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Hk A] o] sbEo] FWhE AT (Wu et al, 2020). Ab
&

g F %‘%—/\1 AL,

F}OLI

o w}a} st AR o] &AM T AFelA WEH= rledEd 9
A7t wEHgGr A4 FadtHLe Quere et al, 2020; Liu et al,
2020).

elglol AHEI AR S A= A FeFe W Y
T A7t B grIedEd v vAE TS A7 F de =
As AR A AT di7] BUEHE S A8 75 AG 2 44 W
7] AE5EAAE T A dredEd B 2T AdAAHd Az
F37F #5H A Tohjima et al (2020)2 she|Fr} Ao A4 B3
ARE o] &d T AR AHEF FAE T olisEs v ¥
e FAEY B3 98 B35 A5E A T A9 div] T olat
42 w7t 4% Aol ERHAY (NASA, 2020).
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3ol #u et A (Permian Basin)e] ®E w|& %2 2019y H] 3|
20200 497 58] 74 AEE (Lyon et al, 2021), v =3} 7|t &=

A e T Z2Y olddd Bls] fFoustAl FAeHA &g Ao
UESITE o= EAl9] T8 g viEde] HArvte a1, #H7lE, st
Ae Tom IR AR Qs & IS BA @Fskr] wiEolt
(Monteiro et al., 2022). W&tx F=r9 ve vj& EAS 18 224
Tl AF g7l T oAg w2 Aol B85t Liang et al (2023)2 &

Zol v AAIUSS WO FAA
A 7Y A F wjEEY] 9F EA7A olojA A EgrtE eHAVE U
t}. Tohjima et al (2020)9] Ao A= Ste|Fr} A Ho| A #H=3F et
S7HES B4 &&std oy, v wEF v T #AAE ol

B AT mEu-19 FaolA ARE AHe A
A2 %7 ZAL AR ANA v WEde] Fart U F ovlg B
of WAL GRS AWE A4RE 4RE o g3l Setsud ot
1% 98l AE A Wr] F w BE AR WMELY %
g g v F4Ee AAsat. 95 4wz dw F7hE
F2 e vl7 719 Aee WRFSTILT 298 $83 Aoy ¥
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et al, 2020)

A fxzy e 7[7Fes2 Jd 5o

W9l vlE E5S YEldlE Al7lolth 20183 2019 A A 7]z7E

% wlg Hes 27108 sdstA agstr] 93

2y B4 A7 dAEE 2€95EH 39S ux |tes AdAsAd
a9 4dA Z2Y B 71 FMew Azl 7R gz )ik

@ o Asjxl 7]7kel

;

P B T

2

N8 i



o
gt

X

N
Mo

T
T

ojy

e

-

=) A

2 AT E £ 4

w7] 9

i,

] A

[e)
F
fiA

ojuj 7]

B
—_
fiie)
N
i)

NA7F F2 71938 Ao ulg}

Ho

[ei3
=

]

3l o
o

2 1A

T -
L

7 Ao Aeld 94

soz hrgleh

§:]__

oy
T ox
i

|=]

vl 917 w3 20194

} x]o|t}. (Statista, 2022) <!

o

—_—

GDP7} 3u] o)A ol AA sEo] 3k

1A dendel (29 2), o

3

3 Ao

=

o

BA B0l Aol Ba Ao ¢

%

o}
1Ho
o

=

ﬁo

B!
HH

)

TH-E AR E AT ool

)

o

717} 3

A5
59 Wash YepLA

]
&

b 2AH A

N s R
ofAH Zb A AL LS A A

fie)

914

2

0

=
T

Bl one] me Az o

E X
=




— South Korea
= East China
[] Northeast China

1,000 km



EDGAR 2020

50°N
47°N -
44°N -
41°N 4
38°N
LU
32°N
20°N Ji*
26°N =

23°N -

a¥ 2 EDGARv7.0

(Emissions

105°E 108°E 111°E 114°E 117°E 120°E 123°E 126°E 129°E 132°E

Database for

Global

Research) 20201 3t=f 2 F=F 2|9 Az vgk vj&=F

V

10000
5000
[
4000 S
p
9
3000 g
=
Q
- 2000
XL
(@)
- 1000
- 100
Atmospheric



A2Ad A7 A=

1. Mg #5 A=

2o AE iz munEdAn £ Fde ARBS46A
253 07] F e v A2 AESAT 4 #Ea0 A 1Y
20014 E1E 4 Atk T 2 skare] Q1914 wiEoe]l W] F e T
wo M g A wAI] dAAE B F sEelA WA F
EE AAF vw S/ Ateor @tk B Aol gEE @
A, My EGA NS wF e BEFoR FEY T 2 g
o] ¢l | & S7HES

ok $eluel Asfierel 9% 36° 327, A= 125° 197, st 47m A
Ao $1AEH. 9 FAE gedls ZdAolv Eo] 40me] FAT
(inlet)oll A FHE 719 g TxE F5 Itk £37]7](cavity
ring—down spectroscopy, CRDS 2301)& o] &3] bx 7td o= 2A7F
=A%, WMO/GAW Y EY=AS L2271~ T3 HEQ
WMO-X2004A o we} 25wty 77| &
2019; Lee et al, 2022). et =9l wWgt Tt AoF 2
2 £3tE 7] (well-mixed ain)E ZAIPS W= tE w4
°

o] FEHT & Holt) o= ot ro HE Fi= <l A

S E ol ofrlo} tE9 wWEYPOoZRE AT FH55

o] oJ3FS Wy wiEo g Holt) (Lee et al, 2022). o] wjiEo] otHE
Sav ey 2 sEokAof i EdA FUEHE 24729 b7 &
g EAS #AsE 9gsts 38t 4=



2E 194958 AA7bA w58 vk B F SRRl fle 24°
177, A% 153° 58 " A # o] 9lom sjdtix ol 7.1 molt. &9 F
A= dE 71A4H (JMA, Japan Meteorological Agency)©]th. ¢FHE X
A v 2 FE - 2337]7] (WS-CRDS, Picarro, G2301)&
ol g3 WE TEE A A== 0.26 ppbolth (Tsuboi et al,
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(Noise)& A718tAth of A3t 9lojzl wubp|EelAvke] g wek A
AG A5E PAE AW 7] F Age W sEs AYs,

39 awe A9)d wEFor g g F/RS Ay o
= e sEe Y @A vy Ee At W v sEe 4z 4
detgith. 29 32 tmel mumEAnie] vE #3 AnE ol§

shel WE F7HE S Ae: BEe yed 5§t

ACH, = CHy apy— CHy yvug

B oAM= ZEY B 7]7F (20203 29, 39)3} B o)A 7|7
(2018, 2019+ 24, 39) &<t ACHE AAtsta, zv 717bd S+t
ACHZ #A435te] 22y SA=2 A Q194 FeFe Wyt vg &
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MNM
Hourly CH,

AMY l
Hourly CH, DataFiltering

J' + QCFlag: Background

l

Data interpolation
1) Daily Average
2) Curve Fitting
Interpolation
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+  Wind Speed>3m/s
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= (footprint) #A1-&
THAY FEZUEE @9 3w vk T HE5A ] M § =
o 9FFS WAE WAL (sensitivity)E HH, @9 [ppb (n

mol-1m2s)]o]th. Wl EA g EZHUE gro] =ow Jg A9
.%. =

o] Hgk EY2Tt bAoA H

Has
T84 (receptor), & & AToAE AdWE Ao gk el 714
Ade FAH3e EZYUEE &3t (Lin et al, 2003). STILT =d&
oe] 717 dF EdE T3l 75 7 dom 2 Ao A= Weather
Research and Forecasting (WRF) Version 3.9.1 4% =Rd$ o]&3A
t} (Skamarock and Klemp et al., 2008).
d2 Ny Fez 8y WRF Version 391 4% mdol 3
o] WhHe Sim S. et al. (2016)S FHESIFT B AGoME o
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o £/ FAAQ Ve ST

WRF ®dleo AA ZHdo =3+ National Centers for Environmental
Prediction (NCEP)ol A 6A]3F 2F4, 05°%x05° =3 tA o2 AF3F=
Global Forecast System (GFS) A|&4] #5 & o] &3ttt WRF =4 <]
273} wotro 7= WRF single-moment 6-class (WSM6) microphysics
scheme (#& Y wA &g %43} (Hong and Lim 2006), Yonsei
University (YSU) scheme (7] A% =53} (Hong et al, 2006),
rapid radiative transfer model (RRTMG) shortwave and longwave
schemes (g3} @ Au}E Al 253} (Iacono et al 2008), Kain—Fritsch
Scheme cumulus parameterization (&% 23} (Kain 2004),
Community Land Model version 4 (X]3%H X53}) (CLM4) (Oleson et
al 2010) "ete ol &3ttt

WRF =do] o3 T5%8 STILT ®de 7t #3 Azto] ¢hd |
EEe 4AF 30070E A 48A)3F Fetel el Reojdte] o FH st
T A8 Eetel dis] 1A3 Ao T3 AANEE XZUES =
dtal o] & Htskdlvh ZEla =, S5 5 A AA el xFdH=
ARES] A 48417 Bt FZHE] FFE Asteta o wEow
Az g Fre FE /1Y N9E EREsh

54 A9 AA U9 48A17F FZHE Fo] thE A9 £ZYUE ¥
o 953 2 W 7 35 AR5 Ve AT Adew THSAT
T EEYE o] ghwe] EXYE Fo] 2ujETt F A T 7Y
o2, a1 wge] A g vldow BRI T 71 AR
A A AAC wep AR VG T shEYS S5 HiE F
b RS wA R S5 ST EZPES o] T LN X
ZTAES] Fun 24 o] & AF T FHT VYR THNLH,
a2 el A T R Al 7143 Aew FiE
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3. "+t Aol A

e S7hE FXe fFengk xkol 7t
U #74(Mann-Whitney U Test)g ©]

14
AL 9 3 HAWilcoxon rank sum

F7F AAY g wEsA XE o At zolE& HAI ] s A
43} Y X (nonparametic) 291 7174 W¥olg= Ho] T-HAY th =
t} (McKnight et al., 2010)

B AT mEug AT U9 g 3R ARE dwsng

itk A1 7HE WE 2R 22 Z7) A (autocorrelation) o] Q1o =
Hde wEeA FAT, ols IAER Fidto s AV GRS dl
239t (Ebisuzaki et al., 1997, Wang et al., 2013). z2jv} 934 Ht
S Fowm Awe £AVF oA EF I BXrt AL BEeA
A FHAT oo Azme] HHPAo] doy Ayt EEXE WEA FE
AFEEE Qe M- EY U AAHes Agssit. 2 AFdae 2

i
= z
U A3 mg FrHE #Hitol 95% FEE Foud o]t S o
(p-value < 0.05) T2 B2 <13 wgk F7pEe] W3l of7| H Atk
B s
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A3A z=Y & AF T g ME S5 A3}

m (

1. F3o] g WE 2 F5

24 w3 71z = 71 vd SIS A
getatr] fsiM = T vE wE 2 5 d%E olsd 28t
Chovolzk ZF vig wiEd 2 Fdo] SR Qs W s
o}3} 2} Fhr},

7o W wEe F2 YA g w7 FiLddaA 2T 1
g 11 FIAduFstey w7 AlEYY9s (NDRC, National
Development and Reform Commission)ol| 4] A4 3 B2 el v &
S YERd Zloth oo mEw Fare 2014 F 55.292Mte] W gHe Y
=30 7 2 g AAS e MEYS dyA FEe® 25757 Mt
(448%)8 WlZ&3 o, olo] ¥ XFo] 22245Mt (40.2%), ¥ 7| & H-&
o] 6.564Mt (11.9%), 2+l 3} 71} ¥4 o]€ (LULUCF, Land Use-Land
Use Change and Forestry) o] 1.72Mt (3.1%), A} H-Fo] 6kt
ox W <9k wErS wE3T (NDRC, 2018). of2] A3 oo A=
A 2 A7l ey FAA gl 2 zbolzt o mhzk
HA 2 S FE v vEYL duA A, SAR, Al =<l
Aoz eyttt (Huang et al., 2019; Peng et al., 2016, Gong and Shi,
2021).

7] F A b 8% 549 OH7 9o whg-o a2 Qlgh
7] & Hsfolw = o] wEetd A (methanotrophic) ¥HHg]o}z <l
3t EoAe B4 Ho] 9t} (Saunois et al, 2020). =& Az 8
Tgo] wlgto] OH7|9to] Whg, 2 Tge] Hete] EG F5 F3 S5

Hoxo

shotalis o oj#gol Utk of Wi g F4 WS

=
=1
o] NF7HH BE¥xE =Ha= A AdA B3aAo] Avt (Zhao et al,
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2019). T3k, OH7) 9] &7+ By A x|z Zgalaz a9 149
ol Ae] 7] 49 ATgFS AA W=t} (Anderson et al., 2021). whE}A]
OH7]¢}te] whgd &

] ¥t} (Stavert et al, 2022). 33, E e 7|7kl 2%31} 39e 7
¥ Fro]l vrol EGF e A H

(Crill et al., 1991; Curry, 2007). wpa}a 2 ol ol A]
g Fro W3leE OHY] ¥he, EY &9 22 &

9214 Al wr waE Aues o AFs

374 whn Beskd

ool R AL FF vg wEe FE WFL AAsE U
R 59 BE NE BEo mEU B AFE oY MaEEA
g FHo® =oatnn Frh
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2. YA H&E =T A3

AUA HFFE THolA 7 B o HEes mEsE FEolth
2014 7] olu A FE wiES] 89%w o =
Mgk Az FAAA A Fol wFEe] AW Wgko] thr] FoE WEY=
AL 7MY A 11%E a8 A4 FEoA wAs st (NDRC,
2018). & IMdrEE A, A, HAVlA Fol o 717 A4
HAo| A 27+ 1kg/T], 3kg/TJ, 1lkg/TJe] wlete] wjiZ=
2006).

e
fr
i
o
o)
o
v
o
uly
it

Mg AE wgel s wAs: wE wEdel Mu Agle Fxe A4
Jr=ch 2020 29, B AAY A o] BFA £AE A AFE
uus] Sls ol w30

o
o] 83%7} 9= A}t (Global Data, 2022). 2 o= 2020 1+7] <
o] A Aer AAES 806,311kt= 2018 (819,009kt) 7} 2019+
(913,954kt) el H] 3| [EA, 2022). 19 1204 &21& 4=

( 3l
Zwe] AEd 187 Ag PAFe 0174 ol F za Zrbes FA

Fof 202066l o]z AmmTh AikEke] A A o= sy, 2021
o] F tAl F7Hlel Hol== AS FT 4 vk wEkba 20209 24
W 3ol ZEY 3 A dFor M fa FFol FaHAL
M T A A BAEE W gR ] Aads o fFEH
FAARS] EF L dAm Ah FEAAE AR Fevt #AAF
of wel wiEF o] Fole Aoz duHEth 20209 127 S FY
A oy wE A, AY AA Vs S FoR 18 AdE|el 2019
d 187)o] vE) 7% 7@ (EA, 2020). 4 wESFHe] Fa oy
A M ols TAR =2 9 g3 wgdo] Fadghel wet 2020
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W 2€9 3 3¢ ARy 747 20%, 33% F87F AT A ke 2020
d 715 13 oy A &n 9 56%, dE A 63%E A st S
Ho oy de=z (BP, 2022), 44 &% 57 4 Fa7F #FaAH
F Ag 2nE ddrg 8% AAadoen, A o3 Ay Al

9% ek A7k Fo= v dnded v aA WstetA gk,
2020 193 2€9 Favt ddm wustd 1%7t% Z7hdch (EA,
2020). =, 2020 Z2Y B2 Fare] wE, AbY, dE T ool A

b vg =g e

rlo

N,
=
)
ro
=2
Ay
X
B
o
N
N
oy
Ex
&lr
re
bt
re
DX
=2
o)
i3
o=
ofr

s Ao w Helt)

_32_

Sk

=
11



1,200,000
1,083,859

1,100,000

€

& 1,000,000 9555

g 913,954

A0 900,000

<

< 792,910 199

4 800,000 775,909
700,000
600,000

2016 2017 2018 2019 2020 2021 2022

19 12 2016-2022 1%-7] For F A B

_33_

,«H b 1_',] 'ﬁ:'} ok



A FEolAe e wEe 2 AU FE S FuAE 59 F
2] S ¥ An) GEolA LS, Foo] e wEd T F 9
A2 HFo]l Atk FAY FE9 A4, W Eo] g43ES Agtele
A g 8% 7w @714 24 AR, AEEe Al
A vere] wAlET (IPCC, 2006). 7b7b 20149 53 59 H¥ wlZ
o] 45%, 14%% 2+ &t (NDRC, 2018). W Au] &Ee] A9 my]y
F W wolA WA 2o f71E0] FNHoE FaHe] Wl
9 sie} (Aulakh et al, 2001). 20149 53 ¢ RE wjE o] 41%7}
B Afufel A 7]Qlskivk (NDRC, 2018).

7}

nE B 1T SUY REA MESE A AT S
S

Al W3tskA] & Aol m 4
o 4k FEe vek wiEHe 53 ALS Tl vldEste] FAkE
U ¥ bE F39 FQ 7= A(Cattle), 54 (Buffalo), &, 94, 9,

o=, A  2018dFE 20208749 A% FFEE UEhdth

(FAOSTAT, 2023). ¥iA=2 Al BE %9 F47 AdwT} 6%

gk oA At AY SUFsEA T =X 9] A 20191W4] ofZe] 7}

3 3} TT7} 73t 9T h (Staff, 2020) 20201 o] A}

o] 3|HyE RoT HUH olxH JE: T tE AdY S ¢
g

b, mag e olsh =)

1)
N
e
=
©
:{o

>
Ny
o
fru
¥
=
T
offt
ot
B
¥0,
o

#elo] gl Adolld Ao HAY. oo wah @z B <
Zakgl REo WZ W W MuPge Aow FRAY
Wl

o1 ]
o] 20184, 20199, 20201 # A (cropland) A
k| 1356752km*, 1356741 km’ o]t} (FAOSTAT, 2023). 20204 &7~
MAL AW 1k 740390 0% vwke] vln sk v goln o=
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m g F kol
g ES =

Qs 7)ol

season)ol =t &}= a1,
vl & 2Fo] Z] o] Xt} (Khahl et al. 1991; Duan et al. 2005).
A 24, 3¥9 A v Ao v ¥ Awl= e wE
-t} (Gong and Shi, 2021). whehA], v Au) &
et 2 o] glom Shuw v

S oz ke

N

=

7
F57h AREE heR

ol mg

s frael &

<

B A
B2 ol

2018 2019 2020
2 63,417,929 63,540,665 61,170,604
=4 27,118,630 217,338,365 217,247,992
& 161,388,387 163,489,806 173,095,481
Rz 135,892,293 137,367,229 133,583,795
i 5,182,245,000 5,163,900,000 5,196,760,000
A=) 695,895,000 633,798,000 679,664,000
= ] 433,709,796 316,030,373 412,135,713
¥ 5 2018W-20209 F5 7kE T 5 (99 vhe)
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Abstract

Analysis of changes in methane

concentration in China due to

COVID-19 lockdown policy

Kim, Ye in

Department of Environmental Planning
Environmental Management Major

The Graduate School of Environmental Study

Seoul National University

Strong lockdown policies implemented worldwide in 2020 to prevent
the COVID-19 pandemic have temporarily reduced anthropogenic by
limiting various socioeconomic activities. In this study, in order to
understand the effect of the reduction of anthropogenic emission on
atmospheric methane concentration, the change in methane
enhancement observed in Anmyeondo Station before and after the
COVID-19 lockdown period in China was analyzed. The methane
enhancement was calculated by subtracting the methane concentration
observed in Minamitorishima Station, a clean atmosphere, from the

methane concentration in Anmyeondo Station affected by Chinese and
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Korean emission sources. In addition, the area where the methane
enhancement for each hour mainly originated was judged through
WRF-STILT footprint analysis, and whether there was a difference
in the increase in methane before and after the COVID-19 blockade
by region was analyzed.

As a result of the study, the increase in methane in China, where
social containment was implemented from February to March 2020,
showed a significant decrease compared to the previous year when
there were no containment measures. In particular, there was a
significant decrease in methane enhancement from eastern China,
which was greatly affected by the lockdown. On the other hand, the
methane enhancement in Korea, where social distancing has not yet
been implemented in earnest, has not changed significantly compared
to the average year.

This study confirmed that the decrease in artificial emissions had an
immediate effect on the concentration of methane in the atmosphere
using in-situ observation data. In addition, it is possible to analyze a
wide range of regions ranging from Korea to China using observation
data from one station. This result suggests the importance of

continuous ground observation.
keywords : Methane, Anmyeondo, Ground Observation,

COVID-19, Emissions
Student Number @ 2021-21055
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