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ABSTRACT

Various crop models have been extensively used for estimation of the crop yields. Compared to the other models,
the EPIC model uses a unified approach to simulate more than 100 types of crops. It has been successfully applied
in simulating crop yields for various combinations of weather conditions, soil properties, crops, and management
schemes in many countries. The objective of this study was to estimate the rice and maize yield in South Korea
using the EPIC model. The input datasets for the 30 types in the 11 categories were created for the EPIC model.
The EPIC model simulated rice and maize yields. The performance of the EPIC model was evaluated with the
goodness-of-fit measures including Root Mean Square Error (RMSE), Relative Error (RE), Nash-Sutcliffe Efficiency
Coefficient (NSEC), Mean Absolute Error (MAE), and Pearson Correelation Coefficient (r). The rice yield showed
to more high accuracy than maize yield on four type of method without NSEC. Theses results showed that the
EPIC model better simulated rice yields than maize yields. The results suggest that the EPIC crop model can be

useful to estimate crop yield in South Korea.
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(Crop Model)’o]2}ar s, 4= 4 & ARE v, F4
oflA= o2t AE S dste] Aol E-E-shItHWilli-
ams et al., 1984; van Diepen et al, 1989; Brisson et al., 2003;
Jones et al., 2003). oFA = FHofA e ZE 2L o}
2] QoA o, 283k ARl &) ool =y ATRo] S
7F Qs Aol

22 H O] AubEol= AHEAAR o] 2 EEH, o
mof 5, B A 5 F7H AilEe] BEEeT, 28
3t AiEof whet By Adst v A Eopolla 28 4
QT Easterling ef al., 1996; Song et al., 2014). 1980t} ==+
oAl FEle] AA7EA] FH LISl A== EPIC(Environ-
mental Policy Integrated Climate Model) =& 2] 732 507}x]7}
de 2185 ¥48 7 e A& =8, 1000 7] 2HER9
28 W A7IZE dl&o] 7Rsstod, AlA| ZRA 715t gk
oo A= &-835}31 Qi Williams ef al., 1984; Liu, 2009).

71513 FTA 59 9o s a5 239 daid
o] Z7kek= @ AlRolA & A 58 AE 2Ql EPIC =
P& = 2838tk EPIC 2ya} 242 =9] /i Hae =
W 28 Al -84 7k Faedolth & A9 &4 EPIC
2yo] | 48 7hsAde dESks JeE, EPIC By A3
ol frad B7HE AAlste] 280 daA, A= E A9 5
2 setaln} sk

YT LYol BEEe F8 BYss AE BY
sk )
[e]

2. 99Xtz H WY

2.1 EPIC 2

EPIC(Environmental Policy Integrated Climate, originally kno-
wn as Erosion Productivity Impact Calculator) -2 7]AF 4l
AEH = B AE, da 9 Ql 5 ol8ste] A=e] AL
T A5shs ZP R, 100714] o] de] 2Heo] #-8-5to] 28
g 4 Q= g7 Q] 322E(Generic) F&g ot Williams e al.,
1984; Song et al., 2014). T]=+oA 1980 At) 7i¥iE|o] A<:s)
A Aol s glom, ol fRd S 5 AlA 2
AloA] 715 H3}e} TRE FH Aol Z-8EAL glrk(Balkovie
et al., 2013; Zhao et al., 2014). 7i5F= ] 300] do| = EPIC
e depu|E el darejES AEAor oL, 2l
Ho|A7} ZWAER] Qot o & =E5kaLAL GIS 7|5ke] REo s
7N=FEl vl QIcKLiu et al, 2007).

2 AtollA 83 e Y Aw 5 RS &
o] & e 712 GIS 7]HEe] GEPICL.2 W& S & EPIC-
0509 WA} AZE]o] 9lom, Liu ef al(2013)Q} Folberth et
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dl QU142 e BYO R SRR JFusk o Aol B
gt v 9l

@o] A wRe o] Aol FHolx BRo] 1
(Calibration)a}g o] Q=L (Balkovic ef al., 2013), & 510
A= 71 AFAS(Liu et al, 2013; Zhao et al., 2014)0] 7]
wagslel AA 2 Fo] 8318 TS sk

EPIC Z¥o|AE= oy P34 M4 (Agro-Environmental
Variable) S ¥]53+ 50717 oJ4fe] ATE AL 4 glon, o}
83t s T A=A = crop yield), 7Md=red(virtual wa-
ter contents), 24$FH(nitrogen contents) % T 3% tH(Folberth,
2013; Liu, 2010). & A-toflA= =r@]oflA 7 2ds] 235
QAL SRS sk AataS] AL o
s #gsk BoIskc

22 Y8 Xz

EPIC w3 o] a7El gl A Ao 127jxw, =
W 282 Q8 & 1171719 &8 A& [Climate, Soil, Slope,
DEM(Digital Elevation Map), Irrigation, Fertilizer(N), Fertilizer
(P), PHU(Potential Heat Unit), PD(Planting Dates), Country,
Landusel 4% 9 7hgsto] 98 A= ez 7Esieich
(Table 1).

7V 7187 olA 12~T57N (A= Abe] EA)) ARl
A BET D HAZIA(C), a7 e(0), =rdmm), DA
FHMI m ), ASEC), F<5m s ) AH=EES Kriging} IDW
7R S8l 1 km sdez B2Aste] 2853l 54835] EPIC
BEoj|A Q5= PHU A}&52] 7% Texas Blackland Research
and Extension Centero]|4] 7J2E PHU Calculatoro]] = 7]A}
ARE YEsle] =3I HBREC, 1990). EPIC 238 =35t
74 71712 2004 5-E 2009A714] 6do|H, g 7|7tol| u}
£ o9 ArY Aol 7R ATk

Slope¢}t DEM AtgE+= 3HgRofA] Azkgk gite A= 2}

= 1 km ez 24 9 A5z ]of 9A 7hgste] 28
stgon, egRoA I EXT RN sdHAS 5
Z3}o] Landuse Atw 2 JL=319ich

E9F A7 FAO2] Harmonized World Soil Databaseo]|A] =+
Y Fie FE0te] A5319on, QP e Dataset FEfE
1371R] £52 FAE o] Qi) 11 £5+= soil organic carbon(%),
sand, silt and clay(%), bulk density(g cm ), base saturation(%),
cation exchange capacity and sum of base cations(cmol, kg ),
pH, stoniness(vol.%), saturated hydraulic conductivity(mm h™"),
and wilting point and field water capacity(cm® cm ) ©]tHFAO,
2012). Irrigation 2! Fertilizer A}& %3F FAO2] World Database
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Table 1. Input data for the EPIC crop model
Type Sub-type Scale (km) Source
Temp (max) 1
Temp (min) 1
Precipitation 1 Korea
Climate Meteorological
Solar radiation 1 Administration
Relative humidity 1
Wind speed 1
soil organic carbon 1
Sand 1
Silt 1
Clay 1
Bulk density 1
Base saturation 1
Soil Cation exchange capacity 1 FAO
Sum of base cations 1
pH 1
Stoniness 1
Saturated hydraulic |
conductivity
Wilting point 1
Field water capacity 1
Slope - 1 M@stry of
Environment
DEM i | er?lstry of
Environment
Irrigation - 1 FAO
N 1 FAO
Fertilizer
P 1 FAO
PHU Korea
(potential - 1 Meteorological
heat unit) Administration
PD
(planting - 1 FAO
dates)
Landuse Agriculture area 1 Mn?lstry of
Environment
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oA FZ3lo] Bgatgth Bk A7 o] AL, oA 2ARE
EOHIRE ANl Ho] wet WS Ao s, X
oA B83) EPIC &) 9E A7 FE= /sl o
= ZQlo] atEH, 9] A& A4 FAOS] EAlas &
251+ Al|(Balkovic ef al., 2013; Liu et al., 2013; Folberth et
al., 2014)7} tjEolH 2 B ¢ lof A FAOL] EYALRE 2]
gahr] 727} goka Beksielk

= oﬂ:rLoﬂ/\iE %O]'/\IO]' 9 ] d)E A2ERNE0] AT} AA
Eai ) 3wa) AAS U
KAslo] BPIC 20| 283} B715 A|ws}

L gjshus Ao|u), BEAT Auaste] A of24
I%EM—E AFES RS A7 mAAYE Xﬂﬂo}‘i‘iﬂ(ﬁg- D.
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EPIC 523 S 591 Aya) S 42 sl
[e]

B7HE A

A5 A=A Blasky] sl FAANA Alssh=
Al SZE AARRAL Z3E 2001 d5E 20108714] 28
sien, 11 5 AAl BY AaE 283 Al7]Q1 2004 FE
20099714 Az BAH BAOE BEHUT, 1 9] 7171
BARRE ZPgRzAse] ulme] B8

£ AToAE B 57 FAA BA Pue Bgdtel GE
w7k ANsIgon, 1 R thea Ptk (1) RMSE,
(2) Relative Error, (3) NSEC, (4) MAE, (5) Pearson correlation
coefficient
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Fig. 1. Research area.
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2% glate] ol vk 1) &3] AAgak Aol ol
of 4 (1)& vRgo 2 SASH 319 RMSE gh& AHE3H%
o o714 O B gk Fe 3 e ol

M

Relative Error(At) 22k REY= 4] (2)9} o] AAtE| o] &|H,

EPIC 2] 5] A29H 9.8.8 A 4 ook 2 1)
I=E PSS W, 30%9] RE 4h& Al=S o= Sl= At
of gAAE FHele, 0% olAte] RE g Sekdel of
ZHESICHNiu et al., 2009).
RE= AI? > 100
E* @

RMSE®} RE 9ot H3o] F34 52 $1s Nash-Sut-
cliffe efficiency coefficient(NSEC)7]®o] AREElom, TfS
()T} o] AYHrt. o714 Qo= B 4k O 4 4 9
u|gict.

(¢

L e-aely
EF=1-— T ra—
> -q )

NSEC 7139] A}l E g2 —ooof|A] 1A}0] 9] k2 7HA]=
o, £ gto] 15 vehld F78x]eF A7 Eohe Ae 2]
sh, 09] k2 A7 SAX Y] Botitg HEet Ae ofn
SFCH(Nash and Sutcliffe, 1970).

AE5ng ] Aotes 4ok E she] HHOZ Mean
Absolute Error((B-&t) 22} MAE)7|1¥S &-831ct A 4)
o Zom, 00 7k w2 AYEE onRith o714 f=

B2 gk e #4 ge ot

1 7 1 i
MAE= =Y |f,—v|l=—3 e
n§|fL v nglel' @)

7 e AEEAE 7 M daHeR AREe

Pearson correlation coefficient= A]712] W3lo]| w2 E4 2|9+

2:719] B WIS o} 24151 o) ARgEIeHReidsma
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et al, 2009). TAAE The 4] (5)9} 2t

n

SNila,—z)(y,—y)

- N, T2
\/:(mz x) ZJL(% y) )

r=

3.1 7|ALEZAT} XHSARARREO| |

&S
71 AN A HRiAo] ofF o u(Ha ef
al., 2003), A== RS 3 AFolM = 71ETe] e
= wistshs e
P\ 2B A 7he] Akl Tl )
AR T 7R, Bt R)E A AR Hlagt Ak
et Byl ente R Aue] Ak MES oSaAls
S5t (Figs. 5 and 6).

AE Sol, 2= Akl diet SAXIe =, Hat7]
Do A 2 AN} ik HRe 24 ekl
AA| ZFrat Hat7]2o] 2He Aol $a%h oAt
A Rke == ufjsl Hoks ABARFY] BisS AWl o#al,
oF B ASTA} el %8S A Bk

olFx AFE FA8 flsire sl VI TV

_1

o

o Horr e

EARA] 7)% 9 ol QAo HSkE Agsto] wjg AHE YA
t}

3.2 EPIC M ZAn}

Of

EPIC 23] Shj 2183 55 2004137e] 2009517}4] 23}
S T ARR| R AN FE 2L 5 A9itkFigs. 2
and 3). A3k 2208 GBI O ek, T
EATRE ) s et 2290l

WA, B0 HE FUE B A% U Ao B 2
A, 4.00~551 tha 53X =8 HA) AL A)S k) A
#o] S0l X G AL BRIT 5 Uik

A B 15 vha ol A BAE 1S vha ol
2 Uehgeh T3 At Ao FUES v A7 Ao
Ae) ke Auloh w9 o] Hepi Heke Fopx| oz} %
¥ Ao AN Aol S RS W), chpst Y Aol B
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Error, Pearson correlation coefficient+ A] - =8 A =2 FE3}
J3l(Figs. 7 and 8), RMSE, NSEC, MAE= 7t -X| &2 HA4
o] B85} rH(Table 2). GaAS Bl 2lo] A - o w9
oF 28 V| ZAXEH] SF0 R FrRRE Flo] Agkshe AL



D2l MM FHS I8t EPIC 2| =L =i8at HWot 27

—Reported Yield —Simulated Yield

6.001 Q)
5.501
~
o
=
>
£ 5.007]
hed
2
=
v .50
K
4
4.00
3.50
T T T T T T
> & ) * s © 8 ¢ s d
S Q' Q S Q OJ o) S G (4
o o o ® o o o ® « o
5501 p)
5.007
~
o
o=
S 4.50] —_
>
£
hod
T 4.00
=
8
‘= 3.507
=
3.007
2.50
& $ ) & ) & S & & $
Q Q' (N} \) Q Q' (N} \) QO )
o o o & o b o b B> b

Fig. 6. Comparison with reported yield and simulated
yield for (a) rice and (b) maize.

R, 0] A EAREL Al = aelent 3
T glof HANAH 02 Bk el gl BAE 9

k.

%

A, 00l 7M=& 874 onIshe RMSES MAE
Lo

HHOIAL A Aol glovt, el A9 05ha)lst &

Relative Error
S Rice

. B z0t00
[ Jote3o

Fig. 7. Relative estimation error for (a) rice and (b) maize.

o] A9 14Wha)olste] ZTE Bol, F ABelA B
o gEAoR ST 4 gtk F M TEHoR wel
S Ao B vok 84 s fake] o frhn

ofsfat 4 ol

NSEC 2404 0 o)dS Y, AR Hat ghEck
St A= o 4= e, 2 AFY Adess R
0 oJsl= veht SAIX 9 Batoll= & wAu diFR —1 o]
5k 3 Ui 2ARIE 7HE Aer 20d = qlSich
NSEC #4o|A= B B7P7HoMehs 2o d=E Hapt 2
Al WeRaL, AT Eppofl i B 2 0] fade 2
Lt

Relative Error Mapof|A] 2o] Zil= 559 AxoA &
A} 22 7o) 9k Ae AR Leib, S5e] 2
TolHE FATE, HehdRe, APdE 5 AR 1S 4]
st 0Pk 4o oz selEgich AR Aol e}
7 Uit S4ee] A9 a2 deinl FUE, FHRE,
AT SoML oxr vl SaAS AsiekA ekt

Pearson correlation coefficient 2= E} F717|%o] v|3] A
WO $& 49 1olx] glgleh Aol Ak ole) X
Dol 2 SE(--040) oIl e BEOL, 9440 4
o ool olold] We AREAS ek ol 6de)
e molyIhn} BAK - oS3 BE gk WE Eo] 2 Ao
Qelow AR,

W el whet Zzte] Aol 4] BrhEe AL o
R R O E R I CR

Relative Error
Maize

I -30t00
.- [ Jote30
. . [ 30 to 50

* B > s0

http: //www.ekscc.re.kr



oo
2t
lon
A=)
40
r
op
b
I
o2
N
@

28

Correlation coefficient Correlation coefficient

e Rice . SN e Maize
= s [ <010 ¢ : = [ J<o0.10
’ [ lo.10-0.20 [ Jo.0-0.20
[]o.20-0.40 [ Jo.20-0.40
B 0.40 - 0.60 I 0.40 - 0.60
B > o.50 B > o.50

Fig. 8. Correlation between time series of simulation and reported yields calculate for (a) rice and (b) maize; Pearson
correlation coefficient r>0.60 is statistically significant at p<0.05.

Table 2. Comparison of simulated and reported crop yields

Reported Simulated
Year SD SD RMSE NSEC MAE
Mean (Standard deviation) Mean (Standard deviation)
2004 4.93 0.21 5.20 0.35 0.40 —2.75 0.26
2005 4.80 0.19 4.57 0.21 0.29 —1.47 0.22
2006 4.80 0.22 4.56 0.18 0.27 —0.69 0.24
Rice 2007 4.58 0.19 4.77 0.27 0.31 —1.59 0.18
2008 5.12 0.21 5.02 0.18 0.18 —0.18 0.09
2009 5.15 0.34 4.91 0.23 0.39 —0.43 0.24
Overall 4.90 0.23 4.84 0.26 0.31 —1.19 0.21
2004 3.39 1.00 4.44 0.16 1.08 —0.61 1.04
2005 4.34 1.35 4.54 0.22 1.13 —0.06 0.19
) 2006 3.93 1.33 4.51 0.41 1.23 —0.11 0.57
Maize
2007 3.81 1.41 4.29 0.17 1.36 —0.13 0.47
2008 3.99 1.42 4.30 0.39 1.35 —0.10 0.30
2009 3.99 1.25 4.48 0.19 1.27 —0.23 0.48
Overall 391 1.29 4.43 0.26 1.24 —0.21 0.51
HHom A Tei S4B BARROIA Wel H8 oA o] T Mg Aom BlEeh
E=7F A dEhe 22 Ao, s7HA] 24 W S 474 oA 7] ra 7HE SRk, SAIRISY ISR A%t
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