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Abstract In this study star photometry was applied to retrieve aerosol optical thickness
(AOT) at night. The star photometry system consisted of small refractor, optical filters, CCD
camera, and driving mount and was located in Suwon. The calibration constants were retrieved
from the astronomical Langley method but standard deviations of these were more than 10% of
the mean values. After the calibration the nighttime AOT was retrieved and cloud-screened in
clear six days from 25 Nov. 2014 to 17 Jan. 2015. To estimate the quality of the measurements
the nighttime AOT was combined with daytime AOT retrieved from sky-radiometer that was
located in Seoul and 17 km away from the star photometry system. In spite of the uncertainty
of the calibration constants and the spatial difference of two observation systems, the temporal
changes of the nighttime AOT coincided with the daytime. The nighttime Angstrém exponent
was about 20% lower and more variable than the daytime because of the uncertainty of the cal-
ibration constants. If the calibration process is more precise, the combination of star and sun or
sky photometry system can monitor the air pollution day and night constantly.
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£ B34 (sun photometer)et SAFSE 71718 A}
s S Ao 2] A4A20 91/ (phase)
S 77344 (calibration constant)E T-3H=
o] Bxsltte= Ao ©olth(Berkoff et al., 2011;
Barreto et al., 2013). 'S o] &3z Aol Ivky
ol =<2 3]9% (Langley regression method)S 53
ARYTE 7T F Jou, HA AFo A= 7
DA A sPE AR (charge-coupled device, CCD)7}
I 9 3}7]9 (Herber et al., 2002; Pérez-Ramirez et al.,
2008) t714eke HAast AFAEANAE g i
sk WhHolgtal B 4 itk o] H e ofER wlatol oF
b A 2F FSo] HASLEA] Bl o who]
A &= 7|7ko] 71 SAYe] A do2EL] o]F
< A E7] QA= o #A5o] I I 3th(Herber
et al., 2002; Lubin and Vogelmann, 2006). Z2] 3 H
FFEA S} HF A (star photometer)E A3k AL
steb Abre] WA 7} o)Fdle A AbE Al gk
A77} olEshe AL FoRt AHH R AST AL
&l (Alados-Arboledas et al., 2011; Barreto et al., 2013)
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£ 73 & Terra®t Aqua 913904 F7bl =&9 7
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TAjola Qo] 2 ZAIEH Hall o] thr] el
vl A Ak jtolnt. 7 7)3stE st Rl 5
Zr o 2E2S ST F AE A7 7] "l

Table 1. Technical specification of the star photometry system.

Telescope ———>
Optical filter
wheel

Driving mount —— CCD camera

Fig. 1. Schematic diagram of star photometry system. The
optical filter wheel consists of 442, 500, and 676 nm filter.

A (126.9°E, 37.5°N, Sl&= 120 m)ol]l A%
H 27}o]glt] Q ] E] (sky-radiometer) AFEE ©]-8-5}¢]
o7t AZAFF O AL AT F A9 A
A= <F 17 kmo]th.

HE o] &gt doj2E A5 A" Fig. 19 Al
Al A ol 7, ¥ 2¥ &, CCD 7},
TF RER FAE Sk ZF Rt gk A
2ol muwat AR Table 19 AAE Z3 72t}
B Ej gl Hlal] vl oF7] wEel ¥e
Ak FLAH g dE A F de W
AZ717F BFH o= o] gEofof gt} o5 {3
Ao F8 77 (aperture)©] 105 mm<l =4
A7} 168 E Wzt CCD 7|} A=At 3=
of AMEE F3t IH9 T4 T2 442, 500, 676
nm®]Z Z} BEE 10 nme] ¥kzo] Y| (full width at
half maximum, FWHM)E 2zt glo] ©d o=z
st AAmE AEskith B, E5h gE 4,
AE712 89 HEEAE 755 =9 (equatorial
mount)®] &2 ¢Jo wet thd HE FA A 2 9
719] Wsts A3}

ShH Agogtae] AXE 27ko|Et] 2.0 E](Prede
POM-01)E 400, 500, 675, 870, 1020 nm<] g the
A B el AP Ags S5t dojzEe)
B FAE ArEe

Devices Model Specification

CCD camera SBIG ST-10XME 16 bits cooled CCD

Optical filters TECHSPEC 442,500, and 676 nm with 10 nm FWHM
Telescope Pentax 105-SDHF refractor 105 mm aperture and 700 mm focal length
Driving mount Takahashi Em-200 Temma2M Equatorial mount with GOTO system
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22 & 4 9 ZZ(photometry)

1 Hel ¥ WslE 4371
B = AEst grle] He dgsls Aol F83t
o Y& ofFeH F2% 2SO Y] (signal-to-
noise ratio, SNR)E A7] 314 =ZA]7H(exposure
time)o] AojHof sh=tl] L A7k Atolol] t7]¢] &
sh2 ] L At 3 F7] A =(relative air mass)
o] Mg 7kgAlo]l Atk & | ¥ow CCD 7
27 S 7 e FHY AE doXe= x3)
(saturation) /o] A YEPHERE =ZAI7HS FA
slof sl=t ol¥ Agol= 7 Ee] MEZE gl
25| AlZHeA B s QA7F A e Tk
’do] SAth(Pérez-Ramirez et al., 2008). o|& F-EES
Esle] B35 g &8 vlojgwo] =<l SIMBAD
&7 ©]X] (simbad.u-strasbg.fr/simbad)E 53l 3.95F<
U715 7K E &4 9 v Tau(SAO 111579)= A
Attt o] Mo =EAITRE A A3 7] A
I AFESE DE o) we) 2% 40% Aol S &
Hato] ARE-sHT.

CCD #ZolA tid el wrlE Ags] 543817
X = B @de] Aot CCD 7t
T T sk (pixe)Z FAAEHO de=d 7 ska
A E7E AR 271 wiol vie 227] 93 (fla
field frame)S ©]&-3l] o]& BEAF|oF it} T3 2
o 2]t FHF(dark currenty’} 202 ZHgFF
dAF G (dark frame)S HFsIA BAs|oF o
olggt JHELS BT vttt FHAh oAl W ol
HYHAAL, o]E9] 7+ Fh(medianyS 53 2L E9
FE AU

HE g ol nig =27 G4
e A 3 o He 81E 74 S (aperture
photometry)2.2 A 3Ath 54 3= F7°] A
97t SUARE Al O ZeveE gAa
(Howell, 2006). wW2hd 2 AFors o] Jifol A
Z% RiEo] YH|] v AR 77 WXES A
ek T 9718 439, 9= ADU (analog-to-
digital units) T9Z2 SH =T o|RAE =EFAICRE
Uro] w7 gro g ARg-SkeiTh

He] @ 24, B4 94 FY, 28 94 A=,
73 Z4e BT 48 A~XES 0|9l Maxlm DL Pro
ver. 5245 F3l o]Foixth. & He| g, ol
Al Uehbs o] 912 24, Al 28t 3] A7
2 52 AES wopollA] IRk o ARgEE A
Zo] Ao} AxZE O] TheSkyX Professional Edition
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719 #82 FAE 1, CCD 7Hgkl] AEdHe ¥
o] 87]E LEF3L 31 Beer-Lambert-Bouguer %2
o3 t22 #AVF AHs).

I, =1, oexp(—t,m),
A7 L= 7] delae] el uir|E ojn|siaL
BT AQ0r2 BT § A9 Yo A 2
& FsiH

Inf; = ln]x’ 0= Tmn

ol
o

ojth, Tt 7t €A mS xF, mhE y5o =
' aYZE 38 0 Inj = ydHo] HER o=
A8 F8 = St} olFEA ARNTE
3 H 22 APl ) e o]
1) FH O oF 50km ool AA 7] e
b gdsliof st #& AI7F Bt di7]e] #EE F
A7t dAsloF sk 7o) 2 stk (Shaw, 1983). T
Fo| AXtex #TZo] o]FoIR = AHg IS A7
B U7l BEAE AV AXFH R HE 4 A,
ol Aol A=) FFAYe] WEE & A7) A
AdTE Tk o vlg 95 7120k Sh(Shaw,
1983; Tanaka et al., 1986).

B2 SAHANA m} v 7F FIAMA 7] Wzl ek
719 &7HE el 2s) ol Wbk A7 m
o] F45 1 IFo] AAI o] e] A A
of & d&S vzt wA FAHY AP =
of AR EFAAAS Fo)7] Fal o 2ol
A= HEsHS 2Z2] 3|79 (astronomical Langley
regression)©| A|A]E $TtHMitchell and Forgan, 2003;
Pérez-Ramirez et al., 2011).
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ﬂt& 7]%7]7]' ln[)t,oo]l y@?ﬂol Tx7]' %].E]'

AERONET mo] 2014 5Ale] o wfe] = 3hs
ALgdl AANFE =S YASER W (Holben et al.,
1998) 2 AFolA= e mo] 2014 6 Afolo &=
3 S T2 ARSI o] A& Hilo] Fn|EA 9
A5d =EFS Folof 1oL o2 sl HAFA A=
Aze] 7F 2o E7] Wi HEE AE5E ¢ g1
sh7] SIEiM ATt #EE Gl 2 S Rzl
T 77 &3E B3 9] #e 43 ©]E Harrison
and Michalsky (1994)7} A|tet dve|Fo =2 A z|s}
of & % thr] WEY a34= AASINT o7)A
AR AF5E Yo r A& #IFe AN
AL HEeHoz HAGTE AE3IATH
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24 Ol0|2E &Y FH ¥ SAEE X
(Angstrém exponent)

ABNT Lo A4S T & g
371 A% mE &3] th71¢] #3H4 T 1, & Beer-
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o] #ldz qketol| oet FIA FA «f, 9F9 B9
A 5 1), ool2Ee] B T ¢lo o=
Epd 4 Ut
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ot 10 o3 7o) FFth(Liou, 2002).

—(c+d7»+§)
R _ (a+ bH)\ p
K 2

)
T, = ko, 2.C(03),

>

o3714 a=0.00864, b=6.5x 107, ¢ =3.916, d=0.074,
e=0.05°t}. H= km @912 Yehd 35 Fae] =
°l, pE 719, pi= 1013.25 hPaolth. gollx #de] 2t
o] xpAsh= B T AEs] ABRE ol 4
s Fat= Blo] Fosith 2y #AF FhoAM =
FEo 71t s 7 F jloA 718 FelelAl
A Algsle 99 AWSALE (www.kma.go kr/weather/
observation/aws_table_popup.jsp)& ©1-83Ft}. ko, =
QF9 F4 AFE Igbal (1983)9] AEE AFE-3IN
3 2F9] T C(0;)= Aura 9499 A= (disc.sci.gsfe.
nasa.gov/giovanni#maincontent)S ©|-&-3}t}.
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y=11351x-03913 R*=1
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Fig. 2. Astronomical Langley regression plot for the star v
Tau on 2 Nov. 2014. The slope is the natural logarithm of
extraterrestrial intensity and the ordinate intercept is the
atmospheric optical thickness on each wavelength.

o] #=S Y5 #F=H 27] A E+= Harrison
and Michalsky (1994)7} Aqter 4y gl&S T3l +
B T3} tir]e] =7H89 HE T35 A ASAH
o]F HEsHY wZE 3|#HMitchell and Forgan,
2003; Pérez-Ramirez et al., 2011)S &-&al A
2 =319} Figure 22 20143 119 299 A=
of e B2 IAHES H L A= A 9
X FAX AAASG R BF 12 $E3 A
dS & & At o] A= FAPES Y Lshd A
A7 tE-E 0.999 oS YeRdo] 3AR™| 2t
A8 Y ¢ AUk

Table 2= oA +3 38 HAA4-E ADU ©
12 YeR Bloltk, A4 gl g2 dollA o
w8 daEFeE Ay T F2 As5rt AP 173
Hoh A2 A2, 279 7kl =oF AASUH.

Table 2. Calibration constants of the star v Tau SAO 111579.
The constants are expressed in ADU (analog-to-digital units).

Date 442 nm 500 nm 676 nm
Oct. 27,2014 96278 - 71254
Oct. 28, 2014 79301 96568 60234
Nov. 2, 2014 85050 95607 61698
Nov. 3, 2014 110304 114462 74013
Nov. 4, 2014 81308 100408 -

Nov. 10, 2014 78042 103673 -

Nov. 14, 2014 70193 86509 48874
Dec. 13, 2014 76115 99708 -

Average 84574 99562 63215
Standard Deviation 12866 8511 9976
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Fig. 3. Daily evolutions of aerosol optical thickness AOT and Angstrom exponent o, using the combination of sky-radiometer
in the daytime with star photometer at night. Note that the star photometer is separated from the sky-radiometer 17 km away.

F=3) doll ule} A WEo] A YR 442 71 faiXe AASEY] AAZa ol AMEE=T
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g e AOT AEE #=ugo] 500 nmy o
sl UHAE T FREE AFE 0|83 442
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oA dA&Ade] v AS & 4 Uk 2014 12¢
2598 F743} ofzke]l AOT7F & x}ol7} Qlovt 2015
W o1g 29e F7h| AOTYE ZHAshe AES Hol
o7t bl ou Ax A% FAAS Bl 1
4 8YL 154 2o AOT7F Aol o8& & 7}
Attt tA] ofbel St S BN, 1Y
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Fig. 4. Scatter plot between the mean daytime and nighttime
Angstrom exponent o on six days. Error bars represent one
standard deviation.

oA Hae o]& F oA fAhdhe P B
At o] H gk P Tl AGA YEhe A A
ol dwslo]lH(Liu et al, 2008; Gerasopoulos et al.,
2011; Zhang et al,, 2012) 7+&F°] AOT W3l =+
H 9 vzt B 4 o

Figure 4= 742} o] S2EF A5 o] Hit
I FFUAE vlaste] el Zlolth. 37k ofgk
o] o HIEHTAIZE oy HFHo R of7ke] Fho]
F7He] oF 80% FEZ WA Yelgen ZFEHAF
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Fig. 5. Spectral aerosol optical thickness AOT of daytime and nighttime on 2 Jan. and 17 Jan. 2015. Error bars represent one

standard deviation.
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