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Analysis of CH, Source Distributions Based on CH,-C,H,-CO
Correlation from KMA Aircraft Regular Observation in 2019 and
KORUS-AQ Campaign in 2016 over South Korea
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Abstract To understand the regional source signature of CH,, we conducted the linear regression analysis of CH,-C,Hg-CO
from the Korea-United States Air Quality Study (KORUS-AQ) campaign during May~June in 2016 and the Korea Meteorological
Administration (KMA) aircraft regular missions in 2019. The KMA aircraft platform has been established for regular observations
of greenhouse gases including CH, since 2018. For KORUS-AQ campaign, 37% of the observations show well correlations
(R*>0.4) between CH, and C,H,, and the slope of CH,/C,Hg showed the different levels according to the flying regions. The
samples observed from Seoul, Busan megacity showed the slope with about 53 ppb/ppb, which seems to be associated with
fossil fuel related emissions sources. But the slope of CH,/C,Hg in the vicinity of industrial regions in west coast and Jeolla-do
showed a range of 150~250 ppb/ppb, suggesting the significant CH, contributions by biogenic emissions. KMA aircraft
observed slope of CH,/CO showed a range of 0.1~0.4 ppb/ppb in January and April, but in summer it showed a range of
0.4~2.5 ppb/ppb mainly at vicinity of Jeolla-do (34~35.5°N), suggesting the dominant biogenic emissions contributions of CH,
as well. From the KORUS-AQ campaign and KMA regular aircraft observations, we confirmed the significant contributions of CH,
from biogenic emissions in summer and fossil fuel in other seasons. We will analyze with integrated long-term data in further
study to understand CH, characteristics and support the policy for carbon neutral in 2050.
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T 1889+2 ppbo|H, 1001 F+2 2|4 2135t
A= (GWP, Global Warming Potential)©] CO,2] 28
HHO]Q'(Myhre et al.,, 2013). CH,2] th7] 5 AFAIZH
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VS o e gl 4= Qlok ™o ® CH, O HiE
= Wi oot e HlE T B afehAtg, o
£ &9, W7l 5 Co%t 0,2 £Hsh= 78 484
= 7|5 Hste] vigstA 283tk shAnt, 7] st
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71= Z}7} 0.38~0.65 [ppb/ppb], 42~45 [ppb/ppb] 2] H
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Fig. 1. Flight tracks of the (a) KMA King Air research aircraft observations during 2019. In situ ground stations marked by yel-
low stars, Anmyeon-do (AMY: 36.54°N, 126.33°E), Jeju Gosan (JGS: 33.30°N, 126.16°E), Ulleung-do (ULD: 37.48°N, 130.9°E). (b)
Flight tracks of the NASA DC-8 research aircraft during KORUS-AQ campaign for May~June in 2016.
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Fig. 2. The monthly mean of CH, dry mole fractions observed from Anmyeon-do, Jeju~Gosan and Ulleungdo in Korea and air-
craft flask measurement in western Pacific region (above 5 km) from Tokyo to Minamitorishima. The green and blue circles with
vertical bars represent the daily and monthly average of CH, dry mole fraction with one standard deviation at the altitude of 2~8
km from KORUS-AQ campaign for period of May~June 2016 and King Air aircraft regular observations during 2019, respectively.

t Z+3-thFd (Free Troposphere, FT) (L 2~8
km) el Bisret 22 #W3l(1-0)2 A
717873 0llA ol 18] skl Y= BAEEYS
oA o] FFBE EtATA|R CH, BASELE
H| Wk G 712 BATEE A ool 1
18] AAY % MAYUESS
TFE5k7] flste] 201197 E T AREAS Tﬁo
Skl Itk =i 491 Kanagawa©ll 4] Minamitorishi-
maZHA] ©F 2,000 km F=E w2} 5~6km L= A] A]
2 XY & AgAA BEASHH 5= Word Data
Centre for Greenhouse Gases (WDCGG)©fl4 375t
11 1} (Tsuboi et al., 2013).

718388711 43%] ¥ 459} KORUS-AQ 7H]
21 203] H|P2 FFE=E FFsto] Z42F 1Y 20 U
EHICh FT o] 24h~ St jael dejoms
g A 5ol ot FFE TS 4 qUrk SshAIRE,
FTo A= 733t vigt& ool whet 57t & 5]4o] &
7] g F7] A7 LA PEARE HASEE Ut
g 4= Aokl 7152} (Yokouchi et al., 2005). A1/
oA o] v Fr o] A P2 b, 1A &5
%0 2 eyttt A9 A (Kenea et al., 2021)°] o

29 AL A] TET CH, O oA ATMESE
= A2 719l ofRt HiE e FFeln, = 7=d

o :_
HE BT 247

o et Aoz BHuE 1 gtk ¢tAr = 1A} &

SOl Hlsf &2 ol AAISHA 7]l WEA1 S ] o
T 5UEE MHA T e e A A=

Ao = AtmEch wiZo] AEHEE (X i
9] ztolyo] Y AHA Yl Qlek (717 2). 2016
| KORUS-AQ =21} 2018~2019F FToA =
?t CH, sk @A 9] oA B8 FT W 3
L& H|RE otk SRR o FH S A 25}
W WA} @25 v E R oF 40 ppb, SPAL B
73 HTE OF 80 ppb = W7 LHETE o] A
oflA ¥lEE= CH,O| £%7F th7] ol AlA=A
L S|4 B Lo vl WhE 25 oJu|gitt. shA|T
AFdole AFE agtelA TEE Frot vt
HOE HAF ok AlFE AR St o] Wt
of $12I5ke] glom o F4L Eof ThE FAE 7]
o] Frko g A5 W2 gyt vj)z)e
o] EAYst= x| olct(Li et al., 2018). 9152 ST
TV o r & 514

/\
pLs

v

iy

[eXe)
'lT]

3.2 &3 8= CHL HEl 2 EY
A 21 KORUS-AQ 7AH|¢l D
BE A FA =2

N
o
ool
y o
NN

s}

C-08 &F7]
CH4 e} EE EO]

ZA5t5|X| M| 38 & A1



YTUS CHCHCONTY B 3 1T (H,0) B 54 07 20190 T4 71M837| SBAT 0164 KORUSAQ YERAE B402

A CH, [ppb]
200

King Air (2019)

6000
180
5000 160
140
4000 120
100

3000 80

Altitude [m]

60

2000 40

) L n L L L L L . L L
Jan Feb Mar April May June July Aug Sep Oct Nov Dec

Month (2019)
(b)

6000

A CH, [ppb]
200

KORUS-AQ (May-June 2016)

5000

4000

Altitude [m]
w
=3
=3
=]

345 350 355 360 365 370
Latitude (°)

Fig. 3. (a) Spatio-temporal and (b) Latitudinal-vertical distri-
butions of de-trended CH, (denoted by ACH,) with global
marine boundary background concentrations for KMA air-
craft regular observations in 2019 and KORUS-AQ campaign
in 2016, respectively. ACH, are averaged at latitude and alti-
tude bins of 0.05° and 100 m for KORUS-AQ campaign, but
KMA King Air observations are averaged at latitude bins of
0.05 and temporally interpolated.
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Fig. 4. ECMWF ERA-Interim derived monthly mean vertical
velocity (pa s™") at latitude sectors 35~38°N and longitude
sectors 126~129°E for 2019.
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al,, 2014). YE-°] Hateruma WA H7] T=471 AL
Aol 33 5 W BEA A Ttz AR 0] &
Adgo] ot FRFe T2 W AS AR 1

3.3.1 20194 7|Ak8k27|9| CH,1} CO2J Ui} 492 72 AR JFe 2 Aoz A}
MM EN FEc} T3 Transport and Chemical Evolution Over
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USRS B8] 17 A0 AQeARAS = 9e] 7oA #53 CHYCO2 71271 0.38 [ppb/
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P3| AR NN Aot 7135719 ti7] AA 9] S Am aiEH] S T2 A oR AlmE
= oJ5to] UL BEL 2 Ae~AFE g2 b th(Xiao et al., 2004). HHA 547} 109L A 7]
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Fig. 5. One-minute regression slope (correlation coefficient R? >0.4) between CH, and CO observed on King Air aircraft regular
observations at below 1 km altitude of above mean sea level. The slopes between CH, and CO are colored with latitude along

flight route.
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Table 1. Linear regression slope of CH,/C,Hg and CH,/CO observed in previous studies at different regions and periods.

Studies (Periods) Regions Slope of CH,/C,Hs Slope of CH,/CO
i tal. 2004 Chinese outflow (>30°N, 0~2 km) 43 0.38
iao etal, . :
(March and April 2001) Tropical Asian outflow 42 0.46
Japanese/Korean Plumes 45 0.65
Hsu etal., 2010 Mt. Wilson observatory in B 052
(April 2007~Feb.2008) southern California :
9119 (June) 0.96+£0.11 (June)
Baker et al., 2012 CARIBIC flight tracks 232126 (July) 1.88+0.22 (July)
(June~September, 2008) between ~10°N and 40°N 353 +26(Aug.) 4.43+0.56 (Aug.)
396 +73 (Sep.) 1.9840.23 (Sep.)
Tohjima et al., 2014 Hateruma background site in B About 0.2~0.4

(Nov.~Mar. 1999~2010) Japan (East Asian outflow)
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Table 2. Synoptic-scale meteorological conditions during
KORUS-AQ (May 2~June 10, 2016) as shown in Peterson et al.
(2019) and Simpson et al. (2020). The dates below based on
local Korean time (UTC + 9 hrs).

Nit:é’ii?cl)?gy Date Features
Dynamic 2~15 May Pollution transport
Stagnant 16~23 May Local pollution
Transport 24~31 May Extreme pollution
Blocking 1~10 June Local pollution
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Fig. 6. Scatter plot between C,Hg and CH, colored with latitude along flight route on (a) 4 May, (b) 18 May, (c) 30 May, (d) 9

June during KORUS-AQ campaign.
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