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ABSTRACT

In 2023, South Korea estimated its greenhouse gas emissions based on the 2006 IPCC guidelines (GLs) in preparation for
the 2024 UNFCCC National Inventory Report. This study compared greenhouse gas emissions in the agricultural sector,
focusing on rice cultivation and agricultural soil emissions from 1990 to 2021, using both 1996 and 2006 GLs. The objective
was to identify the factors causing differences in emissions between these two GLs. The total emissions for 1990 were 15,139
Gg CO2-eq under the 1996 GL and 17,459 Gg CO2-eq under the 2006 GL. By 2021, total emissions were 11,114 Gg CO2-eq
for the 1996 GL and 10,392 Gg CO2-eq for the 2006 GL, with the 1996 GL showing a 6.5% higher figure. Methane
emissions from rice cultivation in 1990 were 10,533 Gg CO2-eq for the 1996 GL and 14,073 Gg CO2-eq for the 2006 GL,
marking a 33.6% increase under the 2006 GL due to a change in methane's global warming potential (GWP) from 21 to
28. Nitrous oxide emissions from agricultural soil were accounted for 4,656 Gg CO2-eq in 1996 GL and 3,232 Gg CO2-eq
in 2006 GL in 1990, reflecting a 17.9% decrease under the 2006 GL, primarily due to the reduced GWP for nitrous oxide
from 310 to 265. The study reveals significant shifts in greenhouse gas emissions in agriculture when moving usingfrom the
1996 to 2006 GLs, driven by changes in GWP for methane and nitrous oxide and variations in nitrogen input methods. These

findings highlight the importance of guideline updates in accurately accounting for greenhouse gas emissions in agriculture.
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AYEY o F AEHOR A LUNAE ATL
wste] 78 clofeh, J|FWate] Be FR7E FYA
(Intergovernmental panel on climate change, IPCC)ofA]
LRt AloA} F7HEIA= ALY EE e 7] 5Hst
AlLE] ol A 747k vl (2021 ~ 20408)0f A2 ds}
2 Qg 7]&0] 1.5C 45T ALogE EASITHIPCC,
2023). 7]5¥3t fi-32 fs) A AFHoz 2ATMA &
HlEHE 005 THE= YA E(Net zero)7} FHTIL Q)
3, F7HE 2ATES WSS gofstal FEs] AMgst
L Zo] Q8|1 Qlt}. IPCCE Z7MEHE vi&F Ay
S 95t 7lo]==RRI(IPCC, 1996a, 2000, 2003, 2006)S A)|
ABtHom 7 Fe AFe] Ao T stol=etlS A
25lo] Wj&FS APFotal Uth(Jeong et al., 2017). $-F
wehs 20229714 24A7kA BiEF A Al 1996 GL,
2000 GPG, 2003 GPGE Z835l9ion, X HHZo|L};
Algof 2006 GLS A-&3stt(Jeong et al., 2017). 2015
d 7|5 H3}S]9)(United nations climate change
conference)ol A AAE ThelEAo] Wt BE ThapEe
2024d9] 2006 GLS 7|Hto g =7} &A71A QHlE
X 314 (National inventory report, NIR)E A& 9JF7}
Rom, ket £ 20233 FE 2006 GL WHES 7]
som 2AZtA WE% A AZe Sdsigt
(Ministry of Environment, 2020).

2 AFE UM F83 2AHTEA HIEHQ BAH]
O} LAANEGFS A0 2022 ~2023F 7} LAITFA
A B 1-AZ XA (GIR, 2022a, 2023) 28350 1996
GL¥} 2006 GL 7]8be] 2A7IA &S APkt
o] A3 ALoA Jeong et al. (2011) 1996 GLI}
2006 GLOA AAIE 7] & AI(Tier 1)E ©]&3to] Bi&T
= ARSI e, =7 A Al NTe He4de
73Z5F9 ). Jeong et al. (2017)Z} Choi et al. (2020)=
IPCC 7to|=21R19] iAo e M2 AHHS &4
skal, 57F AWEE] A8 A%t Al AT EEAR
T59 TRAS AASHIH. & A5 FAL olet
vl 7]1zsto], A MA] e HAH HE 574
A B opitshd 4 viEFo] dd WMok Bluwshl &
ASh= Zolt}. o]F &3l IPCC 7lo|=2ql W7o 24
7t BiEFe] vAs TS ook, Hoh FEst &
AZMA ST A S AT 71 2ARE ASHoEH 7]
SRt g3 AR 7o 7]ofstalA}; g
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2.1, SHTIA 4P He

=7 2A7EA QJIHEZ(GIR, 2022b)0f] =W -2yt
2} w0k el o] &Y BAfl(rice cultivation),
573 A EF(agricultural soil), ZHE2FAIAZH(field burning)
o8 Wy 2A7IAE HEH(CHy)T oM AN0)E
Husiath wiEYEE 2A7IAE BH HAEjol =
g, sHAEGNA = oMt AE 45k, 2%kt
Azt A= HEtT opilsbd AT B HiESHY HiEd
o & & HE5Z HY e B2 58
of MA wiEFY 0.1%E ZHAISH7] wizof et AHl
22 BAuiet sHAEYGC] F8 wiEdolst T & A
o} AmE(1990 ~2021) 2A7FA AHLS 95t FEAtE
(activity data, ADY= FAH F7} BA SX2 o83k
o, HiEFZ 4 Aol ot &A= IPCC 7|2
Al (Tier 1) = 77} 31§ Al9(Tier 2)5 Foto] AAbst
Act.

2.2 #3k= +H
2.2.1. B BHEH ESA=Z

B wiEY Y] SRR =1 AuiEZ, W A
HiH 2], =H|AlE WAL FR1E =75 A Y (Statistics
Korea, 20232)04 58 FA=E EFE sIHUAZRAL &
Hold2AE, sHAAZ AL FFAEAAHZRAL 7H
SEERAL FAEPAARAE F6 sk 1 9 =
=oe] o WE AEl W4 e, 1712, =H)
Alg Hlg, HEd f7E EY&2 UolaRdHolH
(Statistics Korea, 2023b)E ©]-85}0] Ar&sHiTh. B A Hl
et A4kl F EeAtael AHiHA S BE 3¢ HdS
Agetty HE AZF AuiEdL APIAEMm) 7% n-2,
n-1, nAE FAF WA 39 FAgES o853t =olA
S Rl Hiet A4 2AR= 20109 FHO|AF A
2E AA QAT whetA 1990 5E 2009E7H] B
HHd HE2 20109 ¢S 25 AEsiglen, 20114
o] = FHOIURA Am +AE A& 201593
202092 AR IS o Al APd= 3
= HiAket g2 A&stadh Bl HR {718 A8l
et EA= 20179 °o]F= SHOIAEAL vfo] AR
Blo] A Y W F BAMERR &8 IR HlES
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A-gotdch, BA AALL Az7F weto] ZAsHe] 1990
4§78 A8 WA HLS 50%= st 20174 H|&
S g83to] 1991 ~2016E7HA] AE WASHITHGIR,
2022a, 2022b, 2023). =H| WA gt EAE= 2010,
2015, 202049 FHOFFSZANA Sl # ULk A
Am7E s BA AALEL HAAE HE2 F8okiH
] Al L= 199088 2017A7HA] 138%_1; 2835
Aok B 257 AHEERA, 4, )R Auw s
U &2 MEAE A8slo] dE AujAS 1380 AHEs)
FTHGIR, 2022a, 2022b, 2023). 2018¥ ©]F = 137¢S
A&t ol 7 EFAAY o] A7|7F =0l
= FAE 993t Zo|tH(GIR, 2022a, 2022b, 2023).

222 SBENEY HEH SSAE

FAANEY HiEYY EsAEe IEH|E, TSR
I, ZFERbAL] O3t Aa BYFO R RSt 5K
oh. A4 FA%F A4l 283 e AT S5 AR H
Ao A3} DA W BTE HeS shsh]

2 W4 ST FYSAYEEALLMAFRA, 2022)
AN £SOl BAYCT, FHAEAI LA
o w9 WAY vz TYERY BAL olgte] 3w
oz EAGC W ABFUR SUFE AT AU
W 7]2(RDA, 2022)°] wh EX|A ] 22 ABIARN
kg ha')y& 7|20 2 25 NuHAS Foto] Aikery
. ha ol e Ak FUFS AFFFRA T2
AR 549} 7R X2 A]A o]-&-H]E(Statistics Korea,
2023008 Satol AMSIAT. TIALOR SHERA
of s RS W, M, W 1E, vk, G, @
N, F2EFE, HE Ao R SZEYARAA ZE A

AbFa A2 EQF 2HE(Statistics Korea, 2023b)S A

Aol ghe AbESHH.
2.3. H{XHu{ OIEH BHETF LY A

HAjEjofl A Hgk Bl &S Table 1. A (1) e} 4L
HlEA|5=(EF)2F e D=0, AEiHA (A2 522 Att
Hoh 4 vk #iESA(EF)= Table 1. 4] (2)°] w2t
718 Al o7e} 27 A5 3 By gt o=
A ARE FAES, f71E FAE 209 g 712
HlEA P (EF)E =71 I #EATE 55E 2.32kg
ha'! day'Z &85l 2 (Kim et al, 2013), &7] & B3
g HAYAS(SFy)= SHEY7] 15 1T 0.83, 1~2F
w7k 0.66, 27 ol 0.49% AT} BEHAETE)
2 271 1G AT gleE R 2022 MRVE 2023 MRV

oAl AAIZE 0.4(IPCC, 19962)9} 0.25(IPCC, 2006)S 7+
ZF &5ttt R71E A8 ERAS(SF)= vt =

oA #E HF AEH(GIR, 2022a)7} =H]AETH(GIR,
2023)2 6t ha', 0.0685t ha'2 AA35}a] sidHL 9 A
4 2.5, 1.0455 22 F2519rt.

AL Hge g 2A47IA% Bl E P8 A2d
3} A|42(global warming potential; GWP)E &5}o] oAt}

A2 FHHCO-eq)stA T HEHe] GWPEE2 IPCC A2
2} HZ7FR A (IPCC, 1996b) 7|5 21, A|5ZF H7FEH LA
(IPCC, 2014) 7|&9 & 288, 2022 MRV2} 2023 MRV
27} 213} 288 HESHT

2.4, SZXIEY OMEFEA M W

SHAEGONM optetda wiEFd ARHMEN0

Table 1. Methodology for calculating methane emissions from rice cultivation based on IPCC GL

Guideline 2022 MRV(1996 GL) 2023 MRV(2006 GL)
1) CH, = Z(EF; x t x A x 10
) EF; = EFc x SFy x SFo EF; = EFc x SFy x SF, x SFo

CH, : Annual total methane emissions from rice cultivation [Gg CHy yr']

EF; : Daily methane emission factor [kg CHy ha' day’]

EF, : Baseline emission factor for continuous flooded without organic matter

SF,, : Scaling factor by water management methods during cultivation period

SF, : Scaling factor by water management methods before cultivation period

SF, : Scaling factor when utilize organic matter
t : Rice cultivation periods [day]

A : Cultivation area [ha yr']

GIR (2022a, 2023)
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Table 2. Methodology for calculating nitrous oxide emissions from agricultural soil based on IPCC GL

Guideline 2022 MRV(1996 GL) 2023 MRV(2006 GL)
(3) NoOpireer = (Fsn + Fam + Fany + Fer) x EFy x 44/28 NoOpirecr = (Fsy + Faw + F'er) x EF; x 44/28
N2Ompireer = NoOy + NoOqy
“) N2O@) = (Fsx x Fracgasr + Fam * Fracgasm) X EF4 x 44/28 | NoOw) = (Fsn * Fracgasy + F*AM x Fracgasm) x EF4 x 44/28
N2Oq) = (Fsx + Fam + Fcr) X Fracigacs) * EFs x 44/28 N,Ow) = (Fsxy + F'am + F'er) % Fracigacu) * EFs x 44/28

Fsn : Annual amount of synthetic fertilizer nitrogen applied to soils (kg N yr')

Fam : Annual total nitrogen from livestock manure applied to soils (kg N yr'')

F'am : Annual total nitrogen from livestock manure applied to soils after subtracting the nitrogen loss in the sewage treatment systems

(kg N yr)
Fex : N fixed by N-fixing crops in country (kg N yr')

Fcr @ N in crop residues returned to soils in country (kg N yr')

F'cr : Annual nitrogen inputs from crop residues, including N-fixing crops (kg N yr)

EF, : Direct nitrous oxide emission factors by crop tye, synthetic fertilizer, crop residues and livestock manure (kg N,O-N kg N input)

44/28 : Conversion factor to convert N,O-N into N,O

Fracgasr @ Fraction of synthetic fertilizer nitrogen applied to soils that volatilize as NH; and NOx emissions

Fracgasm : Fraction of livestock nitrogen excretion that volatilises as NH; and NOx emission

Fracigacn : Fraction of nitrogen input to soils that is lost through leaching and runoff (kg N,O-N kg'l N)

EF, : Emission factor for atmospheric N deposition (kg N,O-N kg N)

EFs : Emission factor for leaching/runoff (kg N,O-N kg' N)

* GIR (2022a, 2023)

direct)} ZHEHIE(N,O indirect) 2 F-E5t0] A5, HY
S AFY A2 Table 29 Aot AHu&EF2 Table 2. 4]
(3ol wet SR, 7HEEk, ANPLGE 23 2
ZEALS] EF 3helo] ost A Qo R HijETFo] A%
Hr} opistdAE A B wet k2 wiEAS
(EF,, EF,, EFs)E Hoto] AlAlstal GWPEES Hoto] o]
Arstetag ghAbsglct. opAbshd Aol GWPEE2 IPCC
AR2 7|2 310, AR5 7|&0.& 2655 7Fz+ 2022 MRVS}
2023 MRV &3}t

Table 204 2023 MRV 2022 MRV} T2 7] 748
o] Ogt AA = Ate] B E] A9 Ai
SALF WS TSt 49 Ao o3t mjEFS
2022 MRVOA SHAESF viEUolA APgEt whd,
2023 MRV SAHRopol|A] M2 vi&-S APgstott.
A7t 7IEF(MHER EkolA g dA & wWEF
(Nex(T) kg N head’ yr')2 IPCC GLoj| uiz} th=rc}
Table 33} ZHo] 2023 MRV 2019 GLS 418380 %
Z9Y Ho A|S(typical animal mass, TAM)Z} A4 vj&
E(N rate(T)) A ZHE A4 F WiESFNex(T)E AL

st
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=0 BY=+e 71 ¥R 9 {718 A8l oigt ot
Abeb A A -HujEA S(EF )= 2006 GL 7]2A15= 0.003
kg N2O-N kg' N2 #8sl2, 1 9] & 452 37 1)
ATE Aot =71 17 Ao w2t 15, F, AR
Huj= JpSujE I 9] whRrES ZHzF 0.0086, 0.0119,
0.0049, 0.0056, 0.0058, 0.00596 kg N,O-N kg N & &
Sttt 7HEEEH] o] 2k obikstE A A& A <(EF))
= 2006 GL 7]EA4= 0.01 kg N,O-N kg' N H835}9
o} P& Table 2. 4] (4)0]] =2} 7H5-E 2} ofsh
Hl& Fdof ot ti7| N0 7, 3FoHH] &,
ZFEXALY] EQF ol ot AFEN0w)E 5t
o APgstaith. 7|94k BHAR AlEE= SR
W AA F 7|2 FAEE NHs, NO, HE<1 10%, 771
A H B FERER)E 20%E AR HEotqlnh 1
&A1 4(EF,)= 0.01 kg N,O-N kg NH;-N+NO,-NZ A
ottt FARES 57X FY=E S|, 7HS
e, AEAREE] %t & 49| 30%E A FET
O g ALbstdnt. 7Hd vlEAS(EFs)y= =7F IF Al
0.0135 kg N,O-N kg! NE &3}t



—_

2006 7|SH30]| 2ot FRzt

Table 3. Annual total nitrogen emission by livestock
manure based on IPCC GL

2022 MRV 2023 MRV
Species (1996 GL) (2006 GL)
kg N head’ yr'

Dairy Cow 100 142.35
Korea Cow 70 49,68
Other Cow 70 59.422
Swine (<6 months) 20 10.97¢
Swine (=6 months) 20 26.353
Poultry (<3 months) 0.6 0.603345
Poultry (=3 months) 0.6 0.49932
Duck 0.6 0.817965
Sheep 12 3.6208
Goats 40 2.9784
Horses 40 39.9602
Other (Deer) 40 29.346

" GIR (2022a, 2023), IPCC (2019)

il

Hr
1=

2.5. IPCC GLO| mZ siEZ xto| 2l

rfo
[>

HA e} EHAEY A4S S0 dx=d 247

Hl &S A4S IPCC GLO| whe} vj&sF Xjol7} Ay
of= URlS BEAskitt “1996 GL I} “2006 GL”9] 2}
ol& ZAVEA AMEA AT TI= QIS BEAtE AlEsH
123l 7]€ IPCC 7| &A% (default) gt A3} 4]
$+(GWP) gro]l M7 H Holgt & 4= 9Jr}. 2023 MRV
A A= 27] A BAAT(SE,)et SHIAE EAA
(SF)7F M2 71 AL, AeFds7R)olA 483t
IPCC 7]EAZ(SFy)7} 04904 0252 ®HAE ATHGIR,
2023; IPCC, 1996a, 2006). Al5*(SF,, SF,, SF,)7} &7 &
= W3 EHEA 2022 MRV tiH] S viEFS 44 A
Abstgint. BHd, A EF] oMt A HiEES A
Aol wet A7 AL, Table 3. 4] (3)°] w2t Spohu| =
(Fsn)= “1996 GL”Z} “2006 GL” AFgHbo] HYdsta g
TFE R (Fan) 2t ZHE A Fer)oll 29t A4 FA=Fo] Hf
ST Aol9] A dFS =tk =7 247ES dHEF
(GIR, 2022b)] wa} ZHEXFAKFcR)Ol 23t opitabaas
HEdS sHAEY & wEZol B8] 3% n|wto = o
etEg B A VMSEk(Fan) 24 BT A0lE

dorle dUE BHeAT

X 7I0[=24R10 ME B X SEXEY 24714 HiEE Hat 24 51

3. 2 & uH

3.1. AEE B A SFEXNEY F HEY

“1996 GL”I} “2006 GL”Of whal HAE(1990~2021)H
Aol SANES LA iSRS T S HE
o Fig. 13} Pt} % slol=alelo] e % wiEge
% AAH O Fasterk

01996 GL (AR2) 02006 GL (AR2)

16,000 -
14,000 ([ |y
12,000 |

10,000 4

Emission (Gg CO,-eq)

1990 1993 1996 1999 2002 2005 2008 2011 2014 2017 2020
Fig. 1. Total GHG emissions in rice cultivation and
agricultural soil based on IPCC GL

1990d & Hj&EFE “1996 GL” 7|22 2 15,139 Gg
COy-eqo]™ “2006 GL” 7|2 17,459 Gg CO,-eqXrTh
15.3% Worch A AE 20159S 7]H o2 1996 GLO
2 APYS si&o] 2006 GLO.2 AHg3t viEFHT} &
A B7rEleH, 20219 & WiEF2 “1996 GL” 7|&
11,114 Gg CO,-eq2E “2006 GL” 7]& 10,392 Gg
COxeqiTh 6.5% E2 FAE EHAJh

A

=

3.2. H{Xie{ oiEH BHSTF LMY Zat R

AT

Fig. 2()5 ¥ 1990 WA 5 2A7FA sjE&g2
“1996 GL”I} “2006 GL” 7]& Z+Z+ 10,533, 14,073 Gg
COreq HIEEHE ZOoZ AXEJL. “1996 GL Hch
“2006 GLA] 33.6% Z713t 3,540 Gg CO,-eq T H|Z&
9o, ol= “1996 GL o= GWP £+ 21& -85}
a1, “2006 GL 9= 33.3% & 282 A835t A7E vrodst
t}. Fig. 2(b)& B9 5YsHA GWP(AR2)E H-&3Z o
T 7tol=gkel 7t & Aol= A9 glow, “2006 GL”
AHgko] ©1996 GL Hth ZASH] &+ AL E1T &
ek Axd HiEHS B 19909 o] 2 vet viE

ZAashA 202199] “1996 GL™E 5,432 Gg COx-eq,

o
T
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“2006 GL”2 7,413 Gg COyeqO.2 A= A uj
HjEUo] £9 R =4 HuHEE B 19909
1,242 Aha €] 7459} 20219 732 Hhaz 19904
] 41% o] £90H, SeE JFOoZ Hgh
W& EF AT Ao BAstor.

—0-1996 GL (AR2) 42006 GL (AR5)

16,000
14,000
12,000

10,000

Emissions (Gg COy-eq)

1990 1993 1996 1999 2002 2005 2008 2011 2014 2017 2020

(a) Using global warming potential of ARS in 2006 IPCC GL

—0-1996 GL (AR2) -4-2006 GL (AR2)

12,000

10,000

Emissions (Gg CO,-¢q)

1990 1993 1‘996 1999 2‘002 2‘005 2‘008 2‘011 2‘014 2‘017 2‘020
(b) Using global warming potential of AR2 in 2006 IPCC GL
Fig. 2. Methane emissions from rice cultivation

according to 1996, 2006 IPCC GL

Fig. 2(a)€} Fig. 2(b)= IPCC ¥ Ao wa} HAu] wj&
ol Aol7F U= 713 2 HRlo] GWP gho] 219]4 28
2 7R 49le HojEth 2021 7|22 & Fig. 2(a)
o] Hj&EF Xpol= 2,008 Gg COr-eqE “2006 GL oA =
< HEEZ B0, Fig 2(b)ollA &2 GWP (AR2)E
&8s W #ET Aol 148 Gg COreqo]t

Fig. 3& HW 1990 7]& “2006 GL”9] Hj&Efo]
“1996 GLHtt F715t 71 2 ARl wH|Al-E EAA
F(SFo)Y A& & 5 AUtk SHAE EAASF7E “2006
GL"o]| HFF=HA Bi&F2 119 Gg COreq 57153
0= 2022 MRVOA| AA| =8 e F =H[A& ¥
Ao gt 7|& wiEgolA EAZA S 1.0457F F3i7 2
ot} 19909 7|& 27 A B¢ HHAS(SF)E QI
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8 wiEF2 19 Gg COreq S7H0IAH. 27| A =¥
BAASE AT HieTF 4T WA SUlete FAE
Holu, ol FAZRARIA Z7] A 302 ol 't
WA vlgo] Fopd Adelth. A FHAYRAE B
H A7) A 289 2APF A1 20119 o) AIAIE #
< 20119 T 309 o] WA HIESl 941%S A&
stal gtk 3 H&2 S7lete AR 2021d9= &
Al =8 W3 22.3%7} 302 ol FEShe ALRE FALE]
Ak A BAAG(SFu)E 2022 MRVE 045 283}
1, 2023 MRVOJAE 0252 283ttt sf A4 280
Z s 19909 7|E 23] Hi&Fol 20 Gg COreq &
olE AL AT & itk SR WAL &
o7 Qs HFrEE sk wH HWEZ WA Eojee &
Aotk 2021 A =8 e 2] 5.3%] 27] F =
o] o] AeeEd Aom ARG, ol aHT
o Agol ot Hied IFS FF 247 AP oA
ou|g Aoz wetEc

®Green Manure (SFo) @ Water Regime (SFp) @ Drought Prone (SFw)

200

150

100
e e e e

(50)

Emissions (Gg CO,-eq)

1990 1993 1996 1999 2002 2005 2008 2011 2014 2017 2020
Fig. 3. Changes in methane emissions in rice
cultivation sector based on scaling factors
(SF)

M

3.3. SEXEY Ozl HET 4P At 2 Y

HI

199049 B A EQFoA= “1996 GL” 7|& 4,656 Gg
COx-eq, “2006 GL” 7|2 3,232 Gg CO,-eq2] OFAFSHA A
7} wiE" Aoz AAEITE “1996 GL”ET} “2006
GL”o|A 17.9% ¥|&TFo] 7AstgOoH “1996 GL ™S
GWPE 310, “2006 GL"2 2652 283t AL A ulg
st Axd wiEFS B 19909 o] % opibstA A uf
g2 & Hslglo] S WHEght 20219 “1996 GL”
5,682 Gg CO,-eq, “2006 GL” 2,953 Gg CO,-¢q2.&

Mo



2006 7|SH310]| 2ot Y

l'-.-

A4t=l et oMisHE A &S] 8 &
H® 2H|FY 7ISAS RS B 2
2 19904 562 AERE ha FAZ 202192 54% Ta
3k 260 HECE RAH QL HHE, NFEASESE 5
H&2 2jo]7} AT 1996 GLS 7F&E o] 9%t & &
A EJeFo] 299 HEOA 202192 115% Z713F 644 A
Eoz ZALEITh

=2t70] AAA
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