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Fig.1 Diagram of the Optimal Grouped Residual Method
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Fig.2  With the increase of iteration times, the simulated values approximate to the measured values
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Table 2 The changes during iteration of the apparent reflectance for a typical cloudless target

WL LA i

R, 11 9 7 5 3 LIS S 3
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R GERS5W0) 0.027473 0.019455 0.010982 0.001404 0.000263 0.109890
R, GEAT0%) 0.026882 0.019053 0.010762 0.003554 0.000257 0.107618
R, ,GERI5%) 0.026974 0.019116 0.010797 0.003565 0.000258 0.107973
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(a) MR FRHK (N0.35900)
(a) Landcover type is forest(No.35900)

(¢) M A B (No.5300)
(¢) Landcover type is low vegetation(No.5300)

(b) &N HEA (No.32900)
(b) Landcover type is shrubland (No.32900)

(d) Ha2H Vb3 (No.9086)
(d) Landcover type is desert(No.9086)

—o—XIMME  —-x--BHME - AT - MR
K13 4/ AN Tr] R B o 2 AR Y S8 1 s I s 20 2R e Ll i S22 5448 1

Fig. 3 The retrieval results of four typical targets with different landcover types, and the composition of the apparent polarized reflectance
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(a) Bl HRZ A (b) AR S5 R (¢) MYDO4 7= i
(a) True color image (b) The retrieval result in this paper (¢) The image of MYDO04

K4 S 1 AOD i 4h 5
Fig.4 The AOD retrieval result for Case one

(a) Bl R E (b) A SCI AR (c¢) MYDO4 7= iy
(a) True color image (b) The retrieval result in this paper (¢) The image of MYDO04

5 9002 AOD S 4
Fig.5 The AOD retrieval result for Case two

(a) 261 (b) 542
(a) Case one (b) Case two

K6 AOD S Zh H5 2 MR R 1R 7 B B ]

Fig.6  The regression analysis scatter diagram of AOD between retrieval results and reference products
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(a) 2005-10-01—2005-10~15 POLDER ¥ AOD /3 4ji [£]
(a) Average AOD distribution map of 2005-10-01—
2005-10-15 for POLDER

(b) MODIS [F] i BeF- 2 AOD 73 €]
(b) Same map but for MODIS

() 2005-10-01—2005-10-15F-34 AOD Sz i 455 55 2 BRI U5 3B 0 Pl
(¢) The regression analysis scatter diagram of average AOD between retrieval results and reference products from

2005-10-01—2005-10-15
K7 ARG S 6 1 F3 AOD X L

Fig.7 Comparison between retrieval results and reference products for average AOD
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(a) dE5t
(a) Beijing

—&— AERONET 675 nm

(b) BE/R
(b) Kanpur

* POLDER 670 nm

8 2005 4F POLDER I AERONET ¥y H AOD A &A% b
Fig.8 Comparison of daily AOD between POLDER and AERONET in 2005

(a) Jbat
(a) Beijing

(b) BH/K
(b) Kanpur

19 20054F POLDER FIl AERONET i) H AOD A1 &4 {H HL [#]
Fig.9 The scatter diagram of daily AOD between POLDER and AERONET
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Application of the optimal grouped residual method in retrieving
the optical depth of aerosol over land with POLDER multi—angular
polarized data

GAO Xin"?,HU Xiuqing’, FANG Wei’,ZHANG Peng’
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2.University of Chinese Academy of Sciences, Beijing 100049, China;
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Abstract: Aecrosol is one of the important components of the earth’s atmospheric environment, which has a profound impact on
atmospheric transport, climate simulation, environmental research, remote sensing application, pollution monitoring and many other fields.
The retrieval of the Aerosol Optical Depth (AOD) over land has always been an important research topic in the study of environment and
climate. As an emerging remote sensing method in recent years, multi-angular polarized remote sensing has obvious advantages over
traditional optical remote sensing in the problem of land-atmosphere decoupling, which has been rapidly applied and developed in the field
of cloud and aerosol. In this study, an Optimal Grouped Residual Method for the aerosol was proposed, which uses the multi-angular
polarized data of POLDER Level 1 datasets (Polarization and Directionality of Earth’s Reflectance, France). According to Mie scattering
theory, the polarization scattering phase function of atmospheric aerosol were calculated. Then, the polarization reflectance contribution of
aerosols was calculated based on the polarization scattering phase function of aerosols, and the polarization reflectance contribution of
atmospheric gas molecules and the surface were calculated using empirical formula. Finally, the multi-angular apparent polarization
reflectance of the top of the atmosphere under the assumption of single scattering was simulated according to the atmospheric radiative
transfer theory, and AOD was retrieved.

The retrieval results and accuracy were verified by precisely geographic matching and quantitatively comparing with MODIS
(Moderate-resolution Imaging Spectroradiometer) aerosol product (MYDO04). The results show that the R-square values of the regression
analysis between AOD in this study and MYDO04 can reach more than 0.68, and the slopes are close to 1, which reveal a good consistency.
The AOD results were also compared with AERONET (Aerosol Robotic Network) in two sites, Beijing and Kanpur, revealing that the
variation trends of AOD have good consistency. Furthermore, in order to verify the reliability of the method in this study from a broader
spatial-temporal dimension, the AOD results were synthesized on a long time series of multi-day. Similarly, the multi-day synthetic AOD
results obtained in this study also showed good consistency with the MODIS results. This method can be applied to multi-angular polarized
satellite data (not only POLDER) to generate reliable optical depth products for the aerosol over land.

Key words: remote sensing, POLDER, multi-angular polarized remote sensing, the optical depth of aerosol over land, optimal grouped
residual method
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