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Assessment on Nitrous oxide (N>O) Emissions of
Korea Agricultural Soils in 2009

Hyun-Cheol Jeong*, Gun-Yeob Kim, Deog-Bae Lee, Kyo-Moon Shim, Seul-Bi Lee, and Kee-Kyung Kang

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

This study was conducted to assess N>O emissions in agricultural soils of Korea. According to 1996 and 2006
IPCC (Intergovernmental Panel on Climate Change) methodology, N,O emission was calculated the sum of
direct emission (N2O pirecr) and indirect emission (N2O wpirect). To calculate N,O emissions, emission factor
was used default of IPCC and activity data was used the food, agricultural, forestry and fisheries statistical
yearbook of MIFAFF (Ministry for Food, Agriculture, Forestry and Fisheries). It was emitted 8,608 N,O Mg
resulted from direct emission by application of chemical fertilizer and animal manure, input in n-fixation crops
and input of crop residues and emissions converted N,O into CO, equivalent was 2,668 CO»-eq Gg. Indirect
emission as N>Q(, (atmospheric deposition of NH; and NOx) and N»O(, (leaching and runoffs) were 4,567
and 6,013 N,O Mg and emissions converted N,O into CO, equivalent were 1,416 and 1,864 CO,-eq Gg,
respectively. Total N>O emission in Korea agricultural soil in 2009 was 5,948 CO»-eq Gg.

Key words: Greenhouse gas, Nitrous oxide (N2O), Direct emission, Indirect emission
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AEE-RoA] AT fETe B A (Rice cultivation)
o oI5t CH i, 5744 B (Agricultural soil)of|412] N;O
& 1831 ZHEZAF 47 (Field burning of agricultural
residue) ol €3t CHF N;O HilZ2 FHEsto] 7Rt (IPCC,
1996). o] Z B Aul D 2FEREAF axzbof] 931 2008 -2
Uk CH, B &2 6,287 CO, & Mg 2 & 75 %A vl
ZTF9] oF 35%5= A}A|gHtal il (Jeong et al., 2010)%
HE Qlony, 5734 E4elA ] N0 HilE= H7 k= Sl A%
ojc},

QEPoREE g7]doR HEHE N,09 oF 70%=
opoz3te] o] 50| (Bowwman, 1990), A7t K5
o = BAURE 7] F NO S0l B
T} (Houghton and Skole, 1990). 219]&¢] 217t Ezof 2J&)
% NO HiEFO] 64%7} viEEH, 1 5 FHEEl o3l
92%7} Hl&E= ZAog H1E 3 Qtt (Duxbury et al,,
1993).
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2 B B S0 24 o) e Aoz ofF
1 iz

SEA] a1 71 AEjol| A NoOR HiEE = 21 wohd, 11
A e AgulE Aol ofs) i 4
< 43t} (GPG, 2000; TPCC, 1996; Moiser
et al,, 1998),

A Bl MY N:O & &%=, pH, 79yt oy

o} H|BEA S AR EA AkA 5 A4 AX]o] &

S o8 8]lof| J&E =t} (Freney, 1997). 53], N:O
R AT P
7kt Qlom, oA s Ao FlE e A
olthz FUEE ALHE Sl 0= 23 wiEE L, =
o E3E &Aooz 718kl Qlth (Smith et al., 1997).
olefat sftul A8 24 WiZe] Y2lo] H7|E 3K

It NHsU NOxo| FEj= 7] S22 $PEE7u, NOs 3
EHE FAR FEE= N0 HJHlES] llo] =7]= gt
(Cole et al., 1997).

AR A FEH|E, 2AE Yy ALnA 8 9 25
A} B B gt NO iEAR P iR A A
7HA B ARl Sfel =3 of it (Bouwman, 1996;
Jarvis and Pain, 1994; O’hara and Daniel, 1985; Peoples
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et al,, 1995),

A7 WERRS WUkl QA wiEAleet S
Aw7F ash, IPCCollA= wiEwF Bt WHED W&
Al5= (Emission factor)& AAISFIL 9t} IPCCOlA] A8}
1= MEAleE AR AEEY A4E Sl Ak
Zol7l AT wiETol| W2 JFE vA= 4 47t B
Folu 715 24 5& BF RHISHA] = E3tt (Klein et
al., 2001). wehA|, IPCCOAE A=H9] Eof W= =7}
&A= 7S Akl glom, HEo] FEHE et
247k &SRS APdsheS Harskar Qlrt

2 A= 20099 f-2vet FY Rl EAYE 247t
2 5 F7AA0A S NoO HiETFS IPCC W 2of m
2t AguiEat IJulE R skl =7 34 SAR RS
2 wiEAGE E8gsto] APgskaict

N

ERTRT

=7} 2A7FAS wiETF AP IPCC B 2o &5, A
S7FA] 1996 IPCC, 2000 GPG (Good Practice Guidance),
2003 GPG 2 2006 TPCC 502 7| o] g} &z <g)
Uak= 1996 IPCCE 7|E. 0.2 2000 GPGL}F 2003 GPGE &
|ohar qlom, AR WEE W ujEAlg= 2006 IPCCE 4
Utk

7|2 o g2 AVIA HjEHE ST (Activity data)
o] ¥j=A4= (Emission factor)E 6o} AFggict 1PCC=
27} SAbs vk VY A] Al G DA Bl

[e]
AR
tjEo] 27} 8ol Wz Ifu|EAS: (Specific country)
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HohEs TSk gk, B, ST
A 3Y B (P, AE, A
2l

Aot wEbA 2 Aol A

=
L rfo

IPCC W 2ofl upeh 23 ull&a) ZHdulE= F-2stko] A

SR (Activity data) 734 NO HIET AHEE
AsiMe =2 oM sfehula A, SFihtk Al
&, ZEAl 2ol ofjt A BRAF B TRzl 2%t
Ao BYF 59 SeA=rt Basiy, ofe da £
= A7 ffsliAE el E & A, TISARSTE
A gl AR 52 7|2 ZeAkEr)E st
ol A8 ZEAE= MIFAFF (2009)& Z-8-5I3it.

Table 12 §-2|uet s Aol A3t & shetvlr gt
=it oM o) A stein| = Al vEhdEh 78 A0
A2 N0 A& APde el =t de 72t o
ohal = A AlgFol asht ] SAllE oA A
Hof| whE sfeh]E AR 2ARE ] Qlok, wbA o] E &
&3t et =oll A ha  SFeh] R A2 130.24
kgO 2 4RSS o710l = AAE RS H5ho] =oM<
spehr| R & Al8EE AhEshL, YHAIE oA 9 stet
HlE AGFOR SRl o|FA FEAl FYE v T
10%= HEiEolA t7] 22 AdtstEz 24w
of #ofshz HA| WZF2 =oflA 109,914 Mg, EofA]
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Table 1. The total amount of chemical fertilizer in paddy field and upland soil.

Paddy field

Upland soil

Year Total Input A(;:;ZSSIEEZEC Application Input i?:jfiﬁf: Application
Mg

2007 334,536 122,715 12,272 110,444 211,821 21,182 190,639
2008 301,655 120,862 12,086 108,776 180,793 18,079 162,714
2009 262,313 120,403 12,040 108,363 141,910 14,191 127,719
Mean (2009) 299,501 121,327 12,133 109,194 178,175 17,817 160,357
Table 2. Livestock numbers for calculation of manure input at agricultural land.

Year Dairy Kprean Pig Chicken Goat Sheep Horse Duck Deer

native cCow
Head

2007 453,403 2,200,573 9,605,831 119,365,107 372,447 1,800 24,951 10,513,308 97,856
2008 445754 2,430,389 9,087,434 119,783,943 266,240 2,971 27,881 9,702,215 78,853
2009 444,648 2,634,705 9,584,903 138,767,543 249,855 3,216 28,718 12,733,275 75,272
Mean (2009) 447,935 2,421,889 9,426,056 125,972,198 296,181 2,662 27,183 10,982,933 83,994
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160,357 Mgo]|t}, 501,346 Mgl & o]& R xg] Ao & 40%7} AAEH
SRRl O] FAH A S 71 ARG 7 U] 60%Rt AR St wheb AlA 544 6
= & A viEwE woto] AEsiilnh A Skt U 300,808 MgolH, olF 20%= THuliEelAl th7] 3
S AU S1) AR MBS R, B9, HK, B Aol OfF MiEFOR ANSIEE U4 5734 A 5
A, oF & 28] W A O & VIEANS-F4~= Table 22} F2 240,646 Mgo] HTt,
2t Table 5% -} 21Sof o3t Ak WY ALS 913
Table 3 FAHEEo] Ot 54X b BUF ANEG  FF F ANYT AL Tlo] gt Ao BUY AU
A3 715 G Xt A vilEReR 1996 TPCCOlA AAI8E = St R, AR, At gl S o] LS e
I Q)= 7|EZRe ekt AU 917F 100 Mgo &2 7} W Zlojot,
e AaE viEste, ook 70, Bk 227t 7P A Table 6 o 2ol ot A (Fad 221
& el 7t 0.6 Mg viERITH Al ghdof o3t A FHT (For)e UEhd Aolr}, =
Table 4= SAlol| 23t 715 & A viEde ‘%EM 7 3} ZEof| ofgt AAgHFEFe IPCCAIA AASHL Q= W
ojch, 2009¥ FAHEkcol| o3t A F HiETRS 20099 2ol whet FakE ol TPCC defaultghdl 29 =
Table 3. Emission factors to assess emission of livestock manure.
Division Dairy naléx(:;eilcl)w Pig Chicken Goat Sheep Horse Duck Deer
Mg yr'
E‘Z’;j:‘on 100 70 20 0.6 40 12 40 0.6 40
Table 4. N emission per livestock for calculation of manure input.
Year Dairy naléx(:er:eilcl)w Pig  Chicken Goat Sheep Horse Duck Deer en?ii?l)n Adt:;(())ssli)gzzc Application

Mg yr'
2007 45340 154,040 192,117 71,619 14898 22 998 6308 3914 489256 293,554 58711 234,843
2008 44575 170,127 181,749 71,870 10,650 36 1,115 5821 3,154 489,098 203459 58,692 234,767
2000 44465 184429 191,698 83261 9994 39 1,149 7,640 3011 525685 315411 63,082 252,329

Mean
(2009)

44,794 169,532 188,521 75,583 11,847 32 1,087 6,590 3,360 501,346 300,808 60,162 240,646

Table 5. Crop production for calculation of N input.

Year Pulses Barley Wheat Potato Sweet potato Corn
Mg

2007 128,228 238,022 7,351 574,396 352,269 83,513

2008 146,895 241,045 10,359 604,592 329,351 92,830

2009 155,102 148,624 18,782 591,053 350,661 76,975

Mean

(2009) 143,408 209,230 12,164 590,014 344,094 84,439

Table 6. Amount of N input by crop residues.

Year Pulses Barley Wheat Potato Sweet potato Corn
Mg

2007 7,694 638 21 1,011 387 374

2008 8,814 646 30 1,064 362 416

2009 9,306 398 55 1,040 386 345

Mean 8,605 561 35 1,038 379 378

(2009)
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Al 29| AA3FEF Frac nerer 0,032 Hoto] AFE3HAT) 2
E7HA} 3hof| ot WA FF7F T3 IPCC 2o uhet
e AR ZhAkel Al Blg, EE, B Se 9 %
55 AATRS Hoto] AkEstat

HiS 7|4 (Emission factor) Table 7-& 74| NyO Hf
ET= AL Q13 siEAsE UErd Aol da &
Aol W N0 A5 wiEA9] %5 1996 TPCC &0l
A= =3} who] JLRo] Qlom 2006 TPCC I EofA= =

‘%‘;—% TRt} 7| 2AGE AASEAL Qlrt, whEka] oH
v &= 7tel A= 2006 IPCC t'o”%ﬁ%ﬂl e} = g

=5t WO}@‘ om, =9] 7§ 2006 IPCColA A|AIE E
0.03 (BFm)< ARESIAL, 0] 745 1996 IPCCOlA] AAIE
0.0125 (EF)Q] 7|EZ2 Alg51%ct

Aax Foo] W2 NO IHiEAISS] B9 7 |El
93l Hj&A4: (EF)= 1996 IPCC 7|23k 0,018 A835+9
a1, BFshe| R Algol mE LS (Frac aase) 0.1, S4HE
e Algof mE g (Frac aasw< 0.25 2-83to] 44
SHEh A=l W& NO HjE A5 (EFs)+= 2006 TPCC
7183k 0.00755 A5, sH|g 4 &8 (Frac
o) 1996 TPCC 7).k 0,32 A-8st0] APgstgict, &
20 Aol ot Aa FawF AkE Sl AREE Hiol
QufA o] AATEF (Frac nerer)-> 1996 IPCC 7|4k 0,03
2-g-sto] APgstait.

SEX| ELoMe NO ZIHHIEZ EIF N0 A
&S H7sh7] flsf 1996 TPCC W2l mHet NoO Hi
AE 584 SR Aol o3t AT (Fav), AR
Aol ofRt AT (Faw), 302l o7t A4 147

Fen) 3 2H2AF 2ol o3t Aawf Fp) o2 25kl
ol7]of Z¥zke] viEAlE Fote] HiEFe APgstiT (4
D). #7184 EF (Fog)ollA 2 N0 &2 -2uahe] 35
=R grot AtlM AlLfstt. O CO2 Hghsl]
N3 AF2F3HA| 4> (GWP)= 1996 TPCCOf|A] A|A%E 310
= ARSI

“FFFLHN'

Table 7. Emission factor for calculation of N,O emission.

N0 A& AL
NoO =N pireer = [(Fn + Faw + Fay + Fop) X EFy] + Fog X EF;
N2O prrrer = NoO — N pigacrX 44/28 @
SAX| EZ0ML NO Z
EFoA9] NyO THHHiETF B7H= 1996 TPCC 2ol
upat 7] Ao o3t viE (N:0@) 2 A=l 25k Hf
= (N0 = FHEste] AFgskait.
7] 2o} SJgt N0 PR Ak

HEHE™Y I 534

7] EE

S73A S| Rel Sihit AR ARSI IPCC
2ol whet efshu| R A AREEFe] 10% (Frac case),
AHE A1) 20% (Frac aasw) S W71 35 C2 Aot
L, EHe} g T2 ti7] Ak Sihte AAFe

4075 A 7] 35 SRR Z8sto] Autsisitt of
7ol t7] &l o3k N,O 7+ vi=Al5 (EF,) 0,01 53}
of tj7] FAef 9§t N,O T ui&EFE APgstaict (4] 2).

FAREC &g N0 7HH Sl A FUeF E3t 4
HuiEwol A ARESE SEAtEe 584 da 3ade &
B5to] Aibskelet. 1PCC W 2ol whef AA| dasaw
9] 30% (Frac mac)E A FE2FL=E A4S o7
of =4 7t vliEAS (EFs) 0.00755 &3to] tj7] =0l
OJFt NoO ZHuiE-E APEslTt (4] 3).

l-

N0 ZHuiE= ALD

7] Aol ogk NO 1Hdui&E

NyO— N = [(Fsn<XFrac aasr) + (Fon<Frac gasw]<EFs
NoO@ = NoO — Nigy><44/28 2)

FARE &3 N0 7HulE
NoO —Nqy = [(Fsn + Fon + Fer) X Frac 1macul X EFs
N;Ow) = NO — NyyX 44/28 3)

Division Emission factor Default value Methodology
. o EF, 0.01 2006 GL
Direct emission factor
EFim 0.003 2006 GL
EF, 0.01 1996 GL
EFs 0.0075 2006 GL
. .. Frac casr 0.1 1996 GL
Indirect emission factor
Frac casm 0.2 1996 GL
Frac LEACH 0.3 1996 GL
Frac NCRBF 0.03 1996 GL
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Zn} 4 =k N,O ZHS HHEZF (N:Omprect) Table 99} 102 $-
et A4 2] N:O ZHFll &S A4 BeER

gt Aatolrt, tf7] Aol gt N0 HiEHS A4 F
HHRl PR, SA4RE R 9S4 Ao g 4t
S Aat 71 9k 7kt 154,900 COz—eq Mg, 286,621 CO;—eq
Mg 2 976,909 CO;—eq Mgo|Qal, % HjEEFS 1,415,881
COz—eq Mg ©]3ITt (Table 9). =AF-Z0l 23t N,O vi&E=F
S A4 FYAEQ] =1} oA 9] slehhE W SARR R
THEoke] APYeE Adt 1 R ZH7F 398,948 CO.—eq Mg,
585,876 COs—eq Mg 2 879,218 COs—eq Mgo|$lal, & uf
Z9F2 1,864,043 CO—eq Mg ©]%IT} (Table 10). Tf7] A&
3 AEl 93 NoO & SRR 3,279,924 COx—eq
Mgl 2, 2009d HFHE 2A47tA F w9 26.9%5
=

Table 112 -2} F7 2|04 N,O HiE5S 7H U
I 2 E R Ueo] 4APg3e Aato|tt N,O F vi&EwF
5,948,284 CO;—eq Mg Q& o]= 2009 AHZHE 24171
Z MEFY 48.7%5 AHA|et= Foltt. N,O 5 HiE=F

27

N,O ZIE HHEZF (N,Oprrecr)  Table 82 20099
Ut FAA MY NO AulES Aa FYUdE=E
APget Axtolnt, =i oA sletH| s Aol &gt NoO Hf
T8 717} 159,579 COs—eq Mg} 976,460 COs—eq Mg©|
At =1k oA e Zfol7t s el shetHR 9]
AlgFo] th27] wjolut, i 11 IPCCO|A] AA|TR=
| wEAGTE =l A= 0,003, WofAl= 0,01250]7]
ojt}, FA4A HAE R Algof wE NO HjETRS 1,465,363
COz—eq Mg 2 3ttt = Aol &gt vj&sFE) 1 ol
ottt FakabEe] Aa nAof thE N0 &2 52,395
COy—eq Mg %L, ZHEZFAL BHedof 2%k NoO &2
14,562 CO;—eq Mg ©|} oL} A vlj&eo] & ke n]H]
A= ottt s olA A uiEol ot N:O & vil&E-2
2,668,360 COy—eq Mgl =, 2009d AZHE SA7IA 2
HiEF0] 21.6%% AFA|5HT

o %

N

> rlo e

ol

Table 8. Direct emission of N>O according to emission source.

Chemical fe.rtilizer Chemical fertlizer Livestock manure =~ N-fixation crops Crop residugs Total
Year (Paddy rice) (Upland) returned to soils
N.O CO, N0 CO; N.O CO, N.O CO, N.O CO, N0 CO,
Mg
2007 521 161,405 3,745 1,160,854 4,613 1,430,025 151 46,849 48 14,809 9,077 2,813,943
2008 513 158,968 3,196 990,810 4,611 1,429,562 173 53,669 49 15,336 8,543 2,648,346
2009 511 158,364 2,509 777,717 4,956 1,536,502 183 56,668 44 13,541 8203 2,542,793

Mean (2009) 515 159,579 3,150 976,460 4,727 1,465,363 169 52,395 47 14,562 8,608 2,668,360

Table 9. Indirect emission of N,O by atmospheric deposition.

Year Chemical fertilizer Livestock manure Manure treatment Total
N,O CO, NO CO, NO CO, N0 CO,
Mg
2007 526 162,967 923 286,005 3,075 953,350 4,524 1,402,322
2008 474 146,949 922 285,912 3,075 953,042 4,471 1,385,903
2009 412 127,784 991 307,300 3,304 1,024,335 1,024,335 1,459,419
Mean (2009) 471 145,900 945 293,073 3,151 976,909 4,567 1,415,881

Table 10. Indirect emission of N,O by leaching and runoff.

Chemical fertilizer Chemical fertilizer Livestock manure Total
Year (paddy field) (upland)
N.O CO, N.O CO, N.O CcO, N:O CO,
Mg
2007 1,302 403,514 2,247 696,512 2,768 858,015 6,316 1,958,041
2008 1,282 397,420 1,918 594,486 2,767 857,737 5,967 1,849,644
2009 1,277 395,911 1,505 466,630 2,974 921,901 5,756 1,784,443

Mean (2009) 1,287 398,948 1,890 585,876 2,836 879,218 6,013 1,864,043
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Table 11. Total emission of N,O in agricultural soil.

Direct emission

Indirect emission

Total emission

Year
N0 CO, N0 CO, N.O CcO,
Mg

2007 9,077 2,813,943 10,840 3,360,363 19,917 6,174,305
2008 8,543 2,648,346 10,437 3,235,547 18,980 5,883,893
2009 8,203 2,542,793 10,464 3,243,862 18,667 5,786,655
Mean (2009) 8,608 2,668,360 10,580 3,279,924 19,188 5,948,284
% 44.9 55.1 100
|- ujE&EFo| 2,668,360 CO;—eq Mgl 2 & N,O HjZeko] A} A}
44, 9%= AAISFRAL, THulETFo] 3,279,924 COy—eq Mg
S T NO WS 56.1%S ASI AT BEUTA SUSAULY FEATAY @}

ool AT Peltet BAANN NO MEFS T i pooarsmoioel A121o] ol ofolal Al

1

Sk MGEkEASE AgSE Ftelet 1

7t BEARE BRI, AL A HAAH S W
Q= o
3 XA 0A 20129 HEE A F<l opitehd

=

(o]
&3 Aol 72 Zloltt. A%

E_‘:ﬂ'q‘ﬂ —T::l{_ o= 1o H
SHIL Al Gl YR SRS B AL 27
7|5 Hge] Aol A=

0
2

1:10}—
At viEF APgS 3t EARE FEMARIER Y
AR EAARE S E-8519aL, wiEAl4== 1996 IPCC
9} 2006 IPCCOIA] AAIEIAL Q)= 7| =ATE E-8-3H3Tt.
AuES A4 FYUHR AP A} =1} woflA]
st R A8l oJgt NO HiEHS 242} 159,579 COz—eq
Mg} 976,460 COz—eq Mgo| L, FHAHE Al-gof wh&
NoO Wi &2 1,465,363 CO.—eq Mgo]Qlth FaHaHE2]
24 1o wHE N,O HiE-2 52,395 CO;—eq Mgo| L,
ZHEZEAL BHdof| 23 N,O HiE-2 14,562 CO;—eq Mg ©]
At ZHduiEel oJgk N,O viEHE ti7] &3 A &
E2 FEoto] APYE 2 27 1,415,881 CO.—eq Mgt
1,864,043 Mgo|9itt, Euet 57449 N,O SIS
5,948,284 COy—eq Mgl 2 Z|HuZ&efe 44 9%, 7HdujZ
&2 55.1%% AHA|stelon, AFHE 247 AA| viE

o] 48,795 HHSHA,

o]l & B2 &
|_|c>T'_'|°_
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