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Abstract In this study, we attempted to determine whether it was possible to achieve NDC
(Nationally Determined Contribution) goals in the agricultural sector and derive policy support measures
to achieve them. We used VAR(Vector Auto-Regressive) model, causal relationship tests, and scenario
analysis using annual data between 1990-2019. The following analysis results were derived. First, using
the VAR model, we presented the causal relationship and future change trends between carbon emissions
in the agricultural sector, paddy field area, and Korean and beef cattle breeding scale. Second, CO;
emissions were found to decrease by 1,662.9 thousand tons compared to 2020. Third, it is difficult to
achieve the 2030 NDC goal without additional policies or measures. From these analysis results, the
following implications were presented. First, it is necessary to create demand through policy support and
improved consumer awareness. Second, it is necessary to actively introduce eco-friendly, low-carbon
farming methods in livestock farming and develop and distribute a breeding model. Third, there is a
need to promote efficient use of resources and continuous reduction of carbon emissions through crop
rotation farming in conjunction with rice field farming and livestock farming. Lastly, follow-up research
on the micro aspect at the farm level will be necessary.
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Table 1. 2030 National Greenhouse Gas Reduction
Goals by Sector

(Unit: million tons COzeq.)

Category Sector 2018 (;I(])JZCD (ZNODZ%
Transform 269.6 149.9 145.9
Industry 260.5 222.6 230.7
Building 52.1 35.0 35.0
Transport 98.1 61.0 61.0
Emissions Agricultural
and Livestock 247 18.0 18.0
Waste 17.1 9.1 9.1
Hydrogen - 7.6 8.4
Etc. 5.6 3.9 3.9
Sinks -41.3 -26.7 -26.7
Absorption CCUS o -10.3 -11.2
and Removal
Overse‘as _ 33,5 375
Reduction

Source : Greenhouse Gas Inventory &Research Center of Korea
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Table 2. Greenhouse gas emissions by sector by year

Table 3. Agricultural sector greenhouse gas emissions

by year
(Unit: million tons COzeq.)
) (Unit: million tons COzeq.)
Year Energy Industry Agriculture Waste Tosrinal [F Ty —
1990 | 240,294 20,445 20,972 10,387 Year |Agriculture Fermentation Treatment
1995 | 352,001 43,147 22.821 15.789 All Beef Al | Beef
2000 411.585 50.870 21,369 18.858 1990 20,972 2,960 2,797 2,846 1,820
2005 469.373 54,562 20739 16.799 1995 22,821 4,116 3,844 4,053 2,497
2010 565.692 52.936 22.070 15.350 2000 21,369 3,377 3,049 3,871 1,985
2015 600.256 54.497 20.984 16.839 2005 20,739 3,305 2,950 4,029 1,918
2019 611,499 51.994 20.965 16.912 2010 22,070 4,262 3,907 4,803 2,533
Total ot 2015 20,984 4,339 3,980 4,592 2,510
ota €
Year Emissions LULUCF Emissions - 2019 20,965 4,589 4,164 4,897 2,579
. Crop
1990 | 292,098 -37.673 254,424 - Year |Agriculture Algnzulgur_?l residue. -
1995 | 433,757 -31,297 402,460 - and, >9% Iincineration
2000 502,681 -58,977 443,704 - 1990 10,533 4,606 27
2005 561,472 -54,962 506,510 - 1995 9,229 5,402 20
2010 656,049 -54,754 601,295 - 2000 8,946 5,153 22
2015 692,576 -45,564 647,012 - 2005 8,395 4,988 21
2019 701,370 -39,550 661,820 - 2010 7,836 5,151 19
Source : Greenhouse Gas Inventory &Research Center of Korea 2015 6,793 5,244 16
2019 5,913 5,549 16
_ o Source : Greenhouse Gas Inventory &Research Center of Korea
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Fig. 1. Greenhouse gas emission trends in the
agricultural sector by year (unit: 1,000 tons
COzeq.)
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Fig. 2. Trends in rice paddy area by year (unit: ha)
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Fig. 3. Trends in Korean beef cattle breeding size by
year (unit: 1,000 head)
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Table 4. Vector autoregressive model estimation

results
Dependent | Independent 0 . )
Variable Variable Coefficient S,D. T value
Intercept -231.48" | 107.53 | -2.150
CO; . e
Emissions(t-1) 0.153 0.276 0.550
€0 Rice Field
Emissions ice riel _ * _
Area(t-1) 9.172 5.301 1.730
Catle Breeding | o 0.636 | 1.670
(-1
Intercept -10.358" 3.938 | -2.630
Co; .,
Emissions(t-1) 0.020 0.010 2.020
Rice Field Rice Field
Area ice rie -
Arca(e-1) 0.449 0.194 2.310
Cattle Breeding | ) (g 0023 | 1.210
(1)
Intercept -72.649" | 37.604 | -1.930
CO,
Emissions(t-1) 0.025 0.097 0.260
Cattle Rice Field
Breedin, ice riel _ _
8 Area(t-1) 5.438 1.854 2.930
Cattle Breeding | 506 | 203 | 2280
(t-1)
* 1 pC0.1, ** @ P<0.05, ™ P<0.01
HE 7|3 AR oA FHH JHAFES ]85t

WA AA AHZIR= Table 59F 2t = w23}

SaufEee) AATAL FIFor EAfcke Zo=
gelEor, e8¢ FrE waujEgo] Yoz
285t Aoz UEhitt
Table 5. Results of causal relationship analysis
Result - Causal )
Variable Direction Variable p% P value
CO; Rice
Emissions Field Area 7.41 0.007
Rice CO, j
Field Area Emissions 3.03 0.082
CO: Cattle
Emissions Breeding 7.18 0.007
Cattle CO,
Breeding Emissions 0.12 0.724
Rice Cattle
Field Area - Breeding 0.42 0.518
Cattle Rice
Breeding - Field Area 9.04 0.003
* 0 p<0.1, ** 1 P€0.05, ™ P<0.01
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Table 6. Forecast of agricultural CO; emissions and
Rice Field Area and livestock industry size

(Unit: thousand tons COzeq., thousand ha, thousand heads)

Year EmCisgizons Rice Field Area Brceaet(iliig
2020 20,954.2 722.5 3,226.0
2021 20,815.3 709.8 3,204.1
2022 20,697.7 696.0 3,185.6
2023 20,591.2 681.3 3,175.7
2024 20,500.1 666.3 3,175.1
2025 20,420.0 651.0 3,181.7
2026 20,347.7 635.7 3,193.4
2027 20,280.8 620.2 3,208.5
2028 20,217.4 604.7 3,225.8
2029 20,156.2 589.2 3,244.6
2030 20,096.5 573.7 3,264.4
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CH4 vj&e A5l Y, 7[Rk Hgi el 7fsiy
o @714 Esfel ofet CHi®t N2O HiEFo® A
I 3icKTable 7).

Table 7. Agricultural emissions sources and
greenhouse gases

Emission Source Greenhouse Gases
Intestinz}l CHi
Animal fermentation
husbandry Livestock manure CHi. N.O
treatment
Rice cultivation CHy
Agricultural land,
Cultivation gricu Slcl)ri? an N0
(Seedlings)
Cro;? resic‘iue, CH.. N0
Incineration
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8.9 T viEgo] vtk 71 slo) T g 20309 HiEF XjolE AWHEW, Table 113 Zo]
4 &S AE35PH Table 83 Zo] el & Aty 16.6MTHECOxeq. & &Y 4 A2 & 4 Stk o]
T3 Al &) HAY SAWEHS A5 Table o BEEFS 2030 NDCEHES] 1897HE COzeq. B
0%} o] ek & oo, 544 AW EFS B o AL A BAT & Uek
B510] A\ 0] T} ek vjEeo] wl2strhs 71
of9] 9] 574X w4 vEFS Table 107 2t Table 11. Emissions using forecast results and

Table 8. Carbon emissions per head of Korean beef

inventory emission factors

(Unit: thousand tons COzeq.)

cattle rearing Catl Rice Field Agricultural co
Year B ad.e m; e Land Emi 2
(Unit: thousand tons COzeq., thousand heads) reeding rea Emissions fissions
Cattle Intestinal Livestock 2020 5,128.4 5,885.2 2,485.5 13,499.0
Year R .
Breeding Fermentation Manure 2021 5.093.5 5.781.7 2.441.8 13.317.0
2016 2942 2,903 1,768 2022 | 50641 | 56693 | 23943 | 13,1277
2017 3.015 2975 1792 2023 50484 | 55496 | 23437 | 129417
2018 3,086 3.046 1.876 2024 5047.4 | 54274 | 22021 | 12.767.0
2019 3,202 3,160 1,939 2025 5057.9 | 53028 | 22395 12,600.2
2020 3,353 3,309 2,030 2026 5,076.5 5,178.1 2,186.9 12,441.5
Mean 3,120 3,079 1,881 2027 5,100.5 5,051.9 2,133.5 12,285.9
2028 5,128.0 4,925.6 2,080.2 12,133.9
2029 5,157.9 4,799.4 2,026.9 11,984.2
Table 9. Cart‘Jon' emissions per unit area of rice 2030 51804 46731 1.973.6 11.836.1
cultivation

(Unit: thousand tons COzeq., thousand ha)

Year Rice Cultivation Irrigation R'esidu'e
Area Incineration
2016 797 6,695 0.100
2017 777 6,518 0.100
2018 757 6,221 0.210
2019 740 5,888 0.090
2020 731 5,675 0.080
Mean 760 6,199 0.116

fai3

NDC ZxIHS f8] et Aldeies 18 5
QAR o] Aoz =2 FHoll JojA WA 4 o]
9] @9l ®W3} Ayees Listuat sigith oked
Table 129] §7]% ¥ Al A] 3 9

o

10.4%2 gRI=EeER f7sdS 5% 247 ol
& 52 24 AUPeE ZAHstat sHAnHIol.

Table 12. Organic rice farmers carbon reduction

Table 10. Unit agricultural land direct and indirect rate
carbon emissions
. Certification| Reduction
Farmhouse Region Age X
(Unit: thousand tons COzeq., thousand ha, tons COzeq./ha) Experience Rate
. . . Agricultural A Nonsan 56 7 11%
Year | Direct Indirect | Agricultural | 7 4y B Nonsan 56 14 11%
Discharge Discharge Land .
Emissions C Nonsan 56 14 11%
2016 2,891 2,355 1,620 3,238 D Nonsan 56 14 11%
2017 2,940 2,392 1,599 3.335 E Yeongam 39 3 7%
2018 3,013 2,450 1,576 3,466 F Yeongam 54 6 7%
2019 3,063 2,486 1,565 3,546 G Yeongam 66 6 7%
2020 3,097 2,507 1,550 3,615 H Yeongam 60 6 13%
Mean 3,001 2,438 1,582 3,440 I Yeongam 65 6 13%
il Yeongam 86 10 13%
HEA7 ALY FHELE 8ol dEsd = ¥
A7} 3H20 A FRE ZIFLATIA oM ER] HIlA oA ER1E AHAS E8ote] HA| = Wd F
ANATS 83l ko] ujEeke A8sto] 202087 30% FlEdE I9E AF B 2T HEE
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Table 13. Carbon reduction scenario through
organic rice paddy farming

(Unit: thousand tons COzeq.)

2030 Paddy Reduction Organic Reduction
Emissions Rate Paddy Pct. Amount
5 24.3
10 48.6
15 72.
46731 0.104 > 2
20 97.2
25 121.5
30 145.8
5. 22

o] 17t A= NDC 3lofl 5 sdd wgte] o
SUEOF FAT B @A The oF 2RI 24
Az AR EEStaAL s, 24 A vt
o] goFd & Ut
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