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A Validity Analysis for Refractory Black Carbon Observations Data

Using Cosine Similarity Method During the 2021
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Abstract Black Carbon (BC) is an important substance that affects global warming and it is highly observed in the Asian
continent. Aerosols including BC pass through the Yellow Sea and they cause adverse effects on South Korea. However it is
not easy to understand the aerosol characteristics and movement over the Yellow Sea due to the sparse observation. The
NIMS/KMA (National Institute of Meteorological Sciences/Korea Meteorological Administration) introduced a YES-AQ (Yellow
Sea-Air Quality) campaign every spring since 2018, and tried to observe BC from the atmospheric research aircraft, NARA
(NIMS Atmospheric Research Aircraft). The NARA observes number concentrations and mass concentrations of BC single
particles using SP2 (Single Particle Soot Photometer), and the light absorption coefficient of BC using TAP (Tricolor Absorption
Photometer) with three wavelengths. In order to analyze the validity of the 550 nm light absorption coefficient observed from
TAP, the similarity was confirmed by comparing the measurements of the 550 nm light scattering coefficient from Nephelo-
meter during the 2021 YES-AQ campaign. In addition, as a result of verifying the light absorption coefficient measurement in
TAP and the rBC (refractory BC) mass concentrations measurement in SP2 using the Cosine Similarity method, it was
confirmed that the tendency showed good agreement with cosine similarity of 0.953 +0.033.
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Fig. 1. YES-AQ campaign observation configuration and
area using meteorological aircraft NARA, meteorological
observatory vessel Gisang No. 1, GK-2A satellite, ground
observatory (red circle), and controll tower (yellow star).
(Sector 1 to 4 are the observation route of the meteorologi-
cal aircraft NARA and meteorological observatory vessel
Gisang No. 1).

B4 9 S BEoe] AT B A
g7].0 G 7| F 8 A1 i A1
£ ZJotoka 715 Hsk o0 T TAZ AN

2} YES-AQE S=3Y5}tal QITH(Shin et al., 2022; Kang
et al., 2021; Yoo et al., 2021). 1% 19] SHAL (AMY,
FAH(JGS, Juju Gosan), €5 ==
=H71 et doA &
TEaolH, At
ekt
2 (KRISS, Korea Research Institute of Standards and
Science)<> YES-AQe] Ftofste] z)/delA w&sh=
71¢o|t.

59l 242 AAY ol sEH=E Qs APt Eol
Aste] ohE Aol Hls) AHiA oz AEE o o
ojg2Fo] WEE7] "ol YES-AQ FH|¢2 wid
3~59 Ato] BH o] 4~e85}tal Qt}(Shin et al., 2022).

Anmyeondo), A
(ULD, Ulleungdo - Dokdo)+=
Fohe 71eHSt A 712
(SNU, Seoul National University), 2t

2.2 YE=F

2021 YES-AQ M|l 2021 3Y 22U%H 49
299742 F 3997F -] H Lo, 2021 YES-AQ
Arele] YR 2 YatsE o] 8
39 23,39 29¢, 39 30¥, 49 14¢, 49 16%,

45t FFTI=2 2021

J. Korean Soc. Atmos. Environ., Vol. 38, No. 6, December 2022, pp.906-918



(a) 23 March

2210323

(c) 30 March

20210330

(d) 14 April

20210824

£ . gisangl

(e) 16 April

TwE

20210016

E

12

aon

Y

(9) 28 April

20210128

(h) 29 April

20210829

Fig. 2. 2021 YES-AQ campaign period NARA aircraft and Gisang No. 1 route. — flight route of NARA aircraft, - route of Gisang
No. 1T moved during NARA aircraft flight time (a: 23 March, b: 29 March, ¢: 30 March, d: 14 April, e: 16 April, f: 17 April, g: 28

April, h: 29 April).

Table 1. Summary of NARA aircraft flights during the 2021 YES-AQ campaign.

. Takeoff time Landing time . . Altitude
Flight date (LST) (LsT) Latitude/Longitude (m)
2021.3.23. 13:02 16:07 460~4,880
2021.3.29. 13:01 16:18 460~4,270
2021. 3. 30. 11:55 15:01 300~4,270
2021.4.14. 09:57 13:26 37°20'N~35°20'N/ 460~910
2021.4.16. 13:52 17:10 124°12'E~124°40'E 300~4,270
2021.4.17. 09:54 12:59 460~4,270
2021.4.28. 09:56 13:29 300~4,270
2021.4.29. 12:19 15:17 300~4,270
49417 A, 49 29¢Y F 83 FYEATH(TE  12'E~124°40'E, TA] HIFO 25 37°01'N~34°50'N7}
LED, 7] 055, Lk YA 5o ofol2E FEO| &

T AR+ A2E 9 ¥ olF A= wEtA 27 3b 7|2 23 A=t
Foll 4 Edsto] Aajel 240 O 3 TS 29 AR ddstd] FFUEL
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(b) Default observation flight route by altitude
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(c) Spiral observation flight route by altitude
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Fig. 3. The environmental meteorological mission observation flight route using NARA. (a) observation flight route, (b)
default observation flight route, and (c) spiral observation flight route.
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Fig. 4. Environmental monitoring mission observation analyzer installed in NARA aircraft (Cavity Ring-Down spectroscopy
(CRDS): Greenhouse gases (carbon dioxide, methane, carbon monoxide) measurement), (NOx, Oz analyzer: NOx and Ozone
measurement), (TAP: aerosol light absorption coefficient), (Optical Particle Counter (OPC): Aerosol volume size distribution),
(Nephelometer: aerosol light scattering coefficient), (SO, analyzer: SO, measurement), (SP2: rBC number and mass concentra-
tion), (M300: observation data storage device), (AIMMS-20: weather observation analyzer).

Table 2. List of observation analyzer used by NARA aircraft for environmental monitoring mission.

Classification Observation analyzer Observation items Observation period
Temperature, humidity, barometric
. pressure, wind direction, wind speed,
Weather AIMMS-20 latitude, longitude, altitude, aircraft speed, 1 second
aircraft direction, aircraft slope
Physical Sky-Optical Particle Counter (OPC) Aerosol volume size distribution 6 second
Aerosol Nephelometer Aerosol scattering coefficient 1 second
Optical TAP Aerosol absorption coefficient 1 second
SP2 rBC number and mass concentration 1 second
Reactive gases analyzer NOx, SO,, O; concentration 10 second
Gas

Cavity Ring-Down Spectroscopy (CRDS)  CO,, CH,, CO concentration 5 second

(Lim et al., 2019; Sharma et al., 2017; Miyzkawa et al.,
2016; Wang et al., 2014). SP2+= 1BC9] &5k, A
T 9 Q1A (50~500 nm)S =2 A7t AT (0~

25,000 particles/sec) 2 TEotE 2 HjE E4
FEESol Aedote] = 1), 44, 4= 54

2 A7} SAEYL, A2 M= vt By
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HSIA 7l & F22 5 9 912 (273.15K, 1.013 hPa) A
B2 BT 550 nm FS5A|5E Nephelomter= &
=3t 550 nm FAEA 9} v B8} T}. Sharma
et al. (2017)°] 2|5t 7HUtt Alertol| 4] BCE &3t
Aito]| tisto] FuE HAY ES=E AL A%
eBC B EC7} rBCol Hla) A Fro] oF 15~29) 2
718 8116191, Pileci et al. (2021)-2 2010~2017
&<t 599 Palaiseau, Bologna, Cabauw 2 Melpitz 4
N AN BE5T rBCS ECY HHFEE HE
(mrBC/mEC)& 0.92+1.52 E15Ft}. E3F Wang
et al. (2014)2 2011 102 == Tibetan Plateau®]|A]
rBC% eBCO FL 5 H|W W53 A3t Xian2 A
2} vjE W et Ao] J]FO R eBCTt 1.28 H&
QHL (Qinghai Lake)2 =3 47} (open biofuel burn-
ing) 9] VIO & 2.49 FA TSEH UL B3I
Lim ef al. (2014a)- =} H5te] BCE #S37F A
A= Bt 0.5~3.49] EC/rBC H-E= Ve o,
BCO| 4At=7] ¥ 274 Tl w2hA rBCeF ECO] 5
T o Hgofl Zfo] 7t U= 22 HElth

WA AT AR Aol oJshH Yool A BC &
e T=S BC Aot TAPOA T=1 550

nm A 23 Wi} olgrhs o] skels)

A5 o) gele] AT B Rl T 4
79] IARI AL E ASHE AR AT (Cosine
Similarity) 2|1 & Zt& (vector) 9] EEHFO 2 A
T+SH(normalization) & 3}, AR FALES FL5h=
T o)< FAFE (Pearson Similarity) 7} QL

Table 3. Results of previous studies on rBC and EC concentrations.

Location mrBC/mEC EC/rBC References
Alert (Canada) 1.5~2 Sharma et al.(2017)
Palaiseau, Lologna, Cabauw, Melpitx (Europe) 092+15 Pileci et al.(2021)
Xi'an (China) 1.28
Wang et al.(2014)
Qinghai Lake (China) 2.49
Snow and Glacier 0.5~34 Lim et al. (2014a)
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Fig. 5. 550 nm light scattering coefficient and 550 nm light absorption coefficient measurement results from NARA aircraft. —
NARA aircraft operating altitude, - 550 nm light scattering coefficient (Nephelometer), - 550 nm light absorption coefficient
(TAP), (a: 23 March, b: 29 March, c: 14 April, d: 28 April, e: 29 April).
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Fig. 6. Measurement result of rBC mass concentration and aerosol light absorption coefficient (- NARA aircraft flight altitude,
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