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Vertical Distributions of Refractory Black Carbon over the Yellow
Sea during the Spring 2020
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Abstract Black carbon (BC) is a light-absorbing particle that strongly absorbs visible light and called short-lived climate
pollutant. In this study, refractory black carbon (rBC) was measured onboard the Gisang Aircraft using a single particle soot
photometer (SP2) over the Yellow Sea during March 20~June 03, 2020. For the seven flights, the range of number and mass
concentration of rBC and the number concentration of scattering particles were <10~320cm™, <5~710ng m™, and
<10~2299 #cm3, respectively. In addition, the geometric mean mass diameter (Dgyy,) of rBC and thick-coated rBC fraction
(Fihick-coat) Were 167~182 nm and 34~58%, respectively. Generally, rBC number and mass concentration and the number
concentration of scattering particles were higher at planetary boundary layer (PBL) than free troposphere (FT) and rBC
concentration was particularly affected by the PBL development. As the PBL height increased, the concentrations of rBC and
scattering particles decreased. It was found that the evolution of boundary layer affected the vertical distribution of rBC
properties over the Yellow Sea.
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LA & ZbHiEE BCE &5 548 7=, 9
=51 dadehs, gieke | frigasighEel &

E7HE (Black carbon, ©]5F “BC”)-2 St dmet WO IR H= 141—‘:?3@( nternal mlxmg)% AR
A2Zro 2 H HiEHEE JAMS 220tk (Bond  (Bond et al, 2013), 55 shA E

et al, 2013). BCE 734 75 S5k BS /o] WBlRIth(He et al., 2015; Liu ef al., 2013; Shiraiwa
T2 (EAAE 04 W m™2)E (IPCC, 2013), CO, et al., 2010; Saathoff et al., 2003). =3t o] TA oA BC
o2 2|94 52 A A|3A 2uste] & 9 Fofo ¥ w2 Yo FdEo] Ao g Zh s
]z A0 2 A It (Ramanathan and Carmi-  BCO|| HI3] FE&/do] S712th(Wang et al., 2018;
chael, 2008; IPCC, 2001). £3], 1 &=o] w2 t)7]5  Zhang et al., 2018; Lack and Cappa, 2010).

BC 50| Aol ooz o] BAAAY 9 1 7e] A AAHOE BCE 20104E VEOR FH
o] & FFS vt (Babu et al., 2008; Hay-  (44%; 4,163 Gg year™'), A& (24%; 2,268 Gg year™"),
wood and Ramaswamy, 1998). % (14%; 1,349 Gg year ™), AF¥ (5%; 462 Gg year™),
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L5 = A (4%; 363 Gg year™), 5 (4%; 362 Gg
gFolA wiE=, A HiE2 76%
(7,264 Gg year )& AFA|$tch (Klimont et al., 2017).
I5olA FotAok= Q1914 BCO] 4 HiEA o
=, 4 AA 1914 BCOl 1/40] F=ol A viEH= A
o7 FAHEH(Klimont ef al., 2017; Ramanathan and
Carmichael, 2008; Cooke ef al., 1999). X|&|&H oz &
=0] Fst Soll AT Seuets oot iR w
HE GAE olFEE 9= 9FS A T
| (Chung and Kim, 2008; Hatakeyama et al., 1997),
o ths BEL PIES AL} Hele Holl2bt
Z| o] 2t} (Moteki et al., 2007; Shiraiwa et al., 2007;
Han et al., 2006). 1 ZAolA BCE 3EH =4,
Sps1, }H S0l W 5 olrk. e gaele
s BCSl 54 S UE vletels] Slal
AaAeld BFREE B peel S st o
QA E4o] Fasith
BC= AR F&= 5700 ofqt Aol slehA
0 2= elemental carbon (EC) 2 &2 YAth EC= ¥
Hh2o gz gy 7|Hhe] 432 £3% (Thermal-
st b

year™) ol &

optical transmittance method) =
(Thermal-optical reflectance method)®l| 2]l A=
T2 A3 Z4Hr}. o] H]5|| equivalent BC (eBC)
L glo] 52 AL rlokst HpH o @ ZAste] ki
BHAFEI T} (o]: aethalometer). 121} o] 215t BFH-&
B bulk 1] S42 Sk T BC U4
5/3& mefsh= gl A7E Al W,
soot photometer (SP2, Droplet Measurement Technol-
ogies)i= dlo|# & WIS Fof BC FUUYAE =
Ash= 7]&o|t} (Laser induced incandescence (LIT)
method). BC 9A7} 1,064 nm do]#] ¥l-& &<=35}H
Ashe ool Aol Hlesh W o AE
WE3itt o8 W& BC (refractory black carbon,
ola} “rBC)ek Befstel o] Wlo] ol ALk
eBCS} TEELE T3t SP2= BCO| 55, AFsE
o 48 =2 AXt M (0~25,000 particles/sec)
& SAstER Hlg BE4e ARG S

HU
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Agksitt. sp2g ol 1BCe] AT F= mT
T ARE FHOR FAEgo A2 5
oA &gotA Y= Uk (o)l Zheng et al.,
2019; Metcalf et al., 2012; Kondo et al., 2011).

H oA 7)Ao Sp2E BHAste] B4
Aol A BCO 5k, s, YFEEL L &
FAEE £A519T o]2 J|Htog S By EA
S BA8t4tt o]#3t rBCO $RRBIE ZAoz
A8 AR = BC YIxte] Balsksld EAL olgllst
27} gt

2. 59 2 24 Wy

A5l 7178 QA= (YElow Sea-Air Quality, YES-
AQ)9] YHZ King Air 350HW (Beechcraft) 3571
£ o|-g35to] A4} (34.8~37.6°N, 124.1~126.7°E)°l|
A 20209 39 209, 39E 24%, 4% 6, 59 124
204,59 28, 69 39 F 73] TSo] A= UTH(E
. M ARE RS AP ARTAL N180R
H 3l 124.2°E F Lol =5 WA 37.6°N (5Y

292 37.2°N)7kA] Hs F 126.7°E 104 1 =E
%—Eo]ﬁ/ﬂ Eorgtth 21 BP = 5km Rl B
3A1Z o] £2Q HQITH(IHE 1).

72]9] H|gofA SP2E ©]-8sto] rBC UAe] 45
o, AFEn, dERxet SdEIet oo At
(purely scattering particle; |5} “AF=FQIZP) o] 5
2 ZAsq 05 A, T2 AALAS S0}
I (Sect. 2.2) 5ol HEPA ZEE Hal5to] 4= B
el rBCF A AAFE] E 7} 0 e U& SIst
Ak A=A DA A" R o] wheizt
10% o1 Hiolt e A90] QAR E Alelstct
SUAJYAE tid ez Wd 9 AEE O noiseE Al
AsER AL, =2 signal-to-noiseHE $15+91 broad-
band HETHS ARESHITE ?HH, ™5 Al SP29] 5
< dAsH fA15H7] 9ol 1L min™'9] AFHILE
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Table 1. Summary of airborne measurements during the YES-AQ 2020.

Flight # F0320 F0324 F0406 F0512 F0520 F0528 F0603
Date 03/20 03/24 04/06 05/12 05/20 05/28 06/03
Latitude 348~376  34.8~376  348~376  352~376  348~37.6 34.8~372 34.8~376
Longitude 1242~126.7 1242~126.7 1242~126.7 124.1~126.7 124.1~126.7 124.2~1,263 124.2~126.7
Altitude 400~4,900 40~5,000 45~5,000 600~4,900 45~5,000 400~4,700  400~5,020
Flight time 12:03~14:50 10:17~13:07 11:56~14:43 14:03~16:33 09:57~11:49 11:42~13:50 11:06~13:55
rBC Number Conc. (# cm™) 23+15 54+38 52+47 <10+3.3 16+15 36+22 43+58
rBC Mass Conc. (ng m™3) 6340 141+£101 163+153 9+9 42136 96+ 62 114+150
rBC Dgrm (NM) 168+ 13 167+4 182+8 171+£13 1775 168+ 4 1725
Fihick-coat (%) 34+20 56+5 58+4 5613 56+5 57+4 53+9
Scattering particle conc.(#cm™)  145+142 566+422  743+706 6042 211164 554+360 4651621
Scattering coefficient (Mm™) 15.1+£9.4 4111334 354+36.1 50+5.8 27.7+27.1 57.2+487 542+635
CO (ppbv) 14791242 2029%815 1720+658 121.6+7.8 158.6%+32.0 511.7+52.8 166.8+84.8
CO, (ppmv) 4186+23 419.2+£32 4192+3.0 4122+22 413.0+£23 4159%+19 4134£32
CH, (ppmv) 195+0.02 1.96+0.02 195+0.03 1.93+£0.02 1.94+0.02 1.95+001 1.96%0.05
O3 (ppbv) 34.6+8.0 395+120 424+136 325724 242+504 528x114 476+163
NO (ppbv) 0.22+049 0.19+0.12 0.14+0.11  0.07+0.07 0.08+0.11 0.16+£0.06 0.11+0.07
SO, (ppbv) 0.16£0.10  0.14£0.12 0.18+0.10 0.29+0.10 0.26+0.08 0.25+0.09 0.30%+0.10
H,0 (%) 0.17+0.05 0.23+0.09 0.15+0.08 1.01+£022 120+023 0.93+030 0.84%0.55
Wind speed (ms™) 180+443 7.54+593 6.65+645 184+382 374+159 104%226 538+4.14
Wind direction? W, s N N, NW, SE N, NW NW, S N N, NW, SE
EZ (m)° 1,100~1,500  900~1,400  800~1,500 - 900~1,100  700~1,700  700~1,100

The most frequent wind direction
PEZ: Entrainment zone

— 0320
\\‘\\ F0324

F0406
F0512
F0520

F0528 ¢ Start
F0603 M End

L1111

Latitude

124 125 126 127
Longitude

Fig. 1. Flight tracks of YES-AQ 2020 campaign. The flight number stands for the date. The data between the star and square
were used in this study. The tracks of the seven flights were similar and the altitude is shown for the first flight (F0320) in the

box.
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&0 of|o]2ZF AFHA|4 (scattering coefficient)=
nephelometer (model 3563, TSI), CO,, CH,, H,02} CO
+ cavity ring-down spectroscopy (CRDS, G2401m,
Picarro), O3 (49i, Thermo), SO, (43i-TLE, Thermo),
NO (42i-TL, Thermo)7} S = At #3714 (0,,
SO,, NO) #=EHH|= -] e AE 7ot A
et frgol A E s SFAAL, FAA A E A
Sto] 650 hPaz = Alofstr B5S AASHHT
AP A= IA needle WEL} mass flow controller,
manifold= 4= §)

Nephelometer= 3ol HEPA ZE|E F2}o}o]
zero WA, 214 CO, 7}~ (99.999%)5 A9
o] span A= Y5}t Nephelometere] S
= 9F 3% oWt} §F7HA TS H|= ThermoAt
9] zero air ¥R 7] (111, Thermo) = zero W3- 15§
SFR.2™, span WA 7]7|atet th2A] RSkt
0, T=7FH]= 0; WA 7] (49i-PS, Thermo) = W A5}
2tk SO, ¥ NOx HEAH|E zero air TAY7] (111,
Thermo)2} 34 7] (1461, Thermo)& ©]-&5}4] 10
ppmve SO, EF7IA (= EET AT AX
KRISS scale, N, balance, 10.00 umol mol™!, CRM No.
112-03-524, Cylinder No. D641634) 2 NO HZ7tA
(KRISS scale, N, balance, 10.02 pmol mol™, CRM No.
112-03-501, Cylinder No. D641644)E 50 ppbv, 100
ppbv E== 34T F HAA1gA o 2 Fist
of WA 2 gn| o] MY gt BEs =9
£ 7|9t 2 o5 WEA R FETHE sHstAArt
(NIMS, 2020). Os, SO,, NO H'HAZTH (method
detection limit)+= Z}Z} 0.5 ppbv, 0.208 ppbv, 0.050
ppbvol ATt

FE719] A= 9 AR 71, 25,
54, 53+ Aircraft Integrated Meteorological Mea-
surements System (AIMMS-20)°4] At&H ZAt=E
°]-§-5F3ATE. rBCE} O, SO, NO HEET = I &
T 9 2 (273.15K, 1,013 hPa) AEi=2 H AT,
BE AbaE sp2 Abm ol o] 1022 B sl

L}

it S27H=0| 2020 =& Afely 5 EESY
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2.2 Single Particle Soot Photometer 7|t
rBCe| E2|3tetH EY

Single particle soot photometer (SP2; Droplet Mea-
surement Technologies, USA)+= o] #]of 2J5] Y
She WA} Ab2 S4ske] BCY a = B A%
TE, YFEE, SIHE A= 573 9 2
A 24 R AR Aol AAlsHAl == itk
(Lim et al, 2019; Schwarz et al., 2006; Stephens et al.,
2003). rBC U&= 1,064 nm 0] A (Neodymium:
Ytt-rium Aluminum Garnet, Nd: YAG) ¥ 5§t
T WeAL} ST ofn] MPAIHE o 1418 4
Nl A7) ZAaT Belele] Ml et
#+9] 3FAT}H7] (Photomultiplier tube, PMT; broad-
band?} narrowband Z'g)=, A$HA1 T = avalanche
photo diode (APD)$} two-element APD (TEAPD)Z
AEEr ol WA O] W7 Fol= YAFo] AT
of AP o2 vt} (Cross et al. 2010; Moteki
and Kondo 2007; Slowik et al. 2007). &= & 224
2] oA W 9 ARbE o] Ao = sk w ekt
"t} Zk=2 A 2] IGOR pro (wavemetrics inc.) A
EdJo] 7]4t2] Paul Scherrer Institute toolkit (PSI,
Martin Gysel, Villigen, Switzerland)2 ©]-85 1Tt
At ol A wAS AAISHAT (Lim
et al. 2019). MAAHE WA= th7]F BCot FARRE
SaUEE 714 fullerene soot (Alfa Aesar, USA; stock
40971, lot FS125011), AFead 1w 7gofli= PSL (polysty-
rene latex, 135 nm, 220 nm, 240 nm, 350 nm)-& ©]-8&35
ST} (Gysel et al., 2011; Moteki and Kondo, 2010). rBC
o] AUk (precision) B HS = 10% O H ATt
(Lim et al., 2019; Laborde et al., 2012; Gysel et al., 2011).

BCO] 4732 Tk 1.8g cm ™% & 7Hgste] A
257147 (mass-equivalent diameter, €15} “Dygy”)
O 2 LepATt(of: Schwarz et al., 2010; Bond et al.,
2006). d¥tHo® AFYHEEE 2R LE
whET 300 WEE BE BC YASETEH S
T wlo] AT BC AFo 2

7}
FE “A=F7]518FY 7 (mass geometric mean diam-

MV

SlFalyl=
001-0_1‘:]-_1
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T T R T
eter, ©|5} “ng”)”% AFESHATH(l: McMeeking et al.,
2010).

BCE H7|2 #iEd § o 247 v<
=3 WE&gt=th(Bond et al., 2013). TFE YA}t &
=AY /o] W2 71417} rBC ®H| 345t
o] F8-& A4St (McMeeking et al., 2011; Saathoff
et al., 2003). SP2= H#| AR ARG E ZHA|SH
T rBCO MANTE SHRITh o] oA
rBC YA+ EFHG = (rBC 28 F7)oll whet F 41e
= b AR 2ol 7F WAYsH=H], o] F AAAIT (lag
time) 2.2 A 2]Stc} (Park ef al., 2019; Dahlkotter et
al., 2014; Moteki and Kondo, 2007). rBC EHo|| 7§

o “3go] ¢ W37t 9 29
thinly-coated rBC)” @ “F47 ¥
coated rBC)” 2 L3}

= rBC (non- or

% rBC (thickly-

2.3 371 SHHNEA

t]= National Oceanic and Atmospheric Adminis-
tration (NOAA) Air Resources Laboratoryoll 4 A&
SH= Hybrid Single-Particle Lagrangian Integrated Tra-
jectories (HYSPLIT) model (http://ready.arl.noaa.gov/
HYSPLIT.php)¥} Global Data Assimilation System
(GDASI) AF=-E AF8-5He] I 500 m, 1,000 m, 2,000
me] E25kE 5719 72413 F¢e] SAAE 24

L = .
o] FAYALE 2 AT o] Ao B 7 o5 AXSE  SFATH(Rolph et al., 2017; Stein et al., 2015).
24000 5000+ ~800 ®™ .
E F0320 0 E [ E e
=200 40, o [0 £ o R e -
4000+ Leo0 £ S " = rBC Number
8 1600 §, Lo @ [2 E o 7 / conc. (cm-3)
L © 3000 2 8 ..l
©12004 B a0 S [1e0 © E 365 t O 150
2 ggo. E 2000 Lsoo o [120 § § 07 o 100
1 7] -
8 < lago ® [0 E 355 . 50
+ 4004 1000 £ =
g 100 o 40 o 35.0
E ol ol lo @ Lo m 34.5-
- ‘ : : - 2
2 12:30 13:00 13:30 14:00 14:30 1240 1250 1260 1270
date Longitude 5000
~ 2400 4 800 &~ ~
? 5000 F0324 e a0 ” 380 40
S 700 € 00
2000 000 L et @ a0 2 37.5- o -»
O 1600 E % 200 8 o @ ¢+ 3000 E
»n - L500 © S o =
® 3000 c S B s [}
5 12004 © Lago © [180 O 3 % T
3 o = 2 2000 2
o = 2000 F120 @ 5 36.0- s
c 800 = 300 '@ 2 ® 2
o < laoo © [80 E 35.5-]
400 1000 I £ 3 1000
) 100 Lo = 35.04
o 8 Q
£ o 0 Lo ; ; ; ; o @ Lo m st 2 SR 0
2 10:30 11:00 11:30 12:00 12:30 13:00 1240 1250 1260  127.0
date Longitude
"-’Euo‘)- 5000 - F0406 800 ﬂ,’g [ i "-’E 38.0
5 700 .
L2000+ p— o [20 3 375 i
Oie00] E [ = l200 € 0 {7
& o 3000 Lso0 o 5 o
Y ] 1 S [0 © T 365 |
O12004 B Fa00 O e 2
: @ 5 360
£ g0 E 20 0 @ [120 £ kG
1 s I A
8 < o faw. & 1 03 -
E 400 L1005 4o S 35.0 4
E lo- 0- T ; : : Nlo @ Lo M@ e
2 12:00 12:30 13:00 13:30 14:00 14:30 1240 1250 1260 1270
date Longitude
(a) (b)

Fig. 2. (a) Time series of rBC number and mass concentrations, scattering particle number concentrations (Number conc. of
SC.), and altitude and (b) rBC number concentration according to flight track in latitude-longitude plane for seven flights dur-

ing the YES-AQ 2020.
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9 120090 5 r40 o [190O 2™ O 150
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S 8004 = @ 2 © =
8 < L200 © 80 E = 3554 <
400 1000 - £ =] 1000
@ 100 L4o = 35.0
2 I & [}
€ o o) 77 Temma e |, @ly @ TS NN S S - 0
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®” 24000 5000+ F0528 800 0~
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© 12004 T 400 8 160 <3 o)
. -
S g0l B 2007 300 o 120 3 .y
S < laoo @ 80 E 3 3854
1000 = 2
= 400 £
@ 100 (5 [40 35.0
2 m Q
E 0‘ o_I T T T T T T T T -0 = _0 E “5_7_'_7_'_7_'_\
3 11:45 12:00 12:15 12:30 12:45 13:00 13:15 13:30 13:45 1240 1250 1260  127.0
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2 2400~ 4 ~800 o
£ 5000 F0603 £ [207g 38.0
S 2000 [roe S
S __4000- Lo 2 [200 = w8y -
(8] 1€ o [ Q 37.0-] f
G 10 E ] lsoo o [20 €
0 o 3000 £ S B s
S 1200 © lao © [160 O B =
G 2 © @ £ 360
E ool B 2001 bao o [0 8 F ®
8 < L200 © 80 g = 355
C a0l 1000 £ 2
b F100 5 pe0 S 35,0
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Fig. 2. Continued.
oI Z
21 = L "R
of2|gt /‘1 ol rBCi’J AFsEe 57 T4 (~6,710
Stonl= n -3yl o el o
3.1 ShZI= J4a ng m™)¥ Y& vparof B el 8 AF(500~1,100

79]9] = ANE F 19 2FSIHTE 102 F ngm)ol HE) 1/10 550 2 @8] A9 (Zhao
o 1BCO] 5ot Ak M= 242 <10~320 et al,, 2020, 2019; Zhao et al., 2015; Moteki et al., 2004),
em”€} <5~710ng mOI T, o] & BT 69 3ol mH LA A AFE0] B (172 ng m ) T FAFHT
A EQith o|S ZF v 2 gdshH ok (Metcalfet al., 2012). BMH, F A BC B A5 (9

S 47t 54 cm 3( A 247} 163 ng m™ (4¥ 6¥)0] ngm L & £29] 9Jgkg vke I zJHlo] HY 1
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o A= Rt 4u)7FF Wk (Schulz et al., 2019;
Xu et al., 2017), 924 A& T49] 1BC %X (580 +
320ng m™) (Lim et al,, 2019), WP L A|FL o] &
A rBC 55X (F 700 ng m?) BTt E €55 @t
(Oh et al., 2015, 2014).

78] v T rof mkE (BCO AR U 5
83 AREIARS] sk REE AHEITHE
2). AHk o2 VL7t Wolx|HA] BC H 4Fekdzt
O] LIt Eor o H, @ Fof W2 S H It o]
gk A7l T2 1BC 45 9] 2ol H71AAS
o] oJgt 7 o 2 e th (Miyakawa ef al., 2017).

rBC &= W fl=olA E3t=T 34.5°N 7
oAl &7}t 500 mE WO B o] S Hh=
VEof mhE ¥iskE Helch 121 Faf rBC 5k
9 AgFse isoll Hish Asi/dollAl oF 3u) H =
ok 1y A 23e F2oA 1BC FAL 5k 9
AFEE7t HEE YL 55| 457t Al 5Kt
6l olF o= AU55] ESIth ol2et sk H|FY
7] & Al A= AAR o 2t viEE 22 49

L= T A B E AT
o] A3 FF A9 o7 Hole A& 125.3°E o9
=5 Al skt

3.2 #EEH

1BCO| A1kof hg $2 R E E44-S AmH 7o o
A 29 (potential temperature; 6, K)& 7|5t 2 7]
74 A1%: (planetary boundary layer; ©]5} “PBL”) 2} &}
tf5H (free troposphere, |5} “FT”)& &3}t
|t} 291 5 &1 ] rh WES 1l PBLI}FT Afo]
A F7HS 795 (entrainment zone, ©]3} “EZ”).2
2 AoJgt 4= QIth(9l: Zhao et al., 2020; Li et al.,
2019). 79] ¥]RE 2 29| %] ZE(d6/dZ, K km™)
] 90 percentile %% (7~13 K km™ ")l 47+ EZ=&
FAHTH (1™ 3). F05200 A& 126.5°E 0]
25250 EFE| Q) PBL Eol+ 3~490] 5~6Y
of Hl5fl 10~30% © =4t T, Fos129A4E =9
T2 Eo] A& o]x] ghow o)/ FA]7} gol PBL

& Tk ek

3.2.1 rBC2} 7|xM MPEE

= A2 vPER 200 m LEFHO R 3
A3} BEEE AhHEQIt BC &5k E A
FLo AR 5k HelE 47 <10~82em”,
19~259 ng m™3, 95~1,187 cm 0] (& 4). PBLE]
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Fig. 3. Vertical profile of temperature (T, K) measured by the AIMMS-20 and estimated potential temperature (6, K) color-cod-
ed by observation time for seven flights. Measurements are divided into two groups; outbound and inbound flight. The gray
shade indicates the EZ.
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o 2ol EMFHIE W= Fickcon (FAA ZEE
rBCO] E-8)5 ANTsIHTt 3,500 m o dellA= BC
P2 A7t FH5HA] ot 2w S flste] 1
oJ5} AL AT Dy 7 Fpiciecoas AFESHHTE
Dgpi= 116~212 nm H9Jef] FEFHom HPd
T Dy 167~182 nm©| Itk PBLI} FTOA Z42¢
169~181 nm%} 170~178 nm=, 1L =7} Ok HA 7+

0!

25H. 2t Dy F04062] PBLOIA] 212 nm %YL,
78] Wl & 7P Zith PBLI FT'E 2|2ghke
F0324°114] 169 nm<} F0520°114] 159 nm AT} rBC 2
7)e T2 HiEY HR T A 249 A5
a0 oJs zt viEH rBCO] 5ol F 1t
B 2019 oS¢l W5 1BCY Hdt FY UFE
(mass median diameter, ©|5} “MMD”)-2 11945 nm
ATH(Lim et al., 2019). ¥HH, W oA A7 2]o] %
u] /R]Aﬂ/\ﬂ-_,] oJgke Hro ch_,] MMD-<= 204~221
nm 3L (Oh et al., 2014) A1 A H A AYA| Az o] A
HlEH BCO| Y72 141~162 nm At (Wang et al.,
2018). B35 Al PBLOJA] Syt A0 JFS
Hh2 rBCY] MMD+E 152425 nm %1l (Lamb et al.,
2018) AJH]ote} Aupe} Agol A Azt EF59
rBC MMD¥E Z}7} 207 £31 nm@} 187+ 10 nm A th
(Kondo et al., 2011). =, A% HIBE Ht Dy,
(167~182 nm) Z o} Aol JgFe ke }E]—%_
9] 1BC, Ml A Aazto & ZF uiEH rBCY|
78 AR
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2018; Miyakawa et al., 2016; Metcalf et al., 2012;
Moteki et al., 2007). ©]& 10Z7F HSto] thickly
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13 B Finickecoars 51~55% ATE rBCO] P
coar= A FFS T2 LA AFoll A= 3~15%,
9 dFolAE 10~20% 201 (Metcalf et al., 2012;
McMeeking et al., 2011) AT} LA W HAFAZO] o)
Bai71et o F FA O] FFe T2 B-5oll= 27~50%

2 =9ttt (Metcalf et al., 2012; McMeeking et al.,
2011; Schwarz et al., 2008). H|o]d PBLOAl= Ht
Fihickcoat’ T 31 £17% 1L (Zhao et al., 2015) AlHof|A]
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Table 2. The correlation coefficient of the linear regression between rBC and other measured species for each flight. Data

were divided into PBL and FT.

F0320 F0324 F0406 FO512 F0520 F0528 F0603
.o FT -0.02 0.09 062 -0.02 0.4 0.83 0.77
PBL 0.19 035 043 0.08 084 0.58 087

.o FT 0.00041 0.04 073 -0.002 073 047 -0.1
2 PBL 0.002 0.24 033 -0.06 0.54 04 0.69

FT -0.002 02 -0.07 . 74 .
BC-cH, 0.0 0.86 0 0.59
PBL 013 0.19 -0.25 0.88 07 084
5CNO FT 0.0001 05 029 0.005 -0.007 0.0002 0.02
PBL 023 03 026 -0.0008 0.05 -0.03 0.06
-0 FT 001 0.05 0.1 -0.03 048 034
3 PBL 0.06 0.008 048 02 0.07 032 071
o0 FT 005 0.1 0.06 0.0006 -0.09 0.009 -0.03
2 PBL 0.04 0.02 0.05 0.04 003 -0.0005 0.06
FT -0.004 017 041 084 077 0.64
rBC - SCcoef PBL 027 0.53 -0.00005 091 0.79 079
FT -0.09 0.15 0.58 0.14 0.51 0.58 058

rBC - H,0

PBL -0.001 0.07 0.56 0.03 0.14 026 076
o] Al ow, FrolMe 535 A4 BdEct Zok (o) ArBC/ACO=1.9 ng m™ ppbv™') (3 2). BC

oF 25% ol RTH IR 6). olmf A5 2,000 mO]]
Tosls Z7)91E 500 m 27 Ao g 22 BA
24,500 m ©]/F2] oA o]t (1E 7a).

3.3.2 F0406: FT 15
498 A = Wb PBLET} FTOA rBC 5% Y
AFT, A JAR 5 7F 242 163 cm™, 506 ng
m>, 2,299 cm 2 e, £3] 1,500~2,500 m©]|
A TS AA Rk oF 48] o EUTHH
4). 21931 PBLOIA= AL Dy, (212 nm)©] TEH
P=dl (28 6), ole AAZ FFe T2 rBCY
MMD$} FAFSH} (Kondo et al., 2011; Wang et al.,
2018).
1,000~2,000 m®f|4+= CO, CO,, CH,, 0,%] 1! 5
= (Z+ZF 500 ppbv, 428 ppmv, 2.03 ppmy, 80 ppbv)7t
TEEJE(2E 5). o] 7|AE AFtAl= rBC2t
Aol mf$ EQto ] (R?>0.5), 7]-&7] Et 7H

¢t Ccoe RF B¢ dad o mjE=Aw
(Streets et al., 2003), BCE] A|FA|7-2 4+ mjgte
2 Cooll Hl3] ui$- ot ArBC/ACOE d¥tdog
A4 2% Lot Y5 Brliste A RE AMEHH
(Schulz et al., 2019; McMeeking et al., 2010; Subrama-
nian et al., 2010). Y¥FH o2 AM 4 0] oJgkg gt
Fe w AaE Am Aao] Gl Hlsf o vt ¢
=131 (Spackman et al., 2008), 7] A FA7 o] ZojA
5 BCO| A7 & ]lsf o] H|7} 2foIth (Lamb et
al, 2018). °] FFTZ F ArBC/ACOE = A3 =
41(0.33 ng m™ ppbv™!) Et} I3 (Gong et al., 2016),
Ut M AR 5] dde Wk W13+
0.1 ng m™ ppbv )2} FAF.S ™ (Lamb et al., 2018),
AJotof|A] o] Fall2 EF(2.7+£0.1 ngm™ ppbv ) E
the Attt whebA A4 A4o) JFe 2 3719
7} AAE £4H Ao2 wotEch MODIS Y42
APEHIE 22 AOD7} E3L(ZLH 8b), 5714 A7
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