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Assessment on Greenhouse Gas (CH,) Emissions in
Korea Cropland Sector from 1990 to 2008

Hyun-Cheol Jeong*, Gun-Yeob Kim, Kyu-Ho So, Kyo-Moon Shim, Seul-Bi Lee, and Deog-Bae Lee

National Academy of Agricultural Science, RDA, Suwon, 441-707, Korea

Rice paddy fields and crop residue buming are a major source of methane (CHs) emissions, a potent
greenhouse in agriculture. This study was conducted to assess CH4 emissions in Korea cropland sector from
1990 to 2008. Greenhouse gas emissions from the cropland sector are calculated in two categories: 4C
(Rice cultivation) and 4F (Field buming). In 4C: Rice Cultivation, methane emissions from paddy fields
(continuously flooded and intermittently flooded) cultivated for rice production had decreased from 395 CH,
10° Mg in 1990 to 297 CH4 10° Mg in 2008. CH, emissions converted into CO; equivalent were 8,303 CO;-eq.
10° Mg in 1990 and 6,229 CO;-eq. 10° Mg in 2008. Greenhouse gas emissions from paddy field in Korea
showed that it was gradually going down as the cultivation area decreased. In 4F: Field Buming, methane
emissions by buming crop residue increased from 2,502 CH; Mg in 1990 to 2,726 CH4 Mg in 2008. Emissions
converted CH, into CO; equivalent were 53 CO;-eq. 10° Mg in 1990 and 57 CO:-eq. 10° Mg in 2008. Total
emissions of CHy from the cropland sector declined from 8,356 CO;-eq. 10° Mg in 1990 to 6,287 CO:-eq.

10’ Mg in 2008.
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o] 2A7FA & (Source category)S AA FAME
W BFFEeE AL Sty SARES T i a
(Enteric fermentation)®} 7[&=Ex *2]74d (Manure
management) O 2 LE3IT AZHEEO 8] (Rice
cultivation), =74 (Agricultural soil) @ ZHEZRA} 4
Z} (Field burning of agricultural residue)o= -
B3l (IPCC, 1996).
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HHEH 72 S u oo gt Hg 12X
Aiv s =04 f71Ee] E71HeR Ha
AollAl dofjubm, 1 k] 90% ool B F71%Z]
3 7] o2 vj&EH T} (Conrad, 1993). H|&E
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and Sass, 1994), o|4¥ gt wjETFe] HIlZo] F A
2 719, B} =0 B4, 95, 5% = dEE 2
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2 HE Ao o&Esk= = (Rainfed), 18]l
g AA =l A7)= = (Deep water) 082 FLE3ITY
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Fig. 1. Source category of methane (CH,) emissions
proposed by Intergovemmental Panel on Climate Change

(IPCC, 1996).

Continuously

Water depth
(50-100cm)

Drought
prone

Water depth ‘

l Intermittently = 100cm

HIESE "W7F Y UNFCCCi= 20019FE Gkt
9] AV~ wiEEF HUlol 1996 IPCC 7lol=gkel, 2000
GPG (Good Practice Guidance)ES Z83sl=ZE Q13
QU =ollA e v wiEEE A ARk A
£ Z24%t= =9 & ¥y U (Yagi and Minami,
1990; Sass et al., 1990)", HEte] EtAQel “S71E A]
e (Neue et al., 1994; Yagi and Minami, 1990)”
O8]z “EAY ¥ Z% (Braatz and Hogan, 1991;
, 199770 o 7Pt A L wheth whEkA
IPCC= 1996 7Fo|=glel, 2000 GPG, 2006 7lol=z}el
= 5ol B Aui7itelut Aulz|ZE o] H ] & e i,
71& A8 H ASHHE default gH5S AlAsHL
it} (IPCC, 1996; IPCC, 2000; IPCC, 2006), 1%
L} 2006 IPCC 7to]=ekQl> AAY7HA] F4] 7tol =]l
S &2 UNFCCCY| 50l W] oko} f2jufe} =4
Auol] wE e viE 1996 IPCC 7ho]=g}ely
ot ¥ Aul 713+ F W, Y B B2
Al GOl FE, A AE Este] 4 (1),
(2)eF Zo] AArsIATE oA AitE HlEFE
aote] vt A oA 9 wE viEFo® At
ek,

e viEEE ALbsr] flsiAe A (2) A9 ol
EFo, SFw, SFooll tieh wiEAl7t Bash, 7|2 uf
274221 EFc (Baseline factor)= 54 %<t §7|&E2
AlGSHA] g ez S AEHom et 21
oA 1d el vg wiEHeR 2 3| ol Y
AR O] Fatgroltt (IPCC, 1996).
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AA Syt FYolA A4t
Bl AL RGN D 470 et BANR 7
o] glek. 1=y 1996 TPCC 7hol=eRloA = SARA
27} 918 A% BB ofg weke Agsln glev,
SAANN AL AztFEL ABEE A9 A
gzl Awkell ot &zksF B7kel IPCC 7hol=efel
9] defaultgls Z-85tH & AA4lo] 7Hssith Al
AHOR UL HAolN B ko] BB}
yobel SToA ABAAL Azke AMEAEClA] W
SHA dofdth, s A oA AErbake] 27t Hle2 T
Lol 40%, ARSolxs ot W& Zom oy
Z 9t} (Barnard and Kristoferson, 1985).

Wao] A9 9 ool Bl wet tha Aol
QA AT A% AmE BESAL HHE
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oA, A5 FlE 9 5Y QAR AEAY AR

b NGRSl BEEol WAL gl S 1E, F

B AP UR adstel $74A 2] ofelg)
Ao AzEoe B grlelis BE BAX|A
Hi AoR ERSgr et 2ol e 9%
o

7
g del AR FAEANA AR
Aol aZhhlee FEXTH SPATY
Sek) AEAT Ao ot 43,9%%2
t} (Ko et al., 2008),

Ao B zbol s WA Sl
OISR WEEO] T HEE FoE7
of 2A7tA wiEFo R ALKSHA] ANE 7b Al Hf
= vgh, dAskea oA, HMIBHEES 2

17} qi4sto] vlEkoR AR (IPCC, 1996).
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Table 1. Change of inmigated paddy area.
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S A sl S st ok wEbA
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Division 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

10° ha

Area 1241 12.24 12.01 11.66 11.31 10.97 10.69 10.52 10.52 10.56 10.57 10.56 10.50 10.32 10.08 9.84 9.65 9.51 9.39

%% Source : Agricultural & forestry statistical yearbook of MIFAFF.
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QI v Auf ot} webA f7lE AlE
gt eAEs HelEs J;‘7}°ﬂ ?Rf&
ey olof] gt FARIEZE H
7H29] FolE AA HEY %‘—%‘Zl %v;ga 20%
Asto] wEhiES A4k £33 Haju) &
212 YW 2T A guere (7 A2}
ko)) A rAuel 43 8%= Z-835k%Tt (Ko et al,, 2008),

HE HiSAIT 282 1980dd FRIEH
H Aol w2 wigt wjEA
7] flal w2 AE 035%
1997 74A] 5\ EoF 4= 233t A
A+ AnE H}E*OE —rEME} H#Oﬂ*i?-’l 19
o e vj&eFS 2,37 CHy kg ha ' day 'O *gxgﬁ}
ATk (%%‘:—ﬁi‘é, 1998).

UﬂEHﬂHg S 1996 IPCC 7fo|=z}
Uiﬁl Qﬂ{P 49Hd (ha)d &
Fog Mol sh=t ol& Hﬁﬁ 71 Fa3k aglo]
H Aufziztelct, ejvet A9 v Aui7) i dRkE
o7 ZAE 111Y, EE 126°‘ TrAEL 146 A
Loltt, olF Higor FFWH AuidAy Afujdse
VB ol Sevete] Hak W Au7|Ixhs 138
B2 A4kl wheb 1Y B gk Sl 2,37
CH: kg ha ' day '# B v Aujds 1389S &
2 AR 2uet W Al =ollAe] ZlEuiE A=
32.7 (22.6~43.0)g m ™" yr ' o|3li, o] g Ly
2t =olAe] wgt wiEHE BWrlshks 7|2 HwiEASE

1998).

ATt (AT,

W A7 F = e R dg siEAlS (SFw)
3 HENTA (1998)0] AFANE vigo Rz AAH
= Al HlEH2] 60% (0.6)2 7HdkAl 3t =9 ekl
A= A8 D% o] 2006 IPCC 7lo|=2ele]
default gfa} Z2 A3E HojFi ok {715 A&
of W =oAo Higt wiEAsE A HsdEt
HollA] 7 FolH, ol¥ W& HlA f71E A&

oMo wEl WEAS (SFo)zke Syt FAAol
A wgolt Held Aol Bt 5E hal HEQ A
2 AMtel 471 Alge] WE WEO| default gk
2.0 A

&3}t (IPCC, 2000),

Table 2. Changes of CH4 emission from paddy fields.
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LE|LI2 B xHHH =0lAMe| HIE HiESE ®It
el oA Aw wghiEeE A4 42 Table
29} At} AAIES =ollA 9] Hg viEE2 1990 230
A Eof|A] 20084 179 A Eog 7hAsigon, 7hday
o A9 wlEl viEEES 19904 165 H Eoj4 20084
117 A Eo=2 7St whebA =04 5 Higt
23RS 19904 395 A EofA] 20084 297 A Eoz H
AuiE Aol 7hao] weEl x&Hoz Zadt= AL
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=
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2A7MA viEEE Brkelr] 9l
S Table 33 Zt} =R} FRFo 2 O
159,135 ha, 187,696 ha® 1990W%E &Moo= 7}
43ko] 2008d0ll= 227} 54,684 ha, FH7} 91,995
ha®= ZFasieich @ A s 1990t FHt 2000
| zo] 34 F718le] 20059 3,156 haZ IS o]
2T} 2008W0l= 2,087 ha® tha ZHaskgich,
7S 1990WXHE 2008W7tA] 22X =74S
om, 2008 AHiHEA-2 57,933 ha ST},

Helol T AuiHA 7ast mlgste] Agabekol
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19909 0|3 2008W7}A] 23| 7hadle A%tk 1

20| A9 AfRATe thes) e 23H 27}
shgon, Wl Ao Auwa Frieh Wi AAHE
7steict

Table 304 ZAH 2HEW AAHAHT} Table 404
AR B RS 2AR el AR 48
Ao FFF Selifelel G i ELE Table 59}
2k AA e jEeke 19904 2,502 EoA 20084
AAAQ v

e

HH %kc’ﬂt Z tq@rﬂ glolTh.

ShHol A ALl 2HEEAL Azbo] ofs) EAYRE
CO.2 3MAKSE Ail= Table 61} T}
A5} HﬁH/\ﬂ GWP (Global Warming

Potentlal)E o] 8315 e 1996 IPCC 7}o|=gfelo

HH%oe

)

A AAE SR 218 A8l wAEel <ot &
Hl& 19901 8,303 M £ COs—eq.olA 20084

Division

1990 1991 1992 1993 1994 1995 1996 1997

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Continuously flooded 230 228 225 219 213 207 202
Intermittently flooded 165 161 157 151 145 141 137

199
134

10° Mg
199 201 201 201
134 134 134 134

199 196 192 188
133 131 127 123

184 182
121 119

179
117

Total 395 389 382 370 359 348 339

333

333 334 334 334 332 327 319 311 305 301 297
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Table 3. Cultivation area for estimating emitted CH4 by field buming of agricultural residue.

Division 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
ha

Barely 159,135 143,043 129,793 115,687 101,444 96,178 88,019 82,506 80,684 74,921 74,863 77,732 79,081 76,998 66,600 59,719 58,184 58,280 54,684

Wheat 294 236 212 296 431 1,147 1,894 2,312 1,999 1,581 1275 1,122 1,214 2,001 2,960 3,156 2,657 2,035 2,087

Pepper 62,759 66,839 70,285 77,773 83,757 88,763 92,199 89,954 82,605 77,649 76,980 79,061 77,750 71,985 69,140 65,736 64,149 61,809 57,933

Legume 187,696 171,172 159,063 144,885 142,402 141,632 133,814 125,549 121,409 116,850 111,766 104,565 101,626 97,643 98,051 104,163 106,131 102,258 91,995

% Source : Agricultural & forestry statistical yearbook of MIFAFF.

Table 4. Outputs for estimating emissions emitted CH4 by field buming of agricultural residue.

Division 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Mg

Barely 574490 529,879 502,682 460,823 406,224 387,779 371,983 351,053 305,577 281,984 271,245 313,342 302,720 300,603 256,067 247,175 243,100 239,372 229,021

Wheat 889 720 664 862 1,397 4,634 7,780 9,539 7,712 5947 4249 3,602 3,671 6,229 9,489 10,104 8,704 6,946 7,840

Pepper 132,748 137,034 148,619 166,718 178,367 226,555 275,010 323,700 314,284 349,030 372,015 413,231 394,735 381,027 380,537 385,249 386,180 387,465 384,288

Legume 271,339 247,497 235,682 212,275 197,022 189,447 185,453 170,067 161,797 145,062 145,891 137,590 136,211 131,805 137,191 158,511 174,796 165,615 148329

% Source : Agricultural & forestry statistical yearbook of MIFAFF.

Table 5. Change of CH; emissions by field buming of agricultural residue.

Division 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Mg

Barely 705 651 617 566 499 476 457 431 375 346 333 385 372 369 314 303 298 294 281

Wheat 1 1 1 1 2 7 113 11 8 6 5 5 9 13 14 12 10 11

Pepper 618 638 692 777 831 1,055 1,281 1,508 1464 1,626 1,733 1,925 1,839 1,775 1,773 1,795 1,799 1,805 1,790

Legume 1,177 1,074 1,022 921 855 82 804 738 702 629 633 597 591 572 595 688 758 713 643

Total 2,502 2,364 2,333 2,264 2,186 2,360 2,553 2,690 2,552 2,610 2,705 2,912 2,807 2,725 2,696 2,800 2,868 2,827 2,726

Table 6. The conversion result of emitted CH; to CO; through rice cultivation and crop residue buming.

Division 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
10° Mg COs-eq.

Paddy 8,303 8,176 8,015 7,770 7,529 7,306 7,111 6,998 6,999 7,015 7,022 7,023 6,980 6,861 6,696 6,533 6,409 6,316 6,229

Agricultural burning 53 50 49 48 46 50 54 56 54 55 57 6l 59 57 57 59 60 59 57

Total 8,356 8,225 8,064 7,818 7,575 7,355 7,165 7,054 7,052 7,070 7,079 7,084 7,039 6,919 6,752 6,592 6,469 6,375 6,287

6,229% = CO2—eq. 2 °F 25% fasiglon, ol= A &S B7s] sl 3= A, vkl B A

oA grael oA AHH R faekE o 4 S aijoll ofgt UﬂEP HiEF2 199049 395 A =l 2008

AETAL axZbo] % WiEES 1990 53 H E CO2- W 297 A Eo2 v AL fhaof wEk 2|50

eq.olA 2008| 57 X & COs—eq. 2 Bl Aulje] Ha} 2 fadhe A HA 2l azpel] ofgt vig

1 °k°l ujujste] viEY Sdle 2 9FE UAA HE%2 19901 2,502 =ollA 200849 2,726 =O2

ket Aol AErArazol] ot & e W& A zpols gloy dEd AR wiEsPels 2 |

% o sl R Skt ghe 19904 8,356 H E CO»- ohglo] AR e FABIATE FEAtAl &zbo] ot

oA 2008 6,287 M & COy~eq. 2 LERRITE ek wE2 AR A viEsdels 2 9% vA

Al ekt wiAjuleh 2HERtAE ozt —M e uf

Q of EFE oS AaR ST g 19904 8,356 H &

COz—eq. oA 20084 6,287 H E CO;—eq. & YERITE
FURES] 247 wiETF B AEE AuE 9

Eoste = AZzHole] wAd ZEZA} A7 2
SUEE T GFworl Bpuet a4 S BEARe] AHy st Roluthe Fasht
H7sel Wge 2 wAdelt ol ATE 10004

201085 F2AEHH EAY0] FHoR BEAR

A 2008 L AEEORIA ARSI o 39 208 agesion, e A4 2



Barnard G. and L. Kristoferson. 1985. Agricultural residues
as fuel in the third world. Technical report No. 5.
Earthscan, London, UK.

Braatz, B.V. and K.B. Hogan. 1991. Sustainable rice
productivity and methane reduction research plan. U.S.
Environmental Protection Agency, Officer of Air and
Radiation. Washington D.C. pp. 61.

Conrad, R. 1993. Mechanism controlling methane emission
from wetland rice field. In R.S. Oremland (ed) The
biochemistry of global change: Radiative trace gases,
Champman & Hall. new york. pp. 317-335.

IPCC. 1996. Guidelines for national greenhouse gas inventories.
IPCC. 2000. Good Practice Guidance and uncertainty
management in national greenhouse gas inventories.
IPCC. 2006. IPCC guidelines for national greenhouse gas

inventories.

Kim, D.S. 2007. Greenhouse gas (CHi, CO,, N>O) emissions
from estuarine tidal and wetland and their characteristics.
J. Korean Soc. Atmospheric Environment. 23:225-241.

Kim, G.Y., B.G. Ko, H.C. Jeong, K.A. Roh, K.M. Shim,
J.T. Lee, D.B. Lee, S.Y. Hong, and S.I. Kwon. 2009.
Estimating carbon fixation of 14 crops in Korea. Korean
J. Soil Sci. Fert. 42:460-466.

Ko, J.Y., I.S. Lee, K.Y. Jung, Y.D. Choi, E.P. Ramos,
E.S. Yun, HW. Kang, and S.T. Park. 2008. Effect of

A o] - o]l

barely straw Management practices on Greenhouse gases
(GHGs) emission during rice cultivation in rice-barely
double copping system. Korean J. Soil Sci. Fert. 41:
65-73.

Lee, K.B. 1997. Effects of rice cultivation in methane
emission from submerged paddy field. Chonnam National
University, Gwangju, Korea.

Naser, H.M., O. Nagata, S. Tamura, and R. Hatano. 2007.
Methane emissions from five paddy fields with different
amounts of rice straw application in central Hokkaido,
JAPAN. Soil Science and Plant nutrient. 53:95-101.

Neue, H.U. and R. Sass. 1994. Trace gas emissions from
rice fields. In R.G. Prinn (ed.) Global atmospheric-
biospheric chemistry. Plenum Press. New York.

Neue, H.U., R.S. Latin, R. Wassmann, J.B. Aduna, C.R.
Alberto, and M.J.F. Andales. 1994. Methane emission
from rice soils of the Philippines. In K. Minami, A.
Mosier and R. Sass (eds.). Methane and Nitrous Oxide:
Global Emissions and Controls from Rice Fields and
Other. Agricultural and Industrial Sources. Yokendo,
Tokyo. pp. 55-63.

Sass, R.L., F.M. Fisher, P.A. Harcombe, and F.T. Turner.
1990. Methane production and emission in a Texas rice
field. Global Biogeochemical Cycles. 4:47-68.

Yaki, K. and K. Minami. 1990. Estimation of global methane
emission from paddy fields. Res. Div. Environ. Planning.
6:132-142.

719k AU, Aale, AEAE, o)A, oHHl. 2009. &
BA A7 s Wl Y e Bk EUEA.

EUFARAER. 2008, SHEA AR,
FENTH. 1998, FHRE 2A7EA wiE A77]4





