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Abstract Aiming at the problem that the semi-empirical model in the aerosol fine particle retrieval algorithm on the
directional polarimetric camera(DPC) platform carried by the GF-5 satellite is not suitable for the estimation of urban
surface polarization reflectance. In this paper, based on the empirical orthogonal function method of DPC, the inversion of
the optical thickness of aerosol fine particles is carried out. The aerosol radiative contribution is calculated based on Mie

scattering, the surface contribution is calculated by the empirical orthogonal function method, and the optical thickness of
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aerosol fine particles is inverted by using the multi-angle polarization data and the vector radiative transfer equation. The

inversion results of this study are consistent with the moderate-resolution imaging spectroradiometer distribution trend of

aerosol fine particle optical depth products, quantitatively compared with the measurement results of AERONET Beijing,

Xianghe, and Hong Kong stations, the correlation coefficients are 0. 97, 0. 96, and 0.9, the mean absolute error is 0. 08,

0.07, and 0. 12, and the root mean square error is 0. 12, 0. 11, and 0. 17, which verifies the high precision and rationality

of the algorithm. Finally, the monthly average data of aerosol fine particle optical thickness in some areas of China in 2019

are presented, and the changes of aerosol fine particle optical thickness in Shandong are analyzed. It is found that June is

the highest period of the year, with an average value of 0. 7. The above results verify the reliability of the algorithm and

provide technical support for DPC to effectively monitor the spatiotemporal distribution of aerosols
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Fig. 1 Process of inversion of optical thickness of aerosol fine particles
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Tablel Simulation parameters of aerosol scale spectrum

Aerosol . ,
r s, m, m;  V/(pm’epm?) r,/pm o
modality
Fine mode 1.44 0.011 0.075 0.25 0.45
Coarse mode 1.55 0.003 0.018 2.00 0.60
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Table 2 Spectral distribution parameters of aerosol fine particles

Parameter Value
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Fig. 8 Monthly average data on optical depth of aerosol fine particles. (a) 201903A0D,_aver; (b) 201904 AOD,_aver; (¢) 201905
AOD;_aver; (d) 201906 AOD;_aver; (e) 201907 AOD; _aver; (f) 201908 AOD;_aver; (g) 201909 AOD;_aver; (h) 201910
AOD,_aver; (i) 201911 AOD,_aver; (j) 201912 AOD,_aver

4 45 B

ARICHET DPC Z A 2 Im PR £ s 42 ) TR T &5
T A2 PR BRI SV IS AR ' 2 B JBE S B AR AR LA T
4598 : 1) DPC [/ 38 4 b X ) 3 45 R 5 MODIS-
MY DO4 1) 75 Be AR~ 0't 27 52 i 5 EL A A (] 7y 22 Ak
#H2)DPC R 45 5 5 AERONET #b 384 7E b 52

B A UE Al BT T AHOC RN 0. 97
0.96.0. 9, FH 4 X% 2% 4 0. 08.0.07.0. 12, ¥ J5 MR 1%
224 0.12.0.11.0. 175 3) #245 2019 4F v [ 358 43 X3 114
FF 800 30T T 1L AR Hb DX I AR O R B 1
AT B, 22 B LLAR M DX A I AR T G 2 TR B 34 {E
FE6 H ik B K 0.7, UE B T A SCH R 7E AR X IS
VES I AR )16 27 JRE JBE 43 A1 5 1T B 1 AN

0901003-8



£ 605 FIH/2023FE5 A/HMAESBFFHE

Higt Ri#t@omAses ERSEFF S (hp://
gaofenplatform.com/channels/53.html) 42 £ 49 DPC 2 #7
¥ ; B ¥ AERONET 35 & (https://aeronet. gsfc. nasa.
gov/) AR Ik an B F R F B E N B LAADS
DAAC (https://ladsweb. modaps. eosdis. nasa. gov) 4% 4%
MODIS &% fi am k2 F b 5 BB 3%

(2]

(6]

(7]

(8]

2 % X #

A, & RA, BEE, & bt KA AR+ & Ao
(U BEAR AL AR LT). HuBRF BRLF:, 2008, 10(4): 426-430.
Ren X Y, JiD S, Wang Y S, et al. The characteristics of
the concentrations of fine particles and their composition in
Beijing[J]. Geo-Information Science, 2008, 10(4): 426-430.
Andre Y, Laherrere J M, Bret-Dibat T, et al.
Instrumental concept and performances of the POLDER
instrument[J]. Proceedings of SPIE, 1995, 2572: 79-90.
Deschamps P Y, Breon F M, Leroy M, et al. The
POLDER mission:
scientific objectives[J]. IEEE Transactions on Geoscience
and Remote Sensing, 1994, 32(3): 598-615.

ZRIE R, W R, AE R O LI e IR A R
FHRAEEN A T] RIS EO65 %M, 2019, 14
(1): 2-17.

LiZ Q, Xie Y S, Hong J, et al. Polarimetric satellite
earth

instrument  characteristics  and

sensors  for observation and applications in
atmospheric remote sensing[J]. Journal of Atmospheric
and Environmental Optics, 2019, 14(1): 2-17.

Li Z Q, Hou W Z, Hong I,

Polarimetric Camera (DPC): monitoring aerosol spectral

et al. Directional
optical properties over land from satellite observation[J].
Journal of Quantitative Spectroscopy and Radiative
Transfer, 2018, 218: 21-37.

Nadal F, Breon F M. Parameterization of surface
polarized reflectance derived from POLDER spaceborne
measurements[J]. IEEE Transactions on Geoscience and
Remote Sensing, 1999, 37(3): 1709-1718.

Xiang K S, Cheng T H, Gu X F, et al. Analyzed
polarized reflectance model of typical surface types over
China based on the PARASOL measurements[J]. Journal
of Quantitative Spectroscopy and Radiative Transfer,
2016, 180: 109-116.

Zhang Y, Li Z Q, Qie L L, et al. Retrieval of aerosol
optical depth using the Empirical Orthogonal Functions
(EOFs) based on parasol multi-angle intensity data[J].
Remote Sensing, 2017, 9(6): 578.

Bodhaine B A, Wood N B, Dutton E G, et al. On Rayleigh
optical depth calculations[J]. Journal of Atmospheric and
Oceanic Technology, 1999, 16(11): 1854-1861.

Vermote E, Tanré D, Deuzé J L,

et al. Second

[11]

(12]

[13]

[14]

[15]

(16]

[17]

0901003-9

simulation of a satellite signal in the solar spectrum vector
(6SV) [EB/OL]. (2006-11) [2021-08-09]. https://salsa.
umd.edu/files/6S/6S_Manual _Part_1.pdf.

Bao F W, Gu X F, Cheng T H, et al. High-spatial-
resolution aerosol optical properties retrieval algorithm
using Chinese high-resolution earth observation satellite 1
[J]. TEEE Transactions on Geoscience and Remote
Sensing, 2016, 54(9): 5544-5552.

iR 8% TR TRE L AR 22 R A U5 R 0 22 R B AR IR Bl 2 A
H5ARE BT [D] K F: o BB B K e b
PLAK -5 Wy BB 52 BT, 2020: 84-85.

Gao X. Multi-angular polarized overland cloud detection
and aerosol retrieval using optimal grouped residual
method[D]. Changchun: Changchun Institute of Optics,
Fine Mechanics and Physics,
Sciences, 2020: 84-85.

WALYE, PR, WAL, A o TS 1L i 4R 0 /R
[T SR (Y b e T A RINEAR /S P S =
2020, 39(4): 454-461.

Huang H L, Tt R F, Zhang D Y, et al. Inversion of
aerosol optical depth over land from directional polarimetric

Chinese Academy of

camera onboard Chinese Gaofen-5 satellite[J]. Journal of
Infrared and Millimeter Waves, 2020, 39(4): 454-461.
MWW, KK, A, & BEEE AR iz =
XSV e BT 1 5 Ay BT (D). 06 3% 2 5060 4 T
2021, 41(7): 2212-2218.

Zheng F X, ZhuJ Y, Hou W Z, et al. Effect analysis of
using different polarization quantities in aerosol retrieval
from satellite observation[J]. Spectroscopy and Spectral
Analysis, 2021, 41(7): 2212-2218.

Tanré D, Bréon F M, Deuzé J L, et al. Remote sensing
of aerosols by using polarized, directional and spectral
within the A-Train: the PARASOL
mission[J]. Atmospheric Measurement Techniques, 2011,
4(7): 1383-1395.

T, RS, BE, 4. 2011—2020 4F £ LT RS
JBE 5 2 J5E JBE W] 23 A3 A REAE MOV IR 4 BT[], Mk Bl 5
AR, 2021, 43(6): 1018-1032.

Wang L, Xu C L, Xu F, et al. Temporal and spatial

measurements

distribution characteristics, and potential source analysis
of aerosol optical depth in North China plain from 2011 to
2020[J]. Journal of Earth Sciences and Environment,
2021, 43(6): 1018-1032.

REIE, M, X487, 55 HLam ot o Bk 3ot
IR RN R AR O S R ST Y S (U], b
Jt, 2021, 48(17): 1710003.

ZhuSZ, BulL B, LiuJ Q, et al. Study on airborne high
spectral resolution lidar detecting optical properties and
pollution of atmospheric aerosol[J]. Chinese Journal of
Lasers, 2021, 48(17): 1710003.


https://salsa.umd.edu/files/6S/6S_Manual_Part_1.pdf
https://salsa.umd.edu/files/6S/6S_Manual_Part_1.pdf

	1　引言
	2　反演原理
	2.1　经验正交函数方法
	2.2　经验正交函数在DPC平台上的应用
	2.3　气溶胶细粒子光学厚度获取

	3　验证与分析
	3.1　与MODIS产品直观对比
	3.2　与AERONET定量对比
	3.3　中国部分地区的气溶胶细粒子光学厚度月平均数据

	4　结论

