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Broadband Diffuse Radiation Method to Retrieve Radiation-Weighted Mean
Aerosol Single Scattering Albedo

QIU Jin-Huan

Institute o f Atmospheric Physics, Chinese Academy of Sciences. Beijing 100029

Abstract In this paper, radiation-weighted mean single scattering albedo (SSA) and /o\ngstrém index are intro-
duced, and a method to retrieve the SSA from broadband solar diffuse radiation is presented. As shown in 2160 sets
of numerical simulations, in the case of the Junge aerosol size distribution and for the usual aerosol optical thickness,
Angstrf’)m index and imaginary part of aerosol refractive index, relative standard errors in broadband solar reflec-
tance, diffuse transmittance, total transmittance and absorption calculations using the SSA are all within 1. 107%,
and their absolute standard errors within 0. 00287. For non-Junge continent and urban-industrial aerosols (composed
of water-soluble, dust-like and soot particles), relative and absolute standard errors among 72 sets of reflectance,
transmittance and absorption calculations using the SSA are within 2. 047 % and 0. 0075, respectively. Under an as-
sumption of the Junge aerosol, a method to simultaneously retrieve aerosol optical thickness (AOT) and the radia-
tion-weighted mean SSA is proposed using both broadband solar direct and diffuse radiations. Furthermore, the

three main error factors of the SSA retrievals are analyzed through retrieval simulations. According to the retrieval
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results, three conclusions are obtained. At first, if the error of Angstrém index is within 0. 2 and 0. 55 pm-wave-

length AOT is larger than 0. 312, errors of the SSA retrievals are within £0. 0418 for the continent aerosol. Sec-

ondly, the wavelength-independent broadband surface albedo is suitable for the SSA retrievals. Thirdly, the larger

aerosol optical thickness is, the smaller the error of the SSA solution caused by the error of radiation data. Under

the condition of 0. 55 um-wavelength aerosol optical thickness being larger than 0. 312, the errors of SSA solutions
are within 0. 0149 and 0. 0317 if radiation data errors are within 2% and 4%, respectively.

Key words broadband diffuse radiation method, radiation-weighted mean single scattering albedo, retrieval error
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Fig. 1  Single Scatter Albedo (SSA) vs. wavelength (1) for
continent (SSA range: 0. 785 - 0. 898; broadband SSA: 0. 868)
and urban - industrial (SSA range: 0. 384 - 0. 694; broadband
SSA: 0. 632) aerosols
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SSA vs. wavelength for the Junge-type aerosol (a:

Part, i. e. , imaginary part of aerosol refractive index)
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Fig. 3 Monthly-mean seven-band and broadband MODIS surface
albedo products over Beijing site (39. 38°N, 116. 38°E) in 2001
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Table 1 Input parameters for broadband solar reflectance, diffuse transmittance, total transmittance and absorption calculations

using the radiation-weighted mean SSA in the Junge aerosol case

R IR ST A RS Imaginary part SRR Total
Surface albedo 1o o of aerosol refractive index (AIP) 7.(0. 55 pm) simulation number
W 3 frR As 1.0, 0.8, 0, 1,2 0, 0.005, 0.1, 0.015, 0.02, 0.02, 0.1, 0.2, 0.312, 2160
shown in Fig. 3 0.5, 0.3 0.03, 0.04, 0.05, 0.06,0.08 0.5, 0.7, 1, 1.5, 2
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Table 2 Maximum and standard errors of broadband solar
reflectance, diffuse transmittance, total transmittance and ab-
sorption calculations using the radiation-weighted mean SSA in

the Junge aerosol case

BHETR  BBHE
R TES Diffuse Total &S
Reflectance transmittance transmittance Absorption
€Re 0.773 1. 107 0. 468 0. 859
ORe.Max 2. 742 6. 068 3. 629 2.736
€Ab 0.00123 0. 00194 0. 00194 0. 00287
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Fig. 4 Relative standard errors among 2160 sets of broadband
solar reflectance, diffuse transmittance, total transmittance and
absorption calculations using the radiation-weighted mean SSA
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Table 3 Maximum and standard errors of solar reflectance, diffuse transmittance, total transmittance and absorption calculations

using the radiation-weighted mean SSA in two case of continent and urban-industrial aerosols

KEGFHERFE I Continent aerosol

FRT Tl 75 Y SIBEE Urban-industrial aerosol

R Toit Trot A R Tois Trot A
€Re 1. 259 1.123 0.526 1. 490 0.764 2.047 1. 116 0. 810
ORe. Max 2.814 1. 643 0. 937 2.514 1. 361 6. 711 5. 106 1. 320
EAD 0. 00216 0. 00286 0. 00285 0. 00475 0. 00105 0. 00242 0. 00240 0. 00308
OAb. Max 0. 0043 0. 0053 0. 0053 0. 0085 0. 0027 0. 0060 0. 0060 0. 0075
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Table 4 SSA-retrieval errors for continent aerosol, 7 sets of deviations of the assumed gngstriim index
Al {8 ) 22 Al deviation
7,(0. 55 pm) —0.4 —0.2 —0.1 0 0.1 0.2 0.4
0.2 —0. 0808 —0. 0688 —0. 0621 —0. 0559 —0.0552 —0. 0495 —0. 0381
0.3 —0. 0538 —0. 0418 —0. 0351 —0.0284 —0. 0277 —0.0218 —0. 0097
0.5 —0.0327 —0. 0207 —0.0144 —0. 0067 —0. 0060 0. 0007 0.0139
1 —0.0216 —0. 0066 0.0012 0. 0098 0. 0107 0.0182 0. 0356
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P/ s MBI I SSA i o

A FORAERMHERIB G TE T BRI 1)
AT (it SSA fitis 2% » 2 o5 — 47 KM S I BB IR
g AT X8 ST IBCE3 69 AT(E B fR 25 . 763X 4
R, o =0. 5, IERAIHLZE SR R & 3 FF
AL 8 A MODIS 2558, 0. 55 pum P K A2
JEREFHL 0.2, 0.3, 0.5, 1 F1 2, 6oy J5 B ok,
SSA fi# iR 2 — M/ . R AT R 2545 +0. 2 L
P X 0.55 pm PRI IIEA R RT 0.3 R
Rt IS, SSA BY IR 2275 0. 0418 LAY, 4 2R
0.55 pm PR MPEEIEE N 0. 2, e KMiRZEATK
0. 0688, MM BB /NG, SRR LT
JZ A E Y SSA WTREAFAERAR IR . ILoh. AL{H
(2 T, SSA FRABAEAEIRZE . FEAIZ 0. 55 pm
PR FE2EIREE N 0. 2 B, $R2E 03K 0. 0559, {Hizok
SJRBERT 0.3 BF, BRZEAEL0.0284 DA, AJ5ik
JESETF Tunge 3550 MR, TR B M SO 1 =
AT B BOE S A, X B R % SSA R
) —A 5 A
4.2 HWREBEAHE M SIBEITHEEIBM

— RS R RER RSN

M F IS SRR G AR B VARG 1 3R S IR
A2 A — Bt 2 B, B, B8R
BRI R A e ORI A L) MR
HEREOR AT RES R A IR 25, B2 % R IR
TRZEXS R SR . ASADL 1 3R S S R A T
BER A 3 Pyt st gz 8 A 4 MODIS 7=
fte R 7 ASEREEIE (0. 459~0. 479 pm, 0. 545~
0. 565 pm, 0. 62~0. 67 pm, 0. 841~0. 876 ym, 1. 23
~1.25 pm, 1. 628~1. 652 pum 1 2. 1~5.0 pm)
12 52 B3R 48 51k 0. 017, 0. 060, 0. 046, 0. 373,

0.330, 0.198 1 0. 095, 0. 3~5. 0 pm K785 A
T Hb P S IRAE 0. 139, W HHIZ 7 3B W Hh
SR P A S B R SN IR (L. ] 7 3R
FERSAPLH R F IE A 9 S iy 3R S IR L % IR
0.05 F1 0. 1 =Fh ik FEmE ATP 1 SSA 1y [ iR 2%,
FERXSE B , IE B SSRGS A vt =3 1
Junge i . AIP 25 0. 01, & 4 I A1) SSA
0.907, po=0.5, SSA 324 SSA fif X} 0. 907 Y
fZe. WA 7a Jizs . 24500 00 R R IR T
TR, XA B2E R 0. 1~2. 0 Z [a] 451k,
AP i R Gl K R ZE7E0. 0004 ~0. 0032 Z [A] 7%
ik, SSA MRZB AR/, PREAE—0. 0153~ —0. 002
ZIAE G, Jer RSN, RO, 2R
KF 0. 312 BF, SSA f# (iR 2 /NF 0. 0066, K
Bt b 2 f B T ATP Fl SSA | J2& Al 4T
B WA 7b s . GnR v R ERAEAEAE 0. 05
%, SSA IR ZEAE—0. 0046 ~—0. 0341 Z [A] 28
b, ARG F R R T 0. 312, SSA RZE/NT
0.015, /A PRM. WE 7c Frn, QR 5Ead = I
RAGFEAE 0. 1 1w 25, SSA i 1 5t K% 2% 0] 3k
0. 0534, FEPEBAFHH I i Hb 32 I FE XS W SSA
fif PN BE SR T
4.3 IEETWMNR = RO

A 1980 4F WMO 23K, KR Gl Y
— R AR R AR E R R 520, — IR
JER 76 X TR R S S . B WMO 2R
AR AT RIS SRS B B 220, & 8 %
N PR S R ORI 5% 2% Sk 21000, £8%, 6%,
4%, £2%. 045 11 MEE T SSA fif iR 2.,
FERE B, IR SIS A vt =3 1
Junge i . AIP 25 0. 01, &4 A1) SSA



5 B + AT A T 1 St R S B T R S IS 349 F AV T — U BT S 3R 5
No. 5 QIU Jin-Huan. Broadband Diffuse Radiation Method to Retrieve Radiation-Weighted Mean . . . 775
I N @
0.005 :—~—~—g§ S §§ § §~ §=—
5] o %“go_ S s & & S '
E 0_ 1 1 -.Q"i"O"'l'-'O-"r'-r-O--1- RS P R QIR EEE B NN MY Q)
< C
22} L
%) C
& -0.005F
< C
bty C
= -0.010F
< C
A C
& -0.015F
= C
£0.0153 .-O- AIP —m— SSA (a)
-0.020
DO N ° ~ N
WEESF—F 3 $ $
5 C %D.,O_ S S %‘ < N N
E 0 f—— Qe Qe g O ey QT PR TN N g
< C
2] -
«Q L
& 001
< C
Py C
® -0.02F
< C
A C
£ 00
< - AIP SSA
20,04 E0.0341 ~-O- - (b)
0.02 —&—
ES & & & I~ © ~ ~
) N Q N
E 0Eos s & 0§ 8
:ﬂ) 0: R i ST T O IR TET ¢ ST Ty G WS PT Qecpocdecclecck =)
v E
2 00E
< g
-0.02F
H E
K O0.03F
< =
S -0.04F
= F
< -005F
- --O- AIP  —m— SSA (©)
-0.06 S6:653+

0.5

B 7 e REA P A TE R IR () L IR IR 0. 05 (

1.0
550 nm AOT

1.5 2.0

b) A0, 1 (o) ZLAMER S HEZRIS AP Fl SSA fif iy i 2

Fig. 7 Deviations of SSA and AIP solutions inputting three sets of surface albedoes, i. e. ,» broadband albedo (a), the albedo plus 0. 05 (b)

and 0.1 (¢)

0.908, KFHRAATZHM 0.5, 7.(0.55 pm) {H5H
40,312 F 1.0, 40l 8 s, X 7, (0. 55 pm) =
0. 312/ » G4 5 A R 15 22 43 ol — 2 Y6
200, SSA [R5 52 —0. 0149 Fi1 0. 0136,
PIZ SSA i F-BH A 5252 —0. 0013, 40 L4 it
WRERREHLIR 22, I SSA i n] HA R m AR
JE. AR R 25 ol 8%, SSA MR 2 ] ik
0. 0638, % 7,(0.55 pm)=1. 0 YIHIE, FEHRZERS
iy AIP 5 SSA f# iR 2= /N T 7 (0.55 pm) =
0. 312 BT, WA SR 22 7E £2% 9, SSA
1R IR 2ETE 0. 0083 N, ME 8 AJLLE Y, ik

7.(0. 55 pm) =>0. 312, TiiHEHHR 2575 =200 JE N
A4k, SSA IR ZETE 0. 0149 LLN; 5 SR 2ETE
4% P, SSA fRIFIRZELE 0. 03174,

5 #Hig

TEAR ST ORIB ST o BT EE S A R FH A 8
KRGS ERY . SERA R TR — R
MR (SSA) SRR I AR S R ) — > RS
T ELAE SSA BURL i = S5 B0 I R 4 5 da
EARENERN 72—, AR EAFZALE

R AT TE AT B R BH B AR A (BTS84 56



X " B ¥
776 Chinese Journal of Atmospheric Sciences

30 %
Vol. 30

(=]

.p375

odn -
0

800 °0
€910

0 W O 0.05p2
‘00690669

T T
0.0136

WO 0.0317

L1200 W O 0. 0447

4

0.10
O 550 nm AOT: 0.312
W 550 nm AOT: 1.0
5 )
€ 005 w 2
) xR S
< ® =z S
A g S .9
Fi S T U
£ . s 8
5 005 u o . 2
A =) o
z $ -0.0838 o =
e ] ©
0.10 g
<
20 8 6 4 2

0 2 4 6 8 10

HEHMAIRZE Radiation data error (%)

B8 I ARAT PO 22 I S UM — U BN B IR AR Y S 1R 22

Fig. 8 Deviations of SSA solutions caused by the radiation data errors

W, AR A S KT Ty SSA, EE
FRBBARS R, B R NS A
U i1 A1 135 8L T 98 S B % SSAL X — S i
TR TR AR . X, A
FFHRZX— T SSA KR ¥, 51K
BHIACE K71 SSA Fil Angstrom $5500E Lo %
T AN MTEHE (18 515 BRI SSA 7. B
RSS20, 78 Junge S IS A0 15 TR F
SPE A6 R RE L Angstrom $8505 S
e g AR AL R . IO AR SO | AR ST IR 24 1 5,
Ve SSA FFiE 1 2160 41 55 47 A B #E 5 5 5 %
W o % LR ek R R AR 1 R R o 15 2
7E 1. 107 % LA s Xt AR 22 7E 0. 00287 LA, Xif
Al Junge HRBEPERIES T Tl V5 e IR IRt (i
AKIE . YRR AL .+ E 72 4R R, 18
GHE A BRI e, AR R 2
HBTE 2. 047 Y% LA . 46T BRUEZELE 0. 0075 DL,
DTS A I8 5300 S8 SSA XA [ B 2
FAEA GRS
R DR RN SR R . 7 — 8
TR B e S A B I IR B . A
ST S BFIEG — A% 1E Junge KB IRMZ T, 42
M T AN IO S R B L I 15 L R e
VAT IR O 25 T B 5 e S AT 2 SSA 1 5
SRR AT T SSA R 3 A FER %
BT (1) S Angstrom $5E0HDE I BE 1A
SEs (2) TR BRI R R (3) FEk
YORMAI2E . MRS ST I LS8
(1) ARRGHITRFETF Junge MR, HE

BORS T S SR Angstrom F8%0, A% J7 v th i
FAFAE Junge SIS . 24 Angstrom #5507
TEARZERT . A B R 0. 75 pm PR NS
B I B R AF ARSI 25 . HETIT 51 3 SSA i 11
P2, W Angstrom FEEURZETE 0.2 DN, X}
0.55 pm SVABIEFIEEERT 0. 3 1l Junge Kb
PESEHE s SSA IR ZEAE+0. 0418 LA,

(2) RSP T M FEH M B2 T SSA
SR AT . G FEA R BR A AE 0. 05 1R
2, MREEFEE KT 0,312, I SSA {=22/)
F 0.0146,

(3) IRIE I B E A, 4 B YORHR 2 T 5|
M) SSA IR/, IR 0. 55 pm B
JERERT 0. 312, MAREHR2E7E 2% LIKRS, SSA
AR ZEFE £0. 0149 DL $RSTIR 2576 £ 4% LU
N, SSA fRIFIRZELE 0. 0317 AN, %55 kK
i e RN

SZ 3wk (References)

[1] Penner ] E, Dickinson R E, O’Neill C A. Effects of aerosol
from biomass burning on the global radiation budget. Sci-
ence, 1992, 256. 1432~1434

[ 2] Charlson R J, Schwartz S E, Hales ] M, et al. Climate forc-
ing by anthropogenic aerosols. Science, 1992, 255; 423~430

[3] Luo YF, Li DR, Zhou X J, et al. Characteristics of the
spatial distribution and yearly variation of aerosol optical
depth over China in last 30 years. J. Geophy. Res., 2001,
106(D13): 14501~14513

[4] Menon S, Hansen J, Nazarenko L, et al. Climate effects of
black carbon aerosols in China and India. Science, 2002,

297. 2250~2253



5
No.

5 QIU Jin-Huan,

(HIS2E R

T A P T8 S50 S 1 S Y S ISP 2 ) A B — WK U I R 8o
Broadband Diffuse Radiation Method to Retrieve Radiation-Weighted Mean . . .

777

(5]

L6]

L7]

[8]

L9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Kaufman Y J. Tanre D, Boucher O. A satellite view of aero-
sols in the climate system. Nature, 2002, 419. 215~222
B, REEL, ERE PERRIIIBRMTRL®R. L
4, 2002, 60 625~634

Mao Jietai, Zhang Junhua, Wang Meihua. Summary com-
ment on research of atmospheric aerosol in China. Acta Mete-
orologica Sinica (in Chinese), 2002, 60: 625~634

B AR, BA(T, BRUEEE, & SRR i, K
SRk, 2003, 27. 628~652

Qiu Jinhuan, Lii Daren, Chen Hongbin, et al. Modern re-
search progresses in atmospheric physics. Chinese J. Atmos.
Sci. (in Chinese), 2003, 27 628~652

Penner ] E, Charlson R J, Schwartz S E, et al. Quantifying
and minimizing uncertainty of climate forcing by anthropogen-
ic aerosols. Bull. Amer. Meteor. Soc. » 1994, 75: 375~400
Kaufman Y J, Tanré D, Gordon H R, et al. Passive remote
sensing of tropospheric aerosol and atmospheric correction for
the aerosol effect. J. Geophys. Res. ., 1997, 102. 16815~
16830

Herman B M, Browning S R, De Luisi J J. Determination of
the effective imaginary term of the complex refractive index of
atmospheric dust by remote sensing: The diffuse-direct radia-
tion method. J. Aroms. Sci., 1975, 32. 918~925

King M D, Herman B M. Determination of the ground albedo
and the index of absorption of atmospheric particulates by re-
mote sensing, Part 1. Theory. J. Atoms. Sci., 1979, 36.
163~173

King M D. Determination of the ground albedo and the index
of absorption of atmospheric particulates by remote sensing.
Part II; Application. J. Atmos. Sci., 1979, 36: 1072 ~
1083

FHRRE, B, B TOh B T YR 2 KRR RO R
WFgE. KA FHF, 1988, 12 75~81

Wang Dongliang, Qiu Jinhuan, Aerosol optical properties over
Taklimakan desert during spring. Chinese J. Atmos. Sci. (Sci-
entia Atmospherica Sinica) (in Chinese), 1988, 12; 75~81
Qiu Jinhuan, Zhou Xiuji. Simultaneous determination of
aerosol size distribution and refractive index and surface albe-
do from radiance—part I; Theory. Adv. Atmos. Sci. , 1986,
3. 162~171

Nakajima T, Hayasaka T, Higrashi A, et al. Aerosol optical
properties in the Iranian region obtained by ground-based so-
lar radiation measurements in the summer of 1991. J. Appl.
Meteor. . 1996, 35. 1265~1278

Dubovik O, Smirnov A, Holben BN, et al. Accuracy assess-
ments of aerosol optical properties retrieved from Aerosol Ro-
botic Network (AERONET) Sun and sky radiance measure-
ments. J. Geophys. Res. , 2000, 105. 9791~9806

FIARIEE s Bl AR AT A 48 1 B 1) 936 1% S 36 5 ¥ 1

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

s, KAFRFE, 1998, 22 677~685

Wei Dongjiao, Qiu Jinhuan. Wide-band method to retrieve
the imaginary part of complex refractive index of atmospheric
aerosol » Part I. Theory. Chinese J. Atmos. Sci. (Scientia
Atmospherica Sinica) (in Chinese). 1998, 22; 193~201
R Y T N W B S D Y A U R e D W R
11 XFEbSeue 5 R ABFTS. KARkE, 2000, 24 145~151
Wei Dongjiao, Qiu Jinhuan. Wide-band method to retrieve
the imaginary part of complex refractive index of atmospheric
aerosol, Part II; Comparative measurement and application.
Chinese J. Atmos. Sci. (in Chinese), 2000, 24. 145~151
Qiu Jinhuan, Yang Liquan, Zhang Xiaoye. Characteristics of
imaginary part and single scattering albedo of urban aerosol in
northern China. Tellus B, 2004, 56 (2). 276~284
Dubovik O, Holben B, Eck T F, et al. Variability of absorp-
tion and optical properties of key aerosol types observed in
worldwide locations. J. Atmos. Sci. , 2002, 59: 590~608
XK B, X SCfR. RAESH % Mot o K% i A,
1990. 455pp

Liu Changsheng, Liu Wenbao. Atmosphere Radiation (in
Chinese). Nanjing: Nanjing University Press, 1990. 455pp
Lenoble J. Radiative Transfer in Scattering and Absorbing
Atmospheres ;. Standard Computational Procedures. Deapak
Publishing, 1985. 300pp

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: 144~158

Qiu Jinhuan. Cloud optical thickness retrievals from ground-
based pyranometer measurements. J. Geophys. Res. , 2006,
111 (in press)

Stamnes K, Tsay S C, Wiscombe W ], et al. Numerically
stable algorithm for discrecte ordinate method radiative trans-
fer in multiple scattering and emitting layered media. Appl.
Opt. » 1988, 27. 2502~2509

Berk A, Bernstein L S, Robertson D C. MODTRAN. A
moderate resolution model for LOWTRAN 7. Air Force Ge-
ophysics Laboratory Tech. Rep. GI-TR-89-0122 (1989),
updated and commercialized by Ontar Corporation, 9 Village
Way. North Andover, Mass. 01845, 1989

Qiu Jinhuan. Broadband extinction method to determine at-
mospheric aerosol optical properties. Tellus, 2001, 53B(1):
72~82

Qiu Jinhuan. Broadband extinction method to determine aero-
sol optical depth from accumulated direct solar radiation. J.
Appl. Meteor. , 2003, 42, 1611~1625

WMO. Meteorological aspects of utilization of solar radiation
as an energy source. Geneva; Secretariat of WMO, 1981,
Techn. Note No. 172, WMO - No. 557



