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Retrieval of aerosol optical depth in spring over Lanzhou based on
the BRDF correction
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Abstract: The aerosol optical depth over Lanzhou area in spring was retrieved by 6S model, with or without
considering the Walthall BRDF impact on the retrieved AOD. The results showed that there were two high
value centers of AOD, 0.46 in the Xigu industrial district and 0.31 in the Chengguan district, Lanzhou. The
retrieved AOD over the Liujiaxia reservoir manifested significant errors, which were reduced when the Walthall
BRDF model was selected in 6S, suggesting that the 6S model with the Walthall BRDF model could be applied
to the retrieval of AOD over water area. Comparing the inversion value with in-situ measurements over SACOL
(35.57 °N, 104.08 °E) showed that in the sunny and cloudless conditions the Walthall BRDF model could improve
the inversion accuracy of AOD.
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Figure 1 Retrieval process of aerosol optical depth
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Figure 4 Distribution of AOD in Lanzhou city and suz-

rounding areas on April 2, 2010
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Figure 3 Distribution of AOD in Lanzhou city and sur-

rounding areas on March 30, 2010

Figure 5 Distribution of AOD in Lanzhou city and sur-
rounding areas on April 4, 2010
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Table 1 Fitting results of the parameter in

Walthall BRDF
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a a b c
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Table 2 Comparison of retrievals with ground
observations by CE-318 of SACOL

(550 nm)
RiEE X HXRE
HW  REE grpp) $WE 50 0 (BRDF)/%
2010-3-27 0.058 0.053 0.049 18 8
2010-3-29 0.170 0.140 0.150 13 6
2010-3-30 1.250 1.130 1.730 28 35
2010-4-1 0.100 0.120 0.140 29 14
2010-4-2 0.150 0.100 0.120 25 17
2010-4-4 0.200 0.180 0.170 18 6
2010-4-13 0.310 0.240 0.210 48 14
2010-4-16 0.220 0.100 0.150 47 33




% 2#

Gahdh, ¥: A TBRDFITEMN L MNBEAEFRLERAFREARLE SR 67

M2 A LAEH, 3 1130 AP LRSI, H
4 FH 42 1 Walthall BRDF EI=01T IE 5 2 J8 k5
asiE: =

4 %5t

F 782N T X AOD L J& 1A IX W & i s, B
B WA EE X, BB AL T E X, KA A T35
FIX.

Bt SACOL wh S b A, T IE R N4t
Walthall BRDF #8177 IE /5 2 J# /3 21 f9 AOD {E
FENT BLSAE. 35 1] Walthall BRDF #3576 7= I K
T LA R 6S A= AOD RS .

IR ARTEBLT, 6S #2218 # Walthall BRDF
ITIERCR YRR, B RO EEER KIS
W, M R T E 7 B R R SRR
KR 2 B0 P g e RN E ] TP A KA.
75 405 68 A5 = Bk AE WL A 40K T 5 km AT 68
H—EM KA.

#% Walthall BRDF #8201 1E 5, RIEAEIRI 7K
A Fas AOD {47 B L E. 5% B] Walthall BRDF
3z 38K T _E 45 AOD AT LUE Bl 847 B RUR.

e BTN T RE SRR E B EA
B A s . o R AT DU 0 A R
5T, B AT DA S 6S RIE B IR 6 B aI RS .
A B AR B Walthall BRDF #2471 4 1 5 L 8%
R 0 26 R B9 R @9 A6, (B (5 k2D K B R B
58, A0 BHF A TAE AT LAk — 45 58 3.

S% UM

[1] ForsTER P, Ramaswamy V, Arraxo P, et al.
Changes in atmospheric constituents and in radia-
tive forcing[C]//Solmon S, Qin D, Manning M, et
al. Climate Change 2007: The Physical Science Ba-
sis. Contribution of Working Group [ to the Fourth
Assessment Report of Intergovermental Panel on
Climate Change. New York: Cambridge Universi-
ty Press, 2007.

(2] 77 E, EFE, sk, & RTUFRIER S e
R[], KERLE, 2008, 2(4): 826—840.

[3] TPCC. Climate change 2007: the AR4 synthesis re-
port[M]. New York: Cambridge University Press,
2007: 10—50.

[4] Fraser R S. Satellite measurement of mass of Sa-
hara dust in the atmosphere[J]. Applied Optics,
1976, 115(10): 2471-2479.

[5) Howarp R G. Removal of atmospheric effects from
satellite imagery of the oceans[J]. Applied Optics,
1978, 17(10): 1631—1636.

(6] Z=pk oA, B4, XH L, . A MODIS Se 5 %
JERE T B A A B R R 7 DX B R s B (d). R
Fl2£, 2003, 27(5): 869—880.

[7) BhsAd, E¥FA, BHE, . EFERRTVEETE
I, KRR 2E, 2008, 32(4): 841-853.

18] 8, BRI, K, . FIH MODIS ¥ i >
M HE X S 2R T ). & A4, 2005, 24(1):
97-103.

9] F 41, & #a, 5Kk 82 MODIS % £ K # AOD K& H
4 DI AT 5 S M W O R (). 580 2, 2008,
27(4): 911-917.

[10} Hsu N Christina, Tsay Si-Chee, KiNG Michael D,
et al. Aerosol properties over bright-reflecting
source IEEE 'Trans
Sensing, 2004, 42(3): 557—-569.

regions|J]. Geos Remote

[11] VErmoTE E, TANRE D, DEUZE J L, et al. Second
simulation of the satellite signal in the solar spec-
trum, 6S: an overview|J]. IEEE Trans Geos Remote
Sensing, 1997, 35(3): 675—686.

(12] ¥ fE, WRACA, BE B AT, . FI/HMODIS T & ¥ #
Xt bR 8 = N IX SO e R ] s AR,
2006, 25(5): 886—892.

[13] Nicopemus F E. Reflectance nomenclature and di-
rectional reflectance and emissivity[J]. Applied Op-
tics, 1970, 9(6): 1474—1475.

[14] WaNNER W, L1 X, STRAHLER A H. On the deriva-
tion of kernels for kernel-driven models of bidirec-
tional reflectance(J|. J Geo-physical Research, 1995,
D100(D10): 21077—21 089.

[15] Van LeeuweN W J D, HueTE A R, Jia S, et al.
Comparison  of index

vegetation composting

scenarios: BRDF versus maximum VI approach-
es|C]//Geoscience and Remote Sensing Symposium.
Remote Sensing for a Sustainable Future. Lincoln:

IGARSS, 1996: 1423—1425.

[16] ZHANG Zeng-yan, KALLURI S N V, JAJA J, et al.
Models and high-performance algorithms for global
BRDF retrieval[J]. Computational Science & Engi-
neering, IEEE, 1998, 5(4): 16—29.

[17] Davip L B, AvLaAN Strahler. Image brightness
& BRDF workshop issues|C/OL]. CSIRO Earth

BRDF Workshop ARSCS8

[1996-03-28]. http://capita.wustl.edu/CAPITA /capi-

tareports/CoRetriaval /brdf _disStrahler.pdf.

(THFETAR)

Observation Centre



74 2N ok F

F /(A ARHFR)

%48 %

iments with the national centers for environmen-
tal prediction global model|J]. Tellus, 2005, 57A:
528—~545.

[14] NrLL E, BowLE R. Comparison of error breeding,
singular vectors, random perturbations and ensem-
ble Kalman filter perturbation strategies on a simple
model[J]. Tellus, 2006, 58A: 538—548.

[15] Baek S J, Brian R, HunT E K. Local ensem-
ble Kalman filtering in the presence of model bias|J]
Tellus, 2006, 58A: 293-—306.

[16] KEstoN W S. Cluster ensemble Kalman filter|J].
Tellus, 2007, 59A: 749—757.

[17] ELana J, HarLIM J, HUNT B R. A comparative
study of 4D-VAR and a 4D ensemble Kalman filter:
perfect model simulations with Lorenz-96[J]. Tellus,
2007, 59A: 96—100.

(18] T3k, 5K#, X|FHiE, . /N4 #% 5 SOFM-BP
Hfﬁ»nné’]ﬂﬂc - PE R S B AR 7T A A
AK|J). #aF R A, 2007, 233(3): 265—270.

[19] X &, %8, BB, ¥ ZFEMENSRRE
T SR G BT ROT R R AT B R BUE TR R 2
] K4 54R, 2007, 65(6): 450—457.

[20] #H7T, 4 —M. & KBRS 2 1 2] Buff R ¥
g, 1997, 13(2). 126—130.

[21] EREHE, K, FIEFEE. BT Kalman J§ I /9 fIl
R BB TR R ZE S T[] A0 R F3), 2006,
22(6): 661—666.

[22] Qru Chong-jian, CHOU Ji-fan. A new approach to

improve the numerical weather prediction[J]. Sci
China Ser B, 1987, 17(8): 903—908.

23] H L2708, BUE K TR 09 61 5 2 B MR AT [0
B R (AT 851, 2007, 65(5): 673—682.

[24] Qiu Chong-jian, CHoU Ji-fan. Four-dimensional da-
ta assimilation method based on SVD: theoretical
aspect[J]. Theor Appl Climatol, 2006, 83(7): 51-57.

[25] 7B E Mg, 759K, BRARER. B R RS HMMIAER
RIEIR 2B 5 T HT]. FEF S D f: HsR AL,
2009, 39(2): 235—244.

[26] Jo 52 . £F D 0048 19) #E Y R O 35 T 45 1 b
KA S TR I AR (D). 5 4, 1958,
29(2): 93-98.

[27] JAE . K S TR P 2 8 R 4 ] ).
E R, 1958, 29(3): 176—184.

(28] HLCTE. KATEAE FAR P 6 T kA R R A ) ().
E R, 1974, 17(6): 814—825,

[29] {LQEYE R A WE S — Gt /T—Fiew

HEEE). FES %, 1986, 5(4): 367—372,

[30] FBEKMK, FLATIE. {3 FH £ b %) WL 7% 6} A 5008 K =
T #r (). b E B4, 1973, 16(2): 289-297.

[31] #BHE &R, H A, EAE KR o A R 2 ]
K — PR T AU IR J). R4 SE R, 1994,
52(2): 129—137.

(32] {B?’a‘?ﬁ HATIE. HE A R ()8 0 R0 T 7 i 5

2RI R AL AR R). KSR, 1999,

23(5). 543-"550.

[33] HB &2 Rk, H A2, SO B R TN 8 — Dk
f;é[J]. E BB B (kg s, Ko, BEog, H
£, 1987, 17(8): 903—910.

34] Eﬁm& H 22, FuR A U 3 7 2i(J). K=
Rl 1988, 12(3): 225-232.

[35] BB 5% B, H40. BRAE 25000 1k U7 [J).
B BL22 B #: (L2, B, K2, K2, HiIZE, 1990,
20(2): 218—224.

[36] HLETE, FEFL HERTHB— LRHEHN
BRI T AT PR B R AR, 2006, 17(2):
240—244.

(Kt & F)

(L8 %67 7)

(18} WaLTHALL C L, NormaN J M, WELLES J M,

et al. Simple equation to approximate the bidi-
rectional reflectance from vegetative canopies and
bare soil surfaces[J|. Applied Optics, 1985, 24(3):

383-387.

[19] Huang Jian-ping, ZHANG Wu, Zuo Jin-qing, et al.
An overview of the semi-arid climate and environ-
ment research observatory over the Loess Plateau[J).
Adv Atmos Sci, 2008, 25(6), 906—921.

(FiE%HH: % F)



