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Abstract Rice cultivation is the largest source of greenhouse gas emissions in the agricultural sector. Methane (CH,)
emissions from rice paddies vary depending on cultivation practices such as water management and the use of organic
amendments. To account for regional differences in these practices, this study applied the 2019 IPCC guidelines to estimate
methane emissions from rice cultivation across the nations, covering every paddy field in each administrative districts in
South Korea. Emission factors were calculated at the household level by incorporating variations in water management and
organic amendment practices, and then aggregated by administrative district. The total national methane emissions from rice
cultivation in 2020 were estimated at 244,911 tons of CH,, showing a consistency of 89.3%. A Monte Carlo simulation
reflecting parameter uncertainties yielded a relative uncertainty of 61.6%. This bottom-up approach captures regional
variations in cultivation management and complements the current national inventory methodology by providing a
framework to enhance estimation accuracy and support region-specific methane mitigation strategies.
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Table 1. Scaling factors for water regimes.

Table 2. Conversion factors (CFOA) for organic amendments.

Water regime prior to rice cultivation Scaling factor (SF,)

Organic amendment type Conversion factor (CFOA)

Flooded pre-season (>30d) 1.09(CS)
Non flooded pre-season (< 180 d) 1(CS)
Non flooded pre-season (> 180 d) 0.8(CS)

Water regime Scaling factor (SF,,)

Continuously flooded 1

Mid-season drainage (1 week) 0.83(CS)
Mid-season drainage (2 week) 0.66 (CS)
Mid-season drainage (3 week) 0.49 (CS)
Drought prone 0.16(D)

D denotes the default emission factor provided by the 2019 IPCC Guide-
lines, while CS denotes the country-specific emission factor.
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Rice straw (spring plowing) 0.79(CS)
Rice straw (autumn plowing) 0.58(CS)
Compost 0.17 (D)
Farm yard manure 0.21(D)
Green manure 0.45(D)
Other organic matter 0.25(A)

D denotes the default emission factor provided by the 2019 IPCC Guide-
lines, while CS denotes the country-specific emission factor, and A
denotes the assumed values applied in this study.
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Fig. 1. Spatial distribution of CH, emissions from rice cultivation in Korea (2020): (a) provincial level (n=17) and (b) municipal

level (n=250).
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Fig. 2. Methane emissions per unit area from rice cultivation by administrative district in 2020.
Table 3. Estimated methane emissions from rice cultivation by administrative district in 2020.

Province Jeon-nam  Chung-nam  Jeon-buk  Gyeong-buk  Gyeong-gi  Gyeong-nam  Chung-buk  Gangwon
Emission (ton) 48,543 43,300 35,251 29,015 29,384 22,700 11,758 11,663
Area (ha) 124,898 106,291 96,135 76,970 62,824 53,091 27,354 25,673
Emission per 389 407 367 377 468 428 430 454
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Fig. 3. Distribution of the top three dominant rice management activities by province in Korea. *Activities are grouped into
organic input, pre-season water management, and in-season water management, with the remaining practices aggregated

as “Others.”
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Table 4. Comparison of rice cultivation methane emissions between this study (BU) and national statistics (NS) by province.

Province Emission (BU) Emission (NS) AE (ton CHy) RE (%)
Jeonnam 48543.5 58028 9484.5 -16.3
Chungnam 43299.9 49556.7 6256.7 -12.6
Jeonbuk 352513 42985.6 77343 -18.0
Gyeongbuk 29014.6 35082 6067.4 -17.3
Gyeonggi 29384 28313.6 1070.4 3.8
Gyeongnam 22700.2 24574.6 1874.3 -7.6
Chungbuk 11757.8 12385.6 627.8 -5.1
Gangwon 11663.3 10686.8 976.5 9.1
Incheon 4288.4 44924 204 -4.5
Ulsan 1423.2 2298.9 875.7 -38.1
Gwangju 23215 1829.3 4921 26.9
Sejong 1183.7 1466.4 282.7 -19.3
Busan 961.6 1151.9 190.3 -16.5
Daegu 1558.9 7735 785.4 101.5
Daejeon 1047.3 4221 625.2 148.1
Jeju 2.8 173.8 171 -98.4
Seoul 508.7 - - -

Emission (BU) Emission (NS) Bias (%) Consistency (%)
Total
244,911 274,221 2.2 -10.7

BU = bottom-up emissions estimated in this study; NS = national statistics; AE=absolute error (BU-NS); RE =relative error (BU-NS)/NS X 100 (BU-NS)/NS X 100
(BU-NS)/NS x 100; Bias =the average of provincial relative errors (RE); Consistency =the difference between the two datasets based on the national total

emissions.
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Table 5. Summary of Monte Carlo simulation results for
national CH, emissions from rice cultivation in Korea (2020).

Category Value
Total emissions (mean) (Gg CH, yr™") 244.7
Standard deviation (Gg) 150.8
Relative uncertainty (%) 61.6
95% confidence interval (Gg CH, yr”) 69.9~642.5
Average emission intensity (kg CH, ha™ yr™) 404
95% Cl (emission intensity) (kg CH, ha™' yr™") 115~1,060

Emission intensity was calculated using total paddy rice cultivation area
(604,659 ha) and average cultivation period (137 days). Relative uncer-
tainty was estimated as one standard deviation divided by the mean.
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