOx concentrations [e.g., Fishman, 1985]. Liu et al.
[1987] calculated the in situ production of tropospheric ozone
in the northern hemisphere by scaling hemispheric estimates
ofNOx emissions with the ozone production efficiency (ozone
molecules produced per NOx molecule oxidized); they con
cluded that this in situ source of ozone was much larger than
transport from the stratosphere.
The emergence over the past decade of a large database of
aircraft observations for NO concentrations in the remote tro
posphere has improved significantly the constraints for calcu
lating regional and global ozone budgets [Carroll and
Thompson, 1995; Bradshaw et al., 1998]. These data indicate
that ozone in the remote troposphere is often in close balance
between chemical production and chemical loss [Chameides et
al., 1987, 1989; Liu et al., 1992]. A recent photochemical
model analysis of aircraft observations in the tropical tropo
sphere suggests that ozone concentrations are controlled by
chemical steady state over the scale of the tropospheric col
umn [Jacob et al., 1996].
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