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Abstract - Greenhouse gas emission from agricultural land is recognized as an important factor
influencing climatic change. In this study, the national CO; emission was estimated for paddy soils,
using soil GHG emission model (DNDC) with 1 km’ scale. To evaluate the applicability of the model
in Korea, verification was carried out based on field measurement data using a closed chamber.
The total national CO; emission in 2015 was estimated at 5,314 kt CO:-eq, with the emission per
unit area ranging from 2.2~10.0 t CO2z-eq ha™'. Geographically, the emission of Jeju province
was particularly high, and the emission from the southern region was generally high. The result
of the model verification analysis with the field data collected in this study (n=16) indicates that
the relation between the field measurement and the model prediction was statistically similar
(RMSE =22.2, ME =0.28, and = 0.53). More field measurements under various climate condi-
tions, and subsequent model verification with extended data sets, are further required.
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Fig. 1. The main framework of DNDC model (modified from Giltrap et al. 2010).
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Table 1. Input data for the DNDC model

Type Sub-type Unit Scale (km) Source

Max temperature °C 1

Climate Min temperature °C 1 Korea Meteorological Administration
Precipitation cm 1
Tillage cm 1

aqe -1

Management practice Fertl.llze.r . kg urea ha ! Korea Rural Development Administration
Cultivation period day 1
Flooding day 1
Soil organic carbon g g_l 1

Soil factor pH L3 ! Korea Rural Development Administration
Clay % 1
Bulk density gem™ 1

& Arstetd AH, EY 2%, $8, pH 50| ZYEo E
3E AGTT 5 04 e )
22} A A7 AR F}EA vk
$9l /}l'§]-(n1tr1ﬁcat10n), s E}(demtrlﬁcatlon) 4 &7)|4
3l (anaerobic fermentation) ¥H-&& = oJ5a o]H3et HIS-E
< 33t NO, N2O, N2, NH;, COz 4 CH, &% d5T
o} (Fig. 1). & AFolAE 20124 7iEE DNDC 9.5 WA
(http://www.dndc.sr.unh.edu/)Z 0|83t CO, HIEH 3
o AH&-stsiTt

2. A7H4A 4 YRR 75

= EY Co, EH F4L A d7dAE 573
124°54'~131°06', B-9] 33°09'~38°45'C & tjatul= A
ojny, 1 F A Fo] =9 FLWE &3] ALY F

Ao FEL 20079 EFF FEF EXIFEZE =21, |
km’e] AL AR (gid) S 7RG E F 63,8087 AR}
g gos 2ge 75R 75 F 1km’ F2 Y9 =
EZ HE&S EGQE A = HES Aoy, & Wye
oF 12,600 km”©]| ¢t}

DNDC 2§ 5o AHLEE d8aE F 117HAZ, 7]
TR F WL 22, F5E), AldAw (B vE
ARG, A 712, T, ESAR (B 7184 o,
pH, AEFF, £ HUE)Z U= ch(Table 1). Aol AHE
| 7R RS 7R (°0), AT (°0), T (cm)©]
o 2011E5E 201597k A= 7148 BE200A #EH 7]
AAERE dERE gtEste] ARSI 714 E Y] BEE
27 FHHA7IM A Krigings °o]&3tHon, S 4=
£ 1km’2 AAsHch

A L A== 5"—%—751%7& (http://www.nongsaro.go kr/)
NA AlFshe FededHE EUE XH A H
7F AuiE 4= QI EE ‘oﬂdfd e A4t w el Au 7

e

oM 18

7rE 49 309004 108 21901, &2 4¥ 99 10cm
o2 Hosiqitt. 7714 Aavm (2a)s 49 84 7
9 28Y 77} 50,20 kg ha ' AlH]t o, 49 1404 7
4 179 Atolof&= A|4E <= (continuous flooding), 7€ 27¢
oA 99 26 AtoloE= 47N (marginal flooding) A El
2 9E 2o
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ER7120R fREFS BN TR 1km® F7H5)
2 WS S Yo AR AP

°|0|' rlr o°

ox of rlr

3. 29 724 AF

1) ZAF XN W 7| =XE SF

DNDC 2§ 9] A5 Sl A7|= FdFA oitg =5
2o fAeF st Yasd W = EF(37°3501"N,
127°14'16"E)& Ao 2 CO, Wi&FS

717+ 20154 2€ 62 -'%E1 2016 10%_
ﬁ zx-lo M;\]ﬂotq
20] 7.7~18.9°Co| %l & ,04 J"? 3 7&45%*% 847 mm
olith. 7AAEE 2015~2016W 712 HaEA ¢l 7]
A LA BEEH VSRR E dERE R A
th. DNDC 23 T35 9% 744 YYAE+= Table 2¢}
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E FART 28 F5ol Ba3 EYAEE 9 A6 xd =



16 Wonjae Hwang, Yong-Seong Kim, Hyungi Min, Jeong-Gyu Kim, Kijong Cho and Seunghun Hyun

Table 2. Major input data for operating DNDC model validation

from Duckso field
Type Conditions or variations
Location 37°35'01.00"N, 127°14'16.56"E
Climate Annual maximum temperature
18.9, annual minimum temperature
7.7, annual precipitation 847 mm
Land use Paddy (Oryza sativa L.)

Management practice
Tillage 20cm, 4/19
Fertilizer 50 kg urea-N ha™" at 4/19,
20kg urea-N ha™" at 9/20

Cultivation period 5/1~10/20
Flooding 4/15~7/20 (marginal), 7/25~8/10
(marginal)
Soil factor
pH(1:5) 55
Bulk density (g cm ™) 12
Soil Organic Carbon (%) 1.6
Clay (%) 17

EE A AFste s Ied EY 9 A=A
(NIAST 2000)e]] 9] A3te] 245qct,

2l

M

2) EY CO, HIEY -

= EYAM t712 wiEEHE COE AHs7] Al AHe
H -2 g A (closed chamber)E ©]-§gt CO, 223
Holch. g W= EST AW Y 37] Ato] &=+
wiof o3 EofollA wiEEE 7tAE 2SN AMgSt
Yoz Ay YR CO, 527t BEAE o =3t
717kA 2] A7k 2 sE WSS o83t fluxE AHg3t
+ WHolth(Clayton er al. 1994). ZHA] AMESE H4F H
H= 27 30cm, 0] 20cm (29 25.1 L)% YEFog B
st otadE AZFct T3 W sHEo] 5em o137t
< Fon, Eg A Ayste] 2" 7tavt gR =
Aol U7t g=E AA R

CO, Hi&%F AL 28] 1~3000 ppme CO, 714 3
HOE Z+= AlA (Soha-Tech Korea)7} Z3E &34
ARgon, Fujet ZH4H Atolo] FEE AAsL
A B 3 oA AR RRE AA4Pch Yujet 3L
Atolofl F719] AT 42 FAE] Y3 DC Bzt
7] S¥A (1L min HE AX35H 2&H o= 3717 8
£ A28ES e COx 33 AHlEs CO, EE7IAI (N2
balance, 11.0 Mpa)E ©] 83l AFAE A3 E71A
o] &= 500, 1000, 2000 ppmVo| Qo0 Akl o] AAA
2 ()= 0.999 o] 4ol glrt.

C0,9 ZAT} AL 27 (8:00~10:00)T 3 (4:00~
6:00)0 ZtzF EAe & HH S ALk AAE o] g3t
A7 wste] w2 Ww ) €09 sEWsE 29 134 &

Sbool E oz omjn of

3027 SAHL A (S ol-8sto] HiEF (lux)S AT
(Drewer et al. 2016).

B [v] [AC 273 ] .
Flox=p 1% 1ar) La+273) H0

F: flux (mg mhr')

p: density of gas(mg m™)

V: volume of the chamber(mS)

A: the bottom area of the chamber(mz)

A_C: the averagechanging rate of concentration with time
At~ (ppmV hr™")

T: average temperature in the chamber (°C)

3) RE4 Wty

DNDC 23] 2 A87H54S B7187] s mgol
N ZRE g A SRS wiLste] $R4 AES A
AR FE2Y A5S A8 AR FA S root mean
square error (RMSE), modeling efficiency (ME), pearson
correlation coefficient (r)©] T} (Moriasi et al. 2007; Tonitto et
al. 2007; Reidsma et al. 2009).
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Fig. 2. Daily maximum (long dash), minimum (dotted) air temperature, and precipitation (solid) during the experimental period (2015~2016)
(a), Comparisons of DNDC model simulated (®) and field observed (O ) CO; emission from Duckso field (b). T and F are the point of

tillage and point of fertilizer, respectively.
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2015~20169 T thatn YaRseat = &oko| A
A3t CO, W& (HS3hHTt, DNDC 204
F(FAHS v} (Fig. 2). ¥ A E 7oA 3
163] CO, W& HFZHS 32.1kg COreq ha”' day ' 0]
™, Mol | 1~954kg COyeqha ' day ' 2 ThFal ¢ A
Aol A &S ST HHQ 27.8~125.84 kg COreq
ha™' day”'9} §AFSE 42Tt (Mu et al. 2013). DNDC 2
o 2RE FHE B S © 9= 29.1,1.4~181.7kg
COz-eq ha'' day '& #EZI AR, | wj&F

oF 20} Egteh. BRY Ay wEeo] B ol 4 F
7)ol g oxp=, AA| W&ol T e A7lS WY &

o] o] F R 2] EF7] Y&l A= wtEh
CO9) Hhaol 71 2 L vlAE B we
9] 2ot} (Huang et al. 2016). 2=7} F71381H EOF &
2] #3128 207 C0.0 WEol F7hHcn LA
Qlth(Davidson and Janssens 2006). & A Lo A 435 49
CO, Hi&FY Aol /2R 2= At Aol S

EOo
7

O

rir

o2

—

£ 222 Y, 53] =7t EolAlE o 5H CO,
o] W&ol A Hf ol wokE AL ¥ = U EE
H ] e A @)t Al AF (59 Bt WiEFE 177
kg CO»-eq ha™' day”' o]l 4] 44.5kg COs»-eq ha ' day '& F 25
v} Z7}kste, &3] 5€ollA 79 Atol= Bt 96.5 kg COx-eq
ha ' day 9] CO7l A& o2 EH AT} o|2et olf=
9 8%l A EY v|AE 4 9 HAE S7HRai and
Srivastava 1982 ESF f7]29] Ea £2 4 v|yE2 5
S S7%oll 93t & (Raich and Tufekciogul 2000)Y Ao 2
T} Schimel (2000)2}t Cai er al.(2007)2] E 1o ]},
718 AAE = Bkl Alulshd vghatsiu| Y ET} wghdt
Ao g E S0l FFS S At F, = Bl AlH|
H A4E N0, NO 2 N,0= =1, 3l e A4 et
CO,9| 3¢l FEQl CH, TAYS A ZITh T3, | Ao
wreghel met HejRRE WjEEE COt SRR, H
S 27 (49X 5E)Et vl o] AR et A SHE 7L st
A gshe A171 59ollA] 7ol o @2 COyb AT
(Ku et al. 2016).
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Fig. 3. Comparison between observed and simulated CO> emission
(kg COs-eq ha™" day™") from paddy soil in Duckso field.
The linear regression line is shown as a solid line. Dash
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emission are the mean of triplicates, with the standard devi-
ations indicated by error bars.

Table 3. Estimation of average CO» emission (t CO»-eq ha™" year™)
and total CO, emission (kt CO2-eq year_l), as per the admin-
istrative areas of South Korea, in 2015

Average CO, Total CO»
2 emission emission

Area (km') (tCOeqha™’  (kt COseq

year™!) year™!)

South Korea 12,601 4.3 53142
Busan 28 4.8 134
Chungcheong 2,801 4.1 1,134.5
Daegu 78 43 31.5
Daejeon 33 4.1 13.1
Gangwon 733 42 300.7
Gwangju 93 43 399
Gyeonggi 1,580 40 6223
Gyeongsang 3311 44 1417.6
Incheon 97 4.1 394
Jeju 3 74 19
Jeolla 3,729 45 1,617.6
Seoul 6 39 24
Ulsan 110 44 47.7

) @ Fh(Fig. 3). $&T 3429 RMSE, ME, r'& 222,
028,05308 23 ALrl=Ao] =gttt thokst =93t
ZAoA CO, W&S =435t DNDC 231} v wgt a7
(Berntsen ef al. 2006; Abdalla er al. 2011)%1 4 Z+ ZH(RMSE,
ME, 59| ¥9E u|w5}H, 0.16~249 (RMSE), 0.03~0.72

CO; emission
(t COs-eq ha™' year™)

[J<31 []3.1~34
[34~37 [37~40
B 40~43 [l 43~46
W s6~49 [M49~52
Ws52~55 Ws5s5<

Fig. 4. Spatial distribution of national CO> emission (t COz-eq ha'
year_l) from paddy soil, in the year 2015.

(ME), 0.06~0.85 ()& & Ao dehd 2ute m% 2
AR Wl itk = BEF CO HiEF A5S s 123
fatn gARE&E=2oA FATZZS 0|83 DNDC &2
B AT 23, d5ata 4% FAHCE fARE A
Folgich B Ao A AATE FAFEZA (AL Ay THEE
o AT glof = = B HE 5HS HET 4 ¢
ok SHARE Sl A 2R = Bl Co viEgFe A
231 1 2427%E EYE 299 AZo| SaEUtE
Holl A efm7h k. FF A &2 LUEYS F8 gt
AzANN B SAARE FH5L o8 Ve =
3ol A%ol A% o $39 Bast gt

2.AF = EF CO H|&F 9= An

1km’ $29] B3 152 53 dYuAg A2 = 290
A i EE = B E A7 CO, EFS A4 (Table
3). Ax = EGOA HiEEE A7 CO: & MiEFS 5314
kt COx-eq ©|3th. o= 2ATIAFTAARAE A Tzt
201349 2 = EY¥ CHs & uﬁ% ol 6.9 Mt CO»- quE]-

<= FARLU(GIR 2015), & FF-olA A5 CO, F i
92 CH, T MEFY & 77% % %’5}1_ 2t CHaz
FAAEHA Y FH 2A47MA vjE Y2 = (Anand 2013), &
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WA Y =g Eo 2 g 2A7MA 23 A4s F2 CHy
of 4L W30 I = 9lth(Fumoto et al. 2010; Kata-
yanagi et al. 2016; Kim et al. 2016). 3|9t £ LA 1}o]
D2, CO, T2 = EYolA FAISHA] & &2l A&
o 4= Sl FAFGE F CO &S H2kert 16176
kt COr-eq=® 7H WL, BAAE, SHE ¢«22 Yeyth
A, B4E, SHE Al YA &= CO, iEFS
Z 41696kt COr-eql 2 A v&TF2] oF 78%S XA Ftt.
diof HAL A, Mg 5 F8 ZAE FL = HWEE v
A2 Qo] F wiETkol & FFE vAA &ttt

Agd CO, W& 2to]S &elsty] 98] 1km® &2
BE AAE ddeE COo %S 3HH ez RHe3
th(Fig. 4). AFEQ HF CO, |&FL 43t COseq ha'
year '©]%l.21, 63,8087 T AR oA BOJH CO, HE
2 2A7k0] M 22~100t COs-eq ha”' year '& UpERSE
t}. Pathak e al.(2005)2 E2] PHFTH T2 = £
CO, Hj&%Z DNDC g 53f A53=dl, He= 2.2~
8.8tCOx-eqha ' year 2 2 A9 Ax} W9jol FAFTH
A CO, %S THH e s Q% 21, S5 WEA
A oot A oA sH o2 wiEgFo] woth A=
C2E F HRAY Hoe FEF A9y wiEgge] =2 A
S 9 = 9l%om, ol 2Tt AYEH R =2 HRA
go] ERAGEY fr|E&57F o FXEe Aeg 5
"t ghE, 7 o EFS AFE, F4A Age
&0 2 & Yehgth AFEY = £ WAL 3km’d 2
AL, B W EFO] 741 COseqha”’ year ' 2 A=
ol Hlgh 178 =4 Yetgth AFE+ B+ 78 3
o] 398gkg 2 AT BF EYF f71TL FFQ 142¢
kg ol Bls) 2u) ol &SI B2 B 4EL FFe E
& HAEY oAUl ghaYo] FHato] njgEo] gk
IFFE S7HA CO HiEFol 7kt g8 A ok
(Gershenson et al. 2009). TehA], A|F = = EdoA &-H
A COr HiEFol A=t Hotol Hlgl =2 AR Y.

¥ 2

i

&)

ATE WS A9e g R FeofA idd B

X

oF 24714 ujlE 2¥E<Q DNDC 28L& Hgdlo] = Eof
AA BiEEE COE F3Hch g = 284 Bt
£ YA 20159 %€ 20169 A7 = A G

o2 AP FYE ol &s Co, HiEFE dEdtar, mgo
2RE AEE 243 v Yok DNDC 29 4527 >
Ak #Z7E0] RMSE, ME, r'0] 7+t 22.2,0.28,0.530.2
FARoRZ AT £ Ut A= CO, HiEF o= AT,

T
(o

7t ¥lE%2 5314kt COr-eqo|H o] A= CHy 5 Hl
ol 7% w20t BATARRE AAES A B
METe Ryon ko] Hacl WSS 3 WaZol
=t 2B WHAY CO, WiEFH2 2.2~10.0t CO»-
eq ha”' year ' W90 Qlglom, BHZE 43t COreq ha”
year o|%lth A H o2 FHIE FHAY Bt GRAY
oA SHAT wiEFol o =4 Uetdth & d4E 5
34, DNDC 232 5| = EFlA vi& == CO TAF
= FosHA 2oFt Aoz YEith Hoh o Fudt 24
7tE A& SEA e 71SEA ESEA L AERAEAL 2
AERE E4S Lt oS3t Aol $83tH, DNDC
B AFEE woldd I sHAHAY &4 2 A=
AAE 2T 4= Y= AR RS Jfdshs Zo] asi
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