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Consideration of Top-down Greenhouse Gas Estimation
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Abstract It is crucial to estimate the greenhouse gas emissions accurately to manage the global climate crisis. In this
regard the World Meteorological Organization (WMO) recommended its member countries to develop the Integrated Global
Greenhouse Gas Information System (IG3IS) as a new approach to estimate greenhouse gas emissions based on atmospheric
measurements and numerical weather prediction model. Furthermore, 2019 refinement to the 2006 IPCC guideline for
national greenhouse gas inventories includes the IG?IS as an independent process of quality assurance, quality control and
verification of greenhouse gas emissions to supplement traditional bottom-up method. In these circumstances, Korea
Meteorological Administration launched WMO endorsed IGIS project to produce top-down greenhouse gas emissions
operationally and we propose to encourage corporation with relevant research groups as follows: (1) Understanding the
variations in natural net greenhouse gas emissions stems from climate changes. (2) Refining the uncertainty of the emission
of non-CO, gases such as CH,, N,O, and F-gases. (3) Identifying the missing or sporadic emission sources with the help of
integrating characteristics of the top-down method. (4) Resolving the discrepancy between the national total emission and
the integrated emission from the local governments. (5) Prioritizing research areas of reducing emission uncertainty based on
the differences between the top-down and bottom-up emissions. (6) Evaluating the impact of greenhouse gas reduction
policies.
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Fig. 1. Global processes and domestic processes in Korea under the Paris Agreement.

A7 &5 19 Al 68 BRRS ARt AT
(Quality Assurance/Quality Control and Verification)
o F#7F= %It} IG’IS&= UNFCCC (United Nations
Framework Convention on Climate Change)°]l Bl
e =7 HERe] =2 e At AFE w2
Wro 2 AN H 9t

3.2 F7t QMIER| JiM U AT

2006 IPCC 7Fo]=2Fel12] 20191 ZHA T o] IGIS
7F F7HERA, o]u] 8 =7te] A NIR IG'ISE &
&5k Qlrk F=i2 NIRS] F-=0f oleFA] viEs 2
e S50ttt 2 7HAF2 CO, CHy, N,0,
A ESE A (HFC-134a, HFC-125, HFC-143a,
HFC-23, HFC-32, HFC-227ea, HFC-365mfc, HFC-
245fa, HFC-152a, HFC-43-10mee), ZF=2-5}EH4 (PFC-
14, PFC-116, PFC-218, PFC-318), 5-23}3} (SFy), At
B34 (NF) = R ESAA o] HojH BE 247}
2olth, ZF 7hAFHEE BEAIRE Aol 27| dii
of HiET A 717t ol Aot o, 7EH o s
22 3742 XS AASkL Qlet (1) EHH (25
9] Cape Grim #&4)9t R (F=2] Mace Head
TE)A 7] BEE 199095 H 20219742 €]
7] =0 AIAIE, (2) 1990F2E 2020 7H4] H

s
=0

o 2 AHgst ui &
2017~2020) HHH
.8 B4 Az
M Ee] &

model) £} 7]
&S Gt A= B Aukrt 51ek4] ul
S0 F o fARH e As ZAR A=
il Frlokqleh B3t {75 2okollA w2 oA
o] vgt I ER]E 75| fIste] SlaFA] viEw
A=7E 283 AIE A270SHATH(United Kingdom,
2022). T3t =2 olFA viE JHE &80t
E43E9 2 4 S JfAskelTh
2015 <] 1990

134a) QIHIE 2]
ek o 2 AlLHE QIHIE )7} oFeFA] vl &l H]

¢ 2

J. Korean Soc. Atmos. Environ., Vol. 38, No. 6, December 2022, pp.933-947



938 FA, O, EXIF, HER, AR, 24, 0|42t Samuel Takele Kenea, 0|14+, Z2, A2

‘251 o Uf A Zﬂi el
w2k A4e) olol2) Ak ehvel
RY 7S ol olelet AT S uig
A7t Wrbrlel saAs mde ek 2018HE
ol 1990 A€l 2013A7Fx] 2] JIHME ]S 7BAIgH 2
3} shepa) B} A AA|ellct, e Wi AjF
A F7] 5ol et FAA=E 75kl ot (Man-
ning et al., 2018).

A9 A= =7 QHIER] B A CH,SF N,O &
Fo] shpa] B4 e Ss stk 20039
E 20209714 Sk HiERE AASh, JHE
ERERSEERE EREEEPOINTES
Ag)o] SOhE FASI Eat Sl wiEe B
A2 0]-25}9], EDGAR (Emissions Database for Glo-
bal Atmospheric Research)®] (Crippa et al., 2020) 2~
12 37} ol sl 453 glon), 71 41
A7k HH“*OHH—J Rl
2ha sl of3 Ee
olgotol, SAAAT EAAAE FeT
wjzere] 2jol wl@allc). w3t sfab4] ul
7o 2 Agol| Eol5il FHE AE7HA
LA WEAS AT ol

By
o ng to .

ol 12 ox

N
N
S

olN

E}uu} o}sw HH%%},E %9}57} 13%= *oﬁo“‘ v
ZaFo] B8l (38%) 2t} 29t N,0= EQHlET
st AERFo] ¢ 2 o2 Yel, ofE

of 7P 311 Aol AA VeRstth (Switzerland,
2022). A= QIMER] A= 8tH 9 JRAy) Pst
of A9Ak 7 QMIER] YA CH,Q BEE wiE
go] el 7, skl Aot HlwE Fof 4=
L& ZH It (Henne et al., 2016). T=8F UNFCCCO]
Hsh= Qe & 2t AlEdze] ot

vl &3S o]-8ate] o] Fro]
FAsITh A4 2014 E 0] 2012

+28Ggyrl 0.2 Astg. oLt
201590l AAg e A} 20633 Gg yr ' 22 F71E
Arh A4 HiE Aot W ES] Ao wiE
F2 & o Aot AHstatial 45190, o

7} 197 +£19 Gg yr‘l © =2 2015 301] AHgRE Q1
9L FASHA AFEE ]l o]

g3t Q¥ E =] 9 ‘@PJ} E2 Ao= TS

(Henne et al., 2016).

L 2021L% NIR|| CH, 2t Heisto] ohek?t Hf
olsfietal, =7t JIFIE ] uiE=F 4H
H 121 NS floll oFeFA miEd-S &8
Ak FAA R At B4 At Aebgih ©E7
5, 2 A, B4, ol A9 Toll oJet mE

S
Hko| 7)ot RN E O] Frelut (Surat Basin)©l|A] SF

¢
O:

4] vz Aok, AT lEale) 10% U
2 QgL 1 o] Wl ATHE CH,2| 27} gl
2] o] o

o FARFO| A= AAEAH. &
=l AT (HFCs) THeste] 199097 H #&5<=
7H*] 3t Ef=mpoto]] 12§ Cape Grim W54 2t=
2 o] gste] aF5FA HiZ e 422 Asta, 27} ol
HEg|o] ZAWZ w4 o7 AgHA] 27} olHE g
& A=} W) WSFATH Dunse et al., 2018). &4
7)ol HFCsS) AapAlat 5] Wl @ 9%
5]*5 Ao yehgt o, I 2ol 7t 2 ARl 9L
LSk IPCCl 712 =& WAl 2018
¥ RIS ol Aok AHY $EES 48T
AV} 71 2po)7F 2014 ©]F 23% HE 2 E0L o
s I Aol A7 AL, =7 FAAT 22w
Holil qltt. o]=dt AVE <A & 5to] HFCs Hl&
ol et A JIHE ] diet idS Sk
SItt (Australian Department of Industry, Science,
Energy and Resources, 2022).

=7 EstE|X| M 38 H M 6 &



A A BFATH (New Zealand, 2022). 72
E9] CH, Hi&& 5%
W5h7] Sl skl lok /g 7]« 884
Qlol shaFA S E-8ota 9lew, CH, B
 FA oA sk HE 521} 9
E g7} §A5hc Al EH3lth (New Zealand, 2022). 5}

S NSk Al AR A 271

= O
=

o] shy

ol o

—=

A]

o &

2 B0k dl §8ES0] 78
2 AX STt (New Zealand, 2022). E3F 7
ShaFA] viES 242 Fol FAE ] A
ol 2] o] Co, BHIA T 57k 3Hl)
Sk QIME 2] 7iA-& FXI5F3ATH (Steinkamp
etal,2017).
59U NIR| H-5 60 AHIE ] viEo] A
HZ CO,, CH, N,0°f tigt Ax=d 3}
ol FRHER L, AN EY viEEa of
O] AJAIE H|ALE, QAHIE 2]} 5HFA] HY
=53k o] 23t H]

o e JHBAS
3} sk whE el

S
35 C0,9F CH = A3

Sfo] =l T} HfEF] Ao} £0U N,O
o7} 27 Lehka Qlo] 4% o] Basteky A
Ao} T} (Germany, 2022).

71 Qo= a2 59 #oF CH, HiEo] Aas
AEe Ae ddsta ¥ I EE 7fds e
(Miller et al., 2013), A= S}5FAT} AFGFA] vlj&oF
o] 37} fAHEHS oI, o AR NIRS] A1)
L& TSt (Ganesan et al., 2017).

g A

ol HfEFS £
o

=

7

Nl

)

[r
rr

TS
R

2]
=
A

e,

N

HU Y o o o

ol
ool odl

i
El o 1

a1

=

>
e e ©

=

>

9]
4

1}

.

Il‘i|>z

=

55
FT

3.3 29
LIRSS

ol met ZA1=E ol

A7} 710) g

=
=

7o) ujz o] Ay
S1A5E 271 Hjz o]
a7 €}, olE AHE

A A9, B LA S

o

o] 2fjof] 247120 ot 7]1%-91717F AeteH =7
247 i ETe] digh B2 TS Ao Aol
ofof| thet £jw 2] tf-3-= 1ol weHAQl W&} 2l
B 58 et =hd AL wjEF JEE 5
HaH 3ot 22wt Sastth 57 U 247t
2 5 F7HO] A1 Tedsto] TS0 HE ol
e JFgFS HA ok ek o2 IGIsS &8
S 4 otk FH2] EAR] A=, AFE a4
CFC-11 ‘5% S7F $=7¢] CFC-11 It} wj&x o
Ar]o] ok Ae sf-asteict
(Park et al., 2021). 2~$]2~% 1AHA] A= oA )
= ol A HFC-23°] S7Foh= A& WAsH,
FTA BAS o8]t AF2 o7 ojgeotd] 1FE
= Wdst, s 7k QW ET St
oI5}t (Brunner et al., 2018).

Q7| el A A9 viETS oA AFdRt
ol tf-go] 7Hestth fFHA”elA md
Sh= EDGAR Atm= A9 20 Hgh v &= 20124
o] 228.2 Ggo 2 ¥rRsITt T3uf AA ol A
AP QI E R 183 Ggo.2 T 2tz 7ol & #}o]
7h Wk o= 27} sheA] wEshr] 916l EDGAR
Zhm 9 =l JIMIER S Ao = otk uiEw
S Z}Zf A9 Adl EDGAR A=7t B 249 A
o7 FAHSGIH wETe] et F7F 24
Sl EDGAR Zbmof| A 2912 T A]of| 4] 9] wet f-Er}
&8 A7t Ao A=At HS E sk
EDGAR A& AJ4E7| 3] @ Asto] wtestA] 4Hd =]

= &S RS 4 AT Henne et al., 2016).

o
=

BYFORH o}
2l
SEES o

= X
?—E'._T;g

7
£l

S =
= ©

TR

3.4 247tA 2
ale skl o)
tretsl A7k o)

1l

an* e K
filo o_‘U_Jr, N
P
rO

J. Korean Soc. Atmos. Environ., Vol. 38, No. 6, December 2022, pp.933-947



Z7beteick. g 27} A 1 st

THWMO, 2018). QT A5 A[AdofA st oz 4t
g3t CH, BiE®ol Bale HiEwe] vls 2A 71
She A2 kT 4 A A Bk 1 E

AT, ool T2 4 ALHL st v
2 295 WMO, 2018). WIF6] Q712 ALY
9] 20712 dhE o] SR AHET Axfel
ol s 71 sk BAslo] 4 AHo] w2t
e

7|45}t (Alvarez et al., 2012). v|=r Zg] Lo}
Fi o2 i, vhE 2T sk A
& ML C =N CH, BiEFS A=sH =l

(Cusworth et al., 2020).
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st 212&1 olzig 141"01] e HEE A 8E
gelstr HEM s HHE & &gst

&) EC"E] 471E 14 N0 &

Zohe o k4] wjESS E831ACHIPCC, 2019).

4. V80 A% VY L AY

7T 2009 T FE u= Sk 7] A
(National Oceanic and Atmospheric Administration;
NOAA)°|A 75 Carbon TrackerE 7]HFO &2 5o}
Alot 219 tigt CO, 4 AAIE 7Idstal o), ¢
A HEFS BAHEA Fevte dol Al
(Kim et al., 2014). =3+ 4= FH 7} =] 7]Hef o=
Hole} =22 Q1 LGAAE 2571 o Rint. 11 ¢
ol Park et al. (2021)-2 CFC-112] th7] = Z7}ol H
sfol ke BAHE A gste] 1 whEeo] 5 A1
FAolehe 2 Wrstg o, 44zt BY 29
AAE ot

7173782 AdollA AAE 2P E = 71 R
Q1 Korea Integrated Model (KIM) (Hong et al., 2018)
3 FAH0R Bo] A5 TN L] B
7] P25 (Lee et al., 2019)E 7]5LO 2 IGISE 7N
25H= INVERSE-KOREA AFY-S 4151 =91,
20219 WMO2] 34 IG’IS At 2 2 521S WA
=] %At} INVERSE-KOREA+= 2023742 gtz gl

m.l..

riol

Table 1. Information on the greenhouse gas in-situ measurements operated by Korea Meteorological Administration in

Korea.
Station (ID) Longitude Inlet height (period) Species (period)
Latitude

CO,, CHy4, N,O, SFg, CFCs (since 1999
Anmyeondo 126.32° 20m (1999~2004) etk ( )
(AMY) 36.53°N 40 m (since 2004) € in CO, (since 2014)

1213C in CH, (since 2014)
Gosan 126.16°E 6m (2012~2017) .
(GSN) 33.30°N 12m (since 2017) CO,, CHy4, N,0, SF¢ (since 2012)
UlleungdoDokdo 130.90°E . .
(ULD) 37.48°N 10m (since 2012) CO,, CHy4, N,O, SF¢ (since 2014)
Boseong Tower 127.21°E .
(BST) 3476°N, 300m and 140m CO,, CH,4 (since 2021)
Lotte World Tower 126.67°E . 121314, : 12130 .
(LWT) 37.46°N 555 m building above ground CO,, CH,, Cin CO,, '~ °Cin CH,4(since 2022)
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Fig. 2. Schematic diagram of the target system of the INVERSE-KOREA.
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Fig. 3. Summary of the usage of IG3IS products.
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