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Aerosol model assumption: The retrievals of aerosol optical depth
from satellite near-infrared polarimetric measurements
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(1. State Environmental Protection Key Laboratory of Satellite Remote Sensing, Institute of Remote Sensing and Digital Earth,
Chinese Academy of Sciences, Beijing 100101, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; Satellite polarimetric observation is an important approach for remote sensing of atmospheric
aerosols. The validity and adaptability of aerosol type model is one of key factors affecting polarimetric
remote sensing of aerosol properties. For an aerosol retrieval algorithm, either neglecting coarse mode
aerosols (one of common assumption of aerosol retrieval from satellite polarimetric sensors) or emplo-
ying incorrect aerosol types can bring errors to the retrieval results. In this paper, the influence of aero-
sol modes and choice of aerosol types (six typical types: desert dust, biomass burning, background/
rural, polluted continental, polluted marine, and dirty pollution) on the retrieval of aerosol optical
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depth (AOD) were investigated based on near-infrared polarized satellite channel at 865 nm. Based on
the vector radiative transfer simulation results, the atmospheric bidirectional polarized reflection distri-
bution functions (BPDF) of the above six aerosol types at 865 nm were analyzed. The results demon-
strate that atmospheric BPDF depends greatly on aerosol particle’ s size, while influence of coarse mode
on atmospheric BPDF is much smaller than that of fine mode. Compared with the atmospheric BPDF
associated with only one fine mode, the BPDF associated with both fine and coarse modes shows smal-
ler BPDF. With these simulation results, AOD retrieval errors were analyzed under two circumstances,
neglecting coarse mode aerosols and employing an incorrect aerosol type. The results show that: (1)
Neglecting coarse mode can lead to underestimation of the retrieved fine mode AOD ( AOD,). The
AOD; errors are in the range of -12.3% to -35.7% for different aerosol types. The maximum AOD;
error associates with desert dust aerosol type while the minimum with polluted continental type. (2)
The use of an incorrect aerosol type can bring large AOD retrieval error, which depends on bias of at-
mospheric BPDF related to the incorrect aerosol type. Among all six aerosol types, the maximum BP-
DF difference occurs between desert dust and dirty pollution aerosol types, which yields the maximum
AOD retrieval errors of -60. 6% and 220.3% , given mischoosing one versus another. The minimum
AOD retrieval errors can be -3.0% and 7. 1% occurring between background/rural and polluted conti-
nental types, which have the smallest BPDF difference. The results of this study can help to develop
the next generation spaceborne polarimetric sensors and corresponding aerosol retrieval algorithms.

Key words: aerosol model, aerosol optical depth, polarimetric remote sensing, retrieval error
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Table 1 The average relative errors of AOD;, caused by ignoring aerosol coarse mode contribution during retrieval
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AOD =0.5 -35.70 -22.33 -21.53 -12.29 -19.97 -17.46
AOD=1.0 -45.63 -36.87 -34.76 -23.61 -31.29 -33.60
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Fig.7 Bidirectional relative errors of the retrievals of AOD,
for the six aerosol models, which are caused by ignoring
aerosol coarse mode contribution ( The wavelength is 865
nm, and AOD™ is 0.5). (a) ~ (f) denote desert dust, bio-
mass burning, background/rural, polluted continental, pollu-
ted marine, and dirty pollution aerosol, respectively

TG G RBERY  (H BAT Fe K B PR AH R 248 XA B
[ 8(a2) ~ (e2) WA, ik VDA B 5 Ye g i |
A= W) SR b T A< 0 I B T AOD s, AR 22 8r/7
MIEMH, AOD 255K Mk ] & R 580 TG 4k
Fili B S ST, AR 22 8/ R U, AOD 45 S M
/N, AOD LR 2E Sr/7 WL JLAR A5 4k, 55 #UH £
LA — 58 BRI X 7l A Jie R 700 e 3 AR 1 K
S BPDF /MBI RHEF KRR A U 2R R I YL it v
R AW FRRE R  EE IS A | S R SRR LR
B ). % 3 e By 5 T 4% F (MODEL™ , MODE-
L*) 2040, S I AOD S A xR 2267/7 (AOD™
=0.5). HERATHL, LLA L EA XL o5, Xt
ALk L R SO % T FE MODELY X 1y A &
S, BPDF B KSR R 67/ ¥4 8 T fd , HL X}

SREEB T ERKE AOD B MR Z (865 nm,AOD™ =0.5)

Table 1 The average relative errors of AOD caused by inaccurate aerosol model assumption during retrievals
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Fig. 8 Bidirectional relative errors of the retrievals of AOD,
which are caused by inaccurate aerosol model assumption dur-
ing retrieval ( The wavelength is 865 nm, and AODpd is 0.5).
(al) ~ (fl) denote that the pre-defined aerosol model MODE-
Lpd is desert dust, and the inversion-employed models MODE-
Lie are biomass burning, background/rural, polluted continen-
tal, polluted marine, and dirty pollution aerosol, respectively.
(a2) ~ (f2) denote that the pre-defined aerosol model MODE-
Lpd is dirty pollution aerosol, and the inversion-employed
models MODELie are desert dust, biomass burning, back-
ground/rural, polluted continental and polluted marine aerosol,
respectively
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