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Abstract

The budget of ozone and its evolution associated
with anthropogenic activities are simulated with the
MOZART chemical-transport-model. We present the
changes in tropospheric ozone and its precursors (CHy,
NMHCs, CO, NO;) since the pre-indutrial period. The
ozone change at the surface exhibits a maximum in-
crease at mid-latitudesin the northern hemisphere reach-
ing more than 40-50 ppbv over Europe and the south-
eastern US during summer. The possible evolution of
ozone in the year 2050 is also simulated with the model
based on estimated future scenarios of surface emissions.
In this case, the maximum increase in ozone is calcu-
lated in tropical regions where rapid economic develop-
ment and population growth are expected. The impact
of these past and future tropospheric ozone changes are
then used to calculate the radiative forcings of climate.

Model Description
MOZART (Model for OZone And Related chemi-

cal Tracers) is a three-dimensional chemical transport
model (CTM) of the global troposphere described and
evaluated by Brasseur et al. [1 and au lusta e
et al. [I a. The model has been developed in the
framewor of the National Center for Atmospheric Re-
search (NCAR) Community Climate Model (CCM). In
this version of MOZART, the time history of 5 chem-
ical species is calculated on the global scale from the
surface to the mid-stratosphere. The model accounts
for surface emissions of chemical compounds (N O,
CH4, non methane hydrocarbons, CO, NO,, CH O,
and acetone), advective and convective transport, dif-
fusive exchanges in the boundary layer, chemical and
photochemical reactions, and wet and dry depositions.
The chemical scheme includes 140 chemical reactions
and considers the photochemical oxidation schemes of
methane (CHy), ethane (C H ), propane (C H ), ethy-
lene (C Hy), propylene (C H ), isoprene (C H ), ter-
penes (as -pinene, C H ), and a lumped compound
n-butane (C4H ) used as a surrogate for heavier hydro-
carbons. The model is run with a horizontal resolution
which is identical to that of CCM (triangular truncation
at 42 waves, T42) corresponding to about 2. degrees in

both latitude and longitude. In the vertical, the model
uses hybrid sigma-pressure coordinates with 25 levels
extending from the surface to the level of mb. y-
namical and other physical variables needed to calcu-
late the resolved advective transport as well as smaller-
scale exchanges and wet scavenging are pre-calculated
by the NCAR CCM (version 2, 0.5 library), and pro-
vided every hours from pre-established history tapes.
The model was used by au lusta e et al. [I b in
a study of ozone over the North Atlantic ocean and by

au lusta e et al. |1 in a study of atmospheric

composition changes associated with the 1 Indone-
sian Tes.
ol tion incet e re nd strial

or the pre-industrial simulation, the CO, NO,, and
NMHCs emissions from transportation, industry, and
other human activities are set e ual to zero. In addi-
tion to that, the NO soil emissions are set to their es-
timated natural value (no fertilizer) and biomass burn-
ing emissions are decreased to 20  of their present-day
value. The levels of N O and CH4 are xed to their
pre-industrial level measured from ice cores.

The change in ozone (present minus pre-industrial)
calculated for uly conditions ( igure la) shows a maxi-
mum increase at northern mid-latitudes reaching a fac-
tor of (or 0 ppbv) in zonal-mean. The O change
is maximum over the regions of emissions of ozone pre-
cursors, northern America, western Europe, and China-

apan (not shown). The change in ozone has been in-
troduced in a radiation model in order to calculate the
radiative forcing associated with tropospheric ozone in-
crease since pre-industrial times. The global and annual
mean net forcing is 0.42 W m . The forcing exhibits a
strong seasonal cycle ranging from 0.2 W m in winter
to 1 W m insummer at northern mid-latitudes ( igure
2).

t re ol tion in

The future simulation to the year 2050 is based on
the surface emission scenario IS 2a proposed by I CC.
The geographical distributions of surface emissions are
modi ed according to four di erent regions (OEC
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Zonal-mean ozone change [top since pre-
industrial (present minus pre-industrial), and [bottom
for future simulation (2050 minus present) calculated
for uly conditions. Shaded contours denote change in
precent and isolines the corresponding change in ppbv.
Note the di erent scale for the two plots.

Ex-USSR and Eastern Europe, China and centrally-
planned Asia, rest of world). The future ozone change
(2050 minus present) shows a very di erent latitudinal
distribution than the change calculated since the pre-
industrial ( igure 1b).  ue to increasing demography
and economic growth in the tropical regions, the ozone
change exhibits a maximum of 40  in these regions at
the surface. ue to strong upward transport, the ozone
increase is transported to the upper troposphere where
the impact on the radiative forcing is the largest. The
associated additional global mean radiative forcing is
0.2 W m relative to present-day conditions.

oncl sion

The MOZART global chemical-transport-model has
been used to investigate the tropospheric ozone evolu-
tion since the pre-industrial and in the future (2050).
The evolution since the pre-industrial exhibits a max-
imum at northern mid-latitudes where anthropogenic
emissions are more important. In contrast, in the fu-
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ture, a maximum ozone increase is predicted in tropical
regions where rapid economic growth is expected. The
calculated radiative forcing due to O increase since the
pre-industrial is 0.42 W m . In 2050, an additional forc-
ing of 0.2 W m is obtained.
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