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[1] Aerosol optical properties that include the extinction coefficient, single scattering
albedo, and asymmetry factor are needed to calculate the radiative effects of aerosols.
However, measurements of these properties are typically limited to a few wavelengths,
and direct measurements of the asymmetry factor are not available. We describe and
evaluate a retrieval methodology that uses commonly collected aircraft-based
measurements to derive self-consistent aerosol optical properties for the majority of the
solar spectrum. Measurements of aerosol scattering and absorption at three wavelengths
are required to constrain this retrieval. We apply the retrieval to vertical profiles of
biomass burning aerosol data collected by the University of Washington (UW) research
aircraft during the Southern African Regional Science Initiative field campaign (SAFARI-
2000) and show that the retrieved (or “optically equivalent’) size distributions and
wavelength-dependent refractive indices reproduce available aerosol optical
measurements within their respective uncertainties. The retrieved optically equivalent size
distribution characteristics are consistent with past studies, but the wavelength-dependent
refractive indices retrieved using methods presented in this study are ~14% (~50%)
greater than the real (imaginary) refractive indices retrieved from the Aerosol Robotic
Network (AERONET) for three cases that were spatially and temporally colocated with
the UW research aircraft. The retrieval presented in this study translates measured aerosol
optical properties to parameters used directly as input to models and can be applied to
any study that uses similar instrumentation. Provided that uncertainties are properly
accounted for, self-consistent aerosol optical properties derived from measurements
strengthen the unique contribution of in situ data collection to the modeling community.
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1. Introduction

[2] Aerosol optical properties are dependent on the aero-
sol chemical composition [Jacobson, 2001; Chung and
Seinfeld, 2005], the chemical mixing state [Ackerman and
Toon, 1981; Chylek et al., 1988], and the physical size
distribution [Seinfeld and Pandis, 1998]. These fundamental
properties are, however, difficult to fully characterize since
aerosol lifetimes are short and the sources are heterogeneous
[Bond et al., 2004; Reddy et al., 2005]. The uncertainty of
radiative forcing due to aerosols is considered to be the
largest source of uncertainty when estimating the sensitivity
of climate to an increase in carbon dioxide [Anderson et al.,
2003; Schwartz, 2004; Delworth et al., 2005; Hansen et al.,
2005] and thus aerosols hinder precise predictions of the
future climate [Andreae et al., 2005]. A number of field
campaigns designed to characterize aerosol properties in
different locations around the world have helped address the
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uncertainties [Reid et al., 1998; Clarke et al., 2002; Russell
et al.,2002; Swap et al., 2003; Doherty et al., 2005; Magi et
al., 2005; Quinn and Bates, 2005; Redemann et al., 20006;
Schmid et al., 2006].

[3] We describe a new methodology to retrieve aerosol
optical properties from look-up tables of precalculated
acrosol optical properties constructed using Mie theory
[Bohren and Huffiman, 1983; Seinfeld and Pandis, 1998;
Ackerman and Toon, 1981]. Mie look-up tables can be used
to determine the optical properties of an aerosol composed
of spherical particles given the aerosol size distribution and
complex refractive index. This is a “forward” calculation in
the sense that the dependent variables, or the aerosol optical
properties, are determined from the aerosol physical and
chemical properties (or the independent variables).

[4] Alternatively, as discussed by Hartley [2000], Mie
look-up tables can also be used to find an aerosol size
distribution and complex refractive index that together pro-
duce specific acrosol optical properties. This is the “inverse”
problem, where we find the independent variables using the
dependent variables, and the solution to the inverse problem
may not be unique [Redemann et al., 2000]. In this analysis,
similar to the work of Redemann et al. [2000] and Hartley
and Hobbs [2001], we present a method to solve the inverse
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problem and find the so-called optically equivalent aerosol
size distribution and complex refractive index that together
most closely reproduce available optical measurements. In
contrast to those studies, however, we solve the inverse
problem at multiple wavelengths.

[5] The goal of this study is to use commonly measured
aerosol optical properties for a limited wavelength range,
including the extinction coefficient and single scattering
albedo, to derive self-consistent aerosol optical properties
for a broader wavelength range. We apply the methodology
to aircraft-based measurements collected during the South-
ern African Regional Science Initiative in August and
September 2000 (SAFARI-2000) by the University of
Washington (UW) research aircraft [Annegarn et al.,
2002; Swap et al., 2003]. Descriptions and analyses of the
UW aircraft data from SAFARI-2000 were discussed by
Hobbs et al. [2003], Magi et al. [2003], Magi and Hobbs
[2003], and Sinha et al. [2003]. B. 1. Magi et al. (Using
aircraft measurements to estimate the magnitude and uncer-
tainty of the shortwave direct radiative forcing of southern
African biomass burning aerosol, submitted to Journal of
Geophysical Research, 2007, hereinafter referred to as Magi
et al., submitted manuscript, 2007) present a method to
derive measurement-based estimates of southern African
biomass burning aerosol radiative forcing using the methods
in this study.

2. Methods

[6] In this section, we describe the technique used to find
the best match between measured aerosol optical properties
and aerosol optical properties calculated using Mie theory,
which assumes that the particles are spherical. We model the
aerosol size distribution with a unimodal lognormal func-
tion [e.g., Seinfeld and Pandis, 1998] which is a function of
the geometric mean diameter (D), geometric standard
deviation (o), and the aerosol number concentration (N,)
for a specific range of particle diameters. The wavelength-
dependent bulk aerosol complex refractive index (m, =
m,, — im;,) describes how incident radiation with a
wavelength A interacts with the aerosol described by the
unimodal lognormal size distribution.

[7] Extensive aerosol optical properties, or properties that
are dependent on N,, are the wavelength-dependent extinc-
tion (0exr,)), scattering (0gca.)), absorption (ogps.), and
backscattering (opack, ) coefficients. Values of ey, can
be determined by adding oy, and o.ps\ and the wave-
length-dependent aerosol optical depth (7,) can be calcu-
lated by integrating oy, over some vertical limits [e.g.,
Hartley and Hobbs, 2001; Magi et al., 2003]. Intensive
properties, or properties that are not dependent on N,, are
the wavelength-dependent single scattering albedo (w)),
backscatter ratio (3,), and asymmetry parameter (g,). In all
cases, the ““\” subscript notation indicates the dependence
of the particular metric on wavelength, \. The wavelength
dependence of Tex ), Tscar, a0d Oaps ) are often given by the
respective Angstrom exponents (Qext ), Otscar» aNd Qiaps y)
which are defined as the slopes of the optical properties with
respect to wavelength on logarithmic scale. All aerosol
optical properties discussed in this study are defined by
Seinfeld and Pandis [1998] and a number of other widely
available sources.
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2.1. Description of Look-Up Tables

[s] We store aerosol optical properties calculated using
Mie theory in multidimensional look-up tables. The input
(Minput) to a well-documented, publicly available Mie scat-
tering code [Dave, 1970; Wiscombe, 1980; ftp://climatel.
gsfc.nasa.gov/wiscombe/] is defined as

Minput = PHmrymingyUnga] (1)

where the terms are discussed in section 2. The basic output
of the Mie scattering code gives the extinction, scattering,
and backscattering efficiency factors at a wavelength \
(Qext.ns Qscan» and Qpaek y, respectively) for a single
spherical particle of diameter D, with a particular refractive
index. As described by Bohren and Huffiman [1983], we can
then integrate Qcxi n» Qsca,r» aNd Qpack,\ OVer a range of Dy,
for the lognormal size distribution given by D,, o,, and N,
in M, to arrive at the size-integrated optical properties in
the output matrix (Moyupy) defined as

Moutput = [cht,)\» Wo, \s B)u g)\] (2)

where the elements of Mgy are defined in section 2 and
below. We integrate from Dj, nin = 0.01 pm to Dy max = 10
pm to calculate

» D max D?
ro= [ T 0uDn(D)aD G)
Dy min

where the “x” subscript can mean “ext,” “sca,” or “back”
such that we can calculate Oexin, Oscars O Oback. s
respectively, given the appropriate efficiency factor, and
n(D) is specified by the lognormal function defined by Dy,
0y and N, in My, [e.g., Seinfeld and Pandis, 1998].
Using equation (3), we can calculate wo ) = 0sca M/ Text, ) and
Br = Oback VOscan. We then calculate the asymmetry
parameter (g,) as

Dy max -D?
[ 0 g D(0)ap
g = (4)

Osca,\

where again we integrate the lognormal function from
Dp,min =0.01 pm to Dp,max =10 pm.

[9] The ranges of the elements of M, are listed in
Table 1. Although N, for real aerosols varies, the elements
of Moypue are calculated using N, = 1000 cm . Extensive
properties can be rescaled to other values of N, as necessary.
This saves computation time and significantly reduces the
size of Myput.

[10] The ranges of the five remaining dimensions of
Minpu are larger. The wavelength dimension is set to
15 wavelengths between A = 354 and 1557 nm, for reasons
that we discuss in section 3.1. Each wavelength dimension
is treated as a separate look-up table in the sense that we
specifically calculate optical properties at each of the
15 wavelengths for the same range of sizes.

[11] There are 12 values of m, between 1.4 and 1.95, and
26 values of m; between 0 and 0.6 in M. The ranges are
based on information published by d’Almeida et al. [1991]
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