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Analysis of Methane (CH,) Distribution in Northeast Asia Based on
Satellite Measurement Data
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Abstract We investigate methane distribution in Northeast Asia based on both nadir viewing Greenhouse-gases Observing
SATellite (GOSAT) and limb-viewing Atmospheric Chemistry Experiment Fourier Transform Spectrometer (ACE-FTS) satellite
measurements. Using climatological mean of GOSAT data, we found the latitudinal difference of methane mixing ratio: ~10 ppbv
difference between South and North Korea and ~25 ppbv difference between East and Northeast China. Comparing to the
methane provided from the climate modeling results of Coupled Model Intercomparison Project - phase 6 (CMIP6) during the
historical period, methane from climate modeling data were lower than that from the GOSAT measurement, implying the
necessity to correct methane emission in climate model. We also tried to see methane distribution in the Upper Troposphere and
Lower Stratosphere (UTLS). As a result, we found that the lower latitudinal region (15 to 25°N) in Northeast Asia shows increasing
methane up to ~20 km height, but higher latitudinal region (45 to 55°N) does only ~10 km height. When we estimated the
correlation of methane between the surface and UTLS, we did not see any significant correlation, which is very different from the
high correlation of carbon dioxide (CO,) between the surface and UTLS. This pattern depicts that the characteristic of methane
distribution is not very homogeneous in whole atmosphere, and increasing trend of methane is obvious near the surface, but
not in the upper atmosphere. Our study reveals that the typical assumption for the spatial homogeneity of greenhouse gases
should be carefully considered.

Key words: Methane, GOSAT, ACE-FTS, WDCGG, Northeast Asia

1. A =2 tralization) T= YA 2 (net zero)2h= 7| Y EE 4

o2 2] ARle] A7 HiERE E0)7] flsl =

24 2025; Fankhauser et al., 2022). ZAl= ]3] 98] A}
714 s &l &3t A1A A 2447} 735k ol Slof| A 247147} ol ol A =2 B E = 2L o]t of| A
2 & 9t} olo)| AlAIH o= etAF T (Carbon neu-  OJH A|FIH B4 Hol=A|of tisff olsi=r} &=

A2 A AT QYA et g F4% 1F ek ofel R495S BelFT ICHKim et dl,
We} opgel b 2L Yt o] F BEG 24
_§‘_ H

it

Sty eS| M 41 H M55


https://crossmark.crossref.org/dialog/?doi=10.5572/KOSAE.2025.41.5.826&domain=https://jekosae.or.kr/&uri_scheme=http:&cm_version=v1.5

HEEERZ 7|8

2] ghth= Aol 53] mlellA= nIAw A 2 A
A EHO] A THo] A=A o g ol | T
20|14 o] R A 1L QAT (Yeo et al., 2025; Lee et al.,
2022), 2A71A19] AFA] BETE-2 110 Hlof| Elglo]

555 gulolth, £A7IAE t7] F AFAIZH(resi-

dence time)©] 217] Whio F58] E3td 4 9l of

AR
Z7F e Bz dkgAdo] w2 Hi7ielet 25 Hl
s AHiH oz A R A3t MEde I

Z232)= ¢F= WOl AT (Guo et al., 2013), L HiE

FUHA Shehe HolA, E AT Aawle] AL

Hoto] wheh 2A7IAS] viE B A dYol &

= Slth= Aol A (Zhang et al., 2022; Long et al., 2010)
718, 2|98 Holsh $58] LR % ek, ol
) spl a7siE A,

Absteiete gEASl 24710 TeiA

L o)Al 4 2 % EEES T ﬂ%OMEE}%

o]o]

o disid= 1 #= AAt

A
229G BEY 750l A7

i)
4
12l
o
il
1z
o 1N
oft
al,
mﬁ
o
o
_V,L

el of2) d) 3 olee] A3

A=)
o%a ERE S0 e
o

5@3:7\}5 oJsf®=7 }‘7’3% Held|
o] Ho|1l 9= Zofl 20001t X4t oF 7~8d A
A 25 Fat =R =7 57 F
A = A7} (Turner et al., 2019) THA]
bet et al.,, 2019) 1 o]-8-5 2 A5} 1A E517] o
2ot} o= o] HE 19 HiE B
off F7HAQ A7 aE B oS ok, 1

7] S1sh wlEld] 5 5ot Wele Aol A
B 875= AR 0]‘11'.

-+
L
.
-

A9 B AzalE 2 %6}71 4t eelo] ol
3tk sAjolch, Tt TS
wozt @Al ¥ 2 g s sgst] 414 ¢
2 Agoln], B3] bz AP A=) P
Zvlo] e Aol g Rol= Zo] @Alolt}. o]@l o]
A SIE S ol 8 vlEIRle] FAY TEL 1E

S=OAJoF 7] HIERI (CHy) 22 S8 2 827

1z

2| 7|olo] g SR HolA, E A4
o 47 klsl] olele AR Wi A

BT 4 glrks WA 2 Ee 2er)
(Moon et al., 2024; Kenea et al., 2021). AA| 2 2o
ABEARE olgsto] 71E AGHE H AAEA
HlEw AAmollA A5 ghelshr] Zotd F= A7 %
o sFatol A o) aEte wE Q) B4 EAT AR
oju] EAEH= 5 (Qin et al., 2024) 143 7]5te] HE|
1 A9 Foju)do] & Erukar ok

oj2fgt Z917ol WetFo] A =A|H o7 theF
S FEi e wE Q! 9148 A+ Abde] X8 B Al ol
Q111 (Duren et al., 2025; Tanimoto et al., 2025; Chan
Miller et al., 2024), =A== 2|2 ¥ 14 Alglo]
T4 S0l ot (Kim et al,, 2024). =] o12] 91/ 7]

b

A

[

B elE|e) QI AR QAL 2 A A Al
24T 5 Y JYARES TN =S G

g FEorA o x| 9] HH|qlo] YEtl= AlS3t 2
I EE AmE 1A} shginh 5] 15t Aol A
A ol 2] g EAE Foll TR A
EEBE %i— % 38 % o Ozies AR 9
o}, d7ie) o
SATellite) H*é Oﬂ ZAE TANSO-FTS (Thermal And
Near infrared Sensor for carbon Observation - Fourier
Transform Spectrometer) AlAS o St #E|Ql
=g 7|5 Rd Ayt vlws) Huxt ston A
L} SCISAT <1/l &A1%E ACE-FTS (Atmospheric

OSAT (Greenhouse gases Observing

Chemistry Experiment - Fourier Transform Spectro-
meter) A4 T 2t527} Algshes Rd A5/48%5
A 31 (Upper troposphere and lower stratosphere,
UTLS)olIA ] HEQ 22 S544& AR} it
o] = 9 AlAMe Z2 Felofl g 2337 (Fourier
Transform Spectrometer, FTS)O|HA| &= ZH2F =210 2
== A 9 AT H71E HaE
5t vt E | #E5H= limb-viewing T B4 02
TREGE PoA B Bge] AAE At B
Aok IOJ Aol A Al Ee wEQ] Fe 9
= Zrts] Hlalsto] FEOA o wH Q1<

nadir-viewing

J. Korean Soc. Atmos. Environ., Vol. 41, No. 5, October 2025, pp. 826-844



828 TAIZ, 0|47, O|EHE, OIS 3|, ORI, &%, HB, X

29 =) 2 45 Sg0) S Austndt ok
o}, oo} 22 EES 1FH Tl A 2 ol
A v} glon g G e 9 SHobAlo 192 o
oz sk vElel B4 Aol GOl HuAR
7hd 4 gle Aow JH

2.1 Ydxz 24

A 7 gE AF Aol thRolA 2 dE
GOSAT 94l &A1H TANSO-FTSOA] A 3-51= |
glQlo] A W) Ha+ £3HH] (column-averaged mixing
ratio, ©|5} XCH,) At=7} Z-8 & 2th GOSAT 94
W52 BUEHY i A9 247FA 9] vl (emis-
sion) ¥} Z==(absorption) & Et} 85| S5t AY
Ej A 2] B4 T (carbon balance)2 H7Ft
L AL 7P 2 B0 iy, o] 2 9§ EAd
TANSO-FTS A7} #E3t 2] AT} off 7] of| A wF
AL SR Ao Y BAF ARE ol e
1EES Bl 7] Foll EAote ol4tateta W o
H|Q12] oF2 S} (Zhou et al., 2016). TANSO-FTS
X e SFold A4 o s 24 7| & HietE
™ YH=0H= nadir-viewing A S 2 2851 Q=
2 AFE 201095 H 20208712 10W7F OF 2.5°%
2.5° F7t W ER A|lF == XCH, A=-E (Lopez et
al., 2022) Aol g3l ¥t sVF=rF 2ot
2 Folig A3 Amrt EAD 35 240 FHo]
A gephd &= Stk o] Z2AIE F4stl] 913 &
Ao g A7) (Kriging) 7|'H-E o], Z& HFES K
St Level 3 w7} HER AT Qled 2 o
£ o] 7ol A8 ARE Aol L85tk

F3E & Aol A= S HEH IS ATt &
T HMS Q5] At SCISAT 914o] EA1E ACE-

g

-

viewing 4]0 2 2FEH 3] gjF BAH AT E
t] & o]- g5t Bl M (solar occultation)2 2
St} ACE-FTSE 2R A 77k 19 2| T
o fElelE= 1 650 kmollA] 74° ALY (inclina-
tion angle) 0 = &2 43 Sl 9171 o}t (Bernath,
2017; Bernath et al., 2005), 1133t = Ao A F-9]
T 9 A 2o JEE A2 oA £Pst7] o) 2t ]

AN oo o

et al., 2025; Koo et al., 2017).

2 A= oFF Fd dE, d= 27 153 T
2 7|§ro 2 ul# % ACE-FTS version 4.1/4.2 A=E
(Bernath et al., 2021) 2004\ 2975 20228 2€7}14]
H QoA AFgEFSIEE. ACE-FTS AlAE 750~4400
em™' 9] Aol FolA 0.02cm™ AHEY St
= BA 1S5S Yot HY 9 B0 AR
of oJ5)| F 100~4002] =2 A& th-3H] (Signal to
noise ratio; SNR)E Z+= 2t & AJAISHC) (Bernath,
2017; Bernath ef al., 2005). -1 A1} o] EA} T=of 7]
Hhsto] mFAE S G S-S Fofl oF 44719 714
A 23 JRIY AEE T 9lon THE limb-viewing
50l ASHANAY T2 A=E AlFctes A
2] ACE-FTS= tiid A5 E 714 49 &
A AR E AAS)] F31 JATH(Koo et al., 2017). Version
4.1/42 A== ol WA Hls] 7|9kt 2= AbEo]

B

S vIA T FYSAFED VA WAL 2
28 S o] dstaae] 2714 PHE Aol

~

He} o ket AaE AHEsH =t (Boone et al,,
2020). Hrt F8 =& 2= AME-2 fI8l4] ACE-
FTS quality flag (Sheese et al., 2015) A Eo] 7|5t 7}
g FAo] ¢sithE 2n| 9] quality flag 0 A=E A1
gsto] Ao &85kt

r

2.2 71224 A 2N XI&

o] AFo A= Coupled Model Intercomparison
Project 6 (CMIP6)°]| Zroigt 7] g ellof| x| A34tet o
g9l A7 = B85t CMIPe= 1A, @A), n| 9]




FYBFA= 78

7|FHSFE odlloh= A FHo= ol BYE 4
I} H] W T2 E 2 (Eying ef al., 2016), A A|A o7
AT 71N 8 S 715 o] Fofste] 7HA
2 ol 7] Aluee A AiE FRoka Stk
CMIP6 Bl A Zhm= 4T3} o) Al715E 2014
E7ER] AAgEE 1A 717 (historical period) &2 7
oJstH, o] 77tell= 2t =7t E 7)ol A A E =l
=Y ARE JYARR sto] = ARE Piteitt
(Hoesly et al., 2018). 2015 FE & w]gf 2 A ol5}H,
AR Yot viEF A= E v o R vl wiEF
< st 719eHst *Mﬂioﬂ w2} theket A
o] =P Hrt.
e AR} 71T R HH<Ql e o
7] 913 HAo] B2 CMIP6S] I 7|3t Ade
STt =, TANSO-FTS At27} AFE &= 7|7t
|+= 2010~2014'd 9] thal] 48 S35l om 7]
S REZkS TANSO-FTSO] 37t st Lo 2
2.5°%2.5°2 W4 & BEASIATE & 87 = (BCC-
ESM1, CESM2-WACCM, CNRM-ESM2-1, GFDL-
ESM4, GISS-E2-1-G, IPSL-CM5A2-INCA, MPI-
ESM1-2-HAM, MRI-ESM2-0, ¥ 1)°] 93+ dg]el
H1] %] (volume mixing ratio) A=5 AH&-31.0H
7y s Aupgk 9 oF 8 Ho (Multi Model Ensem-
ble mean, MME) 3t-& 9AIx} 22} 8] w5} ch
TANSO-FTSE HEI] HEE A E§H](XCH,)
2 Algstar §17] wizol BlwE 95 CMIP6 7| ¢
9 2t= 9A] XCH,=Z Hgsto] g-gatgict. gt

—_

Lo 4>

T . =T
'0#0

N

S=OAJoF 7] HIERI (CHy) 22 S8 2

1z

829

72 Saeki et al. (2012)°] AT A1 (4]

o, o] Ao A ne BE U] 1= HE, L2 melo]A
Ve 1m0 5 ME, CH, ngol A Eal

2u] EgH], pe AHE 719, AP, nET} nt 15

Apo] 719} ol & olujghey,

NERE ST

XCH, =

i‘,CH” ki 1
4 X P (1)

n=1 srf

F7HE o g, AEA AmolA AitEE XCH, 7
A Aol Egottet, A AT 247 AR
Zt=.2] Copernicus Atmosphere Monitoring Service
(CAMS) global greenhous gas reanalysis (EGG4)©1|A]
A 5-5h= XCH, %= (Agusti-Panareda et al., 2023)
CMIP6 E4 71721 2010~2014H0] Yo} -85
At CAMS EGG4 A4 Atme 85 7] EATE
(European Centre for Medium-Range Weather For-
casts, ECMWEF) 2] 2tz 59} 7|H& Foll 2T gho]
B =L T2 o] 0.75°% 0.75° 37 S =2
2z 2 AYATE T

2.3 I|§‘_'.:}§X|‘E

914, 7|7 Rd 2 AR 2z Akl oju)E o]
S= Ao T _1_6]-7 5| TEolA|o} 2| Z|AF A
AZAA 29 vE|ele] S5 AR Bgs
k. o] A2E AAHE7IAAEAE (World Data
Center for Greenhouse Gases, WDCGG)°l| 4 F55}
gon A A1LE Zste] (Kim et al., 2015) 55
of Al 53 o} 7] BEE AT F 6719

1z

AL

E
>~

Table 1. List of CMIP6 climate models providing methane simulation.

Model name Country Operating institute
BCC-ESM1 China Beijing Climate Center
CESM2-WACCM USA NCAR
CNRM-ESM2-1 France Centre National de Recherches Météorologiques (CNRM) and

Centre Européen de Recherche et Formation Avancée en Calcul Scientifique (CERFACS)

GFDL-ESM4 USA NOAA Geophysical Fluid Dynamics Laboratory (GFDL)
GISS-E2-1-G USA NASA Goddard Institute for Space Studies (GISS)
IPSL-CM5A2-INCA France Institut Pierre Simon Laplace (IPSL)
MPI-ESM1-2-HAM Germany Max Planck Institut fur Meteorologie (MPI)
MRI-ESM2-0 Japan Meteorological Research Institute
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Fig. 1. Global map showing the property of columnar methane mixing ratio (XCH,) of the GOSAT measurement from 2010 to

2020: (a) Climatological mean values and (b) long-term trends.
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Fig. 2. (a) Spatial distribution of climatological mean XCH, in the target region of this study, (b) Long-term trends of regional
mean XCH, in the target region, and (c) climatological mean XCH, monthly variation.
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Fig. 3. (a) Each grid is classified to one of countries in East Asia: South Korea (black), North Korea (purple), Japan (blue), East
China (orange), and Northeastern China (green). (b) Comparison of climatological mean XCH, for 5 countries.
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Fig. 7. Annual mean variation of ACE-FTS CH, mixing ratio from 2004 to 2022 in 8 box regions: (a) SS, (b) KP, (c) SC, (d) SA,
(e) WP1, (f) WP2, (g) WP3, and (h) WP4. Total 8 altitude ranges are considered for this comparison: 8 to 11 km (blue), 11 to 14 km
(orange), 14 to 17 km (green), 17 to 20 km (red), 20 to 23 km (purple), 23 to 26 km (brown), 26 to 29 (pink), and 29 to 32 km (gray).
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Fig. 12. Annual mean variation of CH, mixing ratio measured at 6 surface sites: (a) AMY, (b) SDZ, (c) LLN, (d) MNM, (e) UUM, and
(f) RYO. At each site, the year showing the sudden trend change is also estimated by using Buishand range test in the package of
R program language.
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Fig. 13. Same with Fig. 12, but for CO,.
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