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[1] Changes in emissions of ozone (O3) precursors affect
both air quality and climate. We first examine the sensitivity
of surface O5 concentrations (O5") and net radiative forcing
of climate (RF,.) to reductions in emissions of four
precursors — nitrogen oxides (NO,), non-methane volatile
organic compounds, carbon monoxide, and methane (CHy).
We show that long-term CHy-induced changes in Os,
known to be important for climate, are also relevant for air
quality; for example, NO, reductions increase CHy, causing
a long-term Oj; increase that partially counteracts the direct
O3 decrease. Second, we assess the radiative forcing
resulting from actions to improve Oj air quality by
calculating the ratio of ARF,. to changes in metrics of
05", Decreases in CH4 emissions cause the greatest RF ¢
decrease per unit reduction in O, while NO, reductions
increase RF,.. Of the available means to improve O3 air
quality, therefore, CH, abatement best reduces climate
forcing. Citation: West, J. J., A. M. Fiore, V. Naik, L. W.
Horowitz, M. D. Schwarzkopf, and D. L. Mauzerall (2007),
Ozone air quality and radiative forcing consequences of changes
in ozone precursor emissions, Geophys. Res. Lett., 34, L06806,
doi:10.1029/2006GL029173.

1. Introduction

[2] Concentrations of ozone (O3) have increased histor-
ically at the surface in industrialized regions, and in the
global background troposphere [Vingarzan, 2004]. Actions
to decrease tropospheric O; to improve air quality have
emphasized reducing emissions of short-lived O; precur-
sors — nitrogen oxides (NO,), non-methane volatile organic
compounds (NMVOCs), and carbon monoxide (CO) — on
urban and regional scales. Methane (CHy), a long-lived Os
precursor (lifetime ~9 yr), contributes to the global back-
ground concentration of tropospheric Oz, and CH, emission
controls have received recent attention as a means of
international O; air quality management [Fiore et al.,
2002; Dentener et al., 2005; West and Fiore, 2005; West
et al., 2006].
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[3] Reducing emissions of any precursor to improve O;
air quality also influences climate, as such changes affect
the concentrations of and radiative forcing from both O; and
CH,. Reductions in surface NO, emissions, for example,
decrease O3 and global concentrations of the hydroxyl
radical (OH). Since reaction with OH is the major sink for
CH,, NO, reductions increase the atmospheric lifetime and
concentrations of CHy. The resulting positive radiative
forcing from increased CH, roughly cancels, or slightly
exceeds, the negative forcing from decreased O; globally
[Fuglestvedt et al., 1999; Wild et al., 2001; Fiore et al.,
2002; Berntsen et al., 2005; Naik et al., 2005; Shindell et
al., 2005]. In contrast, reductions in emissions of
NMVOCs, CO, and CH4 increase OH and decrease the
forcing from both O; and CH, [Prather et al., 2001; Fiore
et al., 2002].

[4] These changes in CH4 will also affect O; on the
longer time scale of the CH4 perturbation lifetime. In the
case of NO, controls, the CH, increase induces a long-term
Oj; increase, which partially counteracts the short-term Oj
decrease. Conversely, controls on NMVOCs and CO cause
a long-term O decrease in addition to the short-term O3
decrease. These long-term changes in O5 have been included
in estimates of net radiative forcing [Wild et al., 2001;
Berntsen et al., 2005; Naik et al., 2005]; here we also
quantify their relevance for long-term surface O; air
quality.

[s] Local actions to improve Oj air quality therefore
affect surface O; and radiative forcing on global scales;
while the global effects of emission changes in a single
airshed are expected to be small, the cumulative effects of
such actions in many polluted regions are analyzed here.
The first objective of this study is to simulate the sensitivity
of surface O3 concentrations, and of the net radiative forcing
due to O3 and CHy, to global emission reductions of NO,,
NMVOCs, CO, and CH,, using consistent methods. In
doing so, we account for the long-term changes in O; via
CH,. These estimates can be used together with information
on the costs and feasibility of reducing precursor emissions,
in the integrated planning of actions to address O air
quality and climate change. Changes in aerosol radiative
forcing are not included in our estimate of net radiative
forcing, but are estimated here to be small (section 3.1.).
The second objective addresses the effects of actions to
improve surface O3 air quality on radiative forcing. Because
precursor emissions are being reduced in many nations to
improve Oj air quality, and because such actions affect
climate, we compare the radiative forcing consequences of
decreasing surface O3 through reductions in emissions of
each precursor. We normalize the change in net radiative
forcing by changes in surface O; concentration metrics, and
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