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[1] Tropospheric ozone and aerosols are radiatively important trace species, whose
concentrations have increased dramatically since preindustrial times and are projected to
continue to change in the future. The evolution of ozone and aerosol concentrations

from 1860 to 2100 is simulated on the basis of estimated historical emissions and four
different future emission scenarios (Intergovernmental Panel on Climate Change Special
Report on Emissions Scenarios A2, A1B, B1, and A1FI). The simulations suggest that the
tropospheric burden of ozone has increased by 50% and sulfate and carbonaceous aerosol
burdens have increased by factors of 3 and 6, respectively, since preindustrial times.
Projected ozone changes over the next century range from —6% to +43%, depending on the
emissions scenario. Sulfate concentrations are projected to increase for the next several
decades but then to decrease by 2100 to 4—45% below their 2000 values. Simulated ozone
concentrations agree well with present-day observations and recent trends. Preindustrial
surface concentrations of ozone are shown to be sensitive to the assumed anthropogenic and
biomass burning emissions, but in all cases they overestimate the few available
measurements from that era. Simulated tropospheric burdens of aerosols are sensitive by
up to a factor of 2 to assumptions about the rate of aerosol wet deposition in the model.
The concentrations of ozone and aerosols produced by this study are provided as
climate-forcing agents in the Geophysical Fluid Dynamics Laboratory coupled climate
model to estimate their effects on climate. The aerosol distributions from this study and
the resulting optical depths are evaluated in a companion paper by P. Ginoux et al.

(2006).
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1. Introduction

[2] Tropospheric concentrations of ozone and aerosols
have increased considerably from preindustrial times as a
result of anthropogenic emissions [e.g., Volz and Kley,
1988; Stachelin et al., 2001]. Ozone and aerosols influence
climate through their radiative forcings [e.g., Ramaswamy et
al., 2001] and are also major air pollutants affecting human
health and vegetation [e.g., World Health Organization,
2003; Mauzerall and Wang, 2001]. Projected growth in
anthropogenic emissions may increase concentrations of
these species in the future, exacerbating their environmental
impacts [Prather et al., 2001]. This study considers the
effect of changes in anthropogenic emissions on the con-
centrations of tropospheric ozone and aerosols during the
period 1860—-2100. Large emissions changes are estimated
during this period [Nakicenovi¢ et al., 2000; van Aardenne
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et al., 2001] and are expected to dominate the change in
ozone and aerosol concentrations [Prather et al., 2001].

[3] The changes in ozone and aerosol abundances since
preindustrial times are difficult to quantify because of sparse
and uncertain preindustrial measurements, spatial heteroge-
neity in the distributions of these short-lived species,
uncertain estimates of preindustrial emissions, and the
nonlinear dependence of ozone on precursor emissions.
Many recent studies have used chemical transport models
to estimate the anthropogenic contribution to tropospheric
ozone [Berntsen et al., 1997; Levy et al., 1997, Wang and
Jacob, 1998; Grenfell et al., 2001; Hauglustaine and
Brasseur, 2001; Mickley et al., 2001; Shindell et al.,
2003; Lamarque et al., 2005] and aerosols [e.g., Haywood
and Boucher, 2000; Penner et al., 2001]. These studies
typically suggest that anthropogenic activities have in-
creased the burden of tropospheric ozone by 40—65%, but
the actual change may be even larger [Mickley et al., 2001].
The burdens of sulfate and carbonaceous aerosols are
estimated to have increased by even more.

[4] Models have also been used in many recent studies to
project future atmospheric concentrations of ozone and
aerosols. These projections typically simulate a particular
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