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Regional and global trends in sulfate aerosol since the 1980s
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[1] In the last two decades anthropogenic SO, emissions
have decreased across Europe and North America but have
increased across Asia. Long-term surface observations
suggest that atmospheric sulfate concentrations have
followed trends in sulfur emissions more closely across
Asia, than across the USA and Europe. We use a global
model of chemistry and aerosol to understand changes in
the regional sulfur budget between 1985 and 2000. For
every 1% decrease in SO, emissions over Europe and the
USA the modelled sulfate column burden decreased by
0.65%, while over Asia a 1% increase in SO, resulted in a
0.88% increase in sulfate. The different responses can be
explained by the availability of oxidant in cloud. We find
that because emissions have moved southward to latitudes
where in-cloud oxidation is less oxidant limited, the
12% reduction in global SO, emissions between 1985
and 2000 caused only a 3% decrease in global sulfate.
Citation: Manktelow, P. T., G. W. Mann, K. S. Carslaw, D. V.
Spracklen, and M. P. Chipperfield (2007), Regional and global
trends in sulfate aerosol since the 1980s, Geophys. Res. Lett., 34,
L14803, doi:10.1029/2006GL028668.

1. Introduction

[2] The atmospheric sulfur cycle is important for both
climate and air quality. Sulfate acrosols can affect the
radiative balance of the Earth through scattering solar
radiation and by increasing cloud albedo and lifetime
[Intergovernmental Panel on Climate Change, 2001].
Sulfate is produced from the oxidation of SO,, which has
strong sources across North America, Europe and East Asia.
Anthropogenic emissions of SO, have decreased across
North America and Europe since the 1980s following the
introduction of cleansing technology and a switch to cleaner
fuels, while emissions have increased across Asia in
response to economic growth. These changes have resulted
in a southward shift in the global distribution of northern
hemisphere sulfur emissions. Although atmospheric
concentrations of sulfate and SO, have responded to this
change, long term measurements suggest that the magnitude
of the response has varied regionally. Across the UK,
France and Germany between 1980 and 2000 sulfate mass
concentrations decreased by 50—70% in response to 90%
reductions in emissions and measured concentrations of
SO, [Lévblad et al., 2004]. Across eastern USA sulfate
concentrations decreased by 26% between 1989 and 1995
as SO, concentrations decreased by 35% [Holland et al.,
1998]. Similarly, in Canada, decreases in sulfate are lower
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than those of SO,, a pattern that is repeated in several North
American studies reviewed by Reid et al. [2001]. Contrary
to this, Prospero et al. [2003] observed that anthropogenic
sulfate concentrations at Midway Island, Pacific had grown
at approximately the same rate as SO, emissions from East
Asia. This relationship between sulfur source and resulting
sulfate burden must be understood if we are to deduce
climate forcing from future emissions and scenarios, as well
as meet air quality targets.

[3] A number of models have been used to understand
the atmospheric sulfur cycle (reviewed in Barrie et al
[2001], and more recently Berglen et al. [2004] and Pham
et al. [2005]). Berglen et al. [2004] used the OsloCTM2
model to understand how the global sulfur cycle had
responded to a change in the spatial distribution of
emissions between 1985 and 1996. Global anthropogenic
SO, emissions were practically unchanged over this period,
but the peak northern hemisphere source shifted from
30°N-60°N to 15°N-50°N. However, current estimates
suggest that SO, emissions have now decreased below
1985 wvalues. Stern [2006] estimated that global anthropo-
genic emissions decreased by 24% between 1987 and 2000,
while Streets et al. [2006] estimated a 13% decrease from
1988 to 2000. It is hence timely to re-evaluate the effect on
measured and modelled sulfur burdens. In this paper we use
a global model to quantify changes in the sulfur budget
following the decrease in global anthropogenic emissions in
the period 1985-2000. We also examine the modelled
changes in SO, and sulfate over this period and compare
them against long-term observations.'

2. Model Description

[4] We use the aerosol sub-model being developed for the
UK Chemistry and Aerosol (UKCA) model (http:/www.
ukca.ac.uk). The scheme is implemented in the global
offline 3-D chemical transport model, TOMCAT,
incorporating a 7 sulfur species chemistry scheme (see
Spracklen et al. [2005] for details). The runs in this paper
have 2.8° x 2.8° horizontal resolution and 31 hybrid o-p
levels extending from the surface to 10 hPa. Large scale
atmospheric transport and meteorology is specified from
European Centre for Medium-Range Weather Forecasts
(ECMWF) analyses at 6-hourly intervals.

[s] The UKCA aerosol scheme is multicomponent and
multi-modal, transporting particle number and component
mass concentrations in several log-normal modes. It follows
the framework of the M7 model [Vignati et al., 2004]
carrying sulfate, sea salt, black carbon, organic carbon
and dust in 7 internally mixed modes. For the runs shown
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