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Table 1 The parameters adopted in the optimal
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Fig. 1 The Flowchart of information content analysis
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Table 2 Calibration error for each band of DPC

B xR 28/ %
443 5.4
490 4.8
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670 2.7
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Table 3 The aerosol model parameters and

corresponding errors

2 fH MXRE/ % BH fH 2% 1R 2%
rli/pm 0.21 80 mt 1. 44 0.15
i/ pm 1. 90 80 méi 1.55 0.15

ol 0. 25 80 ml 0.011 0.01

v 0.41 80 mf 0.003 0. 005
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Table 4 The surface model parameters and

corresponding errors
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ks 0. 087 80%
C 6.57 80%
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Fig. 4 The DFS of aerosol parameters using different polarization quantities

[ Stokes< it [ i
51501 (@)  absES B s
5 (0 e e 3 S
'§ 100
8
2 50+
<
0 - f f f
VfO my m; Feff erff VCO mcr mci rceﬂ" Vceff

150 I Stokes %t i
5 ] (b) LS I 5 2 o B 522 3
3 (0 g ke A B
'§ 100
8
2 50
<

B5 AARKREREBRATS

c c c
V' my mi Teff Veetr

BRESHNRRIRE

Fig. 5 The a posteriori error ofaerosol parameters using different polarization quantities



57

S ST

2217

5 4% i

P ERIRE R, Stokes 4 Ik 4 5 . IR 56 52 B A0
LR A IR B = A0S [ B L LI R ), 2 A AR
BEM R, = b e 4% B 00 0 R 25 R, DRk, R [ O
TRERESSEREEEAAEZER . TR, 3EF OF
FEHESL . £1 3] 5 43 #.5 DPC %1% 45 (1 2 A B R = 0 . F)
FAAE B A0 W7 5 v s AR IR 52 T = 0 4 A S S O
R, FEEBIT .

(1) Z A R i 18 2t S S 00 AR I B DFS BI{A 43
W 7.5, 5.2 F 6.1, FB] Stokes K AL G S B RS,
HR R R IRBE DR 3R 58 2 M5 B K. R e 7 R TR R
Wb, N AR G 1 A Stokes K Y. 24 AOD MK 0.1 1
INEN 1.0, =i 4R 56 B DES r B T 27% ., 56 %

References

M%57%. AOD KF 1.0 5, FREMKETFSE. BWUS
WS EEZNTFRSURENEERE,

(2)DPC fi ¥ I 125 4 5 1945 B B R AL DL S FE 3R IR
SR . Hoh s AR U IR AU MR B L S AT SR B
SR A R R AE = R I PR R RO B0 F 2 DFS K
0.85, REMEEIFIY T H ., MBS KBRS M IE SR
IR A 56, QIR IR B Ll /i, MRS R IR S 805
B E R . BRI RS 1 ST 5 O R A A
2 VY B o S AR E

(3) 3R FH At 41 e o 2 0 8% A 0 2 BRI O R, AR IS A4S
ZHY G 5i% 2% 1R T Stokes & I I 43 B £ 4%
67. 6% 1 65.5% . B i Bk i Il 75 B Sk 5 5 SO IR S 400
SRS BE 5 L o A R B R e B AT ARk AR A 2 802 F
MSZ I e K . R ARSI S B0 . 52 4T 4 BRnd S5 R
AW /N B S R K.

[1]
[2]

Waquet F, Cairns B, Knobelspiesse K, et al. Journal of Geophysical Research: Atmospheres, 2009, 114 D01206.
Xu F, Van Harten G, Diner D J, et al. Journal of Geophysical Research Atmospheres, 2017, 122. 7004.

[ 3] Dubovik O, Li Z, Mishchenko M I, et al. ] Quant Spectrosc Radiat Transfer, 2019, 224, 474.
[4] GuX, Tong X. IEEE Geoscience & Remote Sensing Magazine, 2015, 3(3): 113.
[5]

[6]

LI Zhao-zhou, QIE Li-li, XIE Yi-song, et al(Z= U, MMEH AT, #f—Wh, %6). Journal of Atmospheric and Environmental Optics (K35
IE G2 . 2019, 14(1) . 18.

XIE Yi-song. LI Zheng-qiang, HOU Wei-zhen, et al (f—Wt. Z51E 5. £ H . 45). Aerospace Shanghai( F{fffii K). 2019, 36(S2):
219.

Dubovik O, Lapyonok T, Litvinov P, et al. GRASP: A Versatile Algorithm for Characterizing the Atmosphere. SPIE Newsroom, 2014,

[ 7] Wu L, Hasekamp O, Van Diedenhoven B, et al. Atmospheric Measurement Techniques, 2015, 8(6): 2625.

[ 8] Jeong U, Kim J, Ahn C, et al. Atmospheric Chemistry and Physics, 2016, 16(1): 177.

[ 9] Dubovik O, Herman M, Holdak A, et al. Atmospheric Measurement Techniques, 2011, 4(5): 975.

[10] Hou W, LiZ, Wang J, et al. Journal of Geophysical Research: Atmospheres, 2018, 123(4) . 2215.

[11] Dubovik O, King M D. Journal of Geophysical Research: Atmospheres, 2000, 105(D16): 20673.

[12] Wei Y, LiZ, Zhang Y, et al. Journal of Quantitative Spectroscopy and Radiative Transfer, 2020, 246:. 106931.
[13]

[14] Chen X, Yang D, Cai Z, et al. Remote Sensing, 2017, 9(2): 183.

[15] Chen X, Wang J, Liu Y, et al. Remote Sensing of Environment, 2017, 196 163.

[16]

[17]

[18]
[19]
[20]

Hou W, Li Z, Song C, et al. Proc SPIE 11338, AOPC 2019: Optical Sensing and Imaging Technology, 2019, 11338. 113380V.

Hou W Z, Li Z Q, Zheng F X, et al. Retrieval of Aerosol Microphysical Properties Based on the Optimal Estimation Method: Information
Content Analysis for Satellite Polarimetric Remote Sensing Measurements. Int. Arch. Photogramm. Remote Sens. Spatial Inf. Sci. ,
2018, XLII-3, 533.

Li Z, Hou W, Hong J, et al. Journal of Quantitative Spectroscopy and Radiative Transfer, 2018, 218. 21.

ZHENG Feng-xun, HOU Wei-zhen. LI Zheng-qiang (S 38, M H . 221E58). Acta Physica Sinica(#J 22 4) . 2019, 68(4): 40701.
Deuzé J L, Bréon F M, Devaux C, et al. Journal of Geophysical Research: Atmospheres, 2001, 106(D5) . 4913.

[21] Xu X, Wang J, Zeng J. et al. Journal of Geophysical Research: Atmospheres, 2015, 120(14);: 7079.

[22] LiZ, LiK, Li L, et al. Applied Optics, 2018, 57(5); 1011.

[23] Rodgers C D. Inverse Methods for Atmospheric Sounding: Theory and Practice. World Scientific, 2000.

[24] Wang J, Xu X, Ding S, et al. Journal of Quantitative Spectroscopy and Radiative Transfer, 2014, 146(Supplement C); 510.

[25] Hou W, Wang J, Xu X, et al. Journal of Quantitative Spectroscopy and Radiative Transfer, 2016, 178(Supplement C); 400.

[26] Xu X, Wang J. Journal of Geophysical Research: Atmospheres, 2015, 120(14); 7059.

[27] CHEN Fei-nan, HUANG Chan, HONG Jin, et al. (BF3EHE, 3  #, dt H:, 25). Aerospace Shanghai( F i K) . 2019, 36(S2);

126.



2218 i 2% 5 61 43 Hr %41 %

Effect Analysis of Using Different Polarization Quantities in Aerosol
Retrieval From Satellite Observation
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Abstract Polarimetry is one of the most promising types of remote sensing for improved characterization of atmospheric aerosol.
As an important polarization data source in the world currently. the Directional Polarimetric Camera (DPC) onboard Gaofen-5
satellite can provide measurements of the Stokes vector, the polarization radiance (L,), and degree of linear polarization
(DOLP). The calibration accuracy of these polarization quantities will affect the retrieval error of aerosol parameters, and the
corresponding impacts need to be analyzed quantitatively. For this purpose, the degree of freedom for signal (DFS) and the
posterior error for aerosol model parameters are calculated based on the optimal estimation inversion framework and information
content analysis theory. The results show that the information contained in the Stokes vector is the highest, followed by DOLP
and L,. The corresponding total aerosol DFS are 7.5, 6. 1, and 5. 2, respectively. The imaginary part of the complex refractive
index (m!) and the effective variance (vls) reduce significantly when using L, in the retrieval. This indicates that the two
parameters are sensitive to the polarization direction and measurement error. The average DFS of the fine-mode columnar volume
concentration (V1) , the real part of the complex refractive index (m!), and the effective radius (r';) are larger than 0. 85, which
can be well retrieved from DPC multiangle polarization observation. The inversion of coarse-mode aerosol parameters has high
uncertainties, which is related to the aerosol type. Compared with adopting the Stokes vector in the retrieval, the posterior error
of aerosol parameters increase 67. 6% and 65.5% on average for adopting L, and DOLP, respectively. The fine-mode columnar
volume concentration (V1) and effective radius (r.;) are most affected. Evidently, the polarization direction has great value to
improve the retrieval of aerosol. Among all the aerosol parameters, the posterior error of the real part of complex refractive

index (m!) is the smallest, and the imaginary part (;n!) has the highest inversion uncertainty.
Keywords Gaofen-5; Polarimetric remote sensing; Aerosol; Information content analysis; Optimal estimation inversion
(Received Jul. 31, 2020; accepted Dec. 8, 2020)

* Corresponding author





