"m Check for updates

Journal of Climate Change Research 2025, Vol. 16, No. 3-2, pp. 503~511
DOI: https://doi.org/10.15531/KSCCR.2025.16.3.503

Ol
T
=
10
0

I6g &3 g+
AS - Ol

o
= | o FERERERRR sy A REERERERRE
A
. HEX} - XSl

FRERKR

PMF 2&S 0|18et MESXIY 247tA2t DIMEXIS S

*%

TUSHIAY T|SEACTS 7| SHSOITT} ST
7 TRBHVSY [ |BEORE T SR HEQlR

TYHHVIAY J|SEACTS T SHSCI Ty, T BYEUSY T ISEAGTE By S

ASthell BHCSIR D4, BRI MEHEAIEOITAER, NS HIERTR ot

*REE

KEREK FRAEKRK

&
El
HT
!
=
o
rie
El
I

HRRERRAK

Source apportionment of greenhouse gases and PM,s in Seoul using
positive matrix factorization

Moon, Kwang-Joo'" - Eom, Hyo-Jin™ - Kim, Eunjung™ - Park, Seung-Myung™™" - Kang, Sohyeon™ - Lee, Daegyun™""
- Lee, Jongcheon™™" - Lee, Seung-Muk™™™" - Jeong, Sujong™""" - Park, Chan-Ryul”"""" and
Choi, Hyunsuk' "
“Senior Researcher, Climate Change Research Division, Climate Change and Carbon Research Department,
National Institute of Environmental Research, Incheon, Korea
“Researcher, Climate Change Research Division, Climate Change and Carbon Research Department,
National Institute of Environmental Research, Incheon, Korea
""Research Fellow, Climate Change Research Division, Climate Change and Carbon Research Department,
National Institute of Environmental Research, Incheon, Korea
“**Research Fellow, Air Quality Research Division, National Institute of Environmental Research, Incheon, Korea
"™ Director, Climate Change Research Division, Climate Change and Carbon Research Department,
National Institute of Environmental Research, Incheon, Korea
™ Director, Climate Change Research Division, Climate Change and Carbon Research Department,
National Institute of Environmental Research, Incheon, Korea
" Professor, Graduate School of Public Health, Seoul National University, Seoul, Korea
T Professor, Graduate School of Environmental Studies, Seoul National University, Seoul, Korea
M Director, Livable Urban Forest Research Center, National Institute of Forest Science, Seoul, Korea
T Researcher, Department of Atmospheric Environment Research,
Seoul Metropolitan Government Research Institute of Public Health and Environment, Seoul, Korea

ABSTRACT

As urban areas increasingly support carbon neutrality goals, understanding localized greenhouse gas (GHG) emissions is
critical. This study investigates GHG concentrations and their emission sources in Seoul using high-resolution monitoring data
of CO;, and CHy, along with co-emitted air pollutants including CO, NO,, and PM,s. The concentrations of CO, and CH,4
exhibited notable spatial and temporal variability and were strongly correlated with CO and NO,, suggesting the predominance
of combustion-related sources in the region. Positive matrix factorization (PMF) was applied to time-resolved air quality data

collected at the Seoul supersite, identifying 11 distinct emission sources contributing to GHG levels. Among these, gasoline
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and diesel vehicles were the dominant contributors to both GHG and PM, s concentrations. This result highlights the significant

impact of traffic-related emissions in densely populated urban areas and is consistent with existing GHG emission inventories

for Seoul, reinforcing the utility of monitoring-based source apportionment. The statistical analysis of integrated GHG and air

pollutant data demonstrates the effectiveness of data-driven approaches in identifying key emission sources. These findings

provide a scientific basis for prioritizing emission reduction efforts and support the formulation of comprehensive mitigation

strategies. Ultimately, the results contribute to the development of science-based, region-specific carbon neutrality policies that

address both air pollution and climate change in major metropolitan regions such as Seoul.
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(German et al., 2021; Xiong et al., 2023; Yadav et al.,
2023).

S-2uEh= 20209 2050 BAFE AQd o] F 20214 9
4 SAFH 54T 7| 28-S At gasY olF
o] W& AL vkt olo] 20239 4¥ofl= Al1F
Wt BAFY SR 71 RA L2023 ~ 20282 S}
of Al 5 olg Wt vjAS A} s, &
o o 6% WEY A3 7k /1T A Sotiae
B8] 271 A9e] 15| AL AUt BEsE 2AskT
oltt. olo] wet BARE A4t TS0l Jue &
AR ATEA JA FETE FESHL o, HiEd
I Fdo] it Al ZAE ES =R A T
MRV 112319} oHA A9 S5 247 A=, 7199
7] 48 A% 7| 2ARE AlFL AlEoltHGOK, 2023;
MOE, 2023). FYIANLAL 5| e o}
2022 $E=d A BES AR, 20259 A A
E F2 EA0 =71 71 SR 10714E A5
29 Folu], 17} FAANBAZ ZHFL SAehat] 9]
A ALS 9 ol At 55
dEHo 3 HUEHFLZ f8 7€ d7led 34 d=

e 283 AT 755 FAA6L 3leH, 34

vy

o
i)
_}l_‘
[
1o
)
N,
fo

AA 9, 5389 4 ER!
E2 27t BAARS] g4k 7RkS vk Qlot
£ AT s 7t SATMASAY F ol A B

5o YAS = g7 AFANA 1E7E AA] SF
St SATIALL V|0 EE =1
9] 35 &Y I 7|9EeS v ENToZH TF

=
T Ae AQ daEY A £ 7157 SEEE
det oidel dad 7|xAas AFstast st



PMF ZES 0|t MK 2471A% DMEX| S5 TYH R 7I6E £ &+ 505

2.

-_—

. EAIZ

rlo
>
N
|>
I
2
H
oF

2 dFoMe MEAg 247MA s W) B
Astr] 98l s HeE Aol & 7}
SAY 10714 & A& =35 7]
T8 fH AVIRER 74" =
FEA oA F-5H 20239 19RE 2Y7HA 19 5

7

3}

o,
I‘ -0

4 SAARE ARSI A2 Al

9=, 24AH 9 84, 247%
H|= Table 13 2L, 2} A|H9] 582
26~289% L2 AEZARE A Xﬂﬂlé}‘ﬁt}
ojmf =AXGY #iFA Y 2AE T aF B Ho)
S4j3 wlmelr] Aol Ago] E4a0l QAT 7lA
QoA LFoh= AHE AFH7|HAIE ARE A A
83tgich. ol 22 7| BHATLY €O, CH, 57
HHoRE oA dY § TEUAAEEH
(CRDS, Cavity Ring-Down Spectroscopy)S AR5},
AEZRA | S8 AAS g8 dele Eefolo] WAl
AGHAE A8 PP AFEERFATY
o] Alz7taet SHsE MY 40%, 80% +E2] 2719
RETIAE AHROIA 25 1HH 08 Hu P S35t
1 9] &2 AN SHT SF7IEFE 65(COy, Os,
NO,, SO,, PMyy, PM,5)3} Ambient Ion Monitor (URG
Co., URG 900D),
analyzer (Sunset Laboratory Inc., SOCEC), online X-ray

> e r R ol [ x

OlfO ox, JQ,
)
k)
=
]
2,

i
A

3
o

Semi-continuous carbon aerosol

fluorescence (Cooper Co., Xact 620)5 A3l 1A]7F 7F
Aog ZAE PM,s9 o] 4H(S04*, NOs, CI', NH,
Na’, K', Ca™, Mg*) 9 &2(0C, EC), |3 (S,
K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, As, Se, Br, Pb)
=T A AHESto] SARFO| A& th(Park et
al., 2018).

2.2. PMF (Positive Matrix Factorization) £
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Table 1. Summery on the monitoring sites and measurement method

Sites Items ‘ Managing _
No. Spatial type (%) . Installation Instrument Method
Location Abb. | CO, | CHy authority
1 Bulgwang BGW (0] (0] Traffic (35), Residencial (19) NIER 2023 Picarro G2301 | CRDS
2 Yongsan YSB (6] - Traffic (48), Residential (17) 2019 Licor LI-850 NDIR

Seoul National

Namsan Tower
3 (High altitude) NSH | O )

Forest (85)

University 2018 Licor LI-850 | NDIR

Namsan Tower
4 . NSL (0] -
(Low altitude)

Forest (85)

2019  |Picarro G2131-1| CRDS
Seoul RIPHE"

Songpa

(Olympic park) oLp o o

Traffic (33), Grass (21) 2020

Picarro G2131-1| CRDS

Gwanak
6 GSB O -
(Guksubong)

Forest (68)

NIFoS"™ 2021 Licor LI-850 | NDIR

* Seoul Metropolitan Government Research Institute of Public Health and Environment

™ National Institute of Forest Science
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Fig. 2. Monthly and diurnal variation of CO; and CH4 concentrations at
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Fig. 3. Seasonal variation of correlation coefficients between the concentrations of GHGs (CO,, CH4) and (a)

CO, (b) NO3, (c) temperature, (d) pressure at Seoul Air Quality Research Center

http://www.jccr.re.kr



I 9IS BRIkt ofn Fig. 49k o] 7|E PM,s &
A 34 AFolM A TALE F8 A7 YRR

=
ZF &Y FESFYTHMoon et al., 2011). AL E45
7] & PM,s 5= gt sj&YE 7| E(Fig. 5)+= ©]
A AT} FASHA t7] 5 Bekeh ¥h-gof ofgt o] A4
d AArd T} GArE-E 35k o)A A 7]od&0] 50%
2 7P =11, 7HEd gA8E Z3s At #ilE 7o
£(12.1%), BAAA(11.1%), H7|E 27H10.6%) 42

UEPFTHCheong et al., 2024). ¥, CO,4 CH, &XOf
et WS AE 7]ole2 IR HiE Aol ko] AHjF el
210 & YT CO2F CHyoll et 8 viE&dE 7]
TE Fig 58 Zo] 713 A5RK(58.1 ~59.1%) > T/A
AHEAH10.1 ~ 14.3%) =02 5Ystal, AFsAt HiEHY
GFo] AA =Y F 70% 7HF *A|5k] wEFFo] 3
TH A& A9 EA4 A 7HEd, O AFY AR da
HjEo] o] 2o 2A47tAL] g HiEHUAS IRIT £
UL onf CO,, CHy ko] theh o|AHg4 A4td, &
AFG9] 7]0 8L 9.7 ~10.4% FFOF, o|AAPA EHo|
2A7EA0] AFAR] TAE2 2 & gl g7 F A

&4teHEC] COU CHLE| H7] § Atelo] J3F2 Foi

[PM, s Particle] [Gas]

-

§8osBus8ase.0fancaaas
Secondary Nitrate

lofig. oo

ﬂ Secondary sulfate | K
Lol Boe, .o.a.. =

Mobile (Gasoline)

E0,al Mige o0 e S0 ga s

O]

H
s |«
== o
5]

0

HE

£
v

e BEe: _E

e
S
]
T3
=

e

ETuEEEg

S

Incinerator |»

|
)
]
DDDDDEI o8, af
T
|
]

Coal combustion +

%gﬂmﬂmm g. gl ﬂ

m
Aged sea salt |”

ﬂﬂmmhﬂﬁ Bawed, gl

+

(95) sarads ;o %

B

Concentration (ug/m)
e
E—)
Concentration (ppm)
H
—
=
Tie
(0 saads yo o4

)
==
-] 3
=)

=

i
e

mTfﬂmﬂﬂﬁ-.mH Sui;

Biomass burning |

OIS lg o &
" *  Oil combustion
= mmfmmfmfmmmﬂmmm 3

K]

i D[T] B, .0

2 ¢azde R

Bt

A 225

Fig. 4. Source profile derived from PMF analysis at
Seoul air quality research center

Journal of Climate Change Research 2025, Vol. 16, No. 3-2

et al., 2012; Zhang et al., 2023).
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