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Abstract

In this paper, new long-term measurements of chemical composition and physical prop-
erties of atmospheric aerosols carried out on the eastern brink of the heavily polluted
Highveld area in South Africa are introduced. As expected, a high variability of aerosol
properties was observed. Optical properties of aerosol particles were found to be5

closely correlated with particulate mass and number concentration in the case of pol-
luted air masses. In contrast, in clean conditions there was no clear connection be-
tween optical properties and aerosol number concentration due to the presence of
multiple sources including new particle formation.

1 Introduction10

The direct and indirect radiative e� ects of aerosol particles constitute the largest un-
certainty in current radiative forcing estimates of the Earth's climate system (Foster
et al., 2007; Hansen et al., 2007). In order to reduce the uncertainties associated
with atmospheric aerosols in the climate system, detailed information on the temporal
and spatial variability of di� erent aerosol properties are needed. Such information can15

be obtained from a combination of model simulations, remote sensing and continuous
in-situ aerosol measurements.

Over the continental Southern Hemisphere, long-term aerosol measurements are
limited to very few �eld studies (Jayaratne and Verma, 2001; Swap et al., 2003; Laakso
et al., 2006; Suni et al., 2008; Rissler et al., 2006). On the African continent south20

of the equatorial region, number concentrations and optical properties of submicron
aerosol particles have mainly been investigated during the SAFARI 1992 and SAFARI
2000 measurement campaigns (Swap et al., 2003; Ross et al., 2003). These cam-
paigns highlighted the importance of regional circulation, seasonal pollutant variation
and multiple inversion layers (Garstang et al., 1996). These authors also pointed out25

that the atmospheric aerosol particle population originates from a mixture of natural
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and anthropogenic emission sources, such as domestic burning, wild �res and indus-
try.

Recently, Laakso et al. (2008) reported the annual behaviour of the sub-micron parti-
cle number concentration and associated new particle formation in a clean background
savannah environment in South Africa, but the observations did not include measure-5

ments of aerosol optical properties.
The observations described in this study take place on Highveld in Central South

Africa. This area is among the top �ve NO 2 emission hotspots in the world and is also
a signi�cant source of CO 2, SO2 and sulphate particles (Held, 1996; Fleming and van
der Merwe, 2004).10

The industrial emissions from this area, along with other regional emissions and
intense solar radiation, create a highly reactive pollution mixture (Swap et al., 2003).

As a result, reactive gases are rapidly converted into more oxidized and low-volatile
compounds that produce secondary aerosols via nucleation and condensation. These
particles grow to accumulation mode sizes and mix with particles from primary emis-15

sions. Due to their long lifetime, these accumulation mode particles can be transported
across the Indian Ocean, as far as Australia (Wenig et al., 2002), thereby a� ecting the
radiative balance over large areas.

Due to its global importance, Highveld was chosen as one of the EUCAARI project
measurement areas outside Europe (Kulmala et al., 2009). The three other sites out-20

side Europe are Manaus in Brazil, New Delhi in India and Beijing in China. These four
sites comprise signi�cant sources in areas with previously limited long-term aerosol
measurements. At these four non-European EUCAARI measurements sites, the sci-
enti�c emphasis has been placed on aerosol optical properties, indirect aerosol e � ects,
aerosol chemistry, new particle formation and the validation of satellite and modelling25

results. In South Africa, one of the speci�c interests is to improve the interpretation of
remote sensing methods, as common approaches may not be valid due to the complex
layered structure of the troposphere.
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