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Abstract. This study compares the aerosol optical and1 Introduction
physical properties simultaneously measured by a SKYNET

PREDE skyradiometer and AERONET/PHOTONS CIMEL
sunphotometer at a location in Beijing, China. Aerosol op-
tical properties (AOP) including the Aerosol Optical Depth
(AOD), Angstrom exponento), volume size distribution,
single scattering albedav] and the complex refractive in-

Aerosol particles are very important in the studies of global
and regional climate change (Ackerman, et al., 1981; Charl-
son et al., 1992) which can result in direct radiative forc-
ing as well as indirect effects on clouds (e.g. droplet proper-

d d. The diff bet the two t ties, cloud dynamics and lifetimes) (Hansen et al., 1997). It
o:}::]g?t;emgggr\i\?;z Iéss tr?anl 1eg§/n<;§r tﬁewfgg ar? d ;’;’ggﬁ:ﬂ as been speculated that aerosol particles could contribute
4% for the sinale scatterin aIBedoo below the wavelenath ofto the global and regional dimming (Stanhill et al., 2001;
67(()) nm Thelregis adiffertlan%e betweenthvt\; voluvr\’/m;/size%istri—Che et al,, 2005) and to the change of regional precipita-
bution patterns derived from two instruments, which is prob-tlon (Meanon et al,, 2002). Despite many aerosol studies,

ablv due to difference of measurement protocols and inverthe aerosol concentrations and optical properties are one of
oy . o P the largest sources of uncertainty in current assessments and
sion algorithms for the respective instruments.

AOP under three disti h diti back dpredictions of global climatic change (IPCC, 2001; Hansen
under three distinct weather conditions (background, . al., 2000; Ramanathan et al., 2001).

haze, and dust days) over Beijing were compared by using

the retrieved skyradiometer and sunphotometer data com- Although ground-based measurement networks cannot ob-
bined with MODIS satellite results, pyranometer measure-t&in global coverage of aerosol optical characteristics like
ments, PMy measurements, and backtrajectory ana|ysis_satellite measurements or aerosol models, they are very use-
The results show that the significant difference of AOP un-ful and accurate way to research aerosol optical properties.
der background, haze, and dust days over Beijing is probablfHolben et al,, 2001). The AERONET (Holben et al., 2001)

due to different aerosol components under distinct weathefNd SKYNET (Nakajima etal., 2003) are the well known two
conditions. ground-based aerosol-monitoring networks which use the

CIMEL CE-318 sunphotometers and PREDE skyradiotome-
ters, respectively (Holben et al., 1998; Uchiyama et al.,

Correspondence td5. Shi 2005). These two networks have been used to measure the
BY (shigy@mail.iap.ac.cn) direct and diffuse solar radiation and to derive the aerosol
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Table 1. Wavelengths for the two different instruments. Table 2. Averaged single scattering albedo, refractive index, and
their absolute and percentage differences between skyradiometer
Wavelength PREDE POM-02 CIMEL CE318 and sunphotometer at all wavelengths for all simultaneous data.
skyradiometer sunphotometer
440/400nm  440/500nm 670nm 870nm 1020nm

Ch1l 315nm 440 nm
ch?2 340 nm 670Nnm wq 0.88 0.88 0.89 0.87 0.86
Cch3 380 nm 870 nm ws 0.89 0.90 0.93 0.94 0.93

Myq 1.48 1.48 1.50 1.51 1.52
Ch4 400nm 940nm My 1.51 151 150 151 1.49
Chs 500nm 1020nm m;, 0.017 0017 0011 0012 0013
Ché 670nm 870nm P1 M, 0.014 0.011 0006  0.004 0.005
Ch7 870nm 870nm P2 S -0.01 -0.03 -003 -0.06 —0.07
Chsg 940 nm 870nm P3 smy —-0.04 —-0.04 0.00 0.01 0.02
Cho9 1020 nm smy 0.003 0.006 0.004 0.008 0.008
Ch 10 1225 nm Sw% -1.31 -3.10 -340 -7.33 —7.57
Ch11 2200 nm sm, % —2.56 —2.46 0.23 0.36 1.43

R 1.21 1.55 1.83 3.00 2.60

P1, P2, and P3 of CIMEL CE318 sunphotometer mean three polar-

ization wavelengths o, m. and m mean averaged single scattering albedo, real part of
refractive index and the imaginary part of refractive index; subscript
a and s means AERONET sunphotometer and SKYNET skyra-

optical properties for the purpose of aerosol radiative forcingdiometer;s- ands-% mean absolute and percentage difference be-

studies (Kim et al., 2004; Nakajima et al.,2003; Takemura etWeen skyradiometer and sunphotometer, respectively. reans

al., 2002; Dubovik et al., 2002; Eck et al., 2005; Holben et "€ ratio of AERONET mto SKYNET .

al., 2001; O’Neill et al., 2000; Smirnov et al., 2002).

Due to the difference in the measurement protocols and The aim of this work is to compare nearly one year

retrieval algorithms, it is very important to make sure that simultaneous observations of AERONET/PHOTONS and

the aerosol optical properties are consistent with each OtheéKYNET stations in Beijing. Since the aerosol character-
between these two networks. Though there were some in-,

i ) ks bet th its of CIMEL h Istics over Beijing are very representative for the research of
ercomparison works between the results o SUNPN0-, 0650l optical properties due to heavy anthropogenic aerosol

tometer and PREDE skyradiometer, more details are neede%ading throughout the year and frequent dust storm events

tq im_prove the retrieval algorithms and to verify the com- during the spring season, the comparison will shed some
bination of the two networks. Sano et al. (2003) comparedIight on the consistency and discrepancy of the two mea-

the AOD between CIMEL sunphotometer and PREDE Skyra'Elurement methods and contribute to the combination of the

diometer measurements. It was found that the difference o . .
. . erosol optical properties between AERONET and SKYNET
AOD at 670 nm between the two instruments is less than 4% P brop

based on one day observation. Because the aerosol optic%[éF?Olerg.?rh;g?:]eAsilhls will eventually fill the gap that
properties were retrieved by SKYRAD.PACK (the software '

package for analyses of sky radiometer data to obtain aerosol

optical properties) version, there was large discrepancy be, Instrumentations, protocols, calibration and re-
tween two instruments. Sano et al. (2003) also pointed out  rjevals

that simultaneous observations for two instruments should be

continued at least during one year for verifying the combined2 1  |nstrumentation and protocols

use of the two networks.

Campanelli et al. (2004) also compared the aerosol opti-A PREDE POM-02 skyradiometer (SKYNET) and a CIMEL
cal properties between CIMEL sunphotometer and PREDECE-318 sunphotometer (AERONET/PHOTONS) have been
skyradiometer measurements based on about two weeks obstalled in September 2003 and March 2001, respectively
servations. They found the AOD of two instruments are at Institute of Atmospheric Physics (116°38 39.97 N,
comparable between 10-12%, for optical depth referenc&®2.0 m) in Beijing, China to measure the aerosol optical
values of~0.12 at 500nm. The Angstrom exponent is properties. They have been continuously running since then.
also comparable within 10-12%. The SSA retrieved by The CIMEL sunphotometer makes the direct spectral solar
SKYRAD.PACK version 4.0 is found to be within 10-12%, irradiance and sky radiance for solar almucantar scenario
comparing with Dubovik spherical retrievals. The retrieved or principal plane scenario measurements within & fu
refractive index results did not agree very well because offield-of-view at five normal bands at 440, 670, 870, 940,
the few number of common measurements and the unstabland 1020 nm and three polarization bands at 870 nm (Hol-
SKYRAD.PACK version 4.0 algorithm. ben et al., 1998). The PREDE sky-radiometer measures the
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Fig. 1. Scattergrams of aerosol optical depth between PREDE skyradiometer and CIMEL sunphotometer data at wavelengths of 440, 670,
870 and 1020 nm over Beijing.

solar direct irradiance and the radiance from the sky within atransducer minimum detection limit is 0.03. The pre-

1.0° full field-of-view at eleven bands of 315, 340, 380, 400, cision for 10-min and 1-h averaged data is sdIm® and

500, 670, 870, 940, 1225, 1600, and 2200 nm at every 10 ofl..5.g/m?, respectively.

15 min (Uchiyama et al., 2005). Wavelengths for the two dif-

ferent instruments are shown in Table 1. The sky radiance is, 5 Calibration

measured at 24 pre-defined scattering angles at regular time

intervals. In this study, data from five channels at 400, 500, L )

670, 870, and 1020 nm were used to retrieve AOP over Bei—Th_e CIMEL sunphotometer located gt B_eljmg is calibrated

jing. using EHOT(_)_NS f_(ttp:_//www-Ioa.unlv-Illlel.fr/photonsl

calibration facilities in Lille (LOA/USTL, France), Carpen-

A set of Kipp & Zonen CM21 pyranometer was also set tras (Meteofrance) and Izana Observatory (INM, Spain) fol-

up to measure the global solar irradiance (305 to 2800 nMowing the calibration protocol used by NASA staff. Accu-

spectral range) every 10 s automatically at Institute of Atmo-racy on AOD is better or around 0.01 and radiance is better

spheric Physics in September 2003, which is a high precithan 4-5% with the standard laboratory integrating sphere
sion pyranometer with strictly selected domes. Because ofHolben et al., 1998; Eck et al., 1999).

the high optical quality of these domes, the directional error

i< reduced to less than 10 W2m The calibration of the PREDE skyradiometer was similar

to that of CIMEL sunphotometer. It was calibrated for the

Additionally, a TEOM Series 1400a Ambient Particulate sky radiance using an integrating sphere at Tsukuba Space
Monitor was installed at Beijing Observatory (11624, Center and for the direct solar irradiance using the Langley
39.60 N, 31.3m) of China Meteorological Administration plot method at Mauna Loa Observatory (MLO), Hawaii Is-
(CMA) to monitor the Particle Matter (PM) mass concentra- land. The precision of the in situ method has been estimated
tion in January 2004. The instrument measured thadPM to be within 1-2.5%, depending on the wavelength (Campan-
mass concentrations every 5min automatically. The masglli, 2004b).

www.atmos-chem-phys.net/8/3199/2008/ Atmos. Chem. Phys., 8, 32982008


http://www-loa.univ-lille1.fr/photons/

3202 H. Che et al.: AOP Intercomparison between SKYNET and AERONET/PHOTONS

20 T T T T 20 T T T T *
< . L)
[ Angstrom 440_870 nm f Angstrom 440_670 nm ¢ LI °
16k n: T 161 o . d i
- > “ LY AL o
o ¥ ‘ . . . e
5. 2 .
12 . % ?*f&l". . § 12+ * © e 4
- . * - o % '.‘.
% - s % ~o A L0 °
> o < ',:,- > - N % S
% osl : 5 2% 4% osl . - "}a N
AR [ 3 . iy Rl e
.
< R s b 1 - % 470 8o
Ve . .""::.. .1‘.-...0 _’_.'.‘._:. .o . .p.'. ::?..."
04t e e X3 . o P * . 4 04t . e 4
4 * « *SKYNET =0.068+0.8% AERONET e ..‘3 SKYNET =-0.012 + 1.026 AERONET
PP s, . R =0.836 1 P e R =0.925 1
0.0 2 R I R I R I R I R 0.0 R I R I R I R I R
0.0 04 08 12 16 2.0 0.0 04 08 12 16 2.0
AERONET AERONET
2.0 T T T T T T T %
Angstrom 500_870 nm % L]
16 . N K
. 2
Ry
12} oyt
5 . ® ?’
K-S L
g o agysd
& o8l ™ X
S e s i
. o35 aa
/./‘: hald :':'; :.;' DALY M
04[5, " % o AL
° qv‘V' * - « * .
e =% ! . 'SKYNET =0.408 + 0.608 AERONET |
° * R =0.698
0.0 . 1 L 1 L 1 L 1 L
0.0 04 08 12 16 20
AERONET

Fig. 2. Scattergrams of Angstrom exponent at 440-870 nm, 440-670 nm, and 500-870 nm between PREDE skyradiometer and CIMEL
sunphotometer data over Beijing. The red dotted line means the fitted linear regression curve.

2.3 Retrieval methods the direct solar irradiance measurement at each wavelength
by using the Beer-Lambert-Bouguer law.

Aerosol optical properties of PREDE skyradiometer were  Similar to the PREDE skyradiometer, direct solar irradi-
retrieved by using SKYRAD.PACK 4.2 (the latest ver- gnce measurements of CIMEL sunphotometer at 440, 670,
sion), which is a software to analyze the PREDE sky-g870, and 1020 nm are used to calculate aerosol optical depth
radiometer data and the sky radiance developed by Nakajimgpubovik et al., 2000a). At the same time, aerosol optical
et al. (1996) and Dubovik and King (2000b). The aerosol depth, size distribution, refractive index and single scatter-
optical depth, size distribution, single-scattering albedo, andng albedo ¢) are also retrieved by using the sky radiance
complex refractive index were derived by using a radia- glmucantar measurements and the direct sun measurements
tive transfer code as well as linear and nonlinear inversionthrough a combined spherical and spheroid particle model
scheme (Nakajima et al., 1996). The retrieved aerosol opti{Dubovik et al., 2000b; 2006). The volume particle size dis-

cal deptha(,), is defined as: tribution is retrieved in 22 logarithmically equidistant bins in
- the range of sizes 0.06m <r<15um. The columnar vol-
7, (A) = / 772 Qex(x, m)n(r)dr ume spectrum is defined as:
m
2
where Qy is the efficiency factor for extinction as given by dV _ Vo exp | - (l” (r/rm))
Mie theory for spherical particles, x=2/ AM)r is size param-  dinr  o./27 202

eter, n(r) is columnar radius distribution of aerosg),and

ry are minimum and maximum aerosol radii, respectively. where dV/dinr gm3/um?) is the volume distribution, ¥is
m=m,-im; is aerosol complex refractive index which is de- the volume concentration, and 4, & denote radius, volume
rived by an inversion method similar to that of Dubovik et median radius, and standard deviation of the particles, re-
al. (2000). The directly measured AOD is calculated from spectively (Dubovik et al., 2002; Kim et al., 2004). The real

Atmos. Chem. Phys., 8, 3193214 2008 www.atmos-chem-phys.net/8/3199/2008/
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Fig. 3. Scattergrams of aerosol optical depth between the retrieved and measured results of PREDE skyradiometer and CIMEL sunphotomete
over Beijing.

and imaginary parts of the complex refractive index retrieved3 Results and discussions
for the wavelengths corresponding to sky radiance measure- .
ments are assumed in the ranges of 1.33-1.6 and 0.0005-0.8,1 Intercomparison of AOP

respectively.
P Y The raw data retrieved by SKYRAD.PACK 4.2 from the

Since the two radiometers are equipped with only threeSKYNET PREDE gkyradlometer were used _to compare the
|eve| 2.0 data retrieved by the version 2 direct sun algo-

common wavelengths (670, 870, and 1020 nm), the optica

depth at 440 nm wavelengths for PREDE skyradiometer wa§ithm from the AERON.ET/PHOTONS. CIMEL sunphotome-
calculated by using Eqg. (a) and Eq. (b): ter measurements which were considered as cloud-screened

and high-quality data (Smirnov et al., 2000).
| 400 The intercomparisons of AOD and Angstrom exponent be-
o= M (a) tween the PREDE skyradiometer and CIMEL sunphotome-
logm(m) ter were based on the 3169 measurements taken within 3-
min from each other for the 220 days. Figure 1 shows
440\~ the plots of AOD values at each wavelength derived from
t440 = T400- (m) (b) the solar direct irradiance between the two instruments.
High correlation was found with a significant coefficient
Wherea means the wavelength exponent; angh, tsoo, 440 larger than 0.995 at each band. The difference (defined as
mean the AOD at 400 nm, 500 nm, and 440 nm, respectivelymea%Kr;régxgga;ERowEr%) between the two instruments at
1020 nm, 57(5Vnm, 670nm, and 440 nm, is less than 0.82%,
The results between two instruments were compared byl.27%, 1.03%, and 0.91%, respectively. This confirms the
using the measurement data less than 3-min apart to keepigh consistency of AOD for the CIMEL sunphotometer and
relatively simultaneous observation. PREDE skyradiometer measurement results.
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Fig. 4. Scattergrams of single scattering albedo between PREDE skyradiometer and CIMEL sunphotometer data at wavelengths of 400, 500,
670, 870 and 1020 nm over Beijing. Only data with A@D.4 are shown. The red dotted line means the fitted linear regression curve.

There are significant linear correlations of Angstrom

0.12 . . .
—e— AERONET ) wavelength exponents computed from instantaneous mea-
o0 |~ SKYNET | surements between the two instruments (Fig. 2). The cor-
.,;’ relation coefficient of Angstrom exponents from 440 nm to
ol / X 870 nm (440 870) between two instruments is 0.84. And itis
< ’ / about. 0.93 and 0.7'0 fQ,Y44Q67'0 andasg_g70, respectively.
= %/DK The linear regression equations @f40_g70, ®440.670, and
g o / asp0.870 between the two instruments are shown in Fig. 2.
’%' "/ \ The slope ofvspg_g70is only about 0.608, which is lower than
% 0.04 \‘\‘ ,""“/ 1 those ofw44q 870 andaa4q 670. The whole averagemmgm,
\ / \ T a440 670 @andaspo_g7o based on all 3169 pairs of data between
0.02 \'\\,ﬂ."/ o two instruments differ about 5.73%, 1.56%, and 0.06%, re-
x/ \ spectively. This could be caused by the lack of direct mea-
0.00 e surements at 500 nm for CIMEL sunphotometer. The AOD
0.01 : ! 10 at 500 nm has to be derived from other wavelengths mea-
Radius (. m) surements. The difference afog.s70 between the two in-

struments seems extremely small for values that correlate so
poor (as seen in Fig. 2), especially since the percentages cal-
culated for larger wavelengths are larger despite the better
correlation.

Fig. 5. Retrieved volume size distribution of PREDE skyradiometer
and CIMEL sunphotometer over Beijing.
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curve.

Figure 3 shows the directly measured AOD results and theand retrieved values of AOD and Angstrom exponent at all
retrieval ones for PREDE skyradiometer and CIMEL sun-wavelengths is also very smak(.3% for AOD and<4.1%
photometer at 1020, 870, 670, and 440 nm, respectively. Fofor «).
both inStrUmentS, there are hlghly Significant linear relation- Because the da||y measurements of Sky radiance by

ShipS with correlation coefficient Iarger than 0.99 betweenC”\AEL Sunphotometer were less frequent than those by
the measured and retrieved values for all of four wavelengthspREDE skyradiometer, it was found that only 142 simul-

The difference between the measured and retrieved values @ineous measurements over 69 days during all measure-
PREDE skyradiometer is about 0.35%, 0.42%, 1.23% andment period could be used to compare the single scatter-
0.40% for 1020, 870, 670, and 440 nm, respectively. Anding albedo and the complex refractive index between two
the difference between the measured and retrieved values Gfstruments. Single scattering albedo) (results retrieved
PREDE Skyradiometer is about 0.86%, 0.04%, 0.37% anCh’om the PREDE skyradiometer and the CIMEL sunpho-
1.89% for 1020, 870, 670, and 440 nm, respectively. tometer were compared in Fig. 4. The mean values of
From the above analysis, it is seen that there is veryretrieved from the PREDE skyradiometer are about 0.01
small difference of AOD €1.3%) and Angstrom exponent (1.31%), 0.03 (3.10%), 0.03 (3.40%), 0.06 (7.33%), and 0.07
(<5.8%) for all wavelengths between PREDE skyradiometer(7.57%) larger than those from the CIMEL sunphotometer at
measurements and CIMEL sunphotometer measurementd40, 500, 670, 870, and 1020 nm, respectively4o0 and
The difference between PREDE skyradiometer measured;soo by the PREDE skyradiometer correlate to thguo
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Fig. 7. AQUA-MODIS images under clean (top-left), haze (top-right) and dust (bottom-left) weather conditions over Beijing on 7 September,
13 December , and 28 March in 2004. Their overpass time is 04:55, 05:35 and 04:20 UTC, respectively.
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Fig. 8. 10-s averages of global solar irradiance of Kipp & Zonen CM21 pyranometer measurement under clean (left) and haze (right) weather
conditions over Beijing on 7 September, 13 December in 2004.

by the CIMEL sunphotometer wittlR=0.88 and 0.86, re- Intercomparison of the volume size distribution was car-
spectively. Although the statistical analysis shows there aregied out based on the 193 simultaneous measurements over
also obvious linear relationships (within the 99% confidence95 days during the whole measurement period. The vol-
level) between the results from the PREDE skyradiometerumes at each bin are averaged all together for PREDE skyra-
and CIMEL sunphotometer at 670, 870, and 1020 nm, theidiometer and CIMEL sunphotometer, respectively (Fig. 5).
patterns are rather scattered with a correlation coefficient&senerally, there is a difference between the PREDE skyra-
around 0.57, 0.45, and 0.40, respectively. diometer and CIMEL sunphotometer results. One can see
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Fig. 9. Five-minute averages of P}y concentration under clean (top-left), haze (top-right) and dust (bottom-left) weather conditions over
Beijing on 7 September, 13 December, and 28 March in 2004.

that the size distribution from the CIMEL sunphotometer However, in SKYNET retrieve results, the volume size spec-
shows a bi-modal pattern with two peak volumes at radius oftra (dV/dinr) is NOT 0 for the radii less than 0.@%n and
0.15um and 2.94.m with the volume size spectra (dV/dinr) larger than 15.0@m for most cases. The volume size dis-
of 0.07 and 0.0m3/,um?, while the PREDE skyradiometer tribution from CIMEL sunphotometer measurements was re-
shows a tri-modal pattern with three peak volume at radiustrieved by combined spherical and spheroid particle model
of 0.17um, 1.69um and 5.29:m with dV/dInr of 0.06, 0.07  almucantar retrievals (Dubovik, 2000b). However, there is
and 0.13um3/um?, respectively. The difference between no spheroid particle model included in SKYRAD.PACK 4.2.
two patterns of the volume size distributions is probably dueAnother possible reason is due to the data used from different
to the different retrieval algorithms. The assumptions of thechannels. For the CIMEL sunphotometer, four spectral chan-
size distribution between SKYNET and AERONET algo- nels of 440, 670, 870 and 1020 nm were used, while for the
rithms are different. The AERONET algorithm uses 22 stagePREDE skyradiometer, five spectral channels of 400, 500,
radii (0.05, 0.07, 0.09, 0.11, 0.15, 0.19, 0.26, 0.33, 0.44,670, 870 and 1020 nm were used.

0.58,0.76,0.99, 1.30, 1.71, 2.24, 2.94, 3.86, 5.06, 6.64, 8.71, On the contrary to the single scattering albedo, the results
11.43, and 15.0Qm) to retrieve the volume size distribution, of imaginary part of complex refractive index {yrretrieved
while SKYNET algorithm uses 20 stage radii (0.01, 0.02, from PREDE skyradiometer at all wavelengths are systemati-
0.03,0.04, 0.06, 0.08,0.12,0.17, 0.25, 0.37, 0.54, 0.79, 1.16ally lower than those by the CIMEL sunphotometer (Fig. 6).
1.69, 2.47, 3.62, 5.29, 7.73, 11.31, and 165b4d). From  The mean values of pretrieved from the PREDE skyra-
Fig. 5 one can see that the volume size spectra (dV/dinrdiometer are about 0.003, 0.006, 0.004, 0.008, and 0.008
is nearly Qum®/um? for the radii less than 0.08m and  lower than those from the CIMEL sunphotometer fqg4wo
larger than 15.0@am for most cases of AERONET results. with m;,440, M;sa00 With m; 4500, M;s670 With M; 4670, M;s870
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Fig. 10. AOD at 400, 500, 670, 870, and 1020 nm from directly-measured PREDE skyradiometer data under clean (top-left), haze (top-right)
and dust (bottom-left) weather conditions over Beijing on 7 September, 13 December, and 28 March in 2004 and the daily averaged AOD at
440, 670, 870, and 1020 nm from retrieved PREDE skyradiometer and directly-measured CIMEL sunphotometer data under haze and dusi
weather conditions (bottom-right).

with m;,g70, and mg1020 With m;,1020, Which means the  (2.56%), 0.036 (2.46%) lower for yoo With m,4440, My-5400
AERONET results are about 1.21, 1.55, 1.83, 3.00 andwith m, 500 but 0.003 (0.23%), 0.005 (0.36%), and 0.022
2.60 times as large as those SKYNET ones, respectively(1.43%) larger for myg7o with m,,670, M,sg70 With m, ;870
The m; and m, mean the imaginary part of refractive in- and m;1020 with m, ;1020 than those from the CIMEL sun-
dex of SKYNET and AERONET, respectively. ;oo and photometer. The m and m, mean the real part of refractive
m; 500 by the PREDE skyradiometer are linearly correlatedindex of SKYNET and AERONET, respectively.
with m;qa40 by the CIMEL sunphotometer wittk=0.89 The above intercomparisons show the consistency of the
and 0.88, respectively. Although the statistical results showAOD but discrepancy of single scattering albedo and imagi-
there are also obvious linear correlations between PREDHary part of complex refractive index. One of the important
skyradiometer and CIMEL sunphotometer at 670, 870, andeasons is due to the original assumption about the size dis-
1020 nm, their correlations are also very scattered with corretribution. It could be seen clearly in Fig. 5, the volume of
lation coefficients around 0.63, 0.50, and 0.49, respectively. coarse mode of SKYNET is larger than that of AERONET

on average. The coarse mode particles have larger scatter-

Generally, the difference in mbetween the two instru- ing ability than the fine mode particles. The SSA is defined
ments is less than that in;n{Table 2). The results for by Oscattering/(Tabsorptiont Oscattering, Which means the more
the real part of complex refractive index (rshow that m  coarse mode particles will cause more scattering, then the
at wavelengths of 400 and 500 nm by the PREDE skyra-SSA retrieved from SKYNET would be larger than those of
diometer are lower than that at 440 nm by the CIMEL sun- AERONET.
photometer but larger than that at 670, 870, and 1020 nm
by the CIMEL sunphotometer. The mean values gf m
retrieved from the PREDE skyradiometer are about 0.038
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conditions over Beijing on 7 September, 13 December, and 28 March in 2004.

The imaginary parts of complex refractive index from the dusty days over Beijing. The satellite overpass time is
PREDE skyradiometer at all wavelengths are systematicallyo4:55 UTC on 7 September in 2003, 05:35 UTC on 13 De-
lower than those by CIMEL sunphotometer. This could alsocember in 2003, and 04:20 UTC on 28 March in 2004, re-
be explained referring to Fig. 5. One can see the fine modepectively. From Fig. 7, it can be seen clearly that there was
particles’ proportion against the whole mode (from Q.0 no pollution and cloud over Beijing on 7 September 2004 but
to 15um) of AERONET is larger than that of SKYNET. The with a heavy pollution on 13 December 2004 and sand-dust
refractive exponent consists of the real part and the imagistorm on 28 March 2004. To assure that no cloud was present
nary part. The imaginary part reflects the absorption abilityduring the whole day, pyranometer measurement data were
of aerosol particles. The volume of fine mode particles re-used to check the atmospheric status on these two days. Fig-
trieved from AERONET is larger than that from SKYNET ure 8 presents the variation of global irradiance during the
in most cases, which means the AERONET retrieved parti-whole day on 7 September and 13 December 2004. One can
cles would have more absorption comparing to the SKYNETsee that the global solar irradiance varies very smoothly, so
ones. This would probably cause larger imaginary part ofthat we can make sure that there are not any effects of cloud
complex refractive index for AERONET than SKYNET in on these two days. However, it was a pity that there is no
Fig. 6. pyranometer measurement on 28 March.

Figure 9 presents the 5-min averages ofjgoncentra-
3.2 Aerosol optical properties under clean, haze and dustyjgns on background, haze, and dusty days. From the figure
days one can see that the daily averaged mass concentrations are
about 120, 249, and 378)/m® on the three days. On the
AQUA- MODIS (Moderate Resolution Imaging Spectrora- clean day, the Pk concentration varies fluctuantly before
diometer) satellite imagesitp://modis.gsfc.nasa.gguwere  17:00 (beginning of the afternoon rush hour) with an average
used to judge the background (clean), haze (polluted) an®3g/m® and increases rapidly and varies more fluctuantly
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from 17:00 with an average 184,g/me. On the haze day,
the mass concentration is as low as about1¢/n° before

09:00 and increases to a higher value from 09:00 (beginningpendent of wavelength than that on haze day. The daily av-
of the morning rush hour) and varies very stably on an aver-erages of AOD on dust day are about H8221, 1.240.19,

age of 33Qug/m3. On the dusty day, the mass concentration 1.20+:0.18, 1.15-0.17, 1.09£0.16 at 400, 500, 670, 870, and

is as high as about 41ig/m? before 19:00 and decreases to 1020 nm, respectively. The AOD values at 500 nm on haze

a IowervarITl:ae from 19:00 and varies fluctuantly on an averageday and on the dusty day are 13.5 and 18.0 times larger than
of 257ug/me.

Figure 10 shows the daily AOD variations from PREDE

skyradiometer measurements on clean, haze and dusty days

and daily averages of AOD retrieved from SKYNET and

AERONET on haze and dusty days. There are 66, 42, an@n€S- But on the dusty day, the AOD retrieved by SKYNET
is lower than by AERONET measurements, which is pre-

spectively. AOD on September 07 is very low over Beijing

8 effective measurements from SKYNET on these days, re!

sumably because the assumption of spherical particles for

0.47+0.04, 0.32:0.03 at 400, 500, 670, 870, and 1020 nm,
respectively. However, the AOD on dusty day is more inde-

that on clean day. These results are very similar to those from
AERONET measurement over Beijing (Xia et al., 2005).

It is also found that the daily-averaged AOD values on

aze day of SKYNET agree very well with the AERONET

which could be regarded as the background AOD of Bei-SKYNET algorithm is wrong in this case.

jing. The daily averages of AOD on clean day are about The daily variation of Angstrom exponent)( between
0.08+0.02, 0.040.02, 0.04:0.02, 0.05:-0.01, 0.02-0.01 at 440 and 870 nm under three different weather conditions are
400, 500, 670, 870, and 1020 nm, respectively. AOD is veryshown in Fig. 11. It varies on the range of 0.61 to 1.24, 1.33
dependent on wavelengths during the haze day. The dailyo 1.39, and 0.15t0 0.23 on clean, haze and dust days, respec-
averaged AOD are about 120.10, 0.96:-0.09, 0.64-0.06, tively. The averaged values afare stably about 0.80, 1.35,
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Fig. 13. Volume size distributions retrieved from PREDE skyradiometer and CIMEL sunphotometer data under clean (top-left), haze (top-
right) and dust (bottom-left) weather conditions over Beijing on 7 September, 13 December, and 28 March in 2004.

and 0.20 for the clean, haze and dusty days, which clearlyty than those on dusty day. This can be concluded that the
reflects the contributions of fine particles on haze day andblack carbon as well as sulfate and nitrate were the major
coarse ones on dusty day over Beijing. components during haze day in Beijing. However,further ex-

) . . . periment is needed to confirm this.
The daily variation of single scattering albedo (SSA) at

400 and 500 nm under three different weather conditions are Volume size distributions retrieved by PREDE skyra-
shown in Fig. 12. SSA on both haze day and dusty day variesliometer and CIMEL sunphotometer on the clean, haze, and
smoothly; however, SSA on the clean day fluctuates a lotdusty days are shown in Fig. 13. In general, the coarse modal
This strong fluctuation of single scattering albedo is probablyvolumes retrieved by PREDE skyradiometer are larger than
caused by the low AOD. The single scattering albedo, as welthose retrieved by CIMEL sunphotometer under all three
as other optical parameters, cannot be accurately determinetistinct weather conditions. The size distributions on the
at very low (<0.40) AOD. The single scattering albedo val- clean day show classic bi-modal patterns for both PREDE
ues ranged from 0.99 to 0.78 at 400 nm and 0.99 to 0.71 askyradiometer and CIMEL sunphotometer. The effective
500 nm for the clean day, 0.87 to 0.82 at 400 nm and 0.88 tadadius of fine mode is about 0.08n and coarse mode is
0.82 at 500 nm for the haze day, and 0.90 to 0.87 at 400 nnabout 3.48:m for PREDE skyradiometer. And the effec-
and 0.98 to 0.92 at 500 nm for the dusty day. The averagdive radii are about 0.1@m and 2.44/m for the fine and
values are about 0.90.08, 0.850.01, and 0.880.01 at  coarse modes of the CIMEL sunphotometer. The volume
400 nm and 0.880.08, 0.86:0.01, 0.930.02 at 500nm on  size distributions on haze and dusty days both show tri-modal
the clean, haze and dusty days, respectively, which meangatterns for PREDE skyradiometer. But bi-modal and sin-
the aerosol particles on haze day have more absorption abijle mode patterns were found on haze and dusty days for
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Fig. 14. The five day backtrajectory analyses under clean (top-left), haze (top-right) and dust (bottom-left) weather conditions over Beijing
on 7 September, 13 December, and 28 March in 2004.

CIMEL sunphotometer. Although there are some differencesher pollution nor mineral dust particles. While on 13 De-
between PREDE skyradiometer and CIMEL sunphotometecember (haze day), the airmass was original from Shanxi
retrievals on the dusty day, the fine mode volumes with effec-Province, which is located west to Beijing with many indus-
tive radii of 0.10um for PREDE skyradiometer and 0.4%n trial factories and coal-fired power plants with large anthro-
for CIMEL sunphotometer are much smaller than the coarsepogenic aerosol emission there. It moved very slowly and
mode (g=2.38um for PREDE skyradiometergf#=1.83um passed through the west region of Hebei Province also with
for CIMEL sunphotometer) which means the large particlesmany industrial factories and steel plants. For the dusty days
contribute predominately to the aerosol optical properties.on 28 March 2004, the airmass was originally from Middle
While on the haze day, the relative fine mode volume of Asia and stayed over Gobi Desert for a long time then moved
aerosol particles is larger with respect to the total volume sizeapidly through the desert region of North China and arrived
distribution comparing to clean or dusty days which meansat Beijing.

the fine particles contribute larger under haze day than dust

day to the aerosol optical properties. The effective radii of

fine mode are about 0.13n for PREDE skyradiometer and 4 Conclusions

0.16m for CIMEL sunphotometer and the effective radii of
coarse mode are about 2,2n for PREDE skyradiometer 1he AOD measurements between SKYNET and AERONET

and 2.03.m for CIMEL sunphotometer. measurements at Beijing are highly consistent at all of
four normal wavelengths with less than 1.3% difference.
The 5-day backtrajectory analysis on 850 hPa were calcuAngstrom coefficients differ within 10-12 % between the
lated to examine the aerosol sources under different weathdwo instruments. Single scattering albedo estimates retrieved
conditions by using the hybrid single-particle Lagrangian in-by SKYRAD.PACK 4.2 inversion are 0.03 (3.40%), 0.06
tegrated trajectory (Hysplit) model of NOAA (Draxler et al., (7.33%), and 0.07 (7.57%) larger than those provided by
2003). From Fig. 14, itis shown that there is a different trans-AERONET at 670, 870 and 1020 nm. The SKYNET es-
portation path for each atmospheric condition. The airmasgimates at 400 and 500 nm are about 0.01 (1.31%), 0.03
on September 07 (clean day) was originally from Baikal Lake (3.10%) larger than AERONET single scattering albedo at
region of Siberia, and passed through east Mongolia south440 nm with high linear relative coefficient of 0.88 and 0.86.
eastwardly and then crossed North China southeastwardly to The volume distribution between SKYNET and
Beijing. The regions where the airmass passed were of nelAERONET are both with multi lognormal distribution
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