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Experimental Study of Satellite Retrieval of Dust Aerosol Optical
Thickness Using AERONET SACOL Site Observations
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Abstract Employing the 6S atmospheric radiation transport model and Terra moderate resolution imaging
spectroradiometer (MODIS) L1B data, the experimental retrieval of dust aerosol optical thickness is performed using
surface refle ctance atmospheric correction and dust aerosol model built with aerosol observations at Semi-arid Climate
and Environment Observatory of Lanzhou University ( SACOL). The results show that the four schemes of regional
adgorithm are feasible. The retrieval result derived from the atmospheric correction scheme using the aerosol model
built by SACOL data with consideration for the Angstism exponent is closest to the surface observation. The relative

error is — 7. 3%. The quantitative analysis of error using a numerical test is performed and the results show that the
retrieval is stable.
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Fig. 1 Apparent reflectance against aerosol optical depth and surface reflectance in three channels. (a) red channel;

(b) blue channel; (¢) midinfrared channel
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Table 1 Four schemes of surface reflectance used for aerosol retrieval
Schemes 1 2 3 4
Select condition Tsso 0. 3 Tss¢< 0. 3 and 0.6 Ts56< 0.3 T556 0.3 and > 0.6
Aerosol M odel SACOL aerosol model Continent aerosol model
5 (0. 47 Um ) 0.0983 ~0. 1711 R
0.66 #m) s , R
SACOL .23 . 0.478m( )
4 (0.47 Mm 0.0814,
0.66 #m) (2.12 #m) 0. 21, B
. . 0. 66 "m

2 3 , 0.,66 #m( .
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2 SACOL
Table 2 Statistics of surface reflectance (SACOL aerosol model) in three channels
Scheme 1 Scheme 2
0. 66 *m 0. 47 *'m 2.12 *m 0. 66 “'m 0. 47 *m 2.12%m
Min 0. 1174 0. 0586 0.1832 0. 0983 0.0492 0. 1567
Max 0. 1639 0. 0814 0.2551 0. 1514 0.0775 0.2451
Mean 0. 1394 0. 0700 0.2156 0. 1244 0. 0631 0. 1990
SD 0. 0110 0. 0060 0.0163 0. 0122 0.0070 0. 0201
3
Table 3 Statistics of surface reflectance ( continental aerosol model) in three channels
Scheme 3 Scheme 4
0. 66 *m 0. 47 *'m 2.12 Pm 0. 66 *m 0. 47 *'m 2.12Pm
Min 0. 1212 0. 0507 0. 1865 0. 1033 0.0401 0. 1600
Max 0. 1711 0. 0756 0.2586 0. 1623 0.0697 0.2487
Mean 0. 1427 0. 0622 0.2189 0. 1317 0.0552 0.2024
SD 0. 0109 0. 0060 0.0163 0. 0131 0.0072 0. 0201
4 (65
2007 3 27 4 2 550 nm ), MODIS
’ . 2007 3 ,SACOL
28 SACOL »  SACOL
2.0389, -4
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Fig. 2 Dust aerosol optical thickness at 550 nm on Mar. 28, 2007. (a) scheme 1; (b) scheme 2;
(¢ scheme 3; (d) scheme4
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Table 4 Statistics of retrieval of dust aerosol optical thickness at 550 nm

Scheme 1 Scheme 2 Scheme 3 Scheme 4
Center pixel retrieval 1.75 1.89 1.73 1. 81
Relative error /% —14.17 —7.30 —15.15 —11.23
Area mean retrieval 1.75+0.13 1. 8710. 14 1. 7240. 13 1.81%0. 14
Relative error /% — 14.34 —8.13 — 15.76 —11.16
Min 1. 20 1.34 1.16 1. 22
M ax 1. 98 2.11 1.96 2. 07
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Fig.3 Frequency distribution of the dust aerosol optical thickness retrieved using four schemes. (a) scheme 1;

(b) scheme 2; (c¢) scheme 3; (d) scheme 4
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Fig. 4 Frequency distribution of absolute error of the dust aerosol optical thickness retrieved using four
schemes. (a) scheme I; (b) scheme 2; (c¢) scheme 3; (d) scheme 4 AOT: aerosol optical thickness
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Table 5 Effect of geometric errors (sun zenith angle, satellie angle and relative azimuth) on the retrieved results

Solar zenith View zenith Relative azimuth
° ° ° T Terror/ %
Value/ () Error/ % Value /() Error /% Value / () Error / %
34. 15 0 52.64 0 121. 9 0 1.8 0
29. 15 —14.64 52.64 0 121. 9 0 2.004 11. 33
390. 15 14. 64 52.64 0 121. 9 0 1.559 —13. 39
34. 15 0 47. 64 —9.5 121. 9 0 1.995 10. 83
34. 15 0 57.64 9.5 121. 9 0 1.539 —14. 50
34. 15 0 52.64 0 116. 9 —4. 1 1.851 2. 83
34. 15 0 52.64 0 126. 9 4.1 1.729 —3.9%
6 bl ]
Table 6 Effect of the surface reflectance errors on ,
the retrieved results
Surface
Surface o
reflectance T T error/ %
reflectance
error / %
0. 084 —30 2.07 15.00 6
0. 096 —20 1.984 10.22 s 2007 3
0. 108 —10 1.895 5.28 28
0. 12 0 0 0 . . 550<<0.3 0.6
0. 132 10 1.701 —5.50 ’ SACOL
0. 144 20 1.595 —11.39
0. 156 30 1.484 —17.56 . ’
; , 7.3%.
Table 7 Effect of the elevation errors on ’ ’ ’
the retrieved results SACOL °
Elevation
Elevation / m T T error / %
error / % » °
1375.5 —30 1.788 —0.67 s
1572 —20 1.792 —0.44 , SACOL
1768.5 — 10 1.796 —0.22
1965 0 1.8 0
2161.5 10 1.804 0.22 ’
2358 20 1.808 0.44 ’
2554.5 30 1.812 0.67 .

8
Table 8 Effect of the aerosol model errors on

the retieved results

Aerosol model T T error/ %
SACOL 0328 1.8 0
Desert aerosol model 1. 634 —9.22
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