5 32 % 55 110 X R OB 2 Vol. 32 No. 1
2008 4E 1 H Chinese Journal of Atmospheric Sciences Jan, 2008

i MODIS % & 4t ST v it (X 5% )R BR %
W R AR S

ITHE ERI TEA Btk

I RRA BRSBTS T P RS R B T e B 2 . Jbat 100029

# E MODIS ( MODerate-resolution Imaging Spectroradiometer ) 132 iz BURKG BEE £ T HLIX © 21583 T
5, (2B AR AT X A ST oY . #h 3 S IR RS AEAR R 8 B O F R AIT IE WS I, VEE R
2002 4E LR AL 5t AERONET (BRI BRI R 25D 3 i Cimel S BN B2 R0 S 3 04T R AT IE , it
Xf LSk PP MODIS 3% f B3RS RS ITIERE BE . 453 R B, MODIS KA T IE 7 6 I B B A B Wi
BEITIERIS . MODIS KA 3T 15 M3 TR EAK 0. 03, MODIS hh 32 )2 B3R ZAT 29 75 Yo i B, 5 2l
R A ZE PR EE 1 43 S5 Y AR MODIS 2 Kl 521 i 25 S 420 . MODIS i il = 2800 ) U R ki %1 (BRDF) 22
3K 16 RUANEDF 3 I EL R RIG 2800 (MODIS 8223k 7 300 . @43 MODIS R 81 =258, kK3
BAR e ERA B M ZT A, (R BTN IER TR e, XAH BRDE W& K8 AHZE—12
B, AT RURAR T X I 2 O B SR, sk — SEVAR AT AR F B B S8 I 2 H 8R4 i i X

KR HERRIEE WA REK SR R e

XEHS 1006 - 9895 (2008) 01 - 0067 - 08 HESES P404 XHkFRIRES A

The Accuracy of MODIS Albedo over Beijing Urban Area and
Its Algorithm Improvement

WANG Kai-Cun, WANG Jian-Kai, WANG Pu-Cai, and CHEN Hong-Bin

Laboratory for Middle Atmosphere and Global Environment Observation , Institute of Atmospheric Physics, Chinese Academy of
Sciences, Beijing 100029

Abstract  Although many studies on rural areas have been published, there is no validation of Moderate Resolution
Imaging Spectroradiometer (MODIS) albedo over urban areas available. The accuracy of albedo retrievals depends
on the atmospheric correction. This paper evaluates the accuracy of MODIS atmospheric correction by comparing
with the atmospheric correction using Beijing Aerosol Robotic Network (AERONET) Cimel aerosol and water vapor
measurements. The results show that the reflectance in MODIS blue band is over-corrected and MODIS surface blue
reflectance is 0. 03 less than that corrected by AERONET Cimel aerosol information. The heavy aerosol loading
makes less clear sky in winter, which results in 75% albedo retrievals missed in winter. MODIS surface albedo re-
trieval uses three-parameter semiempirical Bidirectional Reflectance Distribution Function (BRDF), which means
that at least three clear-day measurements during the 16-day period are needed to perform the retrieval. It is found

that the ratios of the three parameters are stable throughout a year though their absolute values demonstrate distinc-
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tively seasonal variation. Based on this result, the authors propose to use one parameter BRDF to retrieve albedo

when the number of clear-sky measurement days is less than 3 during the 16-day period. This method can be used in

the area where clear sky measurements are small.
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Table 1 The seasonal averages of the atmospheric short-wave,
visible-light and near-infrared reflectances corrected using

Eq. (5) over Beijing urban areas
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Fig. 3 The time series of the MODIS short-wave (0.4 -3.0 pm), visible-light (0.4-0.7 pm), and near-infrared (0.7 - 3.0 pm) surface

reflectances calibrated using Eq. (5) over Beijing urban areas
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Fig. 5 The same as Fig. 4, but for the ratios of the three semi-empirical parameters

Bl 4 LIlIE 2 ) CHAbmEAaeD . 2o Tk
FUIX MODIS 22255 BRDF pRELH) =~ S £ IS
[EAEAL, AT HRA R B 25 A8 4k, nl g,
TATE BB A SEEA U ZE T AR RAE .
5B Fur (A / fio (A T oo (A / froo (A SE—A
Fefchass M. 31X 2B O IR T 45 H S P IR T
BRDF fJEAR I 2L 7, 1 i 4544 251 AR fb o
RAhe B 5 Bon, XA HES A — kA,
X BB N TR A S AL, ORS8RI
MITEOL. X RFATH /& MODIS BRDF o 2 {1t
TARE, AR (D B IR

R((9719’¢9A> - f‘iso(A) |:1 + j}f}lgi\;K\@l(e,&’(ﬁ) +
Soeo ()
f.iso(A)KgQO(esﬁasﬁ)]. (6)

XHE, A 6) A RS NI IEUE— A~ RS K
FH AN TR B2 R &, B0 T3l BRDF
Rk, ke, A 6 R —PSH fo (M) T
T, L. fE 16 RN, i 5 —)
WL AL AT AT R MR S IR X ROR AR T X Hig 25
WU R . FAT T MODIS %dla 047 78 16
R PA— Ui 2 LI ) SR 5 T 2 1

5 Zig

PRI A 3 1T 25 4 1) S 2 e o AR X ORI 381 R A A
BB LT S8 (b R IR %), LA
T SRS YA AR A I T b 3R S B RR AR AL T AR TR
TR S YRR A 2 S R e o R A R
IRE A — L TR I IR R R I & .
AT X Eb T 7 8 v D P S ) DX ) e i e 3 o R
WL AT MODIS S ™, % 3 MODIS M3 %
MORTE S MK LA S ARG . B, JRH
A IR H DX MODIS #3562 B8 56085 B Y BF 9 %
%,

AT IE AR ] B 5 pR AL LA & MODIS Hl
T IER A EA IR . T IX RO A2
T ShHER IR A S, A I A 5 M K PR e U8
FERETRO T B A R 2 IR S R R T
AL S E A FEHF, MODIS 53 595 5 i
RN G BT KAITIE, B UE 5 % 9
MODIS S S BAEIR T K A SR iR 2,
P, AR SOl A F AL 1 X AERONET 3 5
Cimel SRR A OO F b 5t B X b [



18 FIFAEEF . H MODIS Sz b st i st X b 2% iz e RORS B DL B vl it

No. 1

WANG Kai-Cun et al. The Accuracy of MODIS Albedo over Beijing Urban Area and Its Algorithm . .. 73

FHABE RSB IE T TD SRR SITIE, 5
MODIS RAGTIES RAH 8. 45 R &8, MODIS
WG B L B R i BT IEL S, B MODIS
RAGTIE G W8 6 B S 2 1 Cimel BT IE
Jei ) Ml 5% S SRS 4% 0..03, AT AE Y B I A 4
MODIS % ¢ T8 2 800 AN IR E a0 S ik
SRR, RATAEAL E 3 X BF 58 th £ 8. MO-
DIS #5638 A7 76 W 8 i BE T IE B 2. A
LA SR AR 43 [RlAR I ok F MODIS
HAIEETOR, . AT ZEXT MODIS KX
TR S & Bk 47 KT IE I AT LA A Ak 4 4 BR
AERONET i W I 7Rk g MODIS KA1 T
ERR B

MODIS i3 [z JRAE 4 Z 4 2 75 % 1 Gl
X FE RN AT ]G Y ™ . MODIS =
R A ESIE IR I5 Y S0 28 XA TPk, ARG
25 B> . MODIS i ] =2 308 2856 XU S
R XA 16 RN T Z E /0 3 RIS
SN A BB AT R . At 43 BT MODIS J2 #5211
=ASHL WATRBLESRX =S 4 H A
A 2 AR Ak, (RO AT LR fese . X
TR 38 T b, XA o) 52 559 9315 eR KU T DR R e % 4 56
e, HLZ R R 1 = A S 5 AR S — A
RARR 17 X 25 ORI U B A R . 3 2 DR A 3 L X
b X i) S S PR AT AR 32 B E I A A
3R 1T 285 ) 70 S 101 N 1 A8 AR R AR /N . R G 7E 16
T JEIAPT s WK BUNF 3 I BL T, Al LA
i — S50 ROk #h 2%k, Moody 467 48
th, b4 MODIS [z SR GORHE o2y, Hh
SERRLIHT 5006 11 Gt S 23 11 2 13 245 5L Ty ikt
Z R LI T 5 et AR AR A gl TE 1 S

Sk (References)

L1 JHMT, som. iy, deat: gt 1994, 618pp
Zhou Shuzhen, Shu Jiong. Urban Climatology (in Chinese).
Beijing: China Meteorological Press, 1994. 618pp

2] R, W WlTEHREE AR50, duat: gt
2002, 284
Xu Xiangde, Tang Xu. An Introduction to Environmental
Meteorology (in Chinese). Beijing: China Meteorological
Press, 2002. 284pp

[37] Pielke R A Sr. Land use and climate change. Science, 2005,
310. 1625~1626

4] Phakms, E4, B4, % Sl SR BRI 2004 45 7

[8]

[9]

[10]

[11]

[12]

[13]

H 10 BRI A AR L RSB, 2006, 30 (2):
221~234

Sun Jisong, Wang Hua, Wang Ling, et al. The role of urban
boundary layer in local convective torrential rain happening in
Beijing on 10 July 2004. Chinese Jowrnal of Atmospheric
Sciences (in Chinese), 2006, 30 (2): 221~234

PNRRLS , BF SCAE. IO T B4 8 RO X 4 B 2R /K 14 52 W) F
7. RERE, 2007, 31 (2): 311~320

Sun Jisong, Shu Wenjun. The effect of urban heat island on
winter and summer precipitation in Beijing region. Chinese
Journal of Atmospheric Sciences (in Chinese), 2007, 31
(2): 311~320

Jin M, Shepherd J] M. Inclusion of urban landscape in a cli-
mate model: How can satellite data help? Bull. Amer. Mete-
or. Soc. , 2005, 86 (5): 681~689

Vermote E F, El Saleous N Z, Justice C O. Atmospheric cor-
rection of MODIS data in the visible to middle infrared: First
results. Remote Sens. Environ. , 2002, 83. 97~11

EIFFF, BRICAT, 3568 I NOAA/AVHRR 50332 ) 5%
A NDVI (3T IE AR 220007, BHRG2E4), 2003, 14 (2):
165~175

Wang Kaicun, Chen Changhe, Guo Ni. Corrections to NO-
AA/AVHRR reflectances and NDVI and their error analysis.
Chinese Jowrnal of Applied Meteorology (in Chinese),
2003, 14 (2): 165~175

BIA . BAZE KRB 4. FH MODIS #5743t
DX I I 2 IR BBE 11 43 A R 2897 A8 AL AR AE. B2 4,
2003, 48:. 2094~2100

Li Chengcai, Mao Jietai, Liu Qihan, et al. Distribution and
seasonal variation of the aerosol optical depth over the East-
ern China from MODIS. Chinese Science Bulletin (in Chi-
nese), 2003, 48. 2094~2100

AR, JAFHEE, Sk, 5. B2k MODIS YOk 5 fiye B
THERIN AR LA 43 3. FE44 54l 2003, 48 (15): 1680~
1685

Xu Xiangde, Zhou Xiuji, Weng Yonghui, et al. Study on
variational aerosol fields over Beijing and its adjoining areas
derived from Terra-MODIS and ground sunphotometer obser-
vation, Chinese Science Bulletin, 2003, 48 (18):. 2010 ~
2017

Vermote E F, Tanré D, Deuzé ] L, et al. Second simulation
of the satellite signal in the solar spectrum, 6S: An over-
view. IEEE Trans. Geosci. Remote Sens. , 1997, 35. 675~
686

Lucht W, Schaaf C B, Strahler A H. An algorithm for the
retrieval of albedo from space using semiempirical BRDF
models. IEEE Trans. Geosci. Remote Sens. ,» 2000, 38: 977
~ 998

Wl WRULEE, FITHAE. 5. FH MODIS R Bt
Hb X 3R S R R b 4 A3 A B AR AL AR AL, B IR EBR 5 0



74

PN

Chinese Journal of Atmospheric Sciences

»y,
=

32 4%
Vol. 32

[14]

[16]
[17]

(18]

[19]

[20]

2006, 21 (5); 403~406

Yang Juan, Chen Hongbin, Wang Kaicun, et al. Analysis of
the surface albedo distribution and variation in Beijing region
by using the MODIS data. Remote Sensing Technology and
Application (in Chinese), 2006, 21 (5); 403~406

Liang S. Narrowband to broadband conversions of land sur-
face albedo: 1 Algorithms. Remote Sens. Environ. , 2001,
76: 213~238

http://redhook. gsfc. nasa. gov/~ imswww/pub/imswel-
come/plain. html

http: //aeronet. gsfc. nasa. gov/

Remer I A, Kuafman Y J, Taneré D, et al. The MODIS
aerosol algorithm, products, and validation. J. Atmos.
Sci. , 2005, 62; 947~973

SR TP R b A S IR O A TR R R IR TR B R .
Hh ERFEBE R S BRI A 08 3¢, 2005, 113pp
Zong Xuemei. Study on the remote sensing methods to esti-
mate aerosol optical depth over China region and their appli-
cations. Ph. D. dissertation (in Chinese). Institute of At-
mospheric Physics, Chinese Academy of Sciences, 2005.
113pp

Dandou A, Tombrou M, Akylas E, et al. Development and
evaluation of an urban parameterization scheme in the Penn
State/ NCAR Mesoscale Model (MM5). J. Geophys. Res. ,
2005, 110: D10102, doi: 10. 1029/2004JD005192

Wang Kaicun, Liu Jingmiao, Zhou Xiuji, et al. Validation of

the MODIS global land surface albedo product using ground

[21]

[22]

(23]

[24]

[25]

measurements in a semidesert region on the Tibetan Plateau.
J. Geophys. Res., 2004, 109: D05107, doi: 10. 1029/
2003JD004229

Chen Changhe, Wang Haixiao, Huang Jianguo, et al. Radia-
tive effects of urban aerosols, and their influence on mixed
layer development. Chinese Science Bulletin, 1994, 39 (1).
56~61

Bl Bk, ZEdist, 4 30 kP E i X R
JREt2E B BE BB AL RFAIE. BFSAiE AR, 2000, 45 (5): 549~554
Luo Yunfeng, Lii Daren, Li Weiliang, et al. Variation of the
atmospheric aerosols optical depth over China region during
recent 30 years. Chinese Science Bulletin (in Chinese),
2000, 45 (5): 549~554

Wang Kaicun, Liang Shunlin, Zheng Tao, et al. Estimation
of photosynthetically active radiation and albedo from GOES;
Algorithm improvement and evaluation. Remote Sens. Envi-
ron. , 2007, in press

T, T, T4 S R gt R R
KRAFE, 2007 (B33

Wang Jiankai, Wang Kaicun, Wang Pucai. A three dimen-
sional model to calculate surface reflectance over urban area.
Chinese Journal of Atmospheric Sciences (in Chinese), 2007
(in press)

Moody E G, King M D, Platnick S, et al. Spatially complete
global spectral surface albedos: Value-added datasets derived
from Terra MODIS land products. IEEE Trans. Geosci. Re-
mote Sens. , 2005, 43 (1), 144~158



