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Analysis of spatio-temporal changes in greenhouse gas emissions from the domestic rice
cultivation sector by according to Shared Socioeconomic Pathways (SSP) scenarios
using the DeNitrification-DeComposition (DNDC) model
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ABSTRACT

Rice cultivation is a significant source of methane emissions, contributing substantially to the agricultural sector's
greenhouse gas inventory. In this study, we applied the DeNitrification-DeComposition (DNDC) model to simulate greenhouse
gas emissions from rice paddies in South Korea, analyzing spatial and temporal changes under various Shared Socioeconomic
Pathways (SSP) climate scenarios. Our results indicate that soil organic carbon is the most influential factor driving emissions,
with regions rich in organic carbon showing the highest levels of methane emissions. Under the SSP1-2.6 scenario, which
assumes strong climate mitigation efforts, emissions increase slightly in early decades (2030s ~2050s) but stabilize in later
decades (2050s ~2070s). In contrast, the SSP5-8.5 scenario, characterized by minimal climate action, projects a significant
rise in emissions throughout the 21st century. Spatial analysis reveals that regions with high emissions per hectare do not
necessarily have the highest total emissions, as total emissions are also influenced by the extent of cultivated land. Traditional
rice-growing regions along the west coast, despite lower per-hectare emissions, show higher total emissions due to their larger
cultivation areas. These findings underscore the need for targeted mitigation strategies that address both emission intensity
and scale, highlighting the importance of soil organic carbon management. Our study offers valuable insights for sustainable

agricultural policies aimed at reducing greenhouse gas emissions while maintaining productivity in the face of climate change.
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2, EX|9} 7]%0] Zlo] &J&Esto] o]Fof
Qo] 7%, Bk, AP 2ALS A st A8 £
oF ik, 4o AHARI & HA|H, o3t &4
2 gao] wWald] wet 59 AL A WED 5
tH(Haque et al., 2015). 3t 54 52 CO,, CHy, N,O
oF 2 RLANMAE W&t 78 HiEd F olUR, &
3] wisALet 74 Aol A theke] 2A7EAT} HAEto]
71ZHslo] g2 St 71T A 59 B
YL vlAo], ARHOR YL 715} B FoA}
& &AM A& 7S HASof Shth(khwali et al.,
2022; Kim et al., 2013). WehA] FF A9l A= T3S &
AN 8o vlAE RYH IS Aasele
Lgo] gEH, ol= WY 54 7I& ML 71F F
ATFE E5f o]Fo]#joF SFl(Kong et al., 2013; Kwon
and Lee, 2012). A& 7+ 592 A7 v[HE BY
st Zad B, A AAY Fejat galo] Brzol
ok o3t A& 7Hedt 5P d¥oE FHAFE 7

3}]\

o
[¢]

Fa0lESY PG ANSe] Y PR AHLNE
=usy glov, Seiuet B Ak 54 AL, 54

2 #e), vE A 27 5 R YHoE 5 HEo
Aetasks 9ol gstil ckJeong and Kim, 2015;
Morkunas and Volkov, 2023; Verschuuren, 2018).
DeNitrification-DeComposition(DNDC) 2 &2 EoF
s e A4 9 39 S FEsHA 29
sto], Y E5oE QI3 2AVIA HEE 9SSt
F2 AFEE= Eo|th(Hwang et al., 2017; Jeong et al.,
2014). o] HE2 7|% 24, B} E4, H|m AR, &
99 59 hrt 59 B 98 942 BuHow
oA, 59 BEIA WA= €O, CHi N:O
Rt §39) LAtA RS PUsH o=
THOh et al., 2010, 2011). £3], DNDC 249 =<
9lel, 5% A|oo]
Hj&o] Zpol= 7t
U FRolA9 &
3t SF A Aol & Hhy
o A3 Ao 2N HA sYoly v ¥ M=
o] %83t HRE A|TScH(Fumoto et al., 2008;
Hwang et al., 2021; Minamikawa et al., 2014). & ¥0]
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W2 59 §49 Holgt 715A WEAS DAY LUt
2 MRS AP IA St ol B Rt 5 B
AN 272 S S4L ereta, Z1F st o
ST A% A5 5Y AL AT 5 9 Aol

(Min et al., 2018; Shin et al., 2014).
U] = WA AA 54 WA 50.5%% o
A2 AAshe ol ] FA4]Q1 A2 A4t S
=0 9 AujabgolA HiEEe wE
Foletsof vl3] 2487 © Ath(Lee et al, 2012). ¢
Uete] F7b LAsbA QlMlER] BuA] HEE
oA BiEshe 247k oF 50%7F ¥ A€ 53
HiEEY, HA4 2A47EA9] oF 1.5%7} siEEth(Seo et
al, 2022). webA] B AP felute] A% sl o
A 2 2ATEA HiE AGS fA5te] =olA EA st
247129 #iE £4& DNDC 2dS 2-85to] mojs}
a1, 7| 3Rt et FRIE FYA(IPCC)olA AAIRE 7]
T3} A|L2] .91 Shared Socioeconomic Pathways(SSP)
£ Wgslol vl Woke woshua Fich

s Qigol nldhe] Al QRS theke ALt
2128 Bl £AEI 9loH, SSP AlUE| 2= o]Hdt &
Aofl A HAAQl HES FHoH(Meinshausen et al., 2020).
SsP Al wlEe] ASAA B BRel /)%
3= sHH o= sl gefRt 7HsAdS AlAIsk=t,
/A F7h BAA, 71€ U4, 181 B3 B89 Zpo]
of met o] 22 Yt ol A2EL 4V tE
st i 2etel, 53l 59 ol DlAs
gFo] mjL- FTtH(Wiebe et al., 2015). 7|2 A5, 735 9i€
9] ®igh, 183 SRl 7Y A9 ¥k $7F 5
= A% S4S 2A HIAA ZEY] il AHA
Qg UlAIh ol A AF wo} T2y AF B
goll St Y1dS 7FstAl 2 7FsAdol Aok ERL, 7]
W Qg 5] o] Ask AAHeR Hoke
Aofl & & FFE A 4= 1o, o|2gt Wzl i3
s7] Sla 59 AAe] FRAL 1 oL uut 72
T QItH(Chae et al., 2020). We}A], SSP A|L}2] 92 )
90 FEoA 7170 Qe ALsl 2oL, o
7IRFeE A& 7hHst o AR AR oti 735} {iet
& BASHE AL BaHel BAR BhEET AckAn
al., 2022; Kim et al., 2022).
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Shin et al, 2015). 28Ut 8 ul Zol|A] Bagsl= &
A7EA HiEE 715 REe] £8 A F SR AEHL
Ao, ol et HiE AFH AJH 5 FEs] wet
Sl AL ule ZQ3ttH(Yun et al, 2001). 7| SHI}FE
sy Aull 2go] wstste] whet, B x| 7194 %
A= ¥E5E 7FsAdol 271 wiioll, vl 2A7EA H
Z EAS ASsta olo] APS Al A& HAsh=
< A o]tkSeo et al., 2020). WEpA 2 A= SSP
T3} AR Qo W ] Al FE9] 2AVIA wiE
4 ¥sks RAFoEH, Y oA 7| FRE} 1

T AL Y B HES AT HoH 2AE A
w2} ek olgdt AT ¥ AYulo FeALS 97

2, g7 OiY & GH
2.1. G5 WYX

2 AT YUY =2 Ao R 2A7EA HiET
= 71571 $15k9] Jo et al. (2023)9] AFoIA AbERE
A BA 719 = HA AAAE SRR EE513
t}. Jo et al. (2023)9] At Synthetic Aperture Radar
(SAR) Q4T Heid e Fhatol AAl A =
< B5okeler, olE g o R fF FAE ARt A
oot = 29} WAZ AHEst3th. DNDC Hd2 2|4
= 7|Hte g F5E7] fiizo] A= 1 km AXE A/dst
o] Jo et al. (2023)9] AofA =0] U= AR F=3}
o0, 82911719 Axjo] THNEE Hoistol &

SFTH(Fig. 1).
22 97 M=z R Y

£ At FW =olx9 2A7A siE 7] A}
AU Qo g WIS #Al5t7] fJste] DNDC HE&
28513tk DNDC e = FRIA tfstoA 7
Helon, 5 FEolA @49 A4 &3] oA
9 2ATIA BjES S5k AFE ZEo|thLi, 1996).
712, B, AE B HlolHE 7Rte R E24 9 A5t
4 Y-S A4lstal ol B9l Y 59 T IF
= B7IRtth DNDC= A AlA oot 2|93 5 AlA
dof A-&xof Ag/dE AFHdon, 24A7IA wiE A
4 4 AL 7 v T ARE A F8% =R
28511 QIth(Abdalla et al., 2009; Gilhespy et al., 2014;
Tang et al., 2006; Zhang and Niu, 2016). =W APA+
+ DNDC 2ES &850 59 FiolA sigse 24
7PAE HOJSH HiET A AR AES EEShe T
9] AF7F =H = Ak Hwang et al., 2019, 2021).

DNDC 24l 52 &8 24A7IA viEs 2olE 95
o A7 1%, A50| 7Hse 20199 A =R AF
stelth. ¥4 DNDC 2d9] 5 AiE &8st 24
7t wiEH T 7PY Aol =2 JEAEE fofsta,
ol EQ 3} 5% 7l&o] WA et 7HEstel
719 ZAA2E SSP 7|¥ AU = thAste] mlF 7]¥H
slof] wE 2A7IA HiEH WSkE ROSHgith. Bt
ATE &8oto] 719 0] WIlof| wEt =0 Ao 24
7hA S AR WIS #A5t, o]of e ofg et
= AESHIH

(a) Rice paddies under cultivation of Jo et al. (2023) (b) Grid cells with rice paddies of Jo et al. (2023)

Fig. 1. Study area
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2.2.1. DNDC 2
A

2S St H Mo FE 24714 HiEY

2 AFE =9 ATA HiE EA4S 25ty fld)
20199 7|&C% DNDC RH9] U FE F=51Y
t}. DNDC 2d9] A FE+= Table 13} 2™ Hwang
ot al. (2021)2] ATo|A] AAIFE ThkRE EAR O @A
ZAF 718E9] 571 FRIARE v o R ST B
=9 2AVIA HiEo] & IS A= WA AR
AgtE] 9Tty 715, w& AT & &2 31HF5H]
sol|A Aljtel= s EEFTHRDA, 2019). o]&]of| &
Fo] oj8& AYARE - DNDC HEoA A|5dt=

718232 &St 4] JEAE F 3 Aolvt
A3 F7HA ®E0] 7HsRt AR Fig 29 gt

Table 1914 53 JHA=E E-E35to] DNDC 2E
< FEotgen, I AR AEEe @ 3 8 AR QL
3 = EFolA WAst= EY CO2t ZHEoA LT85t
CH,, N;O©°f| Z+Z} Global Warming Potential (GWP)& &

AZXE . X&O
Sy

B

- 02

3l COreqz AL, RHitsto] Blet= o 2A7IA HiES
<= APYSIATH(Fig. 3). B3 AMY At § 2AVRS HiE
F 7P B9 Sl RS Tofshr] fiste] 4E Hlo]
Eet Ay HolEE &89 HsIARACE 4HES
A5 A S A5kl 2ATES e A
A517] 9I5ha] Jo et al. (2023)2] AT A AT HAS
Aol Foto], ‘AE LAVMA HiEFE APYsHTH(Uo
et al., 2023). o]& 2021 =7} LAIZIA QHIED H A
oAl AAISt= AAAE 2A7tA BiEE T B 245t
o AZS 23519

2.2.2. DNDC 21} SSP A|U2|RE &85 247tA
HE 23 24
DNDC Eeg &-gsto] vl 7]5H3te] we 247}

2 HiE 549 EH&]% 2A4517] fIsto] 7]t it
s H=7} ok SSP1-2.6 AlUtE] 2.9} SSP5-8.5 AlitE] e
2 Agslo] = LAVIA HjZeES AASHAT SSP1-2.6

Table 1. Input data list of DNDC model
Input Unit Source
Yearly Soil Organic Carbon kg C/kg Soil Chemical Test from National Institute of Agricultural Science
Yearly Soil Acidity pH Soil Chemical Test from National Institute of Agricultural Science
Yearly Clay Content % Precision Soil Map from National Institute of Agricultural Science
Yearly Bulk Density g/em’ Precision Soil Map from National Institute of Agricultural Science
Yearly Fertilizer kg N/ha Rice Quality Improvement Technology from Rural Development Administration
Optimized Paddy Irrigation Day Rice Quality Improvement Technology from Rural Development Administration
Daily Maximum Temperature C Meteorological Administration
Daily Minimum Temperature [ Meteorological Administration
Daily Precipitation mm Meteorological Administration

(a) Soil organic carbon (SOC)

(b) Soil acidity (pH)

&7

74
54

(c) Soil clay contents (%)

Fig. 2. Spatialization of input data
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Yearly Soil Organic
Carbon

Yearly Soil Acidity

Yearly Clay Content

Soil CO,

Yearly Bulk Density
*[ DNDC Model

Emission by Ha

Average GHGs
Emission by Ha

Actual GHGs ]

Yearly Fertilizer

Daily Maximum
Temperature

Daily Minimum
Temperature

Daily Precipitation

Crop N,O

Paddy Map
by Jo etal. (2023)

Fig. 3. Data flow

Alyz| Q9] - 7| S HIE 2|431617] 215 z
= AAIRE F90]1l, SSP5-8.5 AUt 0] A AAYY
< FHACE 7|9HStE IEsHA| k& AlyE|eth &
At 71Tk et ¥hdsty] fiste] 201999 E
& SFeH At Al sHo] WA Y=t 7Skl el
Al 5T EY, v AEARE SU5HA &85k, 7%
Ayt 7|9 H}E AU e AR E thAste] DNDC HE-e
T&ottt. 7St AlvE| o= o] 7|eske] gk
A& vtgstr] oto] 20309 (20319 ~ 2040), 20501
(2051 ~2060), 2070 TH(2071d ~2080)9] U
7% AU HlolEE Y3t Hdtste] &8sl Bl
o A== AEe 7€ 71T dEAES} SYHA 1
712, A7, otk

st 3
o

3.1. DNDC 298 288 I &= 24714 HiE o
¥ Hs

DNDC 29 2H83te] S oA 1 Az <3
SAsks SU7kAS BOlR ARke Fig 49 2tk Fig
4y HEE F LAZEA HET(Kg COhay 0.2, 7
ABE A, AREE AFA, DR, BT, 3
Aot b SA WA Aee 2ol
A° & Ukt ol DNDC Relo] Z3ke WEgo
AEE7) e gk Al BEsgT. w2
G LAk WjEge] BUEES} QEARO] BHEE

rlo A

Average GHG
Emission
4453
5.530
6268
L
9,399
10,549
13,028
17374
29,160

(a) Average GHGs emission by hectare

GHG Emission

32453
96,072
172,639
263328
373558
508,771
683,141
939.817
1.299.481
1,791,316

(b) Actual GHGs emission

Fig. 4. Result of DNDC model in 2019
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4 AAF R HuFS W EY F7]E(Fig. 2()2t
T E40] 7HE FARE Ao UEH ol

Sot7] $fote] 82911719 AxF d det= g 247

HEF Y dga 5 BEY e ESALE, R
H]&o] oidl Statsmodels =to]E.2]2]9] Ordinary Least
Squares Rd& &3t E 3 EA(Multiple
Regression Analysis)2 ¢33t 3|9 24 2y, BEY
fr7l=o] dets § 2AVIA HiEge] 7MY & TS
X B4R UeEt A dES gefst 41 dg
2 g 2A47A HiETY BEY e BEY AR, AR
H]&9 Z+ A= 0314, -0.075, -0.0592 EYF §7]
o] FoHe ABBATE e A= HoFHIY &
g osIARA A% EY R 3 Alee o
4.871,0000.2, EOF 87|80 1 T 2713 uf Fet=
T 2ATIA HjETFo] PHA O R 4,871,000 HTE S
st Aeg BAESIT v, B RS} HE vg
o go) gge uAu, 2ze] B Art -1,3799
260.5009.2 Uikt of= B9 AHEol HE Hlgo] &
Jhet o) Mol Fashs AFol ULL SulsiA,
7 gREe B g7120] g AdEoz k. et
A AT HiEEE BESHAY iS5k o ol EY
F71E9 o] 7MY Fas5ith= 2ES WE 5 At

Setag 2A7A w4 S = 1

= Hol] AAET Al 2AVEA HIEF 2 Fig 40t

[ o Lo Jm
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=

@~ A=

Table 2. Comparison of GHGs Emission (GgCO2-eq)

Maximum | Minimum | Average
National Inventory Report - - 5,913
Soil CO, of DNDC Model (a)| 3,530 3,286 3,408
Crop CH4 of DNDC Model (b)| 3,493 2,170 2,832

Crop N,O of DNDC Model (c) 863 565 714
DNDC Model Total (atb+c) 7,886 6,003 6,995

Comparison of GHGs Emissions (Metropolitan Cities) (Gg CO2-eq)

©NIR_GHG

1= h

A% wWAo] He FHYE FAA A4S Ao
Aot drfe] B A THA o)A L ke e
o). olo] whe} F SAUTLA WjEFS SlEh2 g 247k
W&ol Boehe U4 A% WAo] 2 4R e A
o= bt A% WAo] £ UFAS A9t A

skt

919 AxE AFsH] st 2021 =7F 2A7EA ]I
HE ] FIH(1990 ~2019)9] ‘X FH AVIA HiESF H
A F23 B o] AvE vlu BTt A 2
A7k WS ARE E85to] HA wiEE AA
o2 HiEF 1S Aottt 2021 771 2A47EA <l
HE ] FIH(1990 ~2019) 9|4 A|AIZE 2019 = Af= £
2 A7MA #lEEL2 5913 GgCO,-eq0]™, DNDC &g
o] A& AT 6,022 ~ 7,887 GgCOreqolTh. =7} A&
2 B AR ISt CHy Bi& APgd Aoltt. =7t
2A7kA QHE ] A W 2o m=d, a4 f-2uet
= = Aol WAL Qe v o R o Dt B E
o2 WiEFE ATt Ao H7t 4kE F2 71+
A7t FUAETF AHGEA] ot Aol mE 7|F E E
F 49 Aot IHEA 2> At wrEba F A
e o vlsto] ASoke Aol Favt Atk whEkA
AA| &8 7Fsst dlolE AollA gt ASE P51
Astod, =7F 2A7FA QHlER] B4 9] X9 2417t
A WSS 8ottt A 9E AL HiETHS &8
sto] 2 AAutel AAAE Bl uE e it BE X
Ao A viE o] o] Z3sH

.9 AAE vigoz
DNDC T 29| A=Zd3ko] A2/4-& SHE .

A

i

ﬁd

o

Comparison of GHGs Emissions (Provinces) (Gg CO2-eq)

¥ &Y

©NIR_GHG

Fig. 5. Comparison of GHGs emission by local governments
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3.2. SSP A|LIZ|20] [ME Oj2 = 247IA HiE H3} 3.3. 1%

SSP Alutg] Qof wE u]F = 2AVIA #jE9] Hsh= et o 2A47A wjE T Al 247 wEwP
Fig. 63} 2t} SSP 1-2.6 AlUt2] Qo wE A3H= 2030 9] A3+E v|woto] AT A} SEt2 o 2A7FA Hf
oA 20702 445 e F 2A47MA & S0l ¥2 AYolr A& WAool YA k2 B¢
9] A7t Zpol7} A}, o] F7HA B FAAEES A AV wjETo] ¥R ot ZAHo s gy
Ao 183 Asfiet 97t =2 EY §7159 33t ol Agta 59 A nHAs| fsiAe dEE F 2
A Bael QAT E3F 2030 AAEE W39t A7FA ST A 2ATEA WSS MR aEst
Y e ATt A4 wiEFe] Zpol7} mlH|6hA] of PakFE Eo|HA HiEFE Eole WS EMsfof
gk, 20509 ~ 207092 ZE EY 97159 Xt Sic},

A5 Hl&o] x| ¥ A =po]7} UERdth SSP5-8.5 Al 2 AT A3, EY {7180 AV HiEo| & I
Ueloo] 2 Ask= SSP1-2.6 AUt ATl Hl3] & ux: 242 IIHOH, B3| EF 4/
A wi&TFo] &1 2030 EH EY fES T2 ¥ o] &2 AYof|A] LATIA vjEFFo] F7lok= Aol F

74 BRE AT 2070002 25F WETo] &

RAE A EF 52 HiEFS EA
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Fig. 6. GHGs emission by hectare according to SSP scenarios
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3} B AHEsl Wgron] wE Age] A AOR B
HEI9) olefat ATe BT 4718 BV 89 F )
2 A1 3 EF #7159 3710 Zlefet, ol s

>~ 0]O.

+ Qe AN olg A
3} LAk W2 Apelo] o]

27k wiEol 318
A7 EF EF 57

gt AEEATE Qe ALE YEFHTH(Choi et al., 2013;
Ko et al., 2011). @&tA] A& 753 52U A= 1]

2 AES AE5] £011, EY 771E9 By A=
71g o7t ok Hlg AREE FA3lsto] PR o]4fe
EY #7158 57F AdstaL, vort BES A2 #A
SHHAE 2AVIA WSS 29 ¢ Ue oY A= A
otz Zo] Fastth. E3 E 9 g ] & ofyz}
=9 EHYE B9l Y FE= %“0*0}% gaHlES &
ol HhHo] 7jdtEo] &g Qlti(Geum and Sin,
2022; Shin et al., 1995). o]aoP HEE 71FR}o] g
She Asa 5Ye AWSHE o Zlofa Aol
SSP1-26 AlEle 0] aletm & L7l wiE W
3} Zo]= 712030 ~ 2050%)?&} 5712050 ~ 2070
ol 27} Zo] 21, SSPs-8.5 A} 90] AL A7
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