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Introduction

The Atmospheric Radiation Measurement (ARM) Tropical Western Pacific (TWP) sites are downwind
from Southeast Asia where biomass burning occurs and can advect over the tropical warm pool.
Previous research (Vogelmann 2001, 2002, 2003) indicates that aerosol forcing was particularly large
during the 1997 El Nifio, as observed at Manus Island. (Although, the TWP forcing efficiency was
large, it was smaller than that observed at the Southern Great Plains [SGP]). The TWP forcing
efficiency suggests an aerosol single-scattering albedo that is significantly lower than typical
conservative maritime values. Further, large Angstrom exponents are observed at all times of year at
Manus, suggesting a frequent presence of small, continental-sized/type particles at this remote island.
Aerosol single-scattering albedo is critical for determining how aerosols interact with radiation, but it is
not routinely measured in such remote locations and cannot be retrieved from satellite observations.

Towards the goal of determining the aerosol properties and their radiative effects in the TWP, our
objective is to test a method that retrieves the aerosol single-scattering albedo from radiometric data.
The method will be explored that can use measurements available from Manus, and across the broader
TWP region using cruise data obtained by the ARM Shipboard Oceanographic and Atmospheric
Radiation (SOAR) Program (Reynolds et al. 2001; Miller et al. 2002; Miller et al. 2003).
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Approach

We adapt the direct-diffuse ratio method by Anikin et al. (2002) for retrieving single-scattering albedo.
They developed a set of equations that parameterize the ratio in terms of aerosol optical depth, single-
scattering albedo, asymmetry parameter, and surface albedo. The asymmetry parameter is
parameterized based on the Angstrom exponent and the aerosol type (which specifies the real part of the
refractive index).

We test the retrieval using SOAR multi-filter rotating shadowband radiometer (MFRSR) data, and the
optical and chemical data obtained concurrently during the Aerosol Characterization Experiment (ACE)-
Asia Field Program. During ACE-Asia, in situ surface measurements of single-scattering albedo were
made at ambient relative humidity (Carrico et al. 2003). Further, an aerosol optical model of single-
scattering albedo and asymmetry parameter was developed based on in situ chemical and optical
measurements (Markowicz et al. 2003). The aerosol scattering model produces very good agreement
with instantaneous pyranometer measurements (bias of 4.4 Wm™, root mean square of 12.9 Wm™).
Using the ACE-Asia data set provides a severe test for the retrieval method because of the complex and
highly variable nature of the ACE-Asia aerosol.

Results

We find that adapting the Anikin et al. (2002) method for SOAR data holds promise. The best
agreement with ACE-Asia single-scattering albedo data are achieved by fitting the asymmetry
parameter-Angstrom relationship using output from Markowicz et al. (2003) optical model rather than
from moderate-resolution atmospheric radiance and transmittance aerosol models. Similar to previous
studies, the direct-diffuse ratio must be scaled by 0.9 as well.

Preliminary comparisons of the retrieved single-scattering albedos to those from the aerosol model and
surface observations indicate that some days/cases compare very well. However, accuracies vary more
from day to day than within days, suggesting there are unresolved dependencies on aerosol type. Also,
within each day, there is a tendency for the variability in the retrieval to be much greater than for the
observations.

Future research will analyze the retrieval deficiencies and the means for their correction. The resulting
method will be applied to TWP site and SOAR datasets. These analyses will explore the variability of
single-scattering albedo within the TWP region, and assess its potential impact on the regional radiative
energy balance as well as satellite retrievals, which are used to monitor aerosols across the vast region.
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