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Table 2 Statistics of aerosol optical depth from 8 Jan to 15 Jan in 2019

B P B
400 nm 500 nm 670 nm 870 nm 1020 nm

01-08 0.12 0.10 0.07 0. 06 0.05
01-09 0.85 0.68 0. 55 0. 45 0. 40
01-10 0.58 0.42 0.31 0. 24 0.21
01-11 1.13 0.89 0.70 0.57 0.51
01-12 0.95 0.71 0.50 0. 38 0.33
01-13

01-14 0.77 0.59 0.44 0.35 0. 30

01-15 0.16 0.15 0.13 0.12 0.11
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Table 3  Statistics of single scattering albedo from 8 Jan to 15 Jan in 2019
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Fig. 7 Daily averaged variation of Angstrom exponent from skyradiometer

in Beijing from 8 Jan to 15 Jan in 2019

Hi B8R LAE B, 1 H 8 H A KL F 7R BLUK
JERRAERAR. 1 9 Hig P RAKM TR BUE &
R A7 L e RS 285 A RV B2 R 24 2 A S 25
B IRBORIER 4 £, 1 10 HAB K B 53 A L H
L 25 2R 7 P BV 3 R 22 o A2 0 s 72
BFRBEALNAE 0. 17 pm MR 72 E B AL
fE3.62 pm, 1 3 11 H Ry WU 53 A o TR ASE 25 R
PRER e B 1 R PR K2 0. 23 pm® « pm 7 RS
RLF AR WA F) 0. 07 pm® « pm 2 XA T
T RN BAF Y #R T8 1A 12 AR =
W TR 73 A R AL G ok 2 AR AR P AEO. 17 pm,
1.69 pm F 5. 29 pm., &5 R R YITE S HIXHEEE K
FAEN RV KL T 5 W 4 K A 2 AR B W 1Y
Ko 1A 14 H BG4 F5AE W% 3 4 7] A 5 3
OB TR AR I O AR Z0RL 7 AR 2R P A
0.17~0. 25 pm, MBS K 7R FEE P E
5.29 pm, 1 J 15 H 5 Bige B o A, 408350k 1 15
FeAR s b A SRR P AE 5. 29 pm £ 4,

W > A2 X6 07 P9 R BRI B 8 35 0. 15 pum® + pum 7
AR 1 15 H A BOHURL 1 4t Rz 5 L 1]
JRERML.E 1T H 15 H o 55 W/ INEXT R .

B9 2019 4 1 A 9—14 H—yRuL b m & =&
15 G R ok AR P B T OB E IS WA B Y 532 nm S,
B R B B Ak e A /T LVE S 1 9 H
00:00 7E 0. 5 km 75 BE B 3 3 I BT 62 14Ok
FEO KR 1B e PR L s A BT S . 11: 00 7E
1.5 km 5 BV E REOR 770,40 km ', B 4k
F ok 0. 05~0. 105 7F 3. 5~5. 0 km S EH MR EK T
0.75 km ™' B Fb /N T 0. 10, AT GBS 2= )2 B 52 1)
1 H9H 18:00—10 H 04:00,1.5~3.0 km =6
RECZ AL EI S 0.30~0. 90 km ', 3B 4w 4 /D T
0. 10, iZ X B 1] B8y == AW A7 . ) A IR
T2 B B BB MO RS X (R T
0. 60 k") A7 PR 5K WG T b AT, 30T b TS G SRR R
A=, 1 H 11 H 00:00 7E 2.5 km @5 B DL b X 5800
HERBORT 0,45 km ™' B R R T 0. 25, AT RE /&



%3l

5 g 38 4« R 7 S WL B bk XA IO

2y,

EL5 381

s

— B

AL PK R ARk =g, 1A 11 Bk
RECEWIG K L3k 0,99 k' L E L B R HE W 2
A, S IR T U BE N TG K A TS G ) R AR
Br. 1 H 11 H 19:00 SE T IC)2 T ARG, b
T4 96 B AT 3A 0. 90 km ' DL I, SR TR E
ERm LAY R B, 1A 12 HARE RN

F R A R (R BRI HE RS E TE 1.0 km AP,
B 1H 13 HER . HURBOREE /N, 751 )] 13
H 10:00 7E 0. 5 km & B Fi 3T 3 B B O GR
P LR F 0. 20, IR BN TF 0.30 km 1)l F ik
b 7 PR A58 K 35 T 4 1 H 13 H 18:00 4%
FRECAEO0. 5 km =y BB 3 B S K %2090 km ™' DA

AN
=0

01-08

0.251 01-09

0.20 -

- um)

0.15

IR/ (um?

0.05r

01-

01-12 —&—01-14 —<—01-

10
15

01-11

R /km

& /km

01-11

8 /um

B8 20194 1 A 8—15 HILHT i Kb T340 i 25 1k
Fig. 8 Averaged volume size from skyradiometer in Beijing

from 8 Jan to 15 Jan in 2019

01-12
ER:L]

01-14

B9 20194 1 H 9—14 HILARIRIX 532 nm F K TH 6 R 4 () FLB W R L (b) 73 A

Fig. 9 Temporal and spatial distribution of extinction coefficient(a) and

the depolarization ratio(b) at 532 nm in Beijing from 9 Jan to 14 Jan in 2019



382 VA

%2 # AR

%31 %

BB AR AR FE /N T 0. 10 3 BT L 53R XK = E R
BREY. 1A 14 H 19:00 32 2 38 75 6 XA 52
JRGHE 38 KA A T35 G i B TH O R BOR s » 7
ST AL XA F T4 75 L DX Ry 70 2B oRE T i ik 3 b
AU CARERE R 138 2, . 78 1.5 km = BEAR
1B i IR L W

3 45 i

it 2018 4F 10 —2019 4 9 J K= 48 4 it
T 25 WL 800 A B b i I X O o e
ST ©rw oo FURL T35 20 A FRAE L 45 5 WO X
FE N T 2019 4F 1 H — YR TG Ge 0 o 7 o
BB R RS AR A MM R .
rpraE R RN

D btk X Ot B R HOR L KA
TR E R U BE T 38, BB R A
TR TR Z A FMR T8 L. RO T AR ]
T 2 UL L 73 A7 KL L AR T LE 2 5 o (AR BR 1 A
KL 14 I8 WA IO BB 0 ) (A B335 20 A1 3 Wi A 8 25

2) T5HRAZMT PMos BRI KT
PM, s W BE - YA 2. 27 5575 4« RANE IS RS
AT RO R BEF- 2{H 73 531 0 0. 85 H10. 495
RGN A A aE . %
ESE= PRSI UEE S AR SR (PN
AR T EL HEFERRAFM T TES,

3) J3HT 2019 4 1 J1 815 H — R S Y5 e o
T AR DRI 3 38 BE A5 AN R R AR A L A T T I 3
KA T UEAL 5 B W J) 3t HF i B DX I B 326 3 ] 5
BUTE R RN RE.

2 % X #

N

[1] Ackerman T P, Toon O B. Absorption of visible radiation in
atmosphere containing mixtures of absorbing and nonabsorb-
ing particles. Appl Opt ,1981,20(20) :3661-3667.

[2] Twomey S.Piepgrass M, Wolfe T L,et al. An assessment of
the impact of pollution on global cloud albedo. Tellus, 2010,
36(5):356-366.

[3] Hansen J,Sato M,Ruedy R. Radiative forcing and climate re-
sponse. J Geophys Res Atmos,1997,102(D6) :6831-6864.

[4] Hansen J,Sato M,Ruedy R,et al. Global warming in the twenty-
first century: An alternative scenario. Proceedings of the Nation-
al Academy of Sciences,2000,97(18) :9875-9880.

[5]

Houghton ] T,Ding Y.Griggs D I, et al. Intergovernmental Panel
on Climate Change (IPCC) ; Climate Change 2001 // The Scientific

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Basis. New York:Cambridge University Press,2001.
B, B BRub SR, A5 P E LT 3 X R R AR IROG
4 5 38 R 5T . 38 SR 4 2005,9(4) 1 429-437.

Holben B N,Eck T F,Slutsker I,et al. AERONET—A feder-
ated instrument network and data archive for aerosol charac-
terization. Remote Sens Environ ,1998,66(1) :1-16.

Holben B N, Tanré D,Smirnov A, et al. An emerging ground-
based aerosol climatology: Aerosol optical depth from AERO-
NET. J Geophys Res Atmos,2001,106(D11):12067-12097.
Che H, Yang Z, Zhang X, et al. Study on the aerosol optical
properties and their relationship with aerosol chemical compo-
sitions over three regional background stations in China. Az-
mos Environ ,2009,43(5) :1093-1099.

WK IWe 2o BT L Bt CE-318 K FH % BE T4 U ) 1 & L it
Py . G RHE 2010, 38(1) 1 102-106.

Prats N, Cachorro V E, Sorribas M, et al. Columnar aerosol
optical properties during “El Arenosillo 2004 Summer Cam-
paign”. Atmos Environ ,2008,42(11) :2643-2653.

Nakajima T, Yoon S C,Ramanathan V,et al. Overview of the
Atmospheric Brown Cloud East Asian Regional Experiment
2005 and a study of the aerosol direct radiative forcing in east
Asia. J Geophys Res,2007,112(24) :1-23.

Nakajima T, Tonna G,Rao R,et al. Use of sky brightness meas-
urements from ground for remote sensing of particulate polydis-
persions. Appl Opt ,1996,35(15) :2672-2686.

Hashimoto M, Nakajima T, Dubovik O, et al. Development of
a new data-processing method for SKYNET sky radiometer
observations. Atmospheric Measurement Techniques, 2012, 5
(11).2723-2737.

Campanelli M, Estelles V, Smyth T, et al. Monitoring of Eyj-
afjallajokull volcanic aerosol by the new European Skynet Ra-
diometers (ESR) network. Atmos Environ,2012,48(2) :33-
45.

Estellées V, Campanelli M, Smyth T, et al. Evaluation of the
new ESR network software for the retrieval of direct sun
products from CIMEL CE318 and PREDE POMO1 sun-sky
radiometers. Atmos Chem Phys.2012,12(23):11619-11630.
Xu X, Xie L,Ding G,et al. Beijing air pollution project to ben-
efit 2008 Olympic Games. Bull Amer Meteor Soc, 2005, 86
(11) :1543-1544.

Li Z,Li C,Chen H,et al. East Asian studies of tropospheric
aerosols and their impact on regional climate (EAST-AIRC) .
An overview. J Geophys Res,2011,116(4) :220-237.

Ding A J,Wang T, Thouret V,et al. Tropospheric ozone cli-
matology over Beijing: Analysis of aircraft data from the
MOZAIC program. Atmos Chem Phys,2008,8(1):1-13.

Che H Z. Analysis of 40 years of solar radiation data from China,
1961—2000. Geophys Res Lett ,2005,32(6) :2341-2352.

FEIE ) E RN U KRR O 2 R O
R R 3 A B ST, P E R B K A, 2007, 24(5)
699-704.



%3 1 530 5 - R 25 A G T RN 2 35 st 4k XA T ' 2 R 383
[22]  Ph3C3C. b mt 3R X R A BEOGF R 5 X 30 55 58 = 4R 43 7. [29] M4, Bgtrp, A sn A5, o [ o A< 0 b DX R hh 0 IR B 42
PRI T5 e 5 P7 iR . 2016.38(2) : 1-6. A B 5 3 B A 280 I (B L i R4 2 4l 2005, 16
(23] B A7 E.Baf. 5 Rasmahih i 2006 4 & 246 5 (3):322-333.
ISV BEOGE R PE I IE 5. Ak 5 IR BT 5, 2012, 17(1) [30] R ARFEDE PREEA L 45, db 5T il X PMyo #k B2 45 (8] 43 A1 ¢
20-28. fE B 25 6728 5 S M. AR B 24 4] . 2007, 18(2) :165-172.
[24] F#¥ . ZFER, éfﬁﬁ%%.ﬂﬂ%i: 25 8 G T 3 0 [31] @Bl Mg s, 24 F. 27 AERONET #1 SKYNET R {i
AL A T R U I Ly i B R AE . 2013, 17 (4) 0 (Y ) i DX R o 2 R AE A AT R AR5, 2013, 32
944-958. (5):1293-1307.
[25]  BMS . XIEETS . 8 75 3. 45, ) 7k & 2 25 5 00 ) A0 s ot 2 [32] Che H Z,Qi B.Zhao H J.et al. Aerosol optical properties and
Bk, AR S # R .2010,21(3) : 257-265. direct radiative forcing based on measurements from the Chi-
[26] FHWHE . XNBEMH. 2 A 4. MODIS T8 18 &b 5tk X S na Aerosol Remote Sensing Network (CARSNET) in eastern
W2 IR % 5 T o T 3 R R HL R A AR China. Atmos Chem Phys,2018,18(1) :405-425.
2002, 13(H T D :127-135. [33] g2 o W KT, B AR AR A JbmT I X & B s AT e W IR
[27] ZEpiA, B &, X g L. 1 MODIS 32 & %8 6} 53 51 14 )1 45 3t i 5 GARBLE W 43 B . R R 2 iR 2001, 12(3) 1 279-
I 2 R I A A A R AE . TR 2, 2003, 14(1) ¢ 286.
1-7. [34]  BE/ANDF B8, W BH .45, 2016 4E 11—12 H bt KA &5
(28] Z=piA ¥H I, B4, 5. A MODIS TR FOE T ik 8 Yot B PMo s RRAE. BT AR 241 .2019.30(3) :302-315.
SRR 28 A W b XA — ORI s e AR [35] VL, EF. w4 m. bt KARE I M =2 m H . v A

#,2004,15(6) :641-650.

S 42 ,2018,29(2) 1 188-199.



384 N R’ % E1rd %31 %

A

Retrieval of Aerosol Optical Properties by Skyradiometer over Urban Beijing
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Abstract

Aerosol particles can scatter and absorb solar radiation and affect microphysical processes of clouds to
change the earth’s radiation budget. It is reported that aerosol particles not only have an impact on climate
change, but also cause polluted environment and affect human health. Ground-based measurement net-
works such as AERONET and SKYNET are very useful and accurate ways to monitor the spatio-temporal
distribution of aerosols using the sun-sky radiometric technique. Aerosol optical properties retrieved by a
PREDE skyradiometer are used to analyze the variation of aerosol in Beijing from October 2018 to Septem-
ber 2019. Results show that aerosol optical depth at 500 nm is high from February to July. the highest val-
ue is 0. 71 in June, the highest single scattering albedo is 0. 96 in August and the lowest value is 0. 89 in
May, Angstr(’jm exponent in summer (1, 11) is higher than that in spring (0. 89), and the volume size dis-
tribution pattern shows typical bimodal in every month. According to the Chinese National Secondary
Standards for PM, ;s pollution days are picked. It is found that pollution days only account for 17% , of
which 62% are light pollution days. The statistical result of air quality in Beijing is good from October
2018 to September 2019. Aerosol optical properties and PM, ; under pollution and clean weather conditions
in Beijing are discussed. The value of PM, ; under pollution weather condition is 2. 27 times larger than
that under clean weather condition, values of aerosol optical depth at 500 nm are 0. 85 and 0. 49 under pol-
lution and clean weather conditions, respectively. Values of single scattering albedo are 0. 96 and 0. 92 un-
der pollution and clean weather conditions, respectively. The value of Angstr(‘jm exponent under pollution
weather condition (1. 02) is larger than that under clean weather condition (0. 91) in winter while the value
of Angstr(‘jm exponent under pollution weather condition (0. 87) is smaller than that under clean weather
condition (0. 90) in spring. Skyradiometer retrieved data, combined with lidar measurement and meteoro-
logical data are used to analyze a serious pollution event in winter over Beijing. The result suggests that
poor meteorological conditions (low wind speed and high relative humidity), the hygroscopic growth of
aerosol, aerosol secondary transformation, local emissions and regional transportation lead to this serious

pollution event.

Key words: skyradiometer; aerosol optical properties; pollution weather condition; Beijing



