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ABSTRACT

The SIMPLE crop model has been developed to minimize the requirement of in-
put data for crop growth simulations, which allows for prediction of crop yield
under given crop management conditions as well as weather conditions. The
objectives of this study were to improve the SIMPLE model for the growth simu-
lations of onion and garlic and to assess the uncertainty of fresh bulb weight
predicted upto three months in advance. Weather input files to the crop model
were prepared compiling weather data obtained in a year of interest until the
dates on which crop yield prediction was made, e.g., March 1st, April 1st and
May 1st in 2020. Weather data in previous four years were also added to the
weather input data for the period from the prediction date to the harvest date.
As a result, four sets of weather data were prepared to predict crop yield on the
given dates. The average fresh bulb weight predicted using these weather input
data explained at least 89% of variation in the bulb weight estimated using
weather data obtained after harvest. The degree of agreement between esti-
mated and predicted crop yield was relatively high irrespective of the reliability
of cultivar parameters. However, the difference between observed and pre-
dicted bulb weight was considerably large when corp yield was predicted using
the cultivar parameters that resulted in a larger bias during the parameter cali-
bration process. These results suggest that the fresh bulb weight of onion and
garlic could be predicted with acceptable accuracy once the reliable sets of cul-
tivar parameters would become available.
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1. A&

S AHFEC] & Yot s o7 2719 T o 2 Aol FA45HA W55t
B[R} AA o] Q0 JFE v& 4= AtHChoi and Baek, 2016; Ha et al. 2019). =1
ol A Au == Futet vhs FEE2 95718 87517 wiwoll, &H[RF 2710 et 9%
= H[A|= vt vl sto] iAo g 71 Al 717ko] 8. 53], ¥ 717ke] TAYst
£ o7 270 95l ol A= 4% B4 ®lso] HIHsHA WSt AtHSong
et al., 2018). A& S°1, 201540l At 87| 12 8l 7hao] JFo= Juke] YA
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Hlsf FiA oz 22 &9 Hlolgrt 2

A=) Aag AT 7HA 2T e BEEeH AR d2 AR o] o
PH A0 ERAH. A& S0, ARRAAM Y A =2 & 77 ST A
d= AS5vhs BdE2 o7 23004 A= A= HekE FUsHA 2T 5= - °]
e RYS2 Al G99 A, 2=, 5k, 35 H AT Bl Ve AaR A
o WA= AR a0l 28 VA8 AE de R AE VESARE 4T
T e TSNS 5471 Hof, ZhEe] A= tFEY AFA w2 +&2 A=
2 2AE LGS AREs]| ol f. ot AEEoHy RS AR T, AiaE] 248
AAs7] f18l FFolu A8l B BIleh 22 A aso] a7t & S0, Aol
e S AHAY AAFES dSoH] A8 ARIT ' ARIAIZI7E BEEeh AR g dY
ARz ARGE 2, 9t 57 g = AR AluidE] AtesS SES] ofEe
SolM = o2fet YHARE EHI5H] AP HHKim et al., 2015).

Zhao et al Q019 4% 4.9 JBesHY H4S wolselete Y
3] F7A1Z1 SIMPLE 2Ha 1 7H‘?:-_1"5]’?i"4‘. SIMPLE 22282 A& 3
= BeE Ao 5 e gAlEES ARERT Gl E91, AEREE FAcke A
F<=5tot7| Qo dAkg & ﬁ]ﬂfPAR fractional Photosynthetically Active Radiation)
= ARE&Sto] AlitE = 9E FAAATS E 71HE R s &Sk S s, AlEA A
Al 259 ¥3kE HoJgtt. Eot, AWt w7 ol A= Al 7} 2 dsHA 4= JlvkaL
7Hgsto] Aufeio] et JdPgAm @3 =E WUtk webA, SIMPLE A& P2 ST
229 I8 AE2 dS3h] Al FAag] JHART AREEHE. E9], AERFY dHA
25 5517 ofglE Ul oS 1 o, ohFet AHE0] A oS 5] 913 SIMPLE

rl

il

2 ARES BN 42RYY YUNEE AT A4S, A2 S AR
o = 4 k. ol So, T Ht)7] 27] AR E BAZA ] SRS ALSL,
58] AR A A A RS B8 ste], $317] o o] 420 4L W JAHE o
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B
A& A TE $E77HA Y 7142 0S YEdl= 713 847 9 A2 o) uhet gt 4
F9] 97} HAES 4= Qltk(Lee et al., 2015).

2 Ao A= SIMPLE AR 32 v o] As 297} 7He3te & 7l AdskaL, dA
o A 7| FARE 25 o5 A& AFSE ASstalAt stk §9], 87 3714
o|A AFFH A alS3HaL, o] F IS B S H7ISHLAL ST - A
WA ASE Ao P ARE AR o AHS FHT 5 AE A9 = AT
(Hur et al., 2019). 9I& €01, &= 4ol ASH A5E &&5to did 549 7HE S
A& 4= UtHHa et al. 2019). §3], 3 & o] APATHS FiL Fup} vz A%
A& A=7t AJ4HE A, 22T Hso] IE @S uhAstL o & Al 5 Sl AR &
H7t 7Fssttt wEbA, 2 A9 die2 A=) e s 9 A dISS At AER
N FFE AAND 5 S £9F o=t 7] A oS A

Aot

A

o

2. A% 2 Wy

2.1.SIMPLE %= 2
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B,,=B+6, (Eq. 1)

SIS LeRith B Tholshs B4 AT AR 295

=z
AR J: g5 Aot Asl, QAH(SR), F3AIT(PAR), 8873

= 1185}o] s A
(1) 9 F A8 S EA5(RUFE, Radiation Use Efficiency)”} th=23} Zo| AR&H T}
8, =RUE + SR, « fPAR, « V, (Eq. 2)

S dA ) e FAeF 2 270 FF= 7] w2 SIMPLE Z=R2 %2+t

A FBATE LB AR, 2a2] IF87I AABR7I 2E oA go

_

71X cGDDE} Phase’= Y7t 341 0] % =8 YFE A3t B& TAE Ha=o|t}, X0

A=l 712 B HS1E 7IH e R /A FEEANE Fcte 40| "]

ofl, YFIA71 3 BRI YG7NE NESH= Phaseet Phasere, 70l AHEE T E

Aol whet 5k7] Aol Zfol 7} Q7] Wil Phase i BEEE 4Gt pe A A

ol W2 dAF T4 A0E U] A% B2, F A% AI710lE -0.01(pero), 23}

A71901 0.01(psen) 7183L 0.2 AFERITE 25 Al 7|7kl AR fPAR, 32 th&3} 2]
A4t eh(Fig. 1):

[PAR, = max{fPAR(cGDD, Phase,,,p,.,)f PAR(cGDD, Phase,,,;p,.,)} (Eq. 4)
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Fig. 1. Example of dynamics of fractional Photosynthetically Active Radiation(fPAR). cGDD

indicates cumulative growing degree days from the transplanting date.
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3 g WE AeE 2R Akt ojiteigta, 2k B 8 AEH AV gl
=]
=

Y= A7 g&2oll, ol& NE 8RASS st Ve v &o] ALteit:

ko

V,= (1+E002) « Ep e Egp (EQ- 5)

A7|A Ecor R Eres V72 o4ttt A 5=t &7t Ftdol daFkE vl A =S UE
+ ¥ X %AHFuzzy number)°|th. B X 5At= sl HE4gZ 024 1 Aol A= Y=
HH g S ARGl G oE T o] Atstet A9t 217t SRk A Ee] HEste A
£ UYEt 7] A5l Ecoz2t £ W4 T<=+= Fig. 28 o] AEt). Fy= I2(STh I E
F TE(STwoll gt 2EH A7 FAol v A= FF= Es7] Y6l vk Zo] A4k
th(Zhao et al. 2019):
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Egp=min{STy, STy (Eq. 6)

A7NA STt STwe 242 37|23 7He 2712 U= X491l ARID(Agricultural
Reference Index for Drought) A$E &85t AAFETHFig. 3). ARID A5+= Woli et
al.(2012)] &Jsf oh&3 2ol At=| gl

ARID, =1— TR,/FET, (Eq. 7)

A71A TRE}; ETA= V7 SAH(mm)d A S HARFH(mm)S UEPdT. THeF EQF 4=10]
FEoto] JAEFo] 00] H&= A ARID AFgk2 10] HH, o]= =& AEH AL YA &
Uetdith B2, E9F 50| 383 204 FAteo] S T4t A5k 2 HF-
ARID gko] 0°] & = loH, ojfjof= &8 A

fm
&
>
N
£
rr
pack
o
1o
ish
=
i)

Fig. 2. The membership functions of (A) Eco2 and (B) Er which represent the effects of CO, and

temperature on photosynthesis, respectively.
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Fig. 3. The membership function of (A) STy and (B) STw which represent heat and water

stress, respectively.
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718247 B 9 2HE9] EAES 1] AR TR, 32 712 A o
AASEA B0 EE|3 B4 W 2HE0] 2|4 EAo IFL e EY
of 33} o] AXLETHZhao et al., 2019):

TR, = min{ET,, UP,} (Eq. 8)

o474 UPE 2E0] BoF 4B E4dS UehiT SIMPLE 42292 AAle, 28, 4%
9 £4 422 g sol ANE GAEIATeR fT, %S A4AT E3), Allen
et al.(2006)°] A|QH3t FAO-5621C. 25 ET, 7k 23} Zro| AAgch:

900
0.408A (Bn— @) +~( 74973 s e, —e,)

BT = A+~(1+0.341,) (Eq. 9)

o7|1A Rnd}t G= 27 S EAM] m day DI EG I 94 U (M m™ day )E UE
doh EYO R Fo] AGEE AT S Yot ¢9 49, YAl vls Jdjdog 22 gt
< 7HA7) qEel, GEE FAISHL ETREE AAetltt. Tt pr= 2H2E 71:2(C) 3 2m 0]
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oA U Bt Edx(m s )e UEHATH 09} o= 22t 8} 55719 (kPa) L A1A] 5571
SH(kPa)S UrEHATE ®, s9h = 7h7h 2714 EAle] 7187 (kPa T) B ALA AR
(kPa €™ olt}. Up, e the3} o] AXFETHWoli et al., 2012):

UP, = SW, « UC (Eq. 10)

of |4 SWS UCk 27 Q8 EOF 580} 4120 £ 58 54 B8-S trehfi Afoltt.

QEelsh AREYEL QU0 98 £ 58-S A4S wEl, SIMPLE 4121
Fol N AA EFF B4A7E AL SHU] EFSE SWL A4 2 A &
A3} Eo}o] B4 54 wefstel thgw 2ol FejHn

SW, = SW,_+ P,+1,— TR, — D, — R, (Eq. 11)

Q]

o714 P} e 244 A B WS UEhdTh SWE AL s 2 W 84
Ak et

ol50] gl= AL 7MY Ett. D= W4 (Drainage)& YetWH, o33 Zo]
(Woli et al., 2012):

D, =DDC « RZD « (SW/'— PAWC) (Eq. 12)

71X DDC, PAWC Y RZD= 272y wWil<= A4 (Deep Drainage Coefficient)2} EXF &
B85 (Water Holding Capacity) @ <+#4l(Root Zone Depth)& YEtdT ZE9] £5&

o W&t RZD 32 2] AH8E & 1o, & AFolM = 400mmE 7|23 e g A5t
(Woli et al. 2012). SW"%= M5=57] A EFSE-S detdnt. R FE%FH Run-off) S U
Bt oh=3} o] Atk THNRCS, 2004):

R, = (Pt _[a>2/(Pt _[(1+S) (Eq. 13)

A7NA L, SE RCN ZY2: 2717+ A(initial abstraction), J%7Fs=H(potential maximum
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SIMPLE A=2¥s 8% Ot=- 4T} H= 0f

ujr

retention) ¥ FEZFA A 4(Runoff Curve Number)E UEHHTE 7, @ RCNS B9 &
Aol &S T Heoly, ZH2F 0.28F 655 7| E 3o 2 AFEE 4= UtH(Gijsman et al.,

2007). S@-= v 2ol At tH(Hong et al., 2010):

S'= 25400/ RCN— 254 (Eq. 14)
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AR F Hdi71E FE5t AS5S FA5te 2ol A dlSel feElstet. wakA SIMPLE
AR  Hd7] DA 9] A FE 2o {7t REel FUHE A

T 719 A A2 QAT 2] S et ol 2T 89lES st 7 B
71 GAE B o e AR AEAE RES TSI Futet vhs 2t Yol A
7t FAEE AR dolEe Al @2 e JAH o2 FIRI, o] et IA
S U7 A8l A2 g AREote], £ HolA AdAes 7t gAE A= Y
Etll= FE o= ol ottt

F, =k « exp|—exp{—¢*(GS,—1)}] (Eq. 15)

AZIM x, ¢, r= APZHOE AojX|= E4olt}h, - HEHAE U= HFQl GS= o
L3} Zro] AAtEItH(De Visser, 1994):

GS,=>GDD « DL, (Eq. 16)
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71X GDDS} DL~ Z¥Z A=A} Ao Qg - -8 dA A J=& vepditt. DL,
2 th33t o] AAETHDe Visser, 1994):

DL, = max{0,(Z, — TH)/ TH} (Eq. 17)

A7VA L3 TH= 747 Q4 7 B8 DA 2 AAsl] 99 a7EE Ha 9 ek,

22 geol A 771 BAE ANS] AriEel vmet 7o) AHFo] S RS 5
Aol ejsto] AT Safo] AT BeAY 7SS Uehi: Yield(kg ha )
= the Tt 2o Hojstk:

Yield, = B, « F, « WF ' (Eq. 18)

oA7|H W= ABFNA BAFOR HBS] 98] ALGHE AT SEAFA S0l
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2 8 57bER ALSE Aol WS 2 APAS Ave] A2vt B asict e

U Sl SrbE R S8 A Rl FAHS A Hust xatelof 914

GItt. ol2igt Aot R ASE RIS, AL BEARI 2AH 5L o BEE S

Hotol AujTelo] e 45 480 WE PAHL AR 28 AY o] 3o vhegst
7

e, —:%a 718 B Mgl PAHE ol5T A9, ABRPS 2] o5 YT

ol AE AP 57 BRES AT 5 Ak
BESH BYS AGEL B0 27 UILA B7] B, B4 34 915 4P

o
O

FO] WEARTF AR E ofof Bttt A E S01, WO A& KoJo] AREE= ORYZA2000
2oyt CERES-Rice 22 212 7071 & 1771 o)/4f9] 247t 27-€ . SIMPLE 2%
o]t HPHTF 22 137]9] Bp7F ARG ET. Ty o 5] s dAE BEH dEF A
75 MRSk Aol B 340 FE sttt T2y ol A= e A1 o
23t Aot (Hyun and Kim, 2019).

< ¥ BS AmTt AR HE RN o] AAt AAS AR5t
AFE & 48 AT £ JE =742 Quantification of Uncertainty Estimation,
Simulation and Optimization(QUESO)E AF&-5}% tH(Prudencio and Schulz, 2011).
QUESO+= A9 r 434 7|l Markov Chain Monte CarloMMCMC) 7|8t X458
S35 f13f Mdd £2ZEg o] 7HE =7te]th Hyun and Kim(2019)= QUESOE A
Stod ORYZA2000 23] B4E 4515t & AolA= A5 AAE TS5t A
4= vl sto] @ojA LikelihoodE 2 tHS}sh= 4 2 &2 SIMPLE ¥ 9] F 745t

_I_a
o

B4 2SR A B3R 4 7R E e A A AT Yol &Y0ke AT
Z5AA A" (https://oasis.krei.re. kr)o| Al +ASHAT. SHBSSAALE FH0]A]
718 7R " A5 AAE A7 AFEct B AFoAE 202040 +2E
Futet nheEE 0 R N s7kolA dojxl Aufe] FEet B1E BEES 5
ok 713 E Y] S, T s AAerAoA & Fohes AEA 365(https://weather.rda.go.kr)
A2 A B E = A RESE YGE Dl 71VdARE A o8 ARe 713

H2aol M ZHHE /FAAES FHHOE ST 2715 LB AHgste] A gt

Olﬂ
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2.4, et SiXf 7| &Xt2E Xt 7| Ats 4y

AL FA 71/ A =S £ste] 2Hf 3714 o] 4
I 71 A EA = E AASIAT. 714 alS A= E AASH] {18 AMEE= A 7R F Y
3% FE 39 olWe] &7] dll& A=y A 108 A=
et al., 2020; Lee et al., 2016). A 529 F7t FHOA A7 P S &G 5to] B4k
F7h4 o] 71 AYARES 229 F49] ME/dwto] dytolA 37/ EtHHong
et al., 2013). WA 2 SR 7 AL S
Sh= TRt 71/ 8 4] it 7] ARARE $3she A2 olHth ¥H, Lee et al.(2015)=

o

Mo
of
ol
rir
e,
=l
N,
r o)
filo
>
1o
ol
=3
ne
S~
2,
ol
f

H
udt

A7) AGARE dAlete] Bl g E4A S 5 Qe B 7IBARE A5 AHEEH 5
& aliF A7IHA 2 7V AR R AR A, vl oA S AT T 5 e AL

2 B skt
2 Ao = o AT ASY olA7A = A 71 ARE AMESEAL, 11 o]Fofl= 1

A 714A=E AMESte] SIMPLE AEE 3= F+5517] 913t 7134 8xm S st ch(Fig.

4). A& =01, Fa2d=s Ao T s B4 dSARE7E B At 3ERE S5UTA]

i 1o AF-F= AS3H] A8, AL o]+ A% S o] A7HA] == A 71%

X}E_ /\]-—9—‘6]-05] 7]}\(:],-% Eﬂx}ié A A o]-OﬂT_‘} EF_o]— 7]— OJ_,] 1010 Aﬂ?-—é- Ofﬂzo]l?_E-]

Al AF7A] o] dimof Aojl IA 7| HARE AYE 7D bRz 7k
B7F 919 A & AA 7FARE A A8 sESHCNA &5t e
71445 2714 B A A" (http://agmet.kr)S AFESFFTHKim et al., 2020a). ©]
71 HRAIAHL AR 2 FS JAFO 2 2016WURH A AlG7HA] THA 44 7|17 52

9 7V EES AlSStL vk & Ao+ s7PEE 20199 FALFE 20204 69

O 5t A4 A Z717HA] @A} o] W o] 7| AR E £ sto] SR 247} 47119 714
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e
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ur
i

QAR YTt BT, A AARE v AR S dAIshed Aol wep

WY FHES BAS) 5 FAD olF 53 AW BEE @A) 71 PARE A8t

R ETER PR EE e LS

Fig. 4. A simple representation of weather input data prepared using current and past
observation data. WTHwarch, WTHaprii and WTHway represent the weather input data
used to perform crop growth simulations on given prediction dates including March

1st, April 1st and May 1st, respectively.

WTHuarch
WTHepril
WTHu
pate f——f——F—F—F—F— |
10/1 11/1 12/1 1/1 2/1 3/1 4/1 5/1 6/1 71
:l Current data Past data
2.5 A=Y 715 H It
£ AFoAe Futet v R4 FollA B TSRS A 7AARE 3T
& U 57 W2 & SIMPLE 232 1505t tHTable 1). ¥ute AEEE 134,
Hobet, S 2 A E Tl %’4216& s7Fe0] 1o tiAdo] 2=t el 4
9, AeHE T Hobtat atol] YIAe H7HEo] KO tiido] ZEE T FF 4 AHE
o2 B3 E g Jefsto] dAet 1A X}EJ} 234 7Y EAEE AMSOI RS W S
& e BT E Hrol] o B4 4 oA Hd ket HA QA et d w7t
E& ez B8-S oot
N S7PEE BAL} @A 71GARE 26kl dojRl 4719 7S A—bARE A5t
7} d|& 7|EYEE SIMPLE =R 3= 15513tk A& 501, 20204 3¥€ 1Y, 4¥ 1¥
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459 192 7|50 2 sto] APHE 7Y HARE AHEoto] TS S5t 7149
AR B AHEH FAYUEES yetal & o, o]5 A4S A& PRLOE H7|6kt
1Y 50 845 EG 43 THE B85S Woli et al.(2012)014 AAE 7125
AH&SFATE IR £ g2 SAto] AAEA] s dERE EQF fE BEES vhdo)

HARAt. 3L BEE A 43S BE3t] AP,

£

Table 1. The number(N) of farms where cultivar parameters of the SIMPLE crop model were

calibrated
Onion Garlic
Region N Region
Gochang 4 Buan 3
Buan 3 Wanju
Wanju 4
Hamyang 6

A A RIS AE el ATES T BTF ISg B2 AAD ARS
st A 7 4R S ALgstel Qojd B7F 24 a% PER X7\5190c}. THAst @
A NARE 2Pl A LS ARE A8 sto] AT ATF ISge) BYES
B457] 919, PRe) HeN(PR), H2(PP,) W BRH(PP)O.2 AR NAG Aot PE
ghe Wit Ea 470l BEE YRS V| F 0 PEIL PP, 90 Aol S Hwatsict.

2.6. =gt EX|: &4

92 2 Aol A Aheatel Ha et Hi 57hE A 98 A7 47E &

AT JEZE Aol 9] @AFE A4lekRitt o] 8l Root Mean Square Error(RMSE)E&
23} o] AAksoch

o)
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SIMPLE Z=223g &8¢t Ots- 4} Ha 0| S

>(0,—5,)*
RMSE = z0-5) (Eq. 19)

A7, O2} Sa= 247t MR A1719] TS0l Hit #S5 Hojgts UEhdh. M2 Hlw

of| ALE-H W&k MeE Uehdith A5 A7, 57PE R AJoltt g 77| Hi&ol
Q 2ol ArjglE vl w o= Zoll= RHAIZE ATt Wk QARE A o & Blasty] fIs) At
S} A #21 Normalized Root Mean Square Error(NRMSE)E t}2-3} Zro| AAlsl it}

NRMSE = RJ%SE (Eq. 20)

o714 Ok A% B3zl B2 vehdic,

ol A71] W2 BA 7GRS AHgDtel Bol2 BTF FRPDY RIS B
7] gistel WA IGARTS AgTte] AZE BLFPH TN =S vnsgt. o
9lef Bxgrol 98 A710l Ao PED PP, 3 FETL, 0]F BENe] AYAS

(R) € IA (DS th&3} 2ol Axtstgth(Krause, 2005):

>y, —y)z;— )

R*= — -~ (Eq. 21)
\/(yi_y)2 \/(xz'_$>2 a
Z(y,-—mi)
= — — Eq. 22
=1 Z(|x,;—y|+|y7;—y|)2(q )

4714 x D yi= 717 BEgho] 24H X710 Qojx PR PRIE VERIT ¥
27} W70 ASE PP PIRYSS) BEWS e,
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3.1. 2 = 21t

S7PER BAE 24T A3, 57} 918 A olo] wet Pkt 2Ok Aolo] @37t
Aol 57 UeRIT(Fig. 5). oS 501, 718 B7bER 245 ng AL8sto] Hoixl ool
750 g B4 NRMSEE 23 S204 247 23%2} 56%0] 2Lt nhse] 4
2ol thak NRMSEL 2ok} 9204 212t 58% 2 64%2 2|92 2 Xjol= gIgle.
U ukE 0 2 oo} vl wste] @ X7} 2 Aol YT o5 F 2X7F 7HE Aok Bk
e} ihso] A9 77k w2} Hebzo] YA, wh, F A8 BE @go] 9%
3 7ol A BRI Aojd ATEC] 24 A7 744 27 bt

Fig. 5. Central tendency and dispersion of the error obtained from the parameter calibration
process by individual farms where (A) onion and (B) garlic were grown, respectively.

NRMSE represents normalized root mean square error.
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3.2. S| Y73 GI=

ol efstol 34 714 ARG Bgoto] 23} o] ol £ AN QPP K Tl
AL BEYI RAR ATl AATHFig. 6). 531, B4 24 olH 27} 717 2ok

| 7l 58] AH7IA A BES AR ATl ASE| 9 W, we
4 TN QA7 2 AN E SY FEVE BTFY) ASUT B Hol7 2A
SIS o ol WATE B71IA 590l IS E BTF e oA BEG vl wal
o] 5% Y] QTP AT W, BE YIRS W ATE FY QWA E A
o Uehgd 9722 Sl HE 475 oS0l 49% YEe] v|wd 2 94 HA

AL A VRS 2] S Y AT S ) AW S8 A aE
Agato] 798 gt AU Eig. 7). B3], B4 37 BN TR 03 F719 4
#gio] oliet Aol Yeidth. g Sol, BYR BN A 428 AHgStel 8]
169139, 49 % 590 AZE £ B /AR E AGtel F9T ] WolE %
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2 thef 99.9% ol4ge] ol & Aateict.
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Fig. 6. The outcome of onion growth simulations performed at a farm in (A, C, E) Gochang and
(B, D, F) Wanju. It was assumed that the prediction was made on (A, B) March 1st, (C,
D) April 1st and (E, F) May 1st in 2020. [PP,, PP,] indicates a range of simulated fresh
bulb weights using past weather data (PP,). PP,, PP and PPy indicate minimum,
maximum and average of PP,, respectively. PE and OBS represent bulb weight

estimates using current weather data and observed bulb weight, respectively.
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Fig. 7. Comparison between PPy and PE of onion on the dates when the bulb weight was

measured. It was assumed that prediction was made on (A) March 1st, (B) April 1st and

(C) May 1st in 2020 for PPm. PPy represents the average of bulb weight predicted

combining weather data in current and previous years. PE indicates bulb weight

estimates using weather data obtained after harvest. R%, RMSE, and d represent

coefficient of determination, root mean square error, and degree of agreement,

respectively.
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3.3. 0K 475 o5

RsS fgoR AAS IA YRS ZUS] 8] oW BTFL ASAAL
W, 77k FYE ol 717t B ol &gt BEgol FAR ATl AUTHFig. 8). olE S,

3YRE PAGEE ANl RS T AP, T/ Y] AN 49 TS AL
S0 20% SEOE QA7 TS BTF B0 ope} SeleI S oSkt B
gtoll Zpol7t Liebtet. S5, ol& Ao et 524719 93] Zol 7k Ugiet. ol &
5ol 7t B2 A7 HTE U $30E A 0% BojH v, 97 SUllAE B
17150 48] 7 S A0 BT B4, $:84417] 9 Fol S2h] H7ie)
B7% AZglel 4T 2719 048 2SI oS Sol, FEF Sl MY SFe vt
o #5 Al7]0) 60%2] QA SO, A% 1] oA 87| 7E A Aol 2
% o5 St BEE 539 Aol 260%] Ftsist.

S AEAA AT 7GRS AGto] 29 ohse] TH(PET A BA 7]
RS At ST ATEPP)0) Al7IZie] A v|5:3 Aol Yebgth(Fig. ).
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x}om 4 Gl B, 44 oIl 25 2460 £ 93 U6 Ad i 29
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Fig. 8. The outcome of garlic growth simulations performed at a farm in (A, C, E) Buan and (B,
D, F) Wanju. It was assumed that the prediction was made on (A, B) March 1st, (C, D)
April 1st and (E, F) May 1st in 2020. [PP,, PP,] indicates a range of simulated fresh bulb
weights using past weather data (PP,). PP,, PP, and PPy, indicate minimum, maximum
and average of PPy, respectively. PE and OBS represent bulb weight estimates using

current weather data and observed bulb weight, respectively.
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Fig. 9. Comparison between PP, and PE of garlic on the dates when the bulb weight was
measured. It was assumed that prediction was made on (A) March 1st, (B) April 1st and
(C) May 1st in 2020 for PPm. PPy represents the average of bulb weight predicted
combining weather data in current and previous years. PE indicates bulb weight
estimates using weather data obtained after harvest. R%, RMSE, and d represent

coefficient of determination, root mean square error, and degree of agreement,

respectively.
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2 Aol = A} A AmE 2] BH 7R E ARESH] 1SS ST
B, BSE 7R AR St ATSS 45t AT AR 23S €S 5 AHe
AL BoFdnt. vl Al FidS ASsh] /s A 714421 7Rt e g 714 A ™

&otiS o, 27t FASH He AS ¥ & ith(Basso and Liu, 2019).
2 AT = 57t} oS Al ol Wt S5 B H fol

Total, TS A 60 B=] AP717HE T S50
T2 AMESto] 24E BT BlolE 89% ol AW sttt ol A= AlE e #2 &
FH7F SIMPLE 2H2 20 AR EHH, 57 d9olA 4840 s &8 7t A+
GARE A4 = Atk RS ARSI A& E°1, Archontoulis et al.(2020)= &
ot AR RS £Fto] Lot w32 3704 oo AS3ho] HF == 20% °H 2
A2 RS e, & A dits VAR 2 AR S ISAETE R0 7Hs't
Sho] 2710f A-go] F 7] wiwoll, F7HR] AT HE B3 HA 7ARE E-E51
A&H A1F = A= x AE FMfof & Ao R wetE

_—
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Zpol7t gick. TYolE B
W), B2 7143 =E Yed
g
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fo 2 M

i

¥t} Hse] A S olZal7] 19, SIMPLE B99] A FAAY 4 e 18
4 BEARZ) A& 0= Syslolol & O M FBRYY FFLS 2HL I

E29 G H A AYAkFo] ARE tHHyun et al., 2020).

Hhd, 2 Ao €4 AVIE R B5d AT gte] X A ARE A ol
A3, ZojE B 7170 AA| A= 7|7ho] Apeluks 97 B, B S flet
229 ¥SARE F7HEE UM == Aol w5y, ol A e st
Hl-go] 8 F=HKim et al., 2018). 2 F85 A Lsl7] At BSAR Hlo|HHo|AE
TEHOR P55 A3, s 2] AmEA7E FAAE O e A HoAM LR 5THE F
Aoz 1FA A5 BSARE sk AAZE L EojoF & Aol B, Fuket vt
2 EA faf Ao A2 71, EGH 22 A9 AR 2480 ofy =t 53 S
AL 5o Aie] 240 o8] 2"t wEkA Auijde] 248 2odte A4S 5




LEEFTE 55t ISARY F4S FHA7IE go] rbEojof & Zo|th(Kim et
al., 2020b). ¥& 4
A Ql S HoJot= BY Bk ol Q1T Al s= S8t A= g /LS XY
= Zlolth. 53], & A= A=
o] WeHShahhosseini et al., 2021; Chlingaryan et al., 2018; Kim et al., 2019),
o] & 9%t St5AtR H HF ARE AHET & Q= ISAREC| SR EofoF & Aolth,

B JF A= SIMPLE YO0 2 d&HE A5 39 *]E]EE %ol7] Sl A-=-535}

A ejEo] /g Eofof vtz A& AlAFSHATE A BB 5 F70A AEol ¥
Sh= = 2Olsh] flsf 1het P49 AR /St 7H‘§LE}(Kim et al., 2018).
UM AER Y2 B 54 AREEE 2718eIU AR £k g Qs d4dY 5
S o2 AR RS St A2 ol o=t ZAIMES /NASH ] fs) AR
B S dS58ES ¥ 75 Il EE5h= A=-Est 7IHE0] MEEHAHT d & &
o, Ban et al.(2019)= Moderate Resolution Imaging Spectroradiometer(MODIS) Z}
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Eoto] S = AR 2450 A% BSARE $YH L JHKim et al., 2020b). 3],
z27olu Aot T2 2452 AAFY AR AR] S4%k0] oty 7] wiwoll, A=l &
257] ot} wpEkA o3t S TZHQAEE ARSolH e A4S A& B E
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&oto] AERPY 7P ARS B4 5 AH(Lee and Oh, 2019). Iy I #&
29 713ARE AHEE A9 571 78S 4 Afe] o] A W AP A Yo g
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A 271 AR AL AZT U ARG 7FRIRELS HEl27t AREE A
o o] BE 715 O.E ZAE Aol 7Hsstet. Deitt AR S AP
4ol uet 7] 2482 A0 Xl 7k WASHA HLKKim et al., 2016). 55, GurH 0.
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