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Extensive measurements of columnar aerosol optical
depth (AOD), composite (Mt) and black carbon aero-
sol mass (Mg) concentrations were made over the
tropical Indian and Southern Oceans as a part of the
Pilot Expedition to the Southern Ocean during the
boreal winter. The AOD, My and My show large lati-
tudinal gradient towards south up to ITCZ. Beyond
ITCZ, up to 56°S, AOD and Mg show very low and
steady values. However My shows large variations in
the Southern Ocean due to the enhanced production
of sea salt aerosols associated with high sea surface
winds. The short wave aerosol radiative forcing at the
surface over north of equator is in the range —10 to
—23Wm_2, whereas that over the Southern Ocean
was in the range —4 to —5 W m™. The corresponding
atmospheric forcing was in the range of 6-13 W m~ and
0.8-1.4 W m™. This large north—south change in the
aerosol radiative forcing has important implications
to the meridional circulation and hence to climate.
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Introduction

STUDIES of atmospheric aerosols over oceanic regions
have significance from the perspective of understanding
marine aerosols, estimating their direct and indirect roles
in regional and global radiative forcing, and in delineating
the effects of long-range transport of continental aerosols
on marine environments. Several field campaigns during
the last decade have specifically focused on this over dis-
tinct regions. Examples are ACE I and 11", TARFOX’,
SCAR-A", INDOEX’ and the ACE-Asia®. Earlier studies
revealed a decrease in the aerosol concentration with in-
crease in distance from the mainland”!°. However, most
of these studies were restricted to 20°S and limited to
either columnar aerosol optical depth (AOD) or compos-
ite aerosol. None of them had observations of absorbing
aerosols such as black carbon and observations south of
20°S.
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In view of the above, a thematic experiment to charac-
terize aerosols was planned onboard the ORJV Sagar
Kanya during January—March 2004, during its first expe-
dition to the Southern Ocean (SO). Here we present data
on columnar AOD along with total and black carbon
aerosol mass concentrations over the Indian Ocean and
SO. The estimates of aerosol radiative forcing over dif-
ferent latitude sectors are also presented.

Experimental setup and data collection

The three-month long expedition was conducted in three
phases; (1) the initial phase (SK199) from 1 to 19 January
2004 from Kochi to Mauritius (MRU) surveyed the Ara-
bian Sea and the tropical Indian Ocean, (i1) the main
phase (SK200) from 24 January to 4 March focused on
the SO and (ii1) the final phase (SK201) from 11 to 30
March pertained almost the same region as the initial
phase, but after about two months. The cruise tracks are
shown in Figure 1. The aerosol measurements comprised
of ambient mass concentrations of composite and BC
aerosols, made respectively using a single stage high
volume sampler (HVS model GHV2000P1 of Thermo-
Anderson) and a dual beam Aethalometer (AE-21 of
Magee Scientific, USA), and columnar spectral optical
depths made using a Microtops sunphotometer.

The Aethalometer was kept inside the ship’s cabin and
ambient air was taken through an inlet pipe from the bow
side (sampling into the wind) of the ship. The air intake
was from a height of about 12 m from the sea level. The
flow rate was kept at 5 litres per minute (Ipm) during the
first phase and increased to the maximum value (6.8 Ipm)
permissible for the instrument in SO. The time base also
was increased from 5 min in the tropical ocean to 60 min
in SO in view of the extremely low concentration encoun-
tered there. Following the error budget, discussed
earlier'""'? the maximum uncertainty in the measured BC
was 15% in SO, and was 10% and 8% in the tropical
Indian Ocean and SO respectively.

The high volume sampler, for estimating the mass con-
centration of composite aerosol, was operated from the
front deck of the ship and sampling was done facing the
wind flow. Quartz fibre discs of 4-inch diameter were
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