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Abstract Aerosol optical depth (AOD), single-scattering albedo (w, ), size distribution and phase function are important pa-
rameters for depicting aerosol optical and microphysical characteristics. These parameters can be derived with Skyrad.pack al-
gorithm from CE 318 sunphotometer direct radiance and sky radiance measurements. Based on the instrument calibration with
the cloud screening and quality control schemes employed, these above aerosol parameters for different atmospheric turbidity
conditions are retrieved using Skyrad.pack algorithm and compared with those from AERONET operational algorithm presented
by Dubovik,et al (2000). The retrieved parameters from Skyrad. pack algorithm are in good agreement with those from AERO-
NET operational algorithm for most conditions. On the other hand, for the clean atmospheric turbidity w, and volume concen-
tration of small size particles retrieved using Skyrad.pack algorithm show a significant discrepancy with increased calculation er-
ror, indicating that the stability of this algorithm is decreased for clean atmospheric condition. The preliminary analysis demon-
strates that the retrieval results based on the Skyrad.pack algorithm are of acceptable precision under the condition of higher at-
mospheric turbidity and appropriate solar zenith angle and can be used to study the aerosol optical and microphysical parameters
derived from the sunphotometers that are not included in the AERONET network.

Key words Sunphotometer, Aerosol, Optical parameter, Retrieval algorithm
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Table 1 Calibration results of CE318 sunphotometer

Wi (nm) 1020 870 670 440

DNO 9337 14122 18142 10596
LIEEX 14 0.996 0.997 0.997 0. 999
J5 % 28. 4 2.5 18.8 94.5
e R 0.13 0.14 0.22 0.55
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Data quality control scheme of AOD

retrieval from solar direct radiance
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2 CE318 &4k By & A MK R B (Christian, 1995)

Table 2 Ozone absorption coefficients for the seven wavelengths of CE318

W (nm) 1020 870 670

440 500 936 340

ao, (N 0. 0000491 0. 00133 0. 0445

0. 0026 0. 0315 0.000493 0. 0307
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Table 3 Statistical relation between Angstrom wavelength exponent and aerosol average radius

a 0 1.3 1.5

2.0 2.25 3.0 3.8-4.0

r (pm) >2.0 0.6 0.5

0.22—0.25 0.15

0.062—0. 10 <0.02
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Fig. 3 Sunphotometer almucantar measurements in (a) Case 1, (b) Case 2, (¢) Case 3 and

(d) for the case at 15:10 BST on August 17, 2007. Negative relative azimuths denote that the

sunphotometer begins by aligning on the sun and sweeps left; positive relative azimuths sweeps right.

Red dots represent the cloud free data identified by the cloud screen algorithm
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Table 4 AOD, wy and g retrieved from the three cases of CE318 almucantar measurements

according to the Skyrad and Dubovik algorithms for the different wavelengths

w0 AOD g
iﬁ&(}im) 7777777 LTI T T T T T T et

Skyrad Dubovik Skyrad Dubovik Skyrad Dubovik

0.44 0.9627 0. 9804 0.9248 0.9287 0. 6902 0.7823
0T 0. 9599 0. 9671 0. 5400 0.5405 0. 6632 0.7395
Case I 0.87 0. 9552 0.957 0.3453 0. 3430 0. 6388 0.7016
1.02 0.9510 0. 9529 0. 2742 0. 2706 0.6211 0.6711

0.44 0.9567 0. 9802 1. 4401 1. 4923 0. 6747 0.7677

gy 067 0.9492 0. 968 0.8172 0. 8425 0. 6475 0. 6985
0.87 0.9417 0. 9589 0. 5009 0.5245 0. 6239 0. 6525

1.02 0.9353 0.9548 0.3934 0. 4061 0. 6069 0.6193

0.44 0.9229 0. 9095 0.2337 0.2025 0.7155 0.7464

. 0.67 0.9257 0. 8678 0.1584 0.1205 0.7127 0.6912
Case3 0.87 0. 9290 0. 8492 0. 0837 0. 0797 0.7149 0.6711
1.02 0.9314 0. 8476 0. 0681 0.0777 0.7149 0. 6624

a: Skyrad B3k 2% 0 14.45% .Dubovik S 3% 25 K 11.22%
b: Skyrad B 4% 2 K 16. 36 % . Dubovik H 3515 22 4 10. 44 %
c: Skyrad B 1R %K 16. 77 % . Dubovik 55 2y 10. 27 %
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Fig. 4 Phase functions for the 4 wavelengths retrieved
from CE318 almucantar measurements in

(a) Case 1, (b) Case 2 and (c¢) Case 3
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Table 5 Maximum volume concentration (C,), average radius (R,) and distribution width (¢)
figured out based on the bi-mode lognormal distribution fitted from aerosol particle size distribution
- C\v(p(ms/,;mz) R, (pm) c
L@ =TT Lol
ate Skyrad Dubovik Skyrad Dubovik Skyrad Dubovik
Casel 0. 030 0. 05 2.47 3.00 0. 56 0. 56
HIBEA  Case2 0.11 0.09 3.24 2.86 0. 50 0.51
Case3 0.04 0.03 4. 31 2.04 0.52 0. 56
Casel 0.06 0.13 0. 27 0.33 0. 55 0.41
AMAEE Case2 0. 27 0.21 0. 22 0. 28 0.51 0. 44
Case3 0.04 0.02 0.31 0.24 0. 60 0.41
5 4 i Angstrom 1§ B2 76 45 0 & b 19 Bl B35 ok
A B

A CE318 K BH G B i % fe 8 1 3 A+
4l 22 P IR A P 2 0 24 s A HE AOD Al

49 R BRI — UK S5 L IR - A BRI 43 A 19 S
v S22 T Nakajima [ Skyrad. pack 5345 2| , 78
SO R 0k T A% Y 2 o R I RN B BT A



438

il o 3AHIF WSS TS P RS Y T RS Y
KK, AFEWIBER SR ESE RS LT
Dubovik % AERONET M %54k &t 8, %t T
SRR AOD Fe B K 3, Al I Skyrad 5545 11
AR5 R PH R T0 A WL 0 8 45 45 31 19 AOD, A X FR A
T WU ST H Rk T R B o A SR RS
Dubovik #5535 — 3, 3l i % 5 Fl 8 75 45 2 1) AOD
5 HE RS R0 AOD B Bk B, bl & K
34 , Skyrad K2 B AOD B2 3 B #2468 55
A AOD, £ B Skyrad 8 278 I K& KB A AOD
B T 38, R TR AR T B /N A L
Skyrad J {8 i — KBS ) 43 L 5 Dubovik 25 S 4
A B K225, 53 A xX B Skyrad #9315 18 25 fe K
35 16. 77 % , FWFE LR AOD ¢ /NBif . Skyrad 243
PR T AT T B AN F G o i 245 SRR SR B 08 i 3R
TES TR Y6 2 45 4F . Skyrad 2 I8 A {4 FH % 45 4F
FE I N WUV 5 ) 0 SR AE T Y 1% 43 AT 1) UG (L AR R
BE WA RO 2 12 K S 98 |5 Dubovik 5%
B &5 S B — 0, AR X R ARCTR B AAIK A  O
Skyrad 845 3| (19 & B3 16 {4 > 42 5 Dubovik 57
AERE ST T =3y N Al 2 N AN A (1 N YA A [ B 21 8
LA 5 BT R BT Skyrad. pack S SER
TOUAR LI 52 388 485 ARAE — 5 1 R ACTR 0t B RN 5 345 1) K PR
RIAFMET 2EHN. X TRZEAIHA AERO-
NET (#42K FHG BETH U 11 55 >R P 3874 T A4S 21 5
2RI RSN AR R T AOD 1) [ i

2% 3k

Bk, B, 1989, e EIR KA IREHE. AR FIR, 47D
450-456

BWAE, JRMEEL 1985, RAEUAT A R BIF A, RAFHE, 9(D):
107-111

EWZE, NF, KZEE. 2001, GMS5E T 8 B 7 I8 6 2% J5 B ) 52
W HFGE. RG24k .59(3) : 352-359

EWH, A 2005, SOE B AT E R DN A 5. KA IR, 63

(5): 622-635
BRAEEE, B, B@E%. 2003, KA. Jhat db Rt R H
R4k .522pp

FEZSE, SR, AR 1990 KPR, dbat: MBS HFE R
fk, 169-170

B, ARBEAE, ik, 2001, I R R R AR T R WA
iR BHOR . B RR A4 12(4) + 400-408

Angstrom A. 1964. The parameters of atmospheric turbidity. Tel-
lus, 16: 64-75

Bergstrom W R, Russel P B. 1999. Estimation of aerosol direct radiative
effects over the mid-latitude North Atlantic from satellite and in site
measurements. Geophys Res Lett, 26(12) . 1731-1734

Biggar S F, Gellman D I, Slater P N. 1990. Improved evaluation of

K42 2010,68(3)

Acta Meteorologica Sinica

optical depth components from Langley plot data. Remote Sen-
sor Environ, 32: 91-101

Bohren C F, Huffman D R. 1983. Absorption and scattering of light
by small particles. Wiley, New York, USA

Christian G. 1995. Simple model for the atmospheric radiative trans-
fer of sunshine (SMARTS2) algorithm and performance assess-
ment. Florida Solar Energy Center Rep FSEC-PF-271-94

Dubovik O, King M D. 2000. A flexible inversion algorithm for re-
trieval of aerosol optical properties from sun and sky radiance
measurements. ] Geophys Res, 105; 20673-20696

Dubovik O. Holben B N, Lapyonok T, et al. 2002. Non-spherical
aerosol retrieval method employing light scattering by sphe-
roids. Geophys Res Lett, 29; 10.1029/2001G1.014506

Hansen ] E, Travis L. D. 1974, Light scattering in planetary atmos-
pheres. Space Sci Rev, 16: 160-527

Hansen J, Sato M, Ruedy R. 1997. Radiative forcing and climate
response. ] Geophys Res, 102 6831-6864

Hess M, Koepke P, Schult 1. 1998. Optical properties of aerosols
and clouds: The software package OPAC. Bull Amer Meteor
Soc, 79. 831-844

Holben BN, Eck T F, Slutsker I, et al. 1998. AERONET-A feder-
ated instrument network and data archive for aerosol character-
ization. Rem Sens Environ, 66: 1-16

Kaufman Y J, Sendra C. 1988. Algorithm for automatic atmospher-
ic corrections to visible and near-IR satellite imagery. Int J Rem
Sens., 9: 1357-1381

Kaufman Y J, Gitelson A, Karnieli A, et al. 1994. Size distribution scat-
tering phase function of aerosol particles retrieved from sky bright-
ness measurements. J Geophys Res, 99(D5) ;: 10341-10356

King M D, Kaufman Y J, Menzel W P, et al. 1992. Remote sensing
of cloud, aerosol and water vapor properties from the moderate
resolution imaging spectrometer (MODIS). IEEE Trans Geos
Rem sens, 30 2-27

Koepke P, Hess M, Schult I, et al. 1997. Global aerosol data set.
MPI Meteorologie Hamburg Rep. 243, 44pp

Nakajima T, Tanaka M. 1986. Matrix formulations for the transfer
of solar radiation in a plane-parallel scattering atmosphere. J
Quant Spectrosc Radiat Transfer, 35; 13-21

Nakajima T, Tonna G, Rao R, et al. 1996. Use of sky brightness
measurements from ground for remote sensing of particulate
polydispersions. App Opt, 35(15) . 2672-2686

Olmo F J, Quirantes A, Alcdantara A, et al. 2006. Preliminary re-
sults of a non-spherical aerosol method for the retrieval of the
atmospheric aerosol optical properties. J Quart Spectr Radiat
Transfer, 100; 305-314

Santer B D, Taylor K E, Wigley T M L, et al. 1996. A search for
human influences on the thermal structure of the atmosphere.
Nature, 382: 39-46

Smirnov A, Holben B N,Eck T F, et al. 2000. Cloud screening and
quality control algorithms for the AERONET database. Remote
Sens Environ, 73.:334-337

Tanre D, Kaufman Y J, Holben B N, et al. 2001. Climatology of
dust aerosol size distribution and optical properties derived from
remotely sensed data in the solar spectrum. J Geophys Res,

106 18205-18217



