
A 1000 year history of atmospheric sulfate concentrations in

southern Asia as recorded by a Himalayan ice core

Keqin Duan,1,2,3 L. G. Thompson,1,4 T. Yao,3 M. E. Davis,1 and E. Mosley-Thompson1,5

Received 4 July 2006; revised 4 November 2006; accepted 11 December 2006; published 10 January 2007.

[1] A sulfate record covering the period A.D. 1000–1997
from the Dasuopu glacier in the Himalayas reveals that this
site is sensitive to anthropogenic activity originating in
southern Asia. Prior to 1870 atmospheric sulfate
concentrations were relatively low and constant, but
thereafter concentrations have increased and since 1930
the rate of increase has accelerated rapidly. This accelerating
trend in sulfate deposition is paralleled by growing SO2

emissions over southern Asia resulting from the increased
energy demand. The concentration of sulfate deposited in
the last 50 years exceeds that for any prior 50-year period in
the last millennium. Unlike the Greenland ice core-derived
sulfate concentrations that have declined since the 1970s,
sulfate concentrations deposited on the Himalayan ice fields
continue to increase, having nearly doubled since 1970.
This reflects regional differences between Europe and Asia
in source strength and transport pathways for atmospheric
sulfate, as well as differing degrees of environmental
regulation. Citation: Duan, K., L. G. Thompson, T. Yao,

M. E. Davis, and E. Mosley-Thompson (2007), A 1000 year

history of atmospheric sulfate concentrations in southern Asia

as recorded by a Himalayan ice core, Geophys. Res. Lett., 34,

L01810, doi:10.1029/2006GL027456.

1. Introduction

[2] Sulfate aerosols cause climate forcing by reflecting
and absorbing radiation, as well as through indirect effects
that alter cloud cover and cloud albedo [Intergovernmental
Panel on Climate Change (IPCC), 2001]. It has been
suggested that their effects might be sufficient to moderate
the positive forcing by anthropogenic greenhouse gases on
regional scales [Mitchell et al., 1995; Krishnan and
Ramanathan, 2002]. The increased atmospheric sulfate in
southern Asia is already implicated as a cause of local
surface temperature declines and reductions in monsoon
rainfall [Krishnan and Ramanathan, 2002; Ramanathan et
al., 2005; Meehl et al., 1996]. Thus, knowledge of the
distribution and concentration of sulfate aerosols is required
to model and evaluate any associated climate changes
[Karoly et al., 2003; Levitus et al., 2001]. Unlike the

long-lived greenhouse gases which are distributed uniformly
over the globe, sulfate lifetimes are generally a week or less
[IPCC, 2001; Ramanathan et al., 2001], resulting in sub-
stantial spatial and temporal variations. Although sulfate
histories have been reconstructed from polar ice cores
[Fischer et al., 1998; Mayewski et al., 1990], no comparable
records exist for tropical and subtropical regions and this
limits effort to study the global sulfate cycle and its role in
regional climate changes.
[3] Ice core records from Greenland and the European

Alps suggest that atmospheric sulfate has increased since
the Industrial Revolution, primarily due to increased SO2

emissions from North America and Europe [Fischer et al.,
1998; Mayewski et al., 1990]. However, since 1970 sulfate
concentrations in the Greenland cores have decreased due to
air pollution control measures in North America and Europe
[Fischer et al., 1998; Mayewski et al., 1990]. In Asia,
although the fossil energy-related SO2 release is nearly an
order of magnitude smaller than that in North America and
Europe [Smith et al., 2001], Asia is rapidly catching up.
Roughly 40% of the world’s population lives in southern
and eastern Asia, and hence the potential for increased
pollutant emissions is high and closely linked to the
growing demand for energy. Although variations in sulfate
emissions over Asia have been estimated for the last few
decades [Smith et al., 2001; Sarath et al., 2003], little is
known about the longer term trends. Here we present a
1000-year record of sulfate concentrations over southern
Asia, deduced from a high resolution ice core drilled on the
Dasuopu glacier in the central Himalayas.

2. Data and Results

[4] Dasuopu glacier in the central Himalayas is sur-
rounded by highly populated and rapidly developing
countries, such as India and China (Figure 1), it is an ideal
location for extracting a history of regional anthropogenic
emissions. Dasuopu is located downwind from southern
Asia during the monsoon season and it is a sensitive
recorder of fluctuations in the intensity of the south Asian
monsoon as it receives up to 70% of its annual snowfall
during that time [Thompson et al., 2000; Duan et al., 2004].
Observations show that the pollutants over the high Hima-
laya originate from distant sources in South Asia, some as
far away as the India plains [Edward and Bidur, 2002;
Shrestha et al., 2000]. The summer monsoon circulation
brings considerable pollution from South Asia to the Hima-
layas. During winter and the pre-monsoon period the large-
scale circulation patterns are more dominated by westerly
flow. These air masses do not bring large quantities of
pollutants into the Himalaya as they are long traveled from
urban and industrialized regions and have much lower
concentrations of pollutants when compared to southerly
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